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I continue to dedicate this book to all those generous people in the Python community who continue to help make Python what it is today.
And to all those that made learning Python and its technologies just complex enough that people need a book like this to learn it.
Advance Praise for Head First Python, Second Edition



“A Python book should be as much fun as the language is. With Head First Python, master teacher Paul Barry delivers a quick-paced, entertaining and engaging guide to the language that will leave you well prepared to write real-world Python code.”
—Dr. Eric Freeman, computer scientist, technology educator, and former CTO of Disney Online



“Head First Python is a great introduction to both the language and how to use Python in the real world. It’s full of practical advice on coding for the web and databases, and it doesn’t shy away from difficult subjects like collections and immutability. If you’re looking for a great introduction to Python, then this is the place to start.”
—David Griffiths, author and Agile coach



“With major changes and updates from the first edition, this edition of Head First Python is sure to become a favourite in the rapidly growing collection of great Python guides. The content is structured to deliver high impact to the reader, and is heavily focused on being productive as soon as possible. All the necessary topics are covered with great clarity, and the entertaining delivery makes this book a delight to read.”
—Caleb Hattingh, author of 20 Python Libraries You Aren’t Using (But Should) and Learning Cython



“Here’s a clear and clean entry into the Python pool. No bellyflops, and you’ll go deeper than you expected to.”
—Bill Lubanovic, author of Introducing Python



Praise for the first edition



“Head First Python is a great introduction to not just the Python language, but Python as it’s used in the real world. The book goes beyond the syntax to teach you how to create applications for Android phones, Google’s App Engine, and more.”
—David Griffiths, author and Agile coach



“Where other books start with theory and progress to examples, Head First Python jumps right in with code and explains the theory as you read along. This is a much more effective learning environment, because it engages the reader to do from the very beginning. It was also just a joy to read. It was fun without being flippant and informative without being condescending. The breadth of examples and explanation covered the majority of what you’ll use in your job every day. I’ll recommend this book to anyone starting out on Python.”
—Jeremy Jones, coauthor of Python for Unix and Linux System Administration




Praise for other Head First books



“Kathy and Bert’s Head First Java transforms the printed page into the closest thing to a GUI you’ve ever seen. In a wry, hip manner, the authors make learning Java an engaging ‘what’re they gonna do next?’ experience.”
—Warren Keuffel, Software Development Magazine



“Beyond the engaging style that drags you forward from know-nothing into exalted Java warrior status, Head First Java covers a huge amount of practical matters that other texts leave as the dreaded ‘exercise for the reader.…’ It’s clever, wry, hip and practical—there aren’t a lot of textbooks that can make that claim and live up to it while also teaching you about object serialization and network launch protocols.”
—Dr. Dan Russell, Director of User Sciences and Experience Research IBM Almaden Research Center (and teaches Artificial Intelligence at Stanford University)



“It’s fast, irreverent, fun, and engaging. Be careful—you might actually learn something!”
—Ken Arnold, former Senior Engineer at Sun Microsystems Coauthor (with James Gosling, creator of Java), The Java Programming Language



“I feel like a thousand pounds of books have just been lifted off of my head.”
—Ward Cunningham, inventor of the Wiki and founder of the Hillside Group



“Just the right tone for the geeked-out, casual-cool guru coder in all of us. The right reference for practical development strategies—gets my brain going without having to slog through a bunch of tired, stale professor-speak.”
—Travis Kalanick, cofounder and CEO of Uber



“There are books you buy, books you keep, books you keep on your desk, and thanks to O’Reilly and the Head First crew, there is the penultimate category, Head First books. They’re the ones that are dog-eared, mangled, and carried everywhere. Head First SQL is at the top of my stack. Heck, even the PDF I have for review is tattered and torn.”
—Bill Sawyer, ATG Curriculum Manager, Oracle



“This book’s admirable clarity, humor and substantial doses of clever make it the sort of book that helps even nonprogrammers think well about problem-solving.”
—Cory Doctorow, co-editor of Boing Boing Author, Down and Out in the Magic Kingdom and Someone Comes to Town, Someone Leaves Town




Praise for other Head First books



“I received the book yesterday and started to read it…and I couldn’t stop. This is definitely très ‘cool.’ It is fun, but they cover a lot of ground and they are right to the point. I’m really impressed.”
—Erich Gamma, IBM Distinguished Engineer, and coauthor of Design Patterns



“One of the funniest and smartest books on software design I’ve ever read.”
—Aaron LaBerge, VP Technology, ESPN.com



“What used to be a long trial and error learning process has now been reduced neatly into an engaging paperback.”
—Mike Davidson, CEO, Newsvine, Inc.



“Elegant design is at the core of every chapter here, each concept conveyed with equal doses of pragmatism and wit.”
—Ken Goldstein, Executive Vice President, Disney Online



“I ♥ Head First HTML with CSS & XHTML—it teaches you everything you need to learn in a ‘fun-coated’ format.”
—Sally Applin, UI Designer and Artist



“Usually when reading through a book or article on design patterns, I’d have to occasionally stick myself in the eye with something just to make sure I was paying attention. Not with this book. Odd as it may sound, this book makes learning about design patterns fun.
“While other books on design patterns are saying ‘Bueller…Bueller…Bueller…’ this book is on the float belting out ‘Shake it up, baby!’”
—Eric Wuehler



“I literally love this book. In fact, I kissed this book in front of my wife.”
—Satish Kumar
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Author of Head First Python, 2nd Edition



Paul Barry lives and works in Carlow, Ireland, which is a small town of 35,000 people or so, located just over 80km southwest of the nation’s capital: Dublin.
Paul has a B.Sc. in Information Systems, as well as an M.Sc. in Computing. He also has a postgraduate qualification in Learning and Teaching.
Paul has worked at The Institute of Technology, Carlow since 1995, and lectured there since 1997. Prior to becoming involved in teaching, Paul spent a decade in the IT industry working in Ireland and Canada, with the majority of his work within a healthcare setting. Paul is married to Deirdre, and they have three children (two of whom are now in college).
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The Python programming language (and its related technologies) has formed an integral part of Paul’s undergraduate courses since the 2007 academic year.
Paul is the author (or coauthor) of four other technical books: two on Python and two on Perl. In the past, he’s written a heap of material for Linux Journal Magazine, where he was a contributing editor.
Paul was raised in Belfast, Northern Ireland, which may go some of the way toward explaining his take on things as well as his funny accent (unless, of course, you’re also from “The North,” in which case Paul’s outlook and accent are perfectly normal).
Find Paul on Twitter (@barrypj), as well as at his home on the Web: http://paulbarry.itcarlow.ie.
How to use this Book: Intro
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Note
In this section, we answer the burning question: “So why DID they put that in a Python book?”

Who Is This Book For?



If you can answer “yes” to all of these:
	Do you already know how to program in another programming language?

	Do you wish you had the know-how to program Python, add it to your list of tools, and make it do new things?

	Do you prefer actually doing things and applying the stuff you learn over listening to someone in a lecture rattle on for hours on end?



this book is for you.
This is NOT a reference book, and we assume you’ve programmed before.


Who should probably back away from this book?



If you can answer “yes” to any of these:
	Do you already know most of what you need to know to program with Python?

	Are you looking for a reference book to Python, one that covers all the details in excruciating detail?

	Would you rather have your toenails pulled out by 15 screaming monkeys than learn something new? Do you believe a Python book should cover everything and if it bores the reader to tears in the process, then so much the better?



this book is not for you.
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We Know What You’re Thinking



“How can this be a serious Python book?”
“What’s with all the graphics?”
“Can I actually learn it this way?”
We know what your brain is thinking



Your brain craves novelty. It’s always searching, scanning, waiting for something unusual. It was built that way, and it helps you stay alive.
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So what does your brain do with all the routine, ordinary, normal things you encounter? Everything it can to stop them from interfering with the brain’s real job—recording things that matter. It doesn’t bother saving the boring things; they never make it past the “this is obviously not important” filter.
How does your brain know what’s important? Suppose you’re out for a day hike and a tiger jumps in front of you, what happens inside your head and body?
Neurons fire. Emotions crank up. Chemicals surge.
And that’s how your brain knows…
This must be important! Don’t forget it!
But imagine you’re at home, or in a library. It’s a safe, warm, tiger-free zone. You’re studying. Getting ready for an exam. Or trying to learn some tough technical topic your boss thinks will take a week, 10 days at the most.
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Just one problem. Your brain’s trying to do you a big favor. It’s trying to make sure that this obviously nonimportant content doesn’t clutter up scarce resources. Resources that are better spent storing the really big things. Like tigers. Like the danger of fire. Like how you should never have posted those “party” photos on your Facebook page. And there’s no simple way to tell your brain, “Hey brain, thank you very much, but no matter how dull this book is, and how little I’m registering on the emotional Richter scale right now, I really do want you to keep this stuff around.”
We think of a “Head First” reader as a learner.
So what does it take to learn something? First, you have to get it, then make sure you don’t forget it. It’s not about pushing facts into your head. Based on the latest research in cognitive science, neurobiology, and educational psychology, learning takes a lot more than text on a page. We know what turns your brain on.
Some of the Head First learning principles:
Make it visual. Images are far more memorable than words alone, and make learning much more effective (up to 89% improvement in recall and transfer studies). It also makes things more understandable. Put the words within or near the graphics they relate to, rather than on the bottom or on another page, and learners will be up to twice as likely to solve problems related to the content.
Use a conversational and personalized style. In recent studies, students performed up to 40% better on post-learning tests if the content spoke directly to the reader, using a first-person, conversational style rather than taking a formal tone. Tell stories instead of lecturing. Use casual language. Don’t take yourself too seriously. Which would you pay more attention to: a stimulating dinner party companion or a lecture?
Get the learner to think more deeply. In other words, unless you actively flex your neurons, nothing much happens in your head. A reader has to be motivated, engaged, curious, and inspired to solve problems, draw conclusions, and generate new knowledge. And for that, you need challenges, exercises, and thought-provoking questions, and activities that involve both sides of the brain and multiple senses.
Get—and keep—the reader’s attention. We’ve all had the “I really want to learn this, but I can’t stay awake past page one” experience. Your brain pays attention to things that are out of the ordinary, interesting, strange, eye-catching, unexpected. Learning a new, tough, technical topic doesn’t have to be boring. Your brain will learn much more quickly if it’s not.
Touch their emotions. We now know that your ability to remember something is largely dependent on its emotional content. You remember what you care about. You remember when you feel something. No, we’re not talking heart-wrenching stories about a boy and his dog. We’re talking emotions like surprise, curiosity, fun, “what the…?”, and the feeling of “I rule!” that comes when you solve a puzzle, learn something everybody else thinks is hard, or realize you know something that “I’m more technical than thou” Bob from engineering doesn’t.



Metacognition: Thinking About Thinking



If you really want to learn, and you want to learn more quickly and more deeply, pay attention to how you pay attention. Think about how you think. Learn how you learn.
Most of us did not take courses on metacognition or learning theory when we were growing up. We were expected to learn, but rarely taught to learn.
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But we assume that if you’re holding this book, you really want to learn how to solve programming problems with Python. And you probably don’t want to spend a lot of time. If you want to use what you read in this book, you need to remember what you read. And for that, you’ve got to understand it. To get the most from this book, or any book or learning experience, take responsibility for your brain. Your brain on this content.
The trick is to get your brain to see the new material you’re learning as Really Important. Crucial to your well-being. As important as a tiger. Otherwise, you’re in for a constant battle, with your brain doing its best to keep the new content from sticking.
So just how DO you get your brain to treat programming like it was a hungry tiger?
There’s the slow, tedious way, or the faster, more effective way. The slow way is about sheer repetition. You obviously know that you are able to learn and remember even the dullest of topics if you keep pounding the same thing into your brain. With enough repetition, your brain says, “This doesn’t feel important to him, but he keeps looking at the same thing over and over and over, so I suppose it must be.”
The faster way is to do anything that increases brain activity, especially different types of brain activity. The things on the previous page are a big part of the solution, and they’re all things that have been proven to help your brain work in your favor. For example, studies show that putting words within the pictures they describe (as opposed to somewhere else in the page, like a caption or in the body text) causes your brain to try to makes sense of how the words and picture relate, and this causes more neurons to fire. More neurons firing = more chances for your brain to get that this is something worth paying attention to, and possibly recording.
A conversational style helps because people tend to pay more attention when they perceive that they’re in a conversation, since they’re expected to follow along and hold up their end. The amazing thing is, your brain doesn’t necessarily care that the “conversation” is between you and a book! On the other hand, if the writing style is formal and dry, your brain perceives it the same way you experience being lectured to while sitting in a roomful of passive attendees. No need to stay awake.
But pictures and conversational style are just the beginning…

Here’s What WE Did:



We used pictures, because your brain is tuned for visuals, not text. As far as your brain’s concerned, a picture really is worth a thousand words. And when text and pictures work together, we embedded the text in the pictures because your brain works more effectively when the text is within the thing the text refers to, as opposed to in a caption or buried in the text somewhere.
We used redundancy, saying the same thing in different ways and with different media types, and multiple senses, to increase the chance that the content gets coded into more than one area of your brain.
We used concepts and pictures in unexpected ways because your brain is tuned for novelty, and we used pictures and ideas with at least some emotional content, because your brain is tuned to pay attention to the biochemistry of emotions. That which causes you to feel something is more likely to be remembered, even if that feeling is nothing more than a little humor, surprise, or interest.
We used a personalized, conversational style, because your brain is tuned to pay more attention when it believes you’re in a conversation than if it thinks you’re passively listening to a presentation. Your brain does this even when you’re reading.
We included more than 80 activities, because your brain is tuned to learn and remember more when you do things than when you read about things. And we made the exercises challenging-yet-doable, because that’s what most people prefer.
We used multiple learning styles, because you might prefer step-by-step procedures, while someone else wants to understand the big picture first, and someone else just wants to see an example. But regardless of your own learning preference, everyone benefits from seeing the same content represented in multiple ways.
We include content for both sides of your brain, because the more of your brain you engage, the more likely you are to learn and remember, and the longer you can stay focused. Since working one side of the brain often means giving the other side a chance to rest, you can be more productive at learning for a longer period of time.
And we included stories and exercises that present more than one point of view, because your brain is tuned to learn more deeply when it’s forced to make evaluations and judgments.
We included challenges, with exercises, and asked questions that don’t always have a straight answer, because your brain is tuned to learn and remember when it has to work at something. Think about it—you can’t get your body in shape just by watching people at the gym. But we did our best to make sure that when you’re working hard, it’s on the right things. That you’re not spending one extra dendrite processing a hard-to-understand example, or parsing difficult, jargon-laden, or overly terse text.
We used people. In stories, examples, pictures, and so on, because, well, you’re a person. And your brain pays more attention to people than it does to things.

Here’s what YOU can do to bend your brain into submission



So, we did our part. The rest is up to you. These tips are a starting point; listen to your brain and figure out what works for you and what doesn’t. Try new things.
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Note
Cut this out and stick it on your refrigerator.

	Slow down. The more you understand, the less you have to memorize.
Don’t just read. Stop and think. When the book asks you a question, don’t just skip to the answer. Imagine that someone really is asking the question. The more deeply you force your brain to think, the better chance you have of learning and remembering.

	Do the exercises. Write your own notes.
We put them in, but if we did them for you, that would be like having someone else do your workouts for you. And don’t just look at the exercises. Use a pencil. There’s plenty of evidence that physical activity while learning can increase the learning.

	Read the “There Are No Dumb Questions” sections.
That means all of them. They’re not optional sidebars, they’re part of the core content! Don’t skip them.

	Make this the last thing you read before bed. Or at least the last challenging thing.
Part of the learning (especially the transfer to long-term memory) happens after you put the book down. Your brain needs time on its own, to do more processing. If you put in something new during that processing time, some of what you just learned will be lost.

	Talk about it. Out loud.
Speaking activates a different part of the brain. If you’re trying to understand something or increase your chance of remembering it later, say it out loud. Better still, try to explain it out loud to someone else. You’ll learn more quickly, and you might uncover ideas you hadn’t known were there when you were reading about it.

	Drink water. Lots of it.
Your brain works best in a nice bath of fluid. Dehydration (which can happen before you ever feel thirsty) decreases cognitive function.

	Listen to your brain.
Pay attention to whether your brain is getting overloaded. If you find yourself starting to skim the surface or forget what you just read, it’s time for a break. Once you go past a certain point, you won’t learn faster by trying to shove more in, and you might even hurt the process.

	Feel something.
Your brain needs to know that this matters. Get involved with the stories. Make up your own captions for the photos. Groaning over a bad joke is still better than feeling nothing at all.

	Write a lot of code!
There’s only one way to learn to program in Python: write a lot of code. And that’s what you’re going to do throughout this book. Coding is a skill, and the only way to get good at it is to practice. We’re going to give you a lot of practice: every chapter has exercises that pose a problem for you to solve. Don’t just skip over them—a lot of the learning happens when you solve the exercises. We included a solution to each exercise—don’t be afraid to peek at the solution if you get stuck! (It’s easy to get snagged on something small.) But try to solve the problem before you look at the solution. And definitely get it working before you move on to the next part of the book.




Read Me, 1 of 2



This is a learning experience, not a reference book. We deliberately stripped out everything that might get in the way of learning whatever it is we’re working on at that point in the book. And the first time through, you need to begin at the beginning, because the book makes assumptions about what you’ve already seen and learned.
This book is designed to get you up to speed as quickly as possible.
As you need to know stuff, we teach it. So you won’t find long lists of technical material, no tables of Python’s operators, nor its operator precedence rules. We don’t cover everything, but we’ve worked really hard to cover the essential material as well as we can, so that you can get Python into your brain quickly and have it stay there. The only assumption we make is that you already know how to program in some other programming language.
This book targets Python 3
We use Release 3 of the Python programming language in this book, and we cover how to get and install Python 3 in Appendix A. This book does not use Python 2.
We put Python to work for you right away.
We get you doing useful stuff in Chapter 1 and build from there. There’s no hanging around, because we want you to be productive with Python right away.
The activities are NOT optional—you have to do the work.
The exercises and activities are not add-ons; they’re part of the core content of the book. Some of them are to help with memory, some are for understanding, and some will help you apply what you’ve learned. Don’t skip the exercises.
The redundancy is intentional and important.
One distinct difference in a Head First book is that we want you to really get it. And we want you to finish the book remembering what you’ve learned. Most reference books don’t have retention and recall as a goal, but this book is about learning, so you’ll see some of the same concepts come up more than once.
The examples are as lean as possible.
Our readers tell us that it’s frustrating to wade through 200 lines of an example looking for the two lines they need to understand. Most examples in this book are shown within the smallest possible context, so that the part you’re trying to learn is clear and simple. Don’t expect all of the examples to be robust, or even complete—they are written specifically for learning, and aren’t always fully functional (although we’ve tried to ensure as much as possible that they are).

Read Me, 2 of 2



Yes, there’s more...
This second edition is NOT at all like the first.
This is an update to the first edition of Head First Python, which published late in 2010. Although that book and this one share the same author, he’s now older and (hopefully) wiser, and thus, decided to completely rewrite the first edition’s content for this edition. So...everything is new: the order is different, the content has been updated, the examples are better, and the stories are either gone or have been replaced. We kept the cover—with minor amendments—as we figured we didn’t want to rock the boat too much. It’s been a long six years...we hope you enjoy what we’ve come up with.
Where’s the code?
We’ve placed the code examples on the Web so you can copy and paste them as needed (although we do recommend that you type in the code as you follow along). You’ll find the code at these locations:
	http://bit.ly/head-first-python-2e

	http://python.itcarlow.ie




The Technical Review Team
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Bill Lubanovic has been a developer and admin for forty years. He’s also written for O’Reilly: chapters for two Linux security books, co-authored a Linux admin book, and solo “Introducing Python”. He lives by a frozen lake in the Sangre de Sasquatch mountains of Minnesota with one lovely wife, two lovely children, and three fur-laden cats.
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Edward Yue Shung Wong has been hooked on coding since he wrote his first line of Haskell in 2006. Currently he works on event driven tradeprocessing in the heart of the City of London. He enjoys sharing his passion for development with the London Java Community and Software Craftsmanship Community. Away from the keyboard, find Edward in his element on a football pitch or gaming on YouTube (@arkangelofkaos).
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Adrienne Lowe is a former personal chef from Atlanta turned Python developer who shares stories, conference recaps, and recipes at her cooking and coding blog Coding with Knives (http://codingwithknives.com). She organizes PyLadiesATL and Django Girls Atlanta and runs the weekly Django Girls “Your Django Story” interview series for women in Python. Adrienne works as a Support Engineer at Emma Inc., as Director of Advancement of the Django Software Foundation, and is on the core team of Write the Docs. She prefers a handwritten letter to email and has been building out her stamp collection since childhood.
Monte Milanuk provided valuable feedback.
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Safari (formerly Safari Books Online) is a membership-based training and reference platform for enterprise, government, educators, and individuals.
Members have access to thousands of books, training videos, Learning Paths, interactive tutorials, and curated playlists from over 250 publishers, including O’Reilly Media, Harvard Business Review, Prentice Hall Professional, Addison-Wesley Professional, Microsoft Press, Sams, Que, Peachpit Press, Adobe, Focal Press, Cisco Press, John Wiley & Sons, Syngress, Morgan Kaufmann, IBM Redbooks, Packt, Adobe Press, FT Press, Apress, Manning, New Riders, McGraw-Hill, Jones & Bartlett, and Course Technology, among others.
For more information, please visit http://oreilly.com/safari.
Chapter 1. The Basics: Getting Started Quickly
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Get going with Python programming as quickly as possible.
In this chapter, we introduce the basics of programming in Python, and we do this in typical Head First style: by jumping right in. After just a few pages, you’ll have run your first sample program. By the end of the chapter, you’ll not only be able to run the sample program, but you’ll understand its code too (and more besides). Along the way, you’ll learn about a few of the things that make Python the programming language it is. So, let’s not waste any more time. Flip the page and let’s get going!
Breaking with Tradition



Pick up almost any book on a programming language, and the first thing you’ll see is the Hello World example.
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No, we aren’t.
This is a Head First book, and we do things differently ’round here. With other books, there is a tradition to start by showing you how to write the Hello World program in the language under consideration. However, with Python, what you end up with is a single statement that invokes Python’s built-in print function, which displays the traditional “Hello, World!” message on screen. It’s almost too exciting...and it teaches you next to nothing.
So, no, we aren’t going to show you the Hello World program in Python, as there’s really nothing to learn from it. We’re going to take a different path...
Starting with a meatier example



Our plan for this chapter is to start with an example that’s somewhat larger and, consequently, more useful than Hello World.
We’ll be right up front and tell you that the example we have is somewhat contrived: it does do something, but may not be entirely useful in the long run. That said, we’ve chosen it to provide a vehicle with which to cover a lot of Python in as short a timespan as possible. And we promise by the time you’ve worked through the first example program, you’ll know enough to write Hello World in Python without our help.


Jump Right In



If you haven’t already installed a version of Python 3 on your computer, pause now and head on over to Appendix A for some step-by-step installation instructions (it’ll only take a couple minutes, promise).
With the latest Python 3 installed, you’re ready to start programming Python, and to help with this—for now—we’re going to use Python’s built-in integrated development environment (IDE).
Python’s IDLE is all you need to get going



When you install Python 3 on your computer, you also get a very simple yet usable IDE called IDLE. Although there are many different ways in which to run Python code (and you’ll meet a lot of them throughout this book), IDLE is all you need when starting out.
Start IDLE on your computer, then use the File...→New File... menu option to open a new editing window. When we did this on our computer, we ended up with two windows: one called the Python Shell and another called Untitled:
[image: image with no caption]



Understanding IDLE’s Windows



Both of these IDLE windows are important.
The first window, the Python Shell, is a REPL environment used to run snippets of Python code, typically a single statement at a time. The more you work with Python, the more you’ll come to love the Python Shell, and you’ll be using it a lot as you progress through this book. For now, though, we are more interested in the second window.
The second window, Untitled, is a text editing window that can be used to write complete Python programs. It’s not the greatest editor in the world (as that honor goes to <insert your favorite text editor’s name here>), but IDLE’s editor is quite usable, and has a bunch of modern features built right in, including color-syntax handling and the like.
Geek Bits
[image: image with no caption]

What does REPL mean?
It‘s geek shorthand for “read-eval-print-loop,” and describes an interactive programming tool that lets you experiment with snippets of code to your heart’s desire. Find out way more than you need to know by visiting http://en.wikipedia.org/wiki/Read-eval-print_loop.

As we are jumping right in, let’s go ahead and enter a small Python program into this window. When you are done typing in the code below, use the File...→Save... menu option to save your program under the name odd.py.
Be sure to enter the code exactly as shown here:
[image: image with no caption]

So...now what? If you’re anything like us, you can’t wait to run this code, right? Let’s do this now. With your code in the edit window (as shown above), press the F5 key on your keyboard. A number of things can happen...

What Happens Next...



If your code ran without error, flip over to the next page, and keep going.
If you forgot to save your code before you tried to run it, IDLE complains, as you have to save any new code to a file first. You’ll see a message similar to this one if you didn’t save your code:
[image: image with no caption]

Click the OK button, then provide a name for your file. We’ve chosen odd as the name for our file, and we’ve added a .py extension (which is a Python convention well worth adhering to):
[image: image with no caption]

If your code now runs (having been saved), flip over to the next page, and keep going. If, however, you have a syntax error somewhere in your code, you’ll see this message:
[image: image with no caption]

Click the OK button, then note where IDLE thinks the syntax error is: look for the large red block in the edit window. Make sure your code matches ours exactly, save your file again, and then press F5 to ask IDLE to execute your code once more.

Press F5 to Run Your Code



Pressing F5 executes the code in the currently selected IDLE text-editing window—assuming, of course, that your code doesn’t contain a runtime error. If you have a runtime error, you’ll see a Traceback error message (in red). Read the message, then return to the edit window to make sure the code you entered is exactly the same as ours. Save your amended code, then press F5 again. When we pressed F5, the Python Shell became the active window, and here’s what we saw:
Note
From this point on, we’ll refer to “the IDLE text-editing window” simply as “the edit window.”

[image: image with no caption]

Depending on what time of day it is, you may have seen the Not an odd minute message instead. Don’t worry if you did, as this program displays one or the other message depending on whether your computer’s current time contains a minute value that’s an odd number (we did say this example was contrived, didn’t we?). If you wait a minute, then click the edit window to select it, then press F5 again, your code runs again. You’ll see the other message this time (assuming you waited the required minute). Feel free to run this code as often as you like. Here is what we saw when we (very patiently) waited the required minute:
[image: image with no caption]

Let’s spend some time learning how this code runs.

Code Runs Immediately



When IDLE asks Python to run the code in the edit window, Python starts at the top of the file and begins executing code straightaway.
For those of you coming to Python from one of the C-like languages, note that there is no notion of a main() function or method in Python. There’s also no notion of the familiar edit-compile-link-run process. With Python, you edit your code and save it, and run it immediately.
[image: image with no caption]

Oh, good catch. That is confusing.
Here’s what you need to know: “Python” is the name given to the programming language and “IDLE” is the name given to the built-in Python IDE.
That said, when you install Python 3 on your computer, an interpreter is installed, too. This is the technology that runs your Python code. Rather confusingly, this interpreter is also known by the name “Python.” By right, everyone should use the more correct name when referring to this technology, which is to call it “the Python interpreter.” But, alas, nobody ever does.
Starting this very second, in this book, we’ll use the word “Python” to refer to the language, and the word “interpreter” to refer to the technology that runs your Python code. “IDLE” refers to the IDE, which takes your Python code and runs it through the interpreter. It’s the interpreter that does all the actual work here.
There are no Dumb Questions
	Q:
	Q: Is the Python interpreter something like the Java VM?

	A:
	A: Yes and no. Yes, in that the interpreter runs your code. But no, in how it does it. In Python, there’s no real notion of your source code being compiled into an “executable.” Unlike the Java VM, the interpreter doesn’t run .class files, it just runs your code.

	Q:
	Q: But, surely, compilation has to happen at some stage?

	A:
	A: Yes, it does, but the interpreter does not expose this process to the Python programmer (you). All of the details are taken care of for you. All you see is your code running as IDLE does all the heavy lifting, interacting with the interpreter on your behalf. We’ll talk more about this process as this book progresses.







Executing Code, One Statement at a Time



Here is the program code from page 4 again:
from datetime import datetime

odds = [ 1,  3,  5,  7,  9, 11, 13, 15, 17, 19,
        21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
        41, 43, 45, 47, 49, 51, 53, 55, 57, 59 ]

right_this_minute = datetime.today().minute

if right_this_minute in odds:
    print("This minute seems a little odd.")
else:
    print("Not an odd minute.")
Let’s be the Python interpreter



Let’s take some time to run through this code in much the same way that the interpreter does, line by line, from the top of the file to the bottom.
Think of modules as a collection of related functions.


The first line of code imports some preexisting functionality from Python’s standard library, which is a large stock of software modules providing lots of prebuilt (and high-quality) reusable code.
In our code, we specifically request one submodule from the standard library’s datetime module. The fact that the submodule is also called datetime is confusing, but that’s how this works. The datetime submodule provides a mechanism to work out the time, as you’ll see over the next few pages.
[image: image with no caption]



Functions + Modules = The Standard Library



Python’s standard library is very rich, and provides a lot of reusable code.
Let’s look at another module, called os, which provides a platform-independent way to interact with your underlying operating system (we’ll return to the datetime module in a moment). Let’s concentrate on just one provided function, getcwd, which—when invoked—returns your current working directory.
Here’s how you’d typically import, then invoke, this function within a Python program:
[image: image with no caption]

A collection of related functions makes up a module, and there are lots of modules in the standard library:
Functions are inside modules inside the standard library.


[image: image with no caption]

Up Close with the Standard Library
[image: image with no caption]

The standard library is the jewel in Python’s crown, supplying reusable modules that help you with everything from, for example, working with data, through manipulating ZIP archives, to sending emails, to working with HTML. The standard library even includes a web server, as well as the popular SQLite database technology. In this Up Close, we’ll present an overview of just a few of the most commonly used modules in the standard library. To follow along, you can enter these examples as shown at your >>> prompt (in IDLE). If you are currently looking at IDLE’s edit window, choose Run...→Python Shell from the menu to access the >>> prompt.
Let’s start by learning a little about the system your interpreter is running on. Although Python prides itself on being cross-platform, in that code written on one platform can be executed (generally unaltered) on another, there are times when it’s important to know that you are running on, say, Mac OS X. The sys module exists to help you learn more about your interpreter’s system. Here’s how to determine the identity of your underlying operating system, by first importing the sys module, then accessing the platform attribute:
[image: image with no caption]

The sys module is a good example of a reusable module that primarily provides access to preset attributes (such as platform). As another example, here’s how to determine which version of Python is running, which we pass to the print function to display on screen:
[image: image with no caption]

The os module is a good example of a reusable module that primarily yields functionality, as well as providing a system-independent way for your Python code to interact with the underlying operating system, regardless of exactly which operating system that is.
For example, here’s how to work out the name of the folder your code is operating within using the getcwd function. As with any module, you begin by importing the module before invoking the function:
[image: image with no caption]

You can access your system’s environment variables, as a whole (using the environ attribute) or individually (using the getenv function):
[image: image with no caption]

Working with dates (and times) comes up a lot, and the standard library provides the datetime module to help when you’re working with this type of data. The date.today function provides today’s date:
[image: image with no caption]

That’s certainly a strange way to display today’s date, though, isn’t it? You can access the day, month, and year values separately by appending an attribute access onto the call to date.today:
[image: image with no caption]

You can also invoke the date.isoformat function and pass in today’s date to display a much more user-friendly version of today’s date, which is converted to a string by isoformat:
[image: image with no caption]

And then there’s time, which none of us seem to have enough of. Can the standard library tell us what time it is? Yes. After importing the time module, call the strftime function and specify how you want the time displayed. In this case, we are interested in the current time’s hours (%H) and minutes (%M) values in 24-hour format:
[image: image with no caption]

How about working out the day of the week, and whether or not it’s before noon? Using the %A %p specification with strftime does just that:
[image: image with no caption]

As a final example of the type of reusable functionality the standard library provides, imagine you have some HTML that you are worried might contain some potentially dangerous <script> tags. Rather than parsing the HTML to detect and remove the tags, why not encode all those troublesome angle brackets using the escape function from the html module? Or maybe you have some encoded HTML that you’d like to return to its original form? The unescape function can do that. Here are examples of both:
[image: image with no caption]



Batteries Included



[image: image with no caption]

Yes. That’s what they mean.
As the standard library is so rich, the thinking is all you need to be immediately productive with the language is to have Python installed.
Unlike Christmas morning, when you open your new toy only to discover that it doesn’t come with batteries, Python doesn’t disappoint; it comes with everything you need to get going. And it’s not just the modules in the standard library that this thinking applies to: don’t forget the inclusion of IDLE, which provides a small, yet usable, IDE right out of the box.
All you have to do is code.
Geek Bits
[image: image with no caption]

The standard library isn’t the only place you’ll find excellent importable modules to use with your code. The Python community also supports a thriving collection of third-party modules, some of which we’ll explore later in this book. If you want a preview, check out the community-run repository: http://pypi.python.org.

There are no Dumb Questions
	Q:
	Q: How am I supposed to work out what any particular module from the standard library does?

	A:
	A: .The Python documentation has all the answers on the standard library. Here’s the kicking-off point: https://docs.python.org/3/library/index.html.







Data Structures Come Built-in



As well as coming with a top-notch standard library, Python also has some powerful built-in data structures. One of these is the list, which can be thought of as a very powerful array. Like arrays in many other languages, lists in Python are enclosed within square brackets ([]).
Like arrays, lists can hold data of any type.


The next three lines of code in our program (shown below) assign a literal list of odd numbers to a variable called odds. In this code, odds is a list of integers, but lists in Python can contain any data of any type, and you can even mix the types of data in a list (if that’s what you’re into). Note how the odds list extends over three lines, despite being a single statement. This is OK, as the interpreter won’t decide a single statement has come to an end until it finds the closing bracket (]) that matches the opening one ([). Typically, the end of the line marks the end of a statement in Python, but there can be exceptions to this general rule, and multiline lists are just one of them (we’ll meet the others later).
[image: image with no caption]

There are lots of things that can be done with lists, but we’re going to defer any further discussion until a later chapter. All you need to know now is that this list now exists, has been assigned to the odds variable (thanks to the use of the assignment operator, =), and contains the numbers shown.
Python variables are dynamically assigned



Before getting to the next line of code, perhaps a few words are needed about variables, especially if you are one of those programmers who might be used to predeclaring variables with type information before using them (as is the case in statically typed programming languages).
Python comes with all the usual operators, including <, >, <=, >=, ==, !=, as well as the = assignment operator.


In Python, variables pop into existence the first time you use them, and their type does not need to be predeclared. Python variables take their type information from the type of the object they’re assigned. In our program, the odds variable is assigned a list of numbers, so odds is a list in this case.
Let’s look at another variable assignment statement. As luck would have it, this just so happens to also be the next line of code in our program.


Invoking Methods Obtains Results



The third line of code in our program is another assignment statement.
Unlike the last one, this one doesn’t assign a data structure to a variable, but instead assigns the result of a method call to another new variable, called right_this_minute. Take another look at the third line of code:
[image: image with no caption]

Invoking built-in module functionality



The third line of code invokes a method called today that comes with the datetime submodule, which is itself part of the datetime module (we did say this naming strategy was a little confusing). You can tell today is being invoked due to the standard postfix parentheses: ().
You’ll see more of the dot-notation syntax later in this book.


When today is invoked, it returns a “time object,” which contains many pieces of information about the current time. These are the current time’s attributes, which you can access via the customary dot-notation syntax. In this program, we are interested in the minute attribute, which we can access by appending .minute to the method invocation, as shown above. The resulting value is then assigned to the right_this_minute variable. You can think of this line of code as saying: create an object that represents today’s time, then extract the value of the minute attribute before assigning it to a variable. It is tempting to split this single line of code into two lines to make it “easier to understand,” as follows:
[image: image with no caption]

You can do this (if you like), but most Python programmers prefer not to create the temporary variable (time_now in this example) unless it’s needed at some point later in the program.


Deciding When to Run Blocks of Code



At this stage we have a list of numbers called odds. We also have a minute value called right_this_minute. In order to work out whether the current minute value stored in right_this_minute is an odd number, we need some way of determining if it is in the odds list. But how do we do this?
It turns out that Python makes this type of thing very straightforward. As well as including all the usual comparison operators that you’d expect to find in any programming language (such as >, <, >=, <=, and so on), Python comes with a few “super” operators of its own, one of which is in.
The in operator checks if one thing is inside another. Take a look at the next line of code in our program, which uses the in operator to check whether right_this_minute is inside the odds list:
[image: image with no caption]

The in operator returns either True or False. As you’d expect, if the value in right_this_minute is in odds, the if statement evaluates to True, and the block of code associated with the if statement executes.
Blocks in Python are easy to spot, as they are always indented.
In our program there are two blocks, which each contain a single call to the print function. This function can display messages on screen (and we’ll see lots of uses of it throughout this book). When you enter this program code into the edit window, you may have noticed that IDLE helps keep you straight by indenting automatically. This is very useful, but do be sure to check that IDLE’s indentation is what you want:
[image: image with no caption]

Did you notice that there are no curly braces here?

What Happened to My Curly Braces?



If you are used to a programming language that uses curly braces ({ and }) to delimit blocks of code, encountering blocks in Python for the first time can be disorienting, as Python doesn’t use curly braces for this purpose. Python uses indentation to demarcate a block of code, which Python programmers prefer to call suite as opposed to block (just to mix things up a little).
It’s not that curly braces don’t have a use in Python. They do, but—as we’ll see in Chapter 3—curly braces have more to do with delimiting data than they have to do with delimiting suites (i.e., blocks) of code.
Instead of referring to a code “block,” Python programmers use the word “suite.” Both names are used in practice, but the Python docs prefer “suite.”


Suites within any Python program are easy to spot, as they are always indented. This helps your brain quickly identify suites when reading code. The other visual clue for you to look out for is the colon character (:), which is used to introduce a suite that’s associated with any of Python’s control statements (such as if, else, for, and the like). You’ll see lots of examples of this usage as you progress through this book.
A colon introduces an indented suite of code



The colon (:) is important, in that it introduces a new suite of code that must be indented to the right. If you forget to indent your code after a colon, the interpreter raises an error.
Not only does the if statement in our example have a colon, the else has one, too. Here’s all the code again:
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We’re nearly done. There’s just one final statement to discuss.


What “else” Can You Have with “if”?



We are nearly done with the code for our example program, in that there is only one line of code left to discuss. It is not a very big line of code, but it’s an important one: the else statement that identifies the block of code that executes when the matching if statement returns a False value.
Take a closer look at the else statement from our program code, which we need to unindent to align with the if part of this statement:
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[image: image with no caption]

It is a very common slip-up for Python newbies to forget the colon when first writing code.


Neither. Python spells it elif.
If you have a number of conditions that you need to check as part of an if statement, Python provides elif as well as else. You can have as many elif statements (each with its own suite) as needed.
Here’s a small example that assumes a variable called today is previously assigned a string representing whatever today is:
[image: image with no caption]


Suites Can Contain Embedded Suites



Any suite can contain any number of embedded suites, which also have to be indented. When Python programmers talk about embedded suites, they tend to talk about levels of indentation.
The initial level of indentation for any program is generally referred to as the first or (as is so common when it comes to counting with many programming languages) indentation level zero. Subsequent levels are referred to as the second, third, fourth, and so on (or level one, level two, level three, and so on).
Here’s a variation on the today example code from the last page. Note how an embedded if/else has been added to the if statement that executes when today is set to ‘Sunday’. We’re also assuming another variable called condition exists and is set to a value that expresses how you’re currently feeling. We’ve indicated where each of the suites is, as well as at which level of indentation it appears:
[image: image with no caption]

It is important to note that code at the same level of indentation is only related to other code at the same level of indentation if all the code appears within the same suite. Otherwise, they are in separate suites, and it does not matter that they share a level of indentation. The key point is that indentation is used to demarcate suites of code in Python.

What We Already Know



With the final few lines of code discussed, let’s pause to review what the odd.py program has told us about Python:
Bullet Points
[image: image with no caption]

	Python comes with a built-in IDE called IDLE, which lets you create, edit, and run your Python code—all you need to do is type in your code, save it, and then press F5.

	IDLE interacts with the Python interpreter, which automates the compile-link-run process for you. This lets you concentrate on writing your code.

	The interpreter runs your code (stored in a file) from top to bottom, one line at a time. There is no notion of a main() function/method in Python.

	Python comes with a powerful standard library, which provides access to lots of reusable modules (of which datetime is just one example).

	There is a collection of standard data structures available to you when you’re writing Python programs. The list is one of them, and is very similar in notion to an array.

	The type of a variable does not need to be declared. When you assign a value to a variable in Python, it dynamically takes on the type of the data it refers to.

	You make decisions with the if/elif/else statement. The if, elif, and else keywords precede blocks of code, which are known in the Python world as “suites.”

	It is easy to spot suites of code, as they are always indented. Indentation is the only code grouping mechanism provided by Python.

	In addition to indentation, suites of code are also preceded by a colon (:). This is a syntactical requirement of the language.




[image: image with no caption]

Let’s extend this program to do more.
It’s true that we needed more lines to describe what this short program does than we actually needed to write the code. But this is one of the great strengths of Python: you can get a lot done with a few lines of code.
Review the list above once more, and then turn the page to make a start on seeing what our program’s extensions will be.

Extending Our Program to Do More



Let’s extend our program in order to learn a bit more Python.
At the moment, the program runs once, then terminates. Imagine that we want this program to execute more than once; let’s say five times. Specifically, let’s execute the “minute checking code” and the if/else statement five times, pausing for a random number of seconds between each message display (just to keep things interesting). When the program terminates, five messages should be on screen, as opposed to one.
Here’s the code again, with the code we want to run multiple times circled:
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What we need to do:



	Loop over the encircled code.
A loop lets us iterate over any suite, and Python provides a number of ways to do just that. In this case (and without getting into why), we’ll use Python’s for loop to iterate.

	Pause execution.
Python’s standard time module provides a function called sleep that can pause execution for an indicated number of seconds.

	Generate a random number.
Happily, another Python module, random, provides a function called randint that we can use to generate a random number. Let’s use randint to generate a number between 1 and 60, then use that number to pause the execution of our program on each iteration.



We now know what we want to do. But is there a preferred way of going about making these changes?


What’s the Best Approach to Solving This Problem?



[image: image with no caption]

Both approaches work with Python



You can follow both of these approaches when working with Python, but most Python programmers favor experimentation when trying to work out what code they need for a particular situation.
Experimenting at the >>> prompt helps you work out the code you need.


Don’t get us wrong: we are not suggesting that Bob’s approach is wrong and Laura’s is right. It’s just that Python programmers have both options available to them, and the Python Shell (which we met briefly at the start of this chapter) makes experimentation a natural choice for Python programmers.
Let’s determine the code we need in order to extend our program, by experimenting at the >>> prompt.


Returning to the Python Shell



Here’s how the Python Shell looked the last time we interacted with it (yours might look a little different, as your messages may have appeared in an alternate order):
[image: image with no caption]

The Python Shell (or just “shell” for short) has displayed our program’s messages, but it can do so much more than this. The >>> prompt allows you to enter any Python code statement and have it execute immediately. If the statement produces output, the shell displays it. If the statement results in a value, the shell displays the calculated value. If, however, you create a new variable and assign it a value, you need to enter the variable’s name at the >>> prompt to see what value it contains.
Check out the example interactions, shown below. It is even better if you follow along and try out these examples at your shell. Just be sure to press the Enter key to terminate each program statement, which also tells the shell to execute it now:
[image: image with no caption]


Experimenting at the Shell



Now that you know you can type a single Python statement into the >>> prompt and have it execute immediately, you can start to work out the code you need to extend your program.
Here’s what you need your new code to do:
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	Loop a specified number of times. We’ve already decided to use Python’s for loop here.

	[image: ]
	Pause the program for a specified number of seconds. The sleep function from the standard library’s time module can do this.

	[image: ]
	Generate a random number between two provided values. The randint function from the random module will do the trick.



Rather than continuing to show you complete IDLE screenshots, we’re only going to show you the >>> prompt and any displayed output. Specifically, from this point onward, you’ll see something like the following instead of the earlier screenshots:
[image: image with no caption]

Over the next few pages, we’re going to experiment to figure out how to add the three features listed above. We’ll play with code at the >>> prompt until we determine exactly the statements we need to add to our program. Leave the odd. py code as is for now, then make sure the shell window is active by selecting it. The cursor should be blinking away to the right of the >>>, waiting for you to type some code.
Flip the page when you’re ready. Let the experiments begin.

Iterating Over a Sequence of Objects



We said earlier that we were going to employ Python’s for loop here. The for loop is perfect for controlling looping when you know ahead of time how many iterations you need. (When you don’t know, we recommend the while loop, but we’ll save discussing the details of this alternate looping construct until we actually need it). At this stage, all we need is for, so let’s see it in action at the >>> prompt.
Use “for” when looping a known number of times.


We present three typical uses of for. Let’s see which one best fits our needs.
Usage example 1. This for loop, below, takes a list of numbers and iterates once for each number in the list, displaying the current number on screen. As it does so, the for loop assigns each number in turn to a loop iteration variable, which is given the name i in this code.
As this code is more than a single line, the shell indents automatically for you when you press Enter after the colon. To signal to the shell that you are done entering code, press Enter twice at the end of the loop’s suite:
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Note the indentation and colon. Like if statements, the code associated with a for statement needs to be indented.
A sequence is an ordered collection of objects.


Usage example 2. This for loop, below, iterates over a string, with each character in the string being processed during each iteration. This works because a string in Python is a sequence. A sequence is an ordered collection of objects (and we’ll see lots of examples of sequences in this book), and every sequence in Python can be iterated over by the interpreter.
[image: image with no caption]

Nowhere did you have to tell the for loop how big the string is. Python is smart enough to work out when the string ends, and arranges to terminate (i.e., end) the for loop on your behalf when it exhausts all the objects in the sequence.

Iterating a Specific Number of Times



In addition to using for to iterate over a sequence, you can be more exact and specify a number of iterations, thanks to the built-in function called range.
Let’s look at another usage example that showcases using range.
Usage example 3. In its most basic form, range accepts a single integer argument that dictates how many times the for loop runs (we’ll see other uses of range later in this book). In this loop, we use range to generate a list of numbers that are assigned one at a time to the num variable:
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The for loop didn’t use the num loop iteration variable anywhere in the loop’s suite. This did not raise an error, which is OK, as it is up to you (the programmer) to decide whether or not num needs to be processed further in the suite. In this case, doing nothing with num is fine.
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Indeed we are. Task #1 is complete.
The three usage examples show that Python’s for loop is what we need to use here, so let’s take the technique shown in Usage example 3 and use it to iterate a specified number of times using a for loop.

Applying the Outcome of Task #1 to Our Code



Here’s how our code looked in IDLE’s edit window before we worked on Task #1:
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You now know that you can use a for loop to repeat the five lines of code at the bottom of this program five times. The five lines will need to be indented under the for loop, as they are going to form the loop’s suite. Specifically, each line of code needs to be indented once. However, don’t be tempted to perform this action on each individual line. Instead, let IDLE indent the entire suite for you in one go.
Begin by using your mouse to select the lines of code you want to indent:
[image: image with no caption]


Indent Suites with Format...Indent Region



With the five lines of code selected, choose Indent Region from the Format menu in IDLE’s edit window. The entire suite moves to the right by one indentation level:
[image: image with no caption]

Note that IDLE also has a Dedent Region menu option, which unindents suites, and that both the Indent and Dedent menu commands have keyboard shortcuts, which differ slightly based on the operating system you are running. Take the time to learn the keyboard shortcuts that your system uses now (as you’ll use them all the time). With the suite indented, it’s time to add the for loop:
[image: image with no caption]


Arranging to Pause Execution



Let’s remind ourselves of what we need this code to do:
	[image: ]
	Loop a specified number of times.

	[image: ]
	Pause the program for a specified number of seconds.

	[image: ]
	Generate a random number between two provided values.



We’re now ready to return to the shell and try out some more code to help with the second task: pause the program for a specified number of seconds.
However, before we do that, recall the opening line of our program, which imported a specifically named function from a specifically named module:
[image: image with no caption]

This is one way to import a function into your program. Another equally common technique is to import a module without being specific about the function you want to use. Let’s use this second technique here, as it will appear in many Python programs you’ll come across.
As mentioned earlier in this chapter, the sleep function can pause execution for a specified number of seconds, and is provided by the standard library’s time module. Let’s import the module first, without mentioning sleep just yet:
[image: image with no caption]

When the import statement is used as it is with the time module above, you get access to the facilities provided by the module without anything expressly named being imported into your program’s code. To access a function provided by a module imported in this way, use the dot-notation syntax to name it, as shown here:
[image: image with no caption]

Note that when you invoke sleep in this way, the shell pauses for five seconds before the >>> prompt reappears. Go ahead, and try it now.

Importation Confusion



[image: image with no caption]

That’s a great question.
Just to be clear, there aren’t two importation mechanisms in Python, as there is only one import statement. However, the import statement can be used in two ways.
The first, which we initially saw in our example program, imports a named function into our program’s namespace, which then allows us to invoke the function as necessary without having to link the function back to the imported module. (The notion of a namespace is important in Python, as it defines the context within which your code runs. That said, we’re going to wait until a later chapter to explore namespaces in detail).
In our example program, we use the first importation technique, then invoke the datetime function as datetime(), not as datetime.datetime().
The second way to use import is to just import the module, as we did when experimenting with the time module. When we import this way, we have to use the dot-notation syntax to access the module’s functionality, as we did with time.sleep().
There are no Dumb Questions
	Q:
	Q: Is there a correct way to use import?

	A:
	A: It can often come down to personal preference, as some programmers like to be very specific, while others don’t. However, there is a situation that occurs when two modules (we’ll call them A and B) have a function of the same name, which we’ll call F. If you put from A import F and from B import F in your code, how is Python to know which F to invoke when you call F()? The only way you can be sure is to use the nonspecific import statement (that is, put import A and import B in your code), then invoke the specific F you want using either A.F() or B.F() as needed. Doing so negates any confusion.







Generating Random Integers with Python



Although it is tempting to add import time to the top of our program, then call time.sleep(5) in the for loop’s suite, we aren’t going to do this right now. We aren’t done with our experimentations. Pausing for five seconds isn’t enough; we need to be able to pause for a random amount of time. With that in mind, let’s remind ourselves of what we’ve done, and what remains:
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	Loop a specified number of times.

	[image: ]
	Pause the program for a specified number of seconds.

	[image: ]
	Generate a random number between two provided values.



Once we have this last task completed, we can get back to confidently changing our program to incorporate all that we’ve learned from our experimentations. But we’re not there yet—let’s look at the last task, which is to generate a random number.
As with sleeping, the standard library can help here, as it includes a module called random. With just this piece of information to guide us, let’s experiment at the shell:
>>> import random
>>>
Use “dir” to query an object.


Now what? We could look at the Python docs or consult a Python reference book...but that involves taking our attention away from the shell, even though it might only take a few moments. As it happens, the shell provides some additional functions that can help here. These functions aren’t meant to be used within your program code; they are designed for use at the >>> prompt. The first is called dir, and it displays all the attributes associated with anything in Python, including modules:
[image: image with no caption]

This list has a lot in it. Of interest is the randint() function. To learn more about randint, let’s ask the shell for some help.

Asking the Interpreter for Help



Once you know the name of something, you can ask the shell for help. When you do, the shell displays the section from the Python docs related to the name you’re interested in.
Let’s see this mechanism in action at the >>> prompt by asking for help with the randint function from the random module:
Use “help” to read the Python docs.


[image: image with no caption]

Geek Bits
[image: image with no caption]

You can recall the last command(s) typed into the IDLE >>> prompt by typing Alt-P when using Linux or Windows. On Mac OS X, use Ctrl-P. Think of the “P” as meaning “previous.”

A quick read of the displayed docs for the randint function confirms what we need to know: if we provide two integers to randint, we get back a random integer from the resulting inclusive range.
A few final experiments at the >>> prompt show the randint function in action:
[image: image with no caption]

With this, you are now in a position to place a satisfying check mark against the last of our tasks, as you now know enough to generate a random number between two provided values:
	[image: ]
	Generate a random number between two provided values.



It’s time to return to our program and make our changes.

Reviewing Our Experiments



Before you forge ahead and change your program, let’s quickly review the outcome of our shell experiments.
We started by writing a for loop, which iterated five times:
[image: image with no caption]

Then we used the sleep function from the time module to pause execution of our code for a specified number of seconds:
[image: image with no caption]

And then we experimented with the randint function (from the random module) to generate a random integer from a provided range:
[image: image with no caption]

We can now put all of this together and change our program.
Let’s remind ourselves of what we decided to do earlier in this chapter: have our program iterate, executing the “minute checking code” and the if/else statement five times, and pausing for a random number of seconds between each iteration. This should result in five messages appearing on screen before the program terminates.
Code Experiments Magnets
[image: image with no caption]

Based on the specification at the bottom of the last page, as well as the results of our experimentations, we went ahead and did some of the required work for you. But, as we were arranging our code magnets on the fridge (don’t ask) someone slammed the door, and now some of our code’s all over the floor.
Your job is to put everything back together, so that we can run the new version of our program and confirm that it’s working as required.
[image: image with no caption]


Code Experiments Magnets Solution
[image: image with no caption]

Based on the specification from earlier, as well as the results of our experimentations, we went ahead and did some of the required work for you. But, as we were arranging our code magnets on the fridge (don’t ask) someone slammed the door, and now some of our code’s all over the floor.
Your job was to put everything back together, so that we could run the new version of our program and confirm that it’s working as required.
[image: image with no caption]


Test Drive
[image: image with no caption]

Let’s try running our upgraded program in IDLE to see what happens. Change your version of odd.py as needed, then save a copy of your new program as odd2.py. When you’re ready, press F5 to execute your code.
[image: image with no caption]



Updating What We Already Know



With odd2.py working, let’s pause once more to review the new things we’re learned about Python from these last 15 pages:
Bullet Points
[image: image with no caption]

	When trying to determine the code that they need to solve a particular problem, Python programmers often favor experimenting with code snippets at the shell.

	If you’re looking at the >>> prompt, you’re at the Python Shell. Go ahead: type in a single Python statement and see what happens when it runs.

	The shell takes your line of code and sends it to the interpreter, which then executes it. Any results are returned to the shell and are then displayed on screen.

	The for loop can be used to iterate a fixed number of times. If you know ahead of time how many times you need to loop, use for.

	When you don’t know ahead of time how often you’re going to iterate, use Python’s while loop (which we have yet to see, but—don’t worry—we will see it in action later).

	The for loop can iterate over any sequence (like a list or a string), as well as execute a fixed number of times (thanks to the range function).

	If you need to pause the execution of your program for a specified number of seconds, use the sleep function provided by the standard library’s time module.

	You can import a specific function from a module. For example, from time import sleep imports the sleep function, letting you invoke it without qualification.

	If you simply import a module—for example, import time—you then need to qualify the usage of any of the module’s functions with the module name, like so: time.sleep().

	The random module has a very useful function called randint that generates a random integer within a specified range.

	The shell provides two interactive functions that work at the >>> prompt. The dir function lists an object’s attributes, whereas help provides access to the Python docs.




There are no Dumb Questions
	Q:
	Q: Do I have to remember all this stuff?

	A:
	A: No, and don’t freak out if your brain is resisting the insertion of everything seen so far. This is only the first chapter, and we’ve designed it to be a quick introduction to the world of Python programming. If you’re getting the gist of what’s going on with this code, then you’re doing fine.







A Few Lines of Code Do a Lot



[image: image with no caption]

It is, but we are on a roll here.
It’s true we’ve only touched on a small amount of the Python language so far. But what we’ve looked at has been very useful.
What we’ve seen so far helps to demonstrate one of Python’s big selling points: a few lines of code do a lot. Another of the language’s claims to fame is this: Python code is easy to read.
In an attempt to prove just how easy, we present on the next page a completely different program that you already know enough about Python to understand.
Who’s in the mood for a nice, cold beer?

Coding a Serious Business Application



With a tip of the hat to Head First Java, let’s take a look at the Python version of that classic’s first serious application: the beer song.
[image: image with no caption]

Shown below is a screenshot of the Python version of the beer song code. Other than a slight variation on the usage of the range function (which we’ll discuss in a bit), most of this code should make sense. The IDLE edit window contains the code, while the tail end of the program’s output appears in a shell window:
[image: image with no caption]

Dealing with all that beer...



With the code shown above typed into an IDLE edit window and saved, pressing F5 produces a lot of output in the shell. We’ve only shown a little bit of the resulting output in the window on the right, as the beer song starts with 99 bottles of beer on the wall and counts down until there’s no more beer. In fact, the only real twist in this code is how it handles this “counting down,” so let’s take a look at how that works before looking at the program’s code in detail.


Python Code Is Easy to Read



[image: image with no caption]

There isn’t one!
When most programmers new to Python first encounter code like that of the beer song, they assume that something’s got to give somewhere else.
There has to be a catch, doesn’t there?
No, there doesn’t. It’s not by accident that Python code is easy to read: the language was designed with that specific goal in mind. Guido van Rossum, the language’s creator, wanted to create a powerful programming tool that produced code that was easy to maintain, which meant code created in Python has to be easy to read, too.

Is Indentation Driving You Crazy?



[image: image with no caption]

Indentation takes time to get used to.
Don’t worry. Everyone coming to Python from a “curly-braced language” struggles with indentation at first. But it does get better. After a day or two of working with Python, you’ll hardly notice you’re indenting your suites.
One problem that some programmers do have with indentation occurs when they mix tabs with spaces. Due to the way the interpreter counts whitespace, this can lead to problems, in that the code “looks fine” but refuses to run. This is frustrating when you’re starting out with Python.
Our advice: don’t mix tabs with spaces in your Python code.
[image: image with no caption]

In fact, we’d go even further and advise you to configure your editor to replace a tap of the Tab key with four spaces (and while you’re at it, automatically remove any trailing whitespace, too). This is the well-established convention among many Python programmers, and you should follow it, too. We’ll have more to say about dealing with indentation at the end of this chapter.
Getting back to the beer song code



If you take a look at the invocation of range in the beer song, you’ll notice that it takes three arguments as opposed to just one (as in our first example program).
Take a closer look, and without looking at the explanation on the next page, see if you can work out what’s going on with this call to range:
[image: image with no caption]



Asking the Interpreter for Help on a Function



Recall that you can use the shell to ask for help with anything to do with Python, so let’s ask for some help with the range function.
When you do this in IDLE, the resulting documentation is more than a screen’s worth and it quickly scrolls off the screen. All you need to do is scroll back in the window to where you asked the shell for help (as that’s where the interesting stuff about range is):
[image: image with no caption]

Starting, stopping, and stepping



As range is not the only place you’ll come across start, stop, and step, let’s take a moment to describe what each of these means, before looking at some representative examples (on the next page):
	The START value lets you control from WHERE the range begins.
So far, we’ve used the single-argument version of range, which—from the documentation—expects a value for stop to be provided. When no other value is provided, range defaults to using 0 as the start value, but you can set it to a value of your choosing. When you do, you must provide a value for stop. In this way, range becomes a multi-argument invocation.

	The STOP value lets you control WHEN the range ends.
We’ve already seen this in use when we invoked range(5) in our code. Note that the range that’s generated never contains the stop value, so it’s a case of up-to-but-not-including stop.

	The STEP value lets you control HOW the range is generated.
When specifying start and stop values, you can also (optionally) specify a value for step. By default, the step value is 1, and this tells range to generate each value with a stride of 1; that is, 0, 1, 2, 3, 4, and so on. You can set step to any value to adjust the stride taken. You can also set step to a negative value to adjust the direction of the generated range.





Experimenting with Ranges



Now that you know a little bit about start, stop, and step, let’s experiment at the shell to learn how we can use the range function to produce many different ranges of integers.
To help see what’s going on, we use another function, list, to transform range’s output into a human-readable list that we can see on screen:
[image: image with no caption]

After all of our experimentations, we arrive at a range invocation (shown last, above) that produces a list of values from 99 down to 1, which is exactly what the beer song’s for loop does:
[image: image with no caption]

Sharpen your Pencil
[image: image with no caption]

Here again is the beer code, which has been spread out over the entire page so that you can concentrate on each line of code that makes up this “serious business application.”
Grab your pencil and, in the spaces provided, write in what you thought each line of code does. Be sure to attempt this yourself before looking at what we came up with on the next page. We’ve got you started by doing the first line of code for you.
[image: image with no caption]


Sharpen your Pencil Solution
[image: image with no caption]

Here again is the beer code, which has been spread out over the entire page so that you can concentrate on each line of code that makes up this “serious business application.”
You were to grab your pencil and then, in the spaces provided, write in what you thought each line of code does. We did the first line of code for you to get you started.
How did you get on? Are your explanations similar to ours?
[image: image with no caption]



Don’t Forget to Try the Beer Song Code



If you haven’t done so already, type the beer song code into IDLE, save it as beersong.py, and then press F5 to take it for a spin. Do not move on to the next chapter until you have a working beer song.
There are no Dumb Questions
	Q:
	Q: I keep getting errors when I try to run my beer song code. But my code looks fine to me, so I’m a little frustrated. Any suggestions?

	A:
	A: The first thing to check is that you have your indentation right. If you do, then check to see if you have mixed tabs with spaces in your code. Remember: the code will look fine (to you), but the interpreter refuses to run it. If you suspect this, a quick fix is to bring your code into an IDLE edit window, then choose Edit... →Select All from the menu system, before choosing Format... →Untabify Region. If you’ve mixed tabs with spaces, this will convert all your tabs to spaces in one go (and fix any indentation issues). You can then save your code and press F5 to try running it again. If it still refuses to run, check that your code is exactly the same as we presented in this chapter. Be very careful of any spelling mistakes you may have made with your variable names.

	Q:
	Q: The Python interpreter won’t warn me if I misspell new_num as nwe_num?

	A:
	A: No, it won’t. As long as a variable is assigned a value, Python assumes you know what you’re doing, and continues to execute your code. It is something to watch for, though, so be vigilant.






[image: image with no caption]

Wrapping up what you already know



Here are some new things you learned as a result of working through (and running) the beer song code:
Bullet Points
[image: image with no caption]

	Indentation takes a little time to get used to. Every programmer new to Python complains about indentation at some point, but don’t worry: soon you’ll not even notice you’re doing it.

	If there’s one thing that you should never, ever do, it’s mix tabs with spaces when indenting your Python code. Save yourself some future heartache, and don’t do this.

	The range function can take more than one argument when invoked. These arguments let you control the start and stop values of the generated range, as well as the step value.

	The range function’s step value can also be specified with a negative value, which changes the direction of the generated range





With all the beer gone, what’s next?



That’s it for Chapter 1. In the next chapter, you are going to learn a bit more about how Python handles data. We only just touched on lists in this chapter, and it’s time to dive in a little deeper.


Chapter 1’s Code



[image: image with no caption]


Chapter 2. List Data: Working with Ordered Data



[image: image with no caption]

All programs process data, and Python programs are no exception.
In fact, take a look around: data is everywhere. A lot of, if not most, programming is all about data: acquiring data, processing data, understanding data. To work with data effectively, you need somewhere to put your data when processing it. Python shines in this regard, thanks (in no small part) to its inclusion of a handful of widely applicable data structures: lists, dictionaries, tuples, and sets. In this chapter, we’ll preview all four, before spending the majority of this chapter digging deeper into lists (and we’ll deep-dive into the other three in the next chapter). We’re covering these data structures early, as most of what you’ll likely do with Python will revolve around working with data.
Numbers, Strings...and Objects



Working with a single data value in Python works just like you’d expect it to. Assign a value to a variable, and you’re all set. With help from the shell, let’s look at some examples to recall what we learned in the last chapter.
Numbers



Let’s assume that this example has already imported the random module. We then call the random.randint function to generate a random number between 1 and 60, which is then assigned to the wait_time variable. As the generated number is an integer, that’s what type wait_time is in this instance:
>>> wait_time = random.randint(1, 60)
>>> wait_time
26
Note how you didn’t have to tell the interpreter that wait_time is going to contain an integer. We assigned an integer to the variable, and the interpreter took care of the details (note: not all programming languages work this way).
A variable takes on the type of the value assigned.



Strings



If you assign a string to a variable, the same thing happens: the interpreter takes care of the details. Again, we do not need to declare ahead of time that the word variable in this example is going to contain a string:
>>> word = "bottles"
>>> word
'bottles'
This ability to dynamically assign a value to a variable is central to Python’s notion of variables and type. In fact, things are more general than this in that you can assign anything to a variable in Python.
Everything is an object in Python, and any object can be assigned to a variable.



Objects



In Python everything is an object. The means that numbers, strings, functions, modules—everything—is an object. A direct consequence of this is that all objects can be assigned to variables. This has some interesting ramifications, which we’ll start learning about on the next page.


“Everything Is an Object”



Any object can be dynamically assigned to any variable in Python. Which begs the question: what’s an object in Python? The answer: everything is an object.
All data values in Python are objects, even though—on the face of things—“Don’t panic!” is a string and 42 is a number. To Python programmers, “Don’t panic!” is a string object and 42 is a number object. Like in other programming languages, objects can have state (attributes or values) and behavior (methods).
[image: image with no caption]

Sort of.
You can certainly program Python in an object-oriented way using classes, objects, instances, and so on (more on all of this later in this book), but you don’t have to. Recall the programs from the last chapter...none of them needed classes. Those programs just contained code, and they worked fine.
Unlike some other programming languages (most notably, Java), you do not need to start with a class when first creating code in Python: you just write the code you need.
Now, having said all that (and just to keep you on your toes), everything in Python behaves as if it is an object derived from some class. In this way, you can think of Python as being more object-based as opposed to purely object-oriented, which means that object-oriented programming is optional in Python.
But...what does all this actually mean?



As everything is an object in Python, any “thing” can be assigned to any variable, and variables can be assigned anything (regardless of what the thing is: a number, a string, a function, a widget...any object). Tuck this away in the back of your brain for now; we’ll return to this theme many times throughout this book.
There’s really not a lot more to storing single data values in variables. Let’s now take a look at Python’s built-in support for storing a collection of values.


Meet the Four Built-in Data Structures



Python comes with four built-in data structures that you can use to hold any collection of objects, and they are list, tuple, dictionary, and set.
Note that by “built-in” we mean that lists, tuples, dictionaries, and sets are always available to your code and they do not need to be imported prior to use: each of these data structures is part of the language.
Over the next few pages, we present an overview of all four of these built-in data structures. You may be tempted to skip over this overview, but please don’t.
If you think you have a pretty good idea what a list is, think again. Python’s list is more similar to what you might think of as an array, as opposed to a linked-list, which is what often comes to mind when programmers hear the word “list.” (If you’re lucky enough not to know what a linked-list is, sit back and be thankful).
Python’s list is the first of two ordered-collection data structures:
	List: an ordered mutable collection of objects
A list in Python is very similar to the notion of an array in other programming languages, in that you can think of a list as being an indexed collection of related objects, with each slot in the list numbered from zero upward.
Unlike arrays in a lot of other programming languages, though, lists are dynamic in Python, in that they can grow (and shrink) on demand. There is no need to predeclare the size of a list prior to using it to store any objects.
Lists are also heterogeneous, in that you do not need to predeclare the type of the object you’re storing—you can mix’n’match objects of different types in the one list if you like.
Lists are mutable, in that you can change a list at any time by adding, removing, or changing objects.



A list is like an array—the objects it stores are ordered sequentially in slots.


[image: image with no caption]


Ordered Collections Are Mutable/Immutable



Python’s list is an example of a mutable data structure, in that it can change (or mutate) at runtime. You can grow and shrink a list by adding and removing objects as needed. It’s also possible to change any object stored in any slot. We’ll have lots more to say about lists in a few pages’ time as the remainder of this chapter is devoted to providing a comprehensive introduction to using lists.
When an ordered list-like collection is immutable (that is, it cannot change), it’s called a tuple:
	Tuple: an ordered immutable collection of objects
A tuple is an immutable list. This means that once you assign objects to a tuple, the tuple cannot be changed under any circumstance.
It is often useful to think of a tuple as a constant list.
Most new Python programmers scratch their head in bemusement when they first encounter tuples, as it can be hard to work out their purpose. After all, what use is a list that cannot change? It turns out that there are plenty of use cases where you’ll want to ensure that your objects can’t be changed by your (or anyone else’s) code. We’ll return to tuples in the next chapter (as well as later in this book) when we talk about them in a bit more detail, as well as use them.



[image: image with no caption]

A tuple is an immutable list.


Lists and tuples are great when you want to present data in an ordered way (such as a list of destinations on a travel itinerary, where the order of destinations is important). But sometimes the order in which you present the data isn’t important. For instance, you might want to store some user’s details (such as their id and password), but you may not care in what order they’re stored (just that they are). With data like this, an alternative to Python’s list/tuple is needed.

An Unordered Data Structure: Dictionary



If keeping your data in a specific order isn’t important to you, but structure is, Python comes with a choice of two unordered data structures: dictionary and set. Let’s look at each in turn, starting with Python’s dictionary.
	Dictionary: an unordered set of key/value pairs
Depending on your programming background, you may already know what a dictionary is, but you may know it by another name, such as associative array, map, symbol table, or hash.
Like those other data structures in those other languages, Python’s dictionary allows you to store a collection of key/value pairs. Each unique key has a value associated with it in the dictionary, and dictionaries can have any number of pairs. The values associated with a key can be any object.
Dictionaries are unordered and mutable. It can be useful to think of Python’s dictionary as a two-columned, multirow data structure. Like lists, dictionaries can grow (and shrink) on demand.



[image: image with no caption]

A dictionary stores key/value pairs.


Something to watch out for when using a dictionary is that you cannot rely upon the internal ordering used by the interpreter. Specifically, the order in which you add key/value pairs to a dictionary is not maintained by the interpreter, and has no meaning (to Python). This can stump programmers when they first encounter it, so we’re making you aware of it now so that when we meet it again—and in detail—in the next chapter, you’ll get less of a shock. Rest assured: it is possible to display your dictionary data in a specific order if need be, and we’ll show you how to do that in the next chapter, too.
[image: image with no caption]


A Data Structure That Avoids Duplicates: Set



The final built-in data structure is the set, which is great to have at hand when you want to remove duplicates quickly from any other collection. And don’t worry if the mention of sets has you recalling high school math class and breaking out in a cold sweat. Python’s implementation of sets can be used in lots of places.
	Set: an unordered set of unique objects
In Python, a set is a handy data structure for remembering a collection of related objects while ensuring none of the objects are duplicated.
The fact that sets let you perform unions, intersections, and differences is an added bonus (especially if you are a math type who loves set theory).
Sets, like lists and dictionaries, can grow (and shrink) as needed. Like dictionaries, sets are unordered, so you cannot make assumptions about the order of the objects in your set. As with tuples and dictionaries, you’ll get to see sets in action in the next chapter.



[image: image with no caption]

A set does not allow duplicate objects.


The 80/20 data structure rule of thumb



The four built-in data structures are useful, but they don’t cover every possible data need. However, they do cover a lot of them. It’s the usual story with technologies designed to be generally useful: about 80% of what you need to do is covered, while the other, highly specific, 20% requires you to do more work. Later in this book, you’ll learn how to extend Python to support any bespoke data requirements you may have. However, for now, in the remainder of this chapter and the next, we’re going to concentrate on the 80% of your data needs.
The rest of this chapter is dedicated to exploring how to work with the first of our four built-in data structures: the list. We’ll get to know the remaining three data structures, dictionary, set, and tuple, in the next chapter.


A List Is an Ordered Collection of Objects



When you have a bunch of related objects and you need to put them somewhere in your code, think list. For instance, imagine you have a month’s worth of daily temperature readings; storing these readings in a list makes perfect sense.
[image: image with no caption]

Whereas arrays tend to be homogeneous affairs in other programming languages, in that you can have an array of integers, or an array of strings, or an array of temperature readings, Python’s list is less restrictive. You can have a list of objects, and each object can be of a differing type. In addition to being heterogeneous, lists are dynamic: they can grow and shrink as needed.
Before learning how to work with lists, let’s spend some time learning how to spot lists in Python code.
How to spot a list in code



Lists are always enclosed in square brackets, and the objects contained within the list are always separated by a comma.
Recall the odds list from the last chapter, which contained the odd numbers from 0 through 60, as follows:
[image: image with no caption]

When a list is created where the objects are assigned to a new list directly in your code (as shown above), Python programmers refer to this as a literal list, in that the list is created and populated in one go.
Lists can be created literally or “grown” in code.


The other way to create and populate a list is to “grow” the list in code, appending objects to the list as the code executes. We’ll see an example of this method later in this chapter.
Let’s look at some literal list examples.


Creating Lists Literally



Our first example creates an empty list by assigning [] to a variable called prices:
[image: image with no caption]

[image: image with no caption]

Here’s a list of temperatures in degrees Fahrenheit, which is a list of floats:
[image: image with no caption]

How about a list of the most famous words in computer programming? Here they are:
[image: image with no caption]

Here’s a list of car details. Note how it is OK to store data of mixed types in a list. Recall that a list is “a collection of related objects.” The two strings, one float, and one integer in this example are all Python objects, so they can be stored in a list if needed:
[image: image with no caption]

Our two final examples of literal lists exploit the fact that—as in the last example—everything is an object in Python. Like strings, floats, and integers, lists are objects, too. Here’s an example of a list of list objects:
And here’s an example of a literal list of literal lists:
[image: image with no caption]


Putting Lists to Work



The literal lists on the last page demonstrate how quickly lists can be created and populated in code. Type in the data, and you’re off and running.
[image: image with no caption]

In a page or two, we’ll cover the mechanism that allows you to grow (or shrink) a list while your program executes. After all, there are many situations where you don’t know ahead of time what data you need to store, nor how many objects you’re going to need. In this case, your code has to grow (or “generate”) the list as needed. You’ll learn how to do that in a few pages’ time.
For now, imagine you have a requirement to determine whether a given word contains any of the vowels (that is, the letters a, e, i, o, or u). Can we use Python’s list to help code up a solution to this problem? Let’s see whether we can come up with a solution by experimenting at the shell.
Working with lists



We’ll use the shell to first define a list called vowels, then check to see if each letter in a word is in the vowels list. Let’s define a list of vowels:
[image: image with no caption]

With vowels defined, we now need a word to check, so let’s create a variable called word and set it to "Milliways":
[image: image with no caption]

Geek Bits
[image: image with no caption]

We’re only using the letters aeiou as vowels, even though the letter y is considered to be both a vowel and a consonant.


Is one object inside another? Check with “in”



If you remember the programs from Chapter 1, you will recall that we used Python’s in operator to check for membership when we needed to ask whether one object was inside another. We can take advantage of in again here:
[image: image with no caption]

Let’s use this code as the basis for our working with lists.


Use Your Editor When Working on More Than a Few Lines of Code



In order to learn a bit more about how lists work, let’s take this code and extend it to display each found vowel only once. At the moment, the code displays each vowel more than once on output if the word being searched contains more than one instance of the vowel.
[image: image with no caption]

First, let’s copy and paste the code you’ve just typed from the shell into a new IDLE edit window (select File...→New File... from IDLE’s menu). We’re going to be making a series of changes to this code, so moving it into the editor makes perfect sense. As a general rule, when the code we’re experimenting with at the >>> prompt starts to run to more than a few lines, we find it more convenient to use the editor. Save your five lines of code as vowels.py.
When copying code from the shell into the editor, be careful not to include the >>> prompt in the copy, as your code won’t run if you do (the interpreter will throw a syntax error when it encounters >>>).
When you’ve copied your code and saved your file, your IDLE edit window should look like this:
[image: image with no caption]

Don’t forget: press F5 to run your program



With the code in the edit window, press F5 and then watch as IDLE jumps to a restarted shell window, then displays the program’s output:
[image: image with no caption]



“Growing” a List at Runtime



Our current program displays each found vowel on screen, including any duplicates found. In order to list each unique vowel found (and avoid displaying duplicates), we need to remember any unique vowels that we find, before displaying them on screen. To do this, we need to use a second data structure.
[image: image with no caption]

We can’t use the existing vowels list because it exists to let us quickly determine whether the letter we’re currently processing is a vowel. We need a second list that starts out empty, as we’re going to populate it at runtime with any vowels we find.
As we did in the last chapter, let’s experiment at the shell before making any changes to our program code. To create a new, empty list, decide on a new variable name, then assign an empty list to it. Let’s call our second list found. Here we assign an empty list ([]) to found, then use Python’s built-in function len to check how many objects are in a collection:
[image: image with no caption]

The “len” built-in function reports on the size of an object.


Lists come with a collection of built-in methods that you can use to manipulate the list’s objects. To invoke a method use the dot-notation syntax: postfix the list’s name with a dot and the method invocation. We’ll meet more methods later in this chapter. For now, let’s use the append method to add an object to the end of the empty list we just created:
[image: image with no caption]

Repeated calls to the append method add more objects onto the end of the list:
[image: image with no caption]

Lists come with a bunch of built-in methods.


Let’s now look at what’s involved in checking whether a list contains an object.

Checking for Membership with “in”



We already know how to do this. Recall the “Milliways” example from a few pages ago, as well as the odds.py code from the previous chapter, which checked to see whether a calculated minute value was in the odds list:
[image: image with no caption]

[image: image with no caption]

Is the object “in” or “not in”?



As well as using the in operator to check whether an object is contained within a collection, it is also possible to check whether an object does not exist within a collection using the not in operator combination.
Using not in allows you to append to an existing list only when you know that the object to be added isn’t already part of the list:
[image: image with no caption]

[image: image with no caption]

Good catch. A set might be better here.
But, we’re going to hold off on using a set until the next chapter. We’ll return to this example when we do. For now, concentrate on learning how a list can be generated at runtime with the append method.


It’s Time to Update Our Code



Now that we know about not in and append, we can change our code with some confidence. Here’s the original code from vowels.py again:
[image: image with no caption]

[image: image with no caption]

Save a copy of this code as vowels2.py so that we can make our changes to this new version while leaving the original code intact.
We need to add in the creation of an empty found list. Then we need some extra code to populate found at runtime. As we no longer display the found vowels as we find them, another for loop is required to process the letters in found, and this second for loop needs to execute after the first loop (note how the indentation of both loops is aligned below). The new code you need is highlighted:
[image: image with no caption]

Let’s make a final tweak to this code to change the line that sets word to “Milliways” to be more generic and more interactive.
Changing the line of code that reads:
word = "Milliways"
to:
word = input("Provide a word to search for vowels: ")
Do this!
Make the change as suggested on the left, then save your updated code as vowels3.py.

instructs the interpreter to prompt your user for a word to search for vowels. The input function is another piece of built-in goodness provided by Python.
Test Drive
[image: image with no caption]

With the change at the bottom of the last page applied, and this latest version of your program saved as vowels3.py, let’s take this program for a few spins within IDLE. Remember: to run your program multiple times, you need to return to the IDLE edit window before pressing the F5 key.
[image: image with no caption]

Our output confirms that this small program is working as expected, and it even does the right thing when the word contains no vowels. How did you get on when you ran your program in IDLE?


Removing Objects from a List



Lists in Python are just like arrays in other languages, and then some.
[image: image with no caption]

The fact that lists can grow dynamically when more space is needed (thanks to the append method) is a huge productivity boon. Like a lot of other things in Python, the interpreter takes care of the details for you. If the list needs more memory, the interpreter dynamically allocates as much memory as needed. Likewise, when a list shrinks, the interpreter dynamically reclaims memory no longer needed by the list.
Other methods exist to help you manipulate lists. Over the next four pages we introduce four of the most useful methods: remove, pop, extend, and insert:
	remove: takes an object’s value as its sole argument
The remove method removes the first occurrence of a specified data value from a list. If the data value is found in the list, the object that contains it is removed from the list (and the list shrinks in size by one). If the data value is not in the list, the interpreter will raise an error (more on this later):
[image: image with no caption]





Popping Objects Off a List



The remove method is great for when you know the value of the object you want to remove. But often it is the case that you want to remove an object from a specific index slot.
[image: image with no caption]

For this, Python provides the pop method:
	pop: takes an optional index value as its argument
The pop method removes and returns an object from an existing list based on the object’s index value. If you invoke pop without specifying an index value, the last object in the list is removed and returned. If you specify an index value, the object in that location is removed and returned. If a list is empty or you invoke pop with a nonexistent index value, the interpreter raises an error (more on this later).
Objects returned by pop can be assigned to a variable if you so wish, in which case they are retained. However, if the popped object is not assigned to a variable, its memory is reclaimed and the object disappears.
[image: image with no caption]





Extending a List with Objects



You already know that append can be used to add a single object to an existing list. Other methods can dynamically add data to a list, too:
[image: image with no caption]

	extend: takes a list of objects as its sole argument
The extend method takes a second list and adds each of its objects to an existing list. This method is very useful for combining two lists into one:
[image: image with no caption]





Inserting an Object into a List



The append and extend methods get a lot of use, but they are restricted to adding objects onto the end (the righthand side) of an existing list. Sometimes, you’ll want to add to the beginning (the lefthand side) of a list. When this is the case, you’ll want to use the insert method.
[image: image with no caption]

	insert: takes an index value and an object as its arguments
The insert method inserts an object into an existing list before a specified index value. This lets you insert the object at the start of an existing list or anywhere within the list. It is not possible to insert at the end of the list, as that’s what the append method does:
[image: image with no caption]




After all that removing, popping, extending, and inserting, we’ve ended up with the same list we started with a few pages ago: [1, 2, 3, 4].
Note how it’s also possible to use insert to add an object into any slot in an existing list. In the example above, we decided to add an object (the number 1) to the start of the list, but we could just as easily have used any slot number to insert into the list. Let’s look at one final example, which—just for fun—adds a string into the middle of the nums list, thanks to the use of the value 2 as the first argument to insert:
[image: image with no caption]

Let’s now gain some experience using these list methods.

What About Using Square Brackets?



[image: image with no caption]

Don’t worry, we’re going to get to that in a bit.
The familiar square bracket notation that you know and love from working with arrays in other programming languages does indeed work with Python’s lists. However, before we get around to discussing how, let’s have a bit of fun with some of the list methods that you now know about.
There are no Dumb Questions
	Q:
	Q: How do I find out more about these and any other list methods?

	A:
	A: You ask for help. At the >>> prompt, type help(list) to access Python’s list documentation (which provides a few pages of material) or type help(list.append) to request just the documentation for the append method. Replace append with any other list method name to access that method’s documentation.






Sharpen your Pencil
[image: image with no caption]

Time for a challenge.
Before you do anything else, take the seven lines of code shown below and type them into a new IDLE edit window. Save the code as panic.py, and execute it (by pressing F5).
Study the messages that appear on screen. Note how the first four lines of code take a string (in phrase), and turn it into a list (in plist), before displaying both phrase and plist on screen.
The other three lines of code take plist and transform it back into a string (in new_phrase) before displaying plist and new_phrase on screen.
Your challenge is to transform the string "Don’t panic!" into the string "on tap" using only the list methods shown thus far in this book. (There’s no hidden meaning in the choice of these two strings: it’s merely a matter of the letters in “on tap” appearing in "Don’t panic!"). At the moment, panic. py displays "Don’t panic!" twice.
Hint: use a for loop when performing any operation multiple times.
[image: image with no caption]


Sharpen your Pencil Solution
[image: image with no caption]

It was time for a challenge.
Before you did anything else, you were to take the seven lines of code shown on the previous page and type them into a new IDLE edit window, save the code as panic.py, and execute it (by pressing F5).
Your challenge was to transform the string "Don’t panic!" into the string "on tap" using only the list methods shown thus far in this book. Before your changes, panic.py displayed “Don’t panic!” twice.
The new string (displaying “on tap”) is to be stored in the new_phrase variable.
[image: image with no caption]


As there’s a lot going on in this exercise solution, the next two pages explain this code in detail.

What Happened to “plist”?



Let’s pause to consider what actually happened to plist as the code in panic.py executed.
[image: image with no caption]

On the left of this page (and the next) is the code from panic.py, which, like every other Python program, is executed from top to bottom. On the right of this page is a visual representation of plist together with some notes about what’s happening. Note how plist dynamically shrinks and grows as the code executes:
[image: image with no caption]

We’ve been pausing for a moment to consider what actually happened to plist as the code in panic.py executed.
[image: image with no caption]

Based on the execution of the code from the last page, we now have a six-item list with the characters o, n, t, space, p, and a available to us. Let’s keep executing our code:
[image: image with no caption]


Lists: What We Know



We’re 20 pages in, so let’s take a little break and review what we’ve learned about lists so far:
Bullet Points
[image: image with no caption]

	Lists are great for storing a collection of related objects. If you have a bunch of similar things that you’d like to treat as one, a list is a great place to put them.

	List are similar to arrays in other languages. However, unlike arrays in other languages (which tend to be fixed in size), Python’s lists can grow and shrink dynamically as needed.

	In code, a list of objects is enclosed in square brackets, and the list objects are separated from each other by a comma.

	An empty list is represented like this: [].

	The fastest way to check whether an object is in a list is to use Python’s in operator, which checks for membership.

	Growing a list at runtime is possible due to the inclusion of a handful of list methods, which include append, extend, and insert.

	Shrinking a list at runtime is possible due to the inclusion of the remove and pop methods.




[image: image with no caption]

Yes. Care is always needed.
As working with and manipulating lists in Python is often very convenient, care needs to be taken to ensure the interpreter is doing exactly what you want it to.
A case in point is copying one list to another list. Are you copying the list, or are you copying the objects in the list? Depending on your answer and on what you are trying to do, the interpreter will behave differently. Flip the page to learn what we mean by this.

What Looks Like a Copy, But Isn’t



When to comes to copying an existing list to another one, it’s tempting to use the assignment operator:
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So far, so good. That looks like it worked, as the five number objects from first have been copied to second:
[image: image with no caption]

Or, have they? Let’s see what happens when we append a new number to second, which seems like a reasonable thing to do, but leads to a problem:
[image: image with no caption]

Again, so far, so good—but there’s a bug here. Look what happens when we ask the shell to display the contents of first—the new object is appended to first too!
[image: image with no caption]

[image: image with no caption]

This is a problem, in that both first and second are pointing to the same data. If you change one list, the other changes, too. This is not good.

How to Copy a Data Structure



If using the assignment operator isn’t the way to copy one list to another, what is? What’s happening is that a reference to the list is shared among first and second.
[image: image with no caption]

To solve this problem, lists come with a copy method, which does the right thing. Take a look at how copy works:
[image: image with no caption]

With third created (thanks to the copy method), let’s append an object to it, then see what happens:
Don’t use the assignment operator to copy a list; use the “copy” method instead.


[image: image with no caption]


Square Brackets Are Everywhere



[image: image with no caption]

Python supports the square bracket notation, and then some.
Everyone who has used square brackets with an array in almost any other programming language knows that they can access the first value in an array called names using names[0]. The next value is in names[1], the next in names[2], and so on. Python works this way, too, when it comes to accessing objects in any list.
However, Python extends the notation to improve upon this standardized behavior by supporting negative index values (-1, -2, -3, and so on) as well as a notation to select a range of objects from a list.
Lists: Updating What We Already Know



Before we dive into a description of how Python extends the square bracket notation, let’s add to our list of bullet points:
Bullet Points
[image: image with no caption]

	Take care when copying one list to another. If you want to have another variable reference an existing list, use the assignment operator (=). If you want to make a copy of the objects in an existing list and use them to initialize a new list, be sure to use the copy method instead.






Lists Extend the Square Bracket Notation



All our talk of Python’s lists being like arrays in other programming languages wasn’t just idle talk. Like other languages, Python starts counting from zero when it comes to numbering index locations, and uses the well-known square bracket notation to access objects in a list.
[image: image with no caption]

Unlike a lot of other programming languages, Python lets you access the list relative to each end: positive index values count from left to right, whereas negative index values count from right to left:
[image: image with no caption]

Let’s see some examples while working at the shell:
[image: image with no caption]

As lists grow and shrink while your Python code executes, being able to index into the list using a negative index value is often useful. For instance, using -1 as the index value is always guaranteed to return the last object in the list no matter how big the list is, just as using 0 always returns the first object.
[image: image with no caption]

Python’s extensions to the square bracket notation don’t stop with support for negative index values. Lists understand start, stop, and step, too.

Lists Understand Start, Stop, and Step



We first met start, stop, and step in the previous chapter when discussing the three-argument version of the range function:
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Recall what start, stop, and step mean when it comes to specifying ranges (and let’s relate them to lists):
	The START value lets you control WHERE the range begins.
When used with lists, the start value indicates the starting index value.

	The STOP value lets you control WHEN the range ends.
When used with lists, the stop value indicates the index value to stop at, but not include.

	The STEP value lets you control HOW the range is generated.
When used with lists, the step value refers to the stride to take.



You can put start, stop, and step inside square brackets



When used with lists, start, stop, and step are specified within the square brackets and are separated from one another by the colon (:) character:
[image: image with no caption]

It might seem somewhat counterintuitive, but all three values are optional when used together:
	When start is missing, it has a default value of 0.

	When stop is missing, it takes on the maximum value allowable for the list.

	When step is missing, it has a default value of 1.





List Slices in Action



Given the existing list letters from a few pages back, you can specify values for start, stop, and step in any number of ways.
[image: image with no caption]

Let’s look at some examples:
[image: image with no caption]

Using the start, stop, step slice notation with lists is very powerful (not to mention handy), and you are advised to take some time to understand how these examples work. Be sure to follow along at your >>> prompt, and feel free to experiment with this notation, too.
There are no Dumb Questions
	Q:
	Q: I notice that some of the characters on this page are surrounded by single quotes and others by double quotes. Is there some sort of standard I should follow?

	A:
	A: No, there’s no standard, as Python lets you use either single or double quotes around strings of any length, including strings that contain only a single character (like the ones shown on this page; technically, they are single-character strings, not letters). Most Python programmers use single quotes to delimit their strings (but that’s a preference, not a rule). If a string contains a single quote, double quotes can be used to avoid the requirement to escape characters with a backslash (\), as most programmers find it’s easier to read "'" than '\''. You’ll see more examples of both quotes being used on the next two pages.







Starting and Stopping with Lists



Follow along with the examples on this page (and the next) at your >>> prompt and make sure you get the same output as we do.
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We start by turning a string into a list of letters:
[image: image with no caption]

The newly created list (called booklist above) is then used to select a range of letters from within the list:
[image: image with no caption]

Be sure to take time to study this page (and the next) until you’re confident you understand how each example works, and be sure to try out each example within IDLE.
With the last example above, note how the interpreter is happy to use any of the default values for start, stop, and step.

Stepping with Lists



Here are two more examples, which show off the use of step with lists.
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The first example selects all the letters, starting from the end of the list (that is, it is selecting in reverse), whereas the second selects every other letter in the list. Note how the step value controls this behavior:
[image: image with no caption]

Two final examples confirm that it is possible to start and stop anywhere within the list and select objects. When you do this, the returned data is referred to as a slice. Think of a slice as a fragment of an existing list.
Both of these examples select the letters from booklist that spell the word 'Hitchhiker'. The first selection is joined to show the word 'Hitchhiker', whereas the second displays 'Hitchhiker' in reverse:
[image: image with no caption]

A “slice” is a fragment of a list.


Slices are everywhere



The slice notation doesn’t just work with lists. In fact, you’ll find that you can slice any sequence in Python, accessing it with [start:stop:step].


Putting Slices to Work on Lists



Python’s slice notation is a useful extension to the square bracket notation, and it is used in many places throughout the language. You’ll see lots of uses of slices as you continue to work your way through this book.
[image: image with no caption]

For now, let’s see Python’s square bracket notation (including the use of slices) in action. We are going to take the panic.py program from earlier and refactor it to use the square bracket notation and slices to achieve what was previously accomplished with list methods.
Before doing the actual work, here’s a quick reminder of what panic.py does.
Converting “Don’t panic!” to “on tap”



This code transforms one string into another by manipulating an existing list using the list methods. Starting with the string "Don’t panic!", this code produced "on tap" after the manipulations:
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Here’s the output produced by this program when it runs within IDLE:
[image: image with no caption]



Putting Slices to Work on Lists, Continued



It’s time for the actual work. Here’s the panic.py code again, with the code you need to change highlighted:
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[image: image with no caption]

Sharpen your Pencil
[image: image with no caption]

For this exercise, replace the highlighted code above with new code that takes advantage of Python’s square bracket notation. Note that you can still use list methods where it makes sense. As before, you’re trying to transform "Don’t panic!" into "on tap". Add your code in the space provided and call your new program panic2.py:
  phrase = "Don't panic!"
  plist = list(phrase)
  print(phrase)
  print(plist)
............................................................................................

............................................................................................

............................................................................................

............................................................................................

............................................................................................
  print(plist)
  print(new_phrase)

Sharpen your Pencil Solution
[image: image with no caption]

For this exercise, you were to replace the highlighted code on the previous page with new code that takes advantage of Python’s square bracket notation. Note that you can still use list methods where it makes sense. As before, you’re trying to transform "Don’t panic!" into "on tap". You were to call your new program panic2.py:
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That’s a great question.
Some programmers will look at the code in panic2.py and, when comparing it to the code in panic.py, conclude that two lines of code is always better than seven, especially when the output from both programs is the same. Which is a fine measurement of “betterness,” but not really useful in this case.
To see what we mean by this, let’s take a look at the output produced by both programs.
Test Drive
[image: image with no caption]

Use IDLE to open panic.py and panic2.py in separate edit windows. Select the panic. py window first, then press F5. Next select the panic2.py window, then press F5. Compare the results from both programs in your shell.
[image: image with no caption]

Notice how different these outputs are.


Which Is Better? It Depends...



We executed both panic.py and panic2.py in IDLE to help us determine which of these two programs is “better.”
Take a look at the second-to-last line of output from both programs:
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Although both programs conclude by displaying the string "on tap" (having first started with the string "Don’t panic!"), panic2.py does not change plist in any way, whereas panic.py does.
It is worth pausing for a moment to consider this.
Recall our discussion from earlier in this chapter called “What happened to ‘plist’?”. That discussion detailed the steps that converted this list:
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into this much shorter list:
[image: image with no caption]

All those list manipulations using the pop, remove, extend, and insert methods changed the list, which is fine, as that’s primarily what the list methods are designed to do: change the list. But what about panic2.py?

Slicing a List Is Nondestructive



The list methods used by the panic.py program to convert one string into another were destructive, in that the original state of the list was altered by the code. Slicing a list is nondestructive, as extracting objects from an existing list does not alter it; the original data remains intact.
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The slices used by panic2.py are shown here. Note that each extracts data from the list, but does not change it. Here are the two lines of code that do all the heavy lifting, together with a representation of the data each slice extracts:
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So...which is better?



Using list methods to manipulate and transform an existing list does just that: it manipulates and transforms the list. The original state of the list is no longer available to your program. Depending on what you’re doing, this may (or may not) be an issue. Using Python’s square bracket notation generally does not alter an existing list, unless you decide to assign a new value to an existing index location. Using slices also results in no changes to the list: the original data remains as it was.
List methods change the state of a list, whereas using square brackets and slices (typically) does not.


Which of these two approaches you decide is “better” depends on what you are trying to do (and it’s perfectly OK not to like either). There is always more than one way to perform a computation, and Python lists are flexible enough to support many ways of interacting with the data you store in them.
We are nearly done with our initial tour of lists. There’s just one more topic to introduce you to at this stage: list iteration.


Python’s “for” Loop Understands Lists



Python’s for loop knows all about lists and, when provided with any list, knows where the start of the list is, how many objects the list contains, and where the end of the list is. You never have to tell the for loop any of this, as it works it out for itself.
[image: image with no caption]

An example helps to illustrate. Follow along by opening up a new edit window in IDLE and typing in the code shown below. Save this new program as marvin.py, then press F5 to take it for a spin:
[image: image with no caption]

Understanding marvin.py’s code



The first two lines of marvin.py are familiar: assign a string to a variable (called paranoid_android), then turn the string into a list of character objects (assigned to a new variable called letters).
[image: image with no caption]

It’s the next statement—the for loop—that we want you to concentrate on.
On each iteration, the for loop arranges to take each object in the letters list and assign them one at a time to another variable, called char. Within the indented loop body char takes on the current value of the object being processed by the for loop. Note that the for loop knows when to start iterating, when to stop iterating, as well as how many objects are in the letters list. You don’t need to worry about any of this: that’s the interpreter’s job.


Python’s “for” Loop Understands Slices



If you use the square bracket notation to select a slice from a list, the for loop “does the right thing” and only iterates over the sliced objects. An update to our most recent program shows this in action. Save a new version of marvin.py as marvin2.py, then change the code to look like that shown below.
[image: image with no caption]

Of interest is our use of Python’s multiplication operator (*), which is used to control how many tab characters are printed before each object in the second and third for loop. We use * here to “multiply” how many times we want tab to appear:
[image: image with no caption]


Marvin’s Slices in Detail



Let’s take a look at each of the slices in the last program in detail, as this technique appears a lot in Python programs. Below, each line of slice code is presented once more, together with a graphical representation of what’s going on.
[image: image with no caption]

Before looking at the three slices, note that the program begins by assigning a string to a variable (called paranoid_android) and converting it to a list (called letters):
[image: image with no caption]

We’ll look at each of the slices from the marvin2.py program and see what they produce. When the interpreter sees the slice specification, it extracts the sliced objects from letters and returns a copy of the objects to the for loop. The original letters list is unaffected by these slices.
The first slice extracts from the start of the list and ends (but doesn’t include) the object in slot 6:
[image: image with no caption]

The second slice extracts from the end of the letters list, starting at slot –7 and going to the end of letters:
[image: image with no caption]

And finally, the third slice extracts from the middle of the list, starting at slot 12 and including everything up to but not including slot 20:
[image: image with no caption]


Lists: Updating What We Know



Now that you’ve seen how lists and for loops interact, let’s quickly review what you’ve learned over the last few pages:
Bullet Points
[image: image with no caption]

	Lists understand the square bracket notation, which can be used to select individual objects from any list.

	Like a lot of other programming languages, Python starts counting from zero, so the first object in any list is at index location 0, the second at 1, and so on.

	Unlike a lot of other programming languages, Python lets you index into a list from either end. Using –1 selects the last item in the list, –2 the second last, and so on.

	Lists also provide slices (or fragments) of a list by supporting the specification of start, stop, and step as part of the square bracket notation.




[image: image with no caption]

Lists are used a lot, but...
They are not a data structure panacea. Lists can be used in lots of places; if you have a collection of similar objects that you need to store in a data structure, lists are the perfect choice.
However—and perhaps somewhat counterintuitively—if the data you’re working with exhibits some structure, lists can be a bad choice. We’ll start exploring this problem (and what you can do about it) on the next page.
There are no Dumb Questions
	Q:
	Q: Surely there’s a lot more to lists than this?

	A:
	A: Yes, there is. Think of the material in this chapter as a quick introduction to Python’s built-in data structures, together with what they can do for you. We are by no means done with lists, and will be returning to them throughout the remainder of this book.

	Q:
	Q: But what about sorting lists? Isn’t that important?

	A:
	A: Yes, it is, but let’s not worry about stuff like that until we actually need to. For now, if you have a good grasp of the basics, that’s all you need at this stage. And don’t worry: we’ll get to sorting soon.







What’s Wrong with Lists?



When Python programmers find themselves in a situation where they need to store a collection of similar objects, using a list is often the natural choice. After all, we’ve used nothing but lists in this chapter so far.
Recall how lists are great at storing a collection of related letters, such as with the vowels list:
vowels = ['a', 'e', 'i', 'o', 'u']
And if the data is a collection of numbers, lists are a great choice, too:
nums = [1, 2, 3, 4, 5]
In fact, lists are a great choice when you have a collection of related anythings.
But imagine you need to store data about a person, and the sample data you’ve been given looks something like this:
[image: image with no caption]

On the face of things, this data does indeed conform to a structure, in that there’s tags on the left and associated data values on the right. So, why not put this data in a list? After all, this data is related to the person, right?
To see why we shouldn’t, let’s look at two ways to store this data using lists (starting on the next page). We are going to be totally upfront here: both of our attempts exhibit problems that make using lists less than ideal for data like this. But, as the journey is often half the fun of getting there, we’re going to try lists anyway.
Our first attempt concentrates on the data values on the right of the napkin, whereas our second attempt uses the tags on the left as well as the associated data values. Have a think about how you’d handle this type of structured data using lists, then flip to the next page to see how our two attempts fared.

When Not to Use Lists



We have our sample data (on the back of a napkin) and we’ve decided to store the data in a list (as that’s all we know at this point in our Python travels).
Our first attempt takes the data values and puts them in a list:
>>> person1 = ['Ford Prefect', 'Male',
'Researcher', 'Betelgeuse Seven']
>>> person1
['Ford Prefect', 'Male', 'Researcher',
'Betelgeuse Seven']
This results in a list of string objects, which works. As shown above, the shell confirms that the data values are now in a list called person1.
[image: image with no caption]

But we have a problem, in that we have to remember that the first index location (at index value 0) is the person’s name, the next is the person’s gender (at index value 1), and so on. For a small number of data items, this is not a big deal, but imagine if this data expanded to include many more data values (perhaps to support a profile page on that Facebook-killer you’re been meaning to build). With data like this, using index values to refer to the data in the person1 list is brittle, and best avoided.
Our second attempt adds the tags into the list, so that each data value is preceded by its associated tag. Meet the person2 list:
>>> person2 = ['Name', 'Ford Prefect', 'Gender',
'Male', 'Occupation', 'Researcher', 'Home Planet',
'Betelgeuse Seven']
>>> person2
['Name', 'Ford Prefect', 'Gender', 'Male',
'Occupation', 'Researcher', 'Home Planet',
'Betelgeuse Seven']
This clearly works, but now we no longer have one problem; we have two. Not only do we still have to remember what’s at each index location, but we now have to remember that index values 0, 2, 4, 6, and so on are tags, while index values 1, 3, 5, 7, and so on are data values.
If the data you want to store has an identifiable structure, consider using something other than a list.


Surely there has to be a better way to handle data with a structure like this?
There is, and it involves foregoing the use of lists for structured data like this. We need to use something else, and in Python, that something else is called a dictionary, which we get to in the next chapter.

Chapter 2’s Code, 1 of 2
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Chapter 2’s Code, 2 of 2



[image: image with no caption]


Chapter 3. Structured Data: Working with Structured Data



[image: image with no caption]

Python’s list data structure is great, but it isn’t a data panacea.
When you have truly structured data (and using a list to store it may not be the best choice), Python comes to your rescue with its built-in dictionary. Out of the box, the dictionary lets you store and manipulate any collection of key/value pairs. We look long and hard at Python’s dictionary in this chapter, and—along the way—meet set and tuple, too. Together with the list (which we met in the previous chapter), the dictionary, set, and tuple data structures provide a set of built-in data tools that help to make Python and data a powerful combination.
A Dictionary Stores Key/Value Pairs



Unlike a list, which is a collection of related objects, the dictionary is used to hold a collection of key/value pairs, where each unique key has a value associated with it. The dictionary is often referred to as an associative array by computer scientists, and other programming languages often use other names for dictionary (such as map, hash, and table).
[image: image with no caption]

The key part of a Python dictionary is typically a string, whereas the associated value part can be any Python object.
Data that conforms to the dictionary model is easy to spot: there are two columns, with potentially multiple rows of data. With this in mind, take another look at our “data napkin” from the end of the last chapter:
In C++ and Java, a dictionary is known as “map,” whereas Perl and Ruby use the name “hash.”


[image: image with no caption]

It looks like the data on this napkin is a perfect fit for Python’s dictionary.
Let’s return to the >>> shell to see how to create a dictionary using our napkin data. It’s tempting to try to enter the dictionary as a single line of code, but we’re not going to do this. As we want our dictionary code to be easy to read, we’re purposely entering each row of data (i.e., each key/value pair) on its own line instead. Take a look:
[image: image with no caption]


Make Dictionaries Easy to Read



It’s tempting to take the four lines of code from the bottom of the last page and type them into the shell like this:
[image: image with no caption]

>>> person3 = { 'Name': 'Ford Prefect', 'Gender':
'Male', 'Occupation': 'Researcher', 'Home Planet':
'Betelgeuse Seven' }
Although the interpreter doesn’t care which approach you use, entering a dictionary as one long line of code is hard to read, and should be avoided whenever possible.
If you litter your code with dictionaries that are hard to read, other programmers (which includes you in six months’ time) will get upset...so take the time to align your dictionary code so that it is easy to read.
Here’s a visual representation of how the dictionary appears in Python’s memory after either of these dictionary-assigning statements executes:
[image: image with no caption]

This is a more complicated structure than the array-like list. If the idea behind Python’s dictionary is new to you, it’s often useful to think of it as a lookup table. The key on the left is used to look up the value on the right (just like you look up a word in a paper dictionary).
Let’s spend some time getting to know Python’s dictionary in more detail. We’ll begin with a detailed explanation of how to spot a Python dictionary in your code, before talking about some of this data structure’s unique characteristics and uses.

How to Spot a Dictionary in Code



Take a closer look at how we defined the person3 dictionary at the >>> shell. For starters, the entire dictionary is enclosed in curly braces. Each key is enclosed in quotes, as they are strings, as is each value, which are also strings in this example. (Keys and values don’t have to be strings, however.) Each key is separated from its associated value by a colon character (:), and each key/value pair (a.k.a. “row”) is separated from the next by a comma:
[image: image with no caption]
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As stated earlier, the data on this napkin maps nicely to a Python dictionary. In fact, any data that exhibits a similar structure—multiple two-columned rows—is as perfect a fit as you’re likely to find. Which is great, but it does come at a price. Let’s return to the >>> prompt to learn what this price is:
[image: image with no caption]

What happened to the insertion order?



Take a long hard look at the dictionary displayed by the interpreter. Did you notice that the ordering is different from what was used on input? When you created the dictionary, you inserted the rows in name, gender, occupation, and home planet order, but the shell is displaying them in gender, name, home planet, and occupation order. The ordering has changed.
What’s going on here? Why did the ordering change?


Insertion Order Is NOT Maintained



Unlike lists, which keep your objects arranged in the order in which you inserted them, Python’s dictionary does not. This means you cannot assume that the rows in any dictionary are in any particular order; for all intents and purposes, they are unordered.
[image: image with no caption]

Take another look at the person3 dictionary and compare the ordering on input to that shown by the interpreter at the >>> prompt:
[image: image with no caption]

If you’re scratching your head and wondering why you’d want to trust your precious data to such an unordered data structure, don’t worry, as the ordering rarely makes a difference. When you select data stored in a dictionary, it has nothing to do with the dictionary’s order, and everything to do with the key you used. Remember: a key is used to look up a value.
Dictionaries understand square brackets



Like lists, dictionaries understand the square bracket notation. However, unlike lists, which use numeric index values to access data, dictionaries use keys to access their associated data values. Let’s see this in action at the interpreter’s >>> prompt:
Use keys to access data in a dictionary.


[image: image with no caption]

When you consider you can access your data in this way, it becomes apparent that it does not matter in what order the interpreter stores your data.


Value Lookup with Square Brackets



Using square brackets with dictionaries works the same as with lists. However, instead of accessing your data in a specified slot using an index value, with Python’s dictionary you access your data via the key associated with it.
[image: image with no caption]

As we saw at the bottom of the last page, when you place a key inside a dictionary’s square brackets, the interpreter returns the value associated with the key. Let’s consider those examples again to help cement this idea in your brain:
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Geek Bits
[image: image with no caption]

Python’s dictionary is implemented as a resizeable hash table, which has been heavily optimized for lots of special cases. As a result, dictionaries perform lookups very quickly.

Dictionary lookup is fast!



This ability to extract any value from a dictionary using its associated key is what makes Python’s dictionary so useful, as there are lots of occasions when doing so is needed—for instance, looking up user details in a profile, which is essentially what we’re doing here with the person3 dictionary.
It does not matter in what order the dictionary is stored. All that matters is that the interpreter can access the value associated with a key quickly (no matter how big your dictionary gets). The good news is that the interpreter does just that, thanks to the employment of a highly optimized hashing algorithm. As with a lot of Python’s internals, you can safely leave the interpreter to handle all the details here, while you get on with taking advantage of what Python’s dictionary has to offer.


Working with Dictionaries at Runtime



Knowing how the square bracket notation works with dictionaries is central to understanding how dictionaries grow at runtime. If you have an existing dictionary, you can add a new key/value pair to it by assigning an object to a new key, which you provide within square brackets.
[image: image with no caption]

For instance, here we display the current state of the person3 dictionary, then add a new key/value pair that associates 33 with a key called Age. We then display the person3 dictionary again to confirm the new row of data is successfully added:
[image: image with no caption]


Recap: Displaying Found Vowels (Lists)



As shown on the last page, growing a dictionary in this way can be used in many different situations. One very common application is to perform a frequency count: processing some data and maintaining a count of what you find. Before demonstrating how to perform a frequency count using a dictionary, let’s return to our vowel counting example from the last chapter.
Recall that vowels3.py determines a unique list of vowels found in a word. Imagine you’ve now been asked to extend this program to produce output that details how many times each vowel appears in the word.
Here’s the code from Chapter 2, which, given a word, displays a unique list of found vowels:
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Recall that we ran this code through IDLE a number of times:
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How Can a Dictionary Help Here?



[image: image with no caption]

We aren’t.
The vowels3.py program does what it is supposed to do, and using a list for this version of the program’s functionality makes perfect sense.
However, imagine if you need to not only list the vowels in any word, but also report their frequency. What if you need to know how many times each vowel appears in a word?
If you think about it, this is a little harder to do with lists alone. But throw a dictionary into the mix, and things change.
Let’s explore using a dictionary with the vowels program over the next few pages to satisfy this new requirement.
There are no Dumb Questions
	Q:
	Q: Is it just me, or is the word “dictionary” a strange name for something that’s basically a table?

	A:
	A: No, it’s not just you. The word “dictionary” is what the Python documentation uses. In fact, most Python programmers use the shorter “dict” as opposed to the full word. In its most basic form, a dictionary is a table that has exactly two columns and any number of rows.







Selecting a Frequency Count Data Structure



We want to adjust the vowels3.py program to maintain a count of how often each vowel is present in a word; that is, what is each vowel’s frequency? Let’s sketch out what we expect to see as output from this program:
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This output is a perfect match with how the interpreter regards a dictionary. Rather than using a list to store the found vowels (as is the case in vowels3.py), let’s use a dictionary instead. We can continue to call the collection found, but we need to initialize it to an empty dictionary as opposed to an empty list.
As always, let’s experiment and work out what we need to do at the >>> prompt, before committing any changes to the vowels3.py code. To create an empty dictionary, assign {} to a variable:
[image: image with no caption]

Let’s record the fact that we haven’t found any vowels yet by creating a row for each vowel and initializing its associated value to 0. Each vowel is used as a key:
[image: image with no caption]

All we need to do now is find a vowel in a given word, then update these frequency counts as required.

Updating a Frequency Counter



Before getting to the code that updates the frequency counts, consider how the interpreter sees the found dictionary in memory after the dictionary initialization code executes:
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With the frequency counts initialized to 0, it’s not difficult to increment any particular value, as needed. For instance, here’s how to increment e’s frequency count:
[image: image with no caption]

Code like that highlighted above certainly works, but having to repeat found['e'] on either side of the assignment operator gets very old, very quickly. So, let’s look at a shortcut for this operation (on the next page).

Updating a Frequency Counter, v2.0



Having to put found['e'] on either side of the assignment operator (=) quickly becomes tiresome, so Python supports the familiar += operator, which does the same thing, but in a more succinct way:
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At this point, we’ve incremented the value associated with the e key twice, so here’s how the dictionary looks to the interpreter now:
[image: image with no caption]

There are no Dumb Questions
	Q:
	Q: Does Python have ++?

	A:
	A: No...which is a bummer. If you’re a fan of the ++ increment operator in other programming languages, you’ll just have to get used to using += instead. Same goes for the -- decrement operator: Python doesn’t have it. You need to use -= instead.

	Q:
	Q: Is there a handy list of operators?

	A:
	A: Yes. Head over to https://docs.python.org/3/reference/lexical_analysis.html#operators for a list, and then see https://docs.python.org/3/library/stdtypes.html for a detailed explanation of their usage in relation to Python’s built-in types.







Iterating Over a Dictionary



At this point, we’ve shown you how to initialize a dictionary with zeroed data, as well as update a dictionary by incrementing a value associated with a key. We’re nearly ready to update the vowels3.py program to perform a frequency count based on vowels found in a word. However, before doing so, let’s determine what happens when we iterate over a dictionary, as once we have the dictionary populated with data, we’ll need a way to display our frequency counts on screen.
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You’d be forgiven for thinking that all we need to do here is use the dictionary with a for loop, but doing so produces unexpected results:
[image: image with no caption]

[image: image with no caption]

Flip the page to learn what happened to the values.

Iterating Over Keys and Values



When you iterated over a dictionary with your for loop, the interpreter only processed the dictionary’s keys.
[image: image with no caption]

To access the associated data values, you need to put each key within square brackets and use it together with the dictionary name to gain access to the values associated with the key.
The version of the loop shown below does just that, providing not just the keys, but also their associated data values. We’ve changed the suite to access each value based on each key provided to the for loop.
As the for loop iterates over each key/value pair in the dictionary, the current row’s key is assigned to k, then found[k] is used to access its associated value. We’ve also produced more human-friendly output by passing two strings to the call to the print function:
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If you are following along at your >>> prompt and your output is ordered differently from ours, don’t worry: the interpreter uses a random internal ordering as you’re using a dictionary here, and there are no guarantees regarding ordering when one is used. Your ordering will likely differ from ours, but don’t be alarmed. Our primary concern is that the data is safely stored in the dictionary, which it is.
The above loop obviously works. However, there are two points that we’d like to make.
Firstly: it would be nice if the output was ordered a, e, i, o, u, as opposed to randomly, wouldn’t it?
Secondly: even though this loop clearly works, coding a dictionary iteration in this way is not the preferred approach—most Python programmers code this differently.
Let’s explore these two points in a bit more detail (after a quick review).

Dictionaries: What We Already Know



Here’s what we know about Python’s dictionary data structure so far:
Bullet Points
[image: image with no caption]

	Think of a dictionary as a collection of rows, with each row containing exactly two columns. The first column stores a key, while the second contains a value.

	Each row is known as a key/value pair, and a dictionary can grow to contain any number of key/value pairs. Like lists, dictionaries grow and shrink on demand.

	A dictionary is easy to spot: it’s enclosed in curly braces, with each key/value pair separated from the next by a comma, and each key separated from its value by a colon.

	Insertion order is not maintained by a dictionary. The order in which rows are inserted has nothing to do with how they are stored.

	Accessing data in a dictionary uses the square bracket notation. Put a key inside square brackets to access its associated value.

	Python’s for loop can be used to iterate over a dictionary. On each iteration, the key is assigned to the loop variable, which is used to access the data value.




Specifying the ordering of a dictionary on output



We want to be able to produce output from the for loop in a, e, i, o, u order as opposed to randomly. Python makes this trivial thanks to the inclusion of the sorted built-in function. Simply pass the found dictionary to the sorted function as part of the for loop to arrange the output alphabetically:
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That’s point one of two dealt with. Next up is learning about the approach that most Python programmers prefer over the above code (although the approach shown on this page is often used, so you still need to know about it).


Iterating Over a Dictionary with “items”



We’ve seen that it’s possible to iterate over the rows of data in a dictionary using this code:
>>> for k in sorted(found):
          print(k, 'was found', found[k], 'time(s).')

a was found 0 time(s).
e was found 2 time(s).
i was found 0 time(s).
o was found 0 time(s).
u was found 0 time(s).
Like lists, dictionaries have a bunch of built-in methods, and one of these is the items method, which returns a list of the key/value pairs. Using items with for is often the preferred technique for iterating over a dictionary, as it gives you access to the key and the value as loop variables, which you can then use in your suite. The resulting suite is easier on the eye, which makes it easier to read.
Here is the items equivalent of the above loop code. Note how there are now two loop variables in this version of the code (k and v), and that we continue to use the sorted function to control the output ordering:
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There are no Dumb Questions
	Q:
	Q: Why are we calling sorted again in the second loop? The first loop arranged the dictionary in the ordering we want, so this must mean we don’t have to sort it a second time, right?

	A:
	A: No, not quite. The sorted built-in function doesn’t change the ordering of the data you provide to it, but instead returns an ordered copy of the data. In the case of the found dictionary, this is an ordered copy of each key/value pair, with the key being used to determine the ordering (alphabetical, from A through Z). The original ordering of the dictionary remains intact, which means every time we need to iterate over the key/value pairs in some specific order, we need to call sorted, as the random ordering still exists in the dictionary.






Frequency Count Magnets
[image: image with no caption]

Having concluded our experimentation at the >>> prompt, it’s now time to make changes to the vowels3.py program. Below are all of the code snippets we think you might need. Your job is to rearrange the magnets to produce a working program that, when given a word, produces a frequency count for each vowel found.
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Once you’ve placed the magnets where you think they should go, bring vowels3.py into IDLE’s edit window, rename it vowels4.py, and then apply your code changes to the new version of this program.

Frequency Count Magnets Solution
[image: image with no caption]

Having concluded our experimentation at the >>> prompt, it was time to make changes to the vowels3.py program. Your job was to rearrange the magnets to produce a working program that, when given a word, produces a frequency count for each vowel found.
Once you’d placed the magnets where you thought they should go, you were to bring vowels3.py into an IDLE’s edit window, rename it vowels4.py, and then apply your code changes to the new version of this program.
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Test Drive
[image: image with no caption]

Let’s take vowels4.py for a spin. With your code in an IDLE edit window, press F5 to see how it performs:
[image: image with no caption]



Just How Dynamic Are Dictionaries?



The vowels4.py program reports on all the found vowels, even when they aren’t found. This may not bother you, but let’s imagine that it does and you want this code to only display results when results are actually found. That is, you don’t want to see any of those “found 0 time(s)” messages.
How might you go about solving this problem?
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That sounds like it might work.
We currently have five lines of code near the start of the vowels4.py program that we’ve included in order to initially set each vowel’s frequency count to 0. This creates a key/value pair for each vowel, even though some may never be used. If we take those five lines away, we should end up only recording frequency counts for found vowels, and ignore the rest.
Let’s give this idea a try.
Do this!
Take the code in vowels4.py and save it as vowels5.py. Then remove the five lines of initialization code. Your IDLE edit window should look like that on the right of this page.

[image: image with no caption]

Test Drive
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You know the drill. Make sure vowels5.py is in an IDLE edit window, then press F5 to run your program. You’ll be confronted by a runtime error message:
[image: image with no caption]

It’s clear that removing the five lines of initialization code wasn’t the way to go here. But why has this happened? The fact that Python’s dictionary grows dynamically at runtime should mean that this code cannot crash, but it does. Why are we getting this error?

Dictionary keys must be initialized



Removing the initialization code has resulted in a runtime error, specifically a KeyError, which is raised when you try to access a value associated with a nonexistent key. Because the key can’t be found, the value associated with it can’t be found either, and you get an error.
Does this mean that we have to put the initialization code back in? After all, it is only five short lines of code, so what’s the harm? We can certainly do this, but let’s think about doing so for a moment.
Imagine that, instead of five frequency counts, you have a requirement to track a thousand (or more). Suddenly, we have lots of initialization code. We could “automate” the initialization with a loop, but we’d still be creating a large dictionary with lots of rows, many of which may end up never being used.
If only there were a way to create a key/value pair on the fly, just as soon as we realize we need it.
Geek Bits
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An alternative approach to handling this issue is to deal with the run-time exception raised here (which is a “KeyError” in this example). We’re holding off talking about how Python handles run-time exceptions until a later chapter, so bear with us for now.

[image: image with no caption]

That’s a great question.
We first met in when checking lists for a value. Maybe in works with dictionaries, too?
Let’s experiment at the >>> prompt to find out.


Avoiding KeyErrors at Runtime



As with lists, it is possible to use the in operator to check whether a key exists in a dictionary; the interpreter returns True or False depending on what’s found.
[image: image with no caption]

Let’s use this fact to avoid that KeyError exception, because it can be annoying when your code stops as a result of this error being raised during an attempt to populate a dictionary at runtime.
To demonstrate this technique, we’re going to create a dictionary called fruits, then use the in operator to avoid raising a KeyError when accessing a nonexistent key. We start by creating an empty dictionary; then we assign a key/value pair that associates the value 10 with the key apples. With the row of data in the dictionary, we can use the in operator to confirm that the key apples now exists:
[image: image with no caption]

Before we do anything else, let’s consider how the interpreter views the fruits dictionary in memory after executing the above code:
[image: image with no caption]

There are no Dumb Questions
	Q:
	Q: I take it from the example on this page that Python uses the constant value True for true ? Is there a False , too, and does case matter when using either of these values?

	A:
	A: Yes, to all those questions. When you need to specify a boolean in Python, you can use either True or False. These are constant values provided by the interpreter, and must be specified with a leading uppercase letter, as the interpreter treats true and false as variable names, not boolean values, so care is needed here.







Checking for Membership with “in”



Let’s add in another row of data to the fruits dictionary for bananas and see what happens. However, instead of a straight assignment to bananas, (as was the case with apples), let’s increment the value associated with bananas by 1 if it already exists in the fruits dictionary or, if it doesn’t exist, let’s initialize bananas to 1. This is a very common activity, especially when you’re performing frequency counts using a dictionary, and the logic we employ should hopefully help us avoid a KeyError.
[image: image with no caption]

[image: image with no caption]

In the code that follows, the in operator in conjunction with an if statement avoids any slip-ups with bananas, which—as wordplays go—is pretty bad (even for us):
[image: image with no caption]

The above code changes the state of the fruits dictionary within the interpreter’s memory, as shown here:
[image: image with no caption]

Geek Bits
[image: image with no caption]

If you are familiar with the ?: ternary operator from other languages, note that Python supports a similar construct. You can say this:
x = 10 if y > 3 else 20
to set x to either 10 or 20 depending on whether or not the value of y is greater than 3. That said, most Python programmers frown on its use, as the equivalent if... else... statements are considered easier to read.

As expected, the fruits dictionary has grown by one key/value pair, and the bananas value has been initialized to 1. This happened because the condition associated with the if statement evaluated to False (as the key wasn’t found), so the second suite (that is, the one associated with else) executed instead. Let’s see what happens when this code runs again.

Ensuring Initialization Before Use



If we execute the code again, the value associated with bananas should now be increased by 1, as the if suite executes this time due to the fact that the bananas key already exists in the fruits dictionary:
[image: image with no caption]

[image: image with no caption]

To run this code again, press Ctrl-P (on a Mac) or Alt-P (on Linux/Windows) to cycle back through your previously entered code statements while at IDLE’s >>> prompt (as using the up arrow to recall input doesn’t work at IDLE’s >>> prompt). Remember to press Enter twice to execute the code once more:
[image: image with no caption]

As the code associated with the if statement now executes, the value associated with bananas is incremented within the interpreter’s memory:
[image: image with no caption]

This mechanism is so common that many Python programmers shorten these four lines of code by inverting the condition. Instead of checking with in, they use not in. This allows you to initialize the key to a starter value (usually 0) if it isn’t found, then perform the increment right after.
Let’s take a look at how this mechanism works.

Substituting “not in” for “in”



At the bottom of the last page, we stated that most Python programmers refactor the original four lines of code to use not in instead of in. Let’s see this in action by using this mechanism to ensure the pears key is set to 0 before we try to increment its value:
[image: image with no caption]

[image: image with no caption]

These three lines of code have grown the dictionary once more. There are now three key/value pairs in the fruits dictionary:
[image: image with no caption]

The above three lines of code are so common in Python that the language provides a dictionary method that makes this if/not in combination more convenient and less error prone. The setdefault method does what the two-line if/not in statements do, but uses only a single line of code.
Here’s the equivalent of the pears code from the top of the page rewritten to use setdefault:
[image: image with no caption]

The single call to setdetfault has replaced the two-line if/not in statement, and its usage guarantees that a key is always initialized to a starter value before it’s used. Any possibility of a KeyError exception is negated. The current state of the fruits dictionary is shown here (on the right) to confirm that invoking setdefault after a key already exists has no effect (as is the case with pears), which is exactly what we want in this case.
[image: image with no caption]


Putting the “setdefault” Method to Work



Recall that our current version of vowels5.py results in a runtime error, specifically a KeyError, which is raised due to our code trying to access the value of a nonexistent key:
[image: image with no caption]

[image: image with no caption]

From our experiments with fruits, we know we can call setdefault as often as we like without having to worry about any nasty errors. We know setdefault’s behavior is guaranteed to initialize a nonexistent key to a supplied default value, or to do nothing (that is, to leave any existing value associated with any existing key alone). If we invoke setdefault immediately before we try to use a key in our vowels5.py code, we are guaranteed to avoid a KeyError, as the key will either exist or it won’t. Either way, our program keeps running and no longer crashes (thanks to our use of setdefault).
Use “setdefault” to help avoid the “KeyError” exception.


Within your IDLE edit window, change the first of the vowels5.py program’s for loops to look like this (by adding the call to setdefault), then save your new version as vowels6.py:
[image: image with no caption]

Test Drive
[image: image with no caption]

With the most recent vowels6.py program in your IDLE edit window, press F5. Run this version a few times to confirm the nasty KeyError exception no longer appears.
[image: image with no caption]

The use of the setdefault method has solved the KeyError problem we had with our code. Using this technique allows you to dynamically grow a dictionary at runtime, safe in the knowledge that you’ll only ever create a new key/value pair when you actually need one.
When you use setdefault in this way, you never need to spend time initializing all your rows of dictionary data ahead of time.

Dictionaries: updating what we already know



Let’s add to the list of things you now know about Python’s dictionary:
Bullet Points
[image: image with no caption]

	By default, every dictionary is unordered, as insertion order is not maintained. If you need to sort a dictionary on output, use the sorted built-in function.

	The items method allows you to iterate over a dictionary by row—that is, by key/value pair. On each iteration, the items method returns the next key and its associated value to your for loop.

	Trying to access a nonexistent key in an existing dictionary results in a KeyError. When a KeyError occurs, your program crashes with a runtime error.

	You can avoid a KeyError by ensuring every key in your dictionary has a value associated with it before you try to access it. Although the in and not in operators can help here, the established technique is to use the setdefault method instead.






Aren’t Dictionaries (and Lists) Enough?



[image: image with no caption]

Dictionaries (and lists) are great.
But they are not the only show in town.
Granted, you can do a lot with dictionaries and lists, and many Python programmers rarely need anything more. But, if truth be told, these programmers are missing out, as the two remaining built-in data structures—set and tuple—are useful in specific circumstances, and using them can greatly simplify your code, again in specific circumstances.
The trick is spotting when the specific circumstances occur. To help with this, let’s look at typical examples for both set and tuple, starting with set.
There are no Dumb Questions
	Q:
	Q: Is that it for dictionaries? Surely it’s common for the value part of a dictionary to be, for instance, a list or another dictionary?

	A:
	A: Yes, that is a common usage. But we’re going to hang on until the end of this chapter to show you how to do this. In the meantime, let what you already know about dictionaries sink in...







Sets Don’t Allow Duplicates



Python’s set data structure is just like the sets you learned about in school: it has certain mathematical properties that always hold, the key characteristic being that duplicate values are forbidden.
[image: image with no caption]

Imagine you are provided with a long list of all the first names for everyone in a large organization, but you are only interested in the (much smaller) list of unique first names. You need a quick and foolproof way to remove any duplicates from your long list of names. Sets are great at solving this type of problem: simply convert the long list of names to a set (which removes the duplicates), then convert the set back to a list and—ta da!—you have a list of unique first names.
Python’s set data structure is optimized for very speedy lookup, which makes using a set much faster than its equivalent list when lookup is the primary requirement. As lists always perform slow sequential searches, sets should always be preferred for lookup.
Spotting sets in your code



Sets are easy to spot in code: a collection of objects are separated from one another by commas and surrounded by curly braces.
For example, here’s a set of vowels:
[image: image with no caption]

The fact that a set is enclosed in curly braces can often result in your brain mistaking a set for a dictionary, which is also enclosed in curly braces. The key difference is the use of the colon character (:) in dictionaries to separate keys from values. The colon never appears in a set, only commas.
In addition to forbidding duplicates, note that—as in a dictionary—insertion order is not maintained by the interpreter when a set is used. However. like all other data structures, sets can be ordered on output with the sorted function. And, like lists and dictionaries, sets can also grow and shrink as needed.
Being a set, this data structure can perform set-like operations, such as difference, intersection, and union. To demonstrate sets in action, we are going to revisit our vowel counting program from earlier in this chapter once more. We made a promise when we were first developing vowels3.py (in the last chapter) that we’d consider a set over a list as the primary data structure for that program. Let’s make good on that promise now.


Creating Sets Efficiently



Let’s take yet another look at vowels3.py, which uses a list to work out which vowels appear in any word.
[image: image with no caption]

Here’s the code once more. Note how we have logic in this program to ensure we only remember each found vowel once. That is, we are very deliberately ensuring that no duplicate vowels are ever added to the found list:
[image: image with no caption]

Before continuing, use IDLE to save this code as vowels7.py so that we can make changes without having to worry about breaking our list-based solution (which we know works). As is becoming our standard practice, let’s experiment at the >>> prompt first before adjusting the vowels7.py code. We’ll edit the code in the IDLE edit window once we’ve worked out the code we need.
Creating sets from sequences



We start by creating a set of vowels using the code from the middle of the last page (you can skip this step if you’ve already typed that code into your >>> prompt):
[image: image with no caption]

Below is a useful shorthand that allows you to pass any sequence (such as a string) to the set function to quickly generate a set. Here’s how to create the set of vowels using the set function:


Taking Advantage of Set Methods



Now that we have our vowels in a set, our next step is to take a word and determine whether any of the letters in the word are vowels. We could do this by checking whether each letter in the word is in the set, as the in operator works with sets in much the same way as it does with dictionaries and lists. That is, we could use in to determine whether a set contains any letter, and then cycle through the letters in the word using a for loop.
[image: image with no caption]

However, let’s not follow that strategy here, as the set methods can do a lot of this looping work for us.
There’s a much better way to perform this type of operation when using sets. It involves taking advantage of the methods that come with every set, and that allow you to perform operations such as union, difference, and intersection. Prior to changing the code in vowels7.py, let’s learn how these methods work by experimenting at the >>> prompt and considering how the interpreter sees the set data. Be sure to follow along on your computer. Let’s start by creating a set of vowels, then assigning a value to the word variable:
>>> vowels = set('aeiou')
>>> word = 'hello'
The interpreter creates two objects: one set and one string. Here’s what the vowels set looks like in the interpreter’s memory:
[image: image with no caption]

Let’s see what happens when we perform a union of the vowels set and the set of letters created from the value in the word variable. We’ll create a second set on-the-fly by passing the word variable to the set function, which is then passed to the union method provided by vowels. The result of this call is another set, which we assign to another variable (called u here). This new variable is a combination of the objects in both sets (a union):
[image: image with no caption]

After this call to the union method, what do the vowels and u sets look like?

union Works by Combining Sets



At the bottom of the previous page we used the union method to create a new set called u, which was a combination of the letters in the vowels set together with the set of unique letters in word. The act of creating this new set has no impact on vowels, which remains as it was before the union. However, the u set is new, as it is created as a result of the union.
[image: image with no caption]

Here’s what happens:
[image: image with no caption]

What happened to the loop code?



That single line of code packs a lot of punch. Note that you haven’t specifically instructed the interpreter to perform a loop. Instead, you told the interpreter what you wanted done—not how you wanted it done—and the interpreter has obliged by creating a new set containing the objects you’re after.
A common requirement (now that we’ve created the union) is to turn the resulting set into a sorted list. Doing so is trivial, thanks to the sorted and list functions:
[image: image with no caption]



difference Tells You What’s Not Shared



Another set method is difference, which, given two sets, can tell you what’s in one set but not the other. Let’s use difference in much the same way as we did with union and see what we end up with:
[image: image with no caption]

>>> d = vowels.difference(set(word))
>>> d
{'u', 'i', 'a'}
The difference function compares the objects in vowels against the objects in set(word), then returns a new set of objects (called d here) which are in the vowels set but not in set(word).
Here’s what happens:
[image: image with no caption]

We once again draw your attention to the fact that this outcome has been accomplished without using a for loop. The difference function does all the grunt work here; all we did was state what was required.
Flip over to the next page to look at one final set method: intersection.

intersection Reports on Commonality



The third set method that we’ll look at is intersection, which takes the objects in one set and compares them to those in another, then reports on any common objects found.
[image: image with no caption]

In relation to the requirements that we have with vowels7.py, what the intersection method does sounds very promising, as we want to know which of the letters in the user’s word are vowels.
Recall that we have the string "hello" in the word variable, and our vowels in the vowels set. Here’s the intersection method in action:
>>> i = vowels.intersection(set(word))
>>> i
{'e', 'o'}
The intersection method confirms the vowels e and o are in the word variable. Here’s what happens:
[image: image with no caption]

There are more set methods than the three we’ve looked at over these last few pages, but of the three, intersection is of most interest to us here. In a single line of code, we’ve solved the problem we posed near the start of the last chapter: identify the vowels in any string. And all without having to use any loop code. Let’s return to the vowels7.py program and apply what we know now.

Sets: What You Already Know



Here’s a quick rundown of what you already know about Python’s set data structure:
Bullet Points
[image: image with no caption]

	Sets in Python do not allow duplicates.

	Like dictionaries, sets are enclosed in curly braces, but sets do not identify key/value pairs. Instead, each unique object in the set is separated from the next by a comma.

	Also like dictionaries, sets do not maintain insertion order (but can be ordered with the sorted function).

	You can pass any sequence to the set function to create a set of elements from the objects in the sequence (minus any duplicates).

	Sets come pre-packaged with lots of built-in functionality, including methods to perform union, difference, and intersection.




Sharpen your Pencil
[image: image with no caption]

Here is the code to the vowels3.py program once more.
Based on what you now know about sets, grab your pencil and strike out the code you no longer need. In the space provided on the right, provide the code you’d add to convert this list-using program to take advantage of a set.
Hint: you’ll end up with a lot less code.
                                           ...................................................................
vowels = ['a', 'e', 'i', 'o', 'u']
                                           ...................................................................
word = input("Provide a word to search for vowels: ")
                                           ...................................................................
found = []
                                           ...................................................................
for letter in word:
                                           ...................................................................
    if letter in vowels:
                                           ...................................................................
        if letter not in found:
                                           ...................................................................
            found.append(letter)
                                           ...................................................................
for vowel in found:
                                           ...................................................................
    print(vowel)
                                           ...................................................................
When you’re done, be sure to rename your file vowels7.py.

Sharpen your Pencil Solution
[image: image with no caption]

Here is the code to the vowels3.py program once more.
Based on what you now know about sets, you were to grab your pencil and strike out the code you no longer needed. In the space provided on the right, you were to provide the code you’d add to convert this list-using program to take advantage of a set.
Hint: you’ll end up with a lot less code.
[image: image with no caption]

When you were done, you were to rename your file vowels7.py.

[image: image with no caption]

It wasn’t a waste of time.
Being able to spot when to use one built-in data structure over another is important (as you’ll want to be sure you’re picking the right one). The only way you can do this is to get experience using all of them. None of the built-in data structures qualify as a “one size fits all” technology, as they all have their strengths and weaknesses. Once you understand what these are, you’ll be better equipped to select the correct data structure based on your application’s specific data requirements.
Test Drive
[image: image with no caption]

Let’s take vowels7.py for a spin to confirm that the set-based version of our program runs as expected:
[image: image with no caption]


Using a set was the perfect choice here...



But that’s not to say that the two other data structures don’t have their uses. For instance, if you need to perform, say, a frequency count, Python’s dictionary works best. However, if you are more concerned with maintaining insertion order, then only a list will do...which is almost true. There’s one other built-in data structure that maintains insertion order, and which we’ve yet to discuss: the tuple.
Let’s spend the remainder of this chapter in the company of Python’s tuple.


Making the Case for Tuples



When most programmers new to Python first come across the tuple, they question why such a data structure even exists. After all, a tuple is like a list that cannot be changed once it’s created (and populated with data). Tuples are immutable: they cannot change. So, why do we need them?
[image: image with no caption]

It turns out that having an immutable data structure can often be useful. Imagine that you need to guard against side effects by ensuring some data in your program never changes. Or perhaps you have a large constant list (which you know won’t change) and you’re worried about performance. Why incur the cost of all that extra (mutable) list processing code if you’re never going to need it? Using a tuple in these cases avoids unnecessary overhead and guards against nasty data side effects (were they to occur).
There are no Dumb Questions
	Q:
	Q: Where does the name “tuple” come from?

	A:
	A: It depends whom you ask, but the name has its origin in mathematics. Find out more than you’d ever want to know by visiting https://en.wikipedia.org/wiki/Tuple.






How to spot a tuple in code



As tuples are closely related to lists, it’s no surprise that they look similar (and behave in a similar way. Tuples are surrounded by parentheses, whereas lists use square brackets. A quick visit to the >>> prompt lets us compare tuples with lists. Note how we’re using the type built-in function to confirm the type of each object created:
[image: image with no caption]

Now that vowels and vowels2 exist (and are populated with data), we can ask the shell to display what they contain. Doing so confirms that the tuple is not quite the same as the list:
[image: image with no caption]

But what happens if we try to change a tuple?


Tuples Are Immutable



As tuples are sort of like lists, they support the same square bracket notation commonly associated with lists. We already know that we can use this notation to change the contents of a list. Here’s what we’d do to change the lowercase letter i in the vowels list to be an uppercase I:
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[image: image with no caption]

As expected, the third element in the list (at index location 2) has changed, which is fine and expected, as lists are mutable. However, look what happens if we try to do the same thing with the vowels2 tuple:
[image: image with no caption]

Tuples are immutable, so we can’t complain when the interpreter protests at our trying to change the objects stored in the tuple. After all, that’s the whole point of a tuple: once created and populated with data, a tuple cannot change.
Make no mistake: this behavior is useful, especially when you need to ensure that some data can’t change. The only way to ensure this is to put the data in a tuple, which then instructs the interpreter to stop any code from trying to change the tuple’s data.
If the data in your structure never changes, put it in a tuple.


As we work our way through the rest of this book, we’ll always use tuples when it makes sense to do so. With reference to the vowel-processing code, it should now be clear that the vowels data structure should always be stored in a tuple as opposed to a list, as it makes no sense to use a mutable data structure in this instance (as the five vowels never need to change).
There’s not much else to tuples—think of them as immutable lists, nothing more. However, there is one usage that trips up many a programmer, so let’s learn what this is so that you can avoid it.

Watch Out for Single-Object Tuples



Let’s imagine you want to store a single string in a tuple. It’s tempting to put the string inside parentheses, and then assign it to a variable name...but doing so does not produce the expected outcome.
[image: image with no caption]

Take a look at this interaction with the >>> prompt, which demonstrates what happens when you do this:
[image: image with no caption]

[image: image with no caption]

What looks like a single-object tuple isn’t; it’s a string. This has happened due to a syntactical quirk in the Python language. The rule is that, in order for a tuple to be a tuple, every tuple needs to include at least one comma between the parentheses, even when the tuple contains a single object. This rule means that in order to assign a single object to a tuple (we’re assigning a string object in this instance), we need to include the trailing comma, like so:
[image: image with no caption]

This looks a little weird, but don’t let that worry you. Just remember this rule and you’ll be fine: every tuple needs to include at least one comma between the parentheses. When you now ask the interpreter to tell you what type t2 is (as well as display its value), you learn that t2 is a tuple, which is what is expected:
[image: image with no caption]

It is quite common for functions to both accept and return their arguments as a tuple, even when they accept or return a single object. Consequently, you’ll come across this syntax often when working with functions. We’ll have more to say about the relationship between functions and tuples in a little bit; in fact, we’ll devote the next chapter to functions (so you won’t have long to wait).
Now that you know about the four data structure built-ins, and before we get to the chapter on functions, let’s take a little detour and squeeze in a short—and fun!—example of a more complex data structure.

Combining the Built-in Data Structures



[image: image with no caption]

This question gets asked a lot.
Once programmers become used to storing numbers, strings, and booleans in lists and dictionaries, they very quickly graduate to wondering whether the built-ins support storing more complex data. That is, can the built-in data structures themselves store built-in data structures?
The answer is yes, and the reason this is so is due to the fact that everything is an object in Python.
Everything we’ve stored so far in each of the built-ins has been an object. The fact they’ve been “simple objects” (like numbers and strings) does not matter, as the built-ins can store any object. All of the built-ins (despite being “complex”) are objects, too, so you can mix-and-match in whatever way you choose. Simply assign the built-in data structure as you would a simple object, and you’re golden.
Let’s look at an example that uses a dictionary of dictionaries.
There are no Dumb Questions
	Q:
	Q: Does what you’re about to do only work with dictionaries? Can I have a list of lists, or a set of lists, or a tuple of dictionaries?

	A:
	A: Yes, you can. We’ll demonstrate how a dictionary of dictionaries works, but you can combine the built-ins in whichever way you choose.







Storing a Table of Data



As everything is an object, any of the built-in data structures can be stored in any other built-in data structure, enabling the construction of arbitrarily complex data structures...subject to your brain’s ability to actually visualize what’s going on. For instance, although a dictionary of lists containing tuples that contain sets of dictionaries might sound like a good idea, it may not be, as its complexity is off the scale.
A complex structure that comes up a lot is a dictionary of dictionaries. This structure can be used to create a mutable table. To illustrate, imagine we have this table describing a motley collection of characters:
[image: image with no caption]

Recall how, at the start of this chapter, we created a dictionary called person3 to store Ford Prefect’s data:
Rather than create (and then grapple with) four individual dictionary variables for each line of data in our table, let’s create a single dictionary variable, called people. We’ll then use people to store any number of other dictionaries.
To get going, we first create an empty people dictionary, then assign Ford Prefect’s data to a key:
[image: image with no caption]


A Dictionary Containing a Dictionary



With the people dictionary created and one row of data added (Ford’s), we can ask the interpreter to display the people dictionary at the >>> prompt. The resulting output looks a little confusing, but all of our data is there:
[image: image with no caption]

There is only one embedded dictionary in people (at the moment), so calling this a “dictionary of dictionaries” is a bit of a stretch, as people contains just the one right now. Here’s what people looks like to the interpreter:
[image: image with no caption]

We can now proceed to add in the data from the other three rows in our table:
[image: image with no caption]


A Dictionary of Dictionaries (a.k.a. a Table)



With the people dictionary populated with four embedded dictionaries, we can ask the interpreter to display the people dictionary at the >>> prompt.
Doing so results in an unholy mess of data on screen (see below).
Despite the mess, all of our data is there. Note that each opening curly brace starts a new dictionary, while a closing curly brace terminates a dictionary. Go ahead and count them (there are five of each):
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Yes, we can make this easier to read.
We could pop over to the >>> prompt and code up a quick for loop that could iterate over each of the keys in the people dictionary. As we did this, a nested for loop could process each of the embedded dictionaries, being sure to output something easier to read on screen.
We could...but we aren’t going to, as someone else has already done this work for us.

Pretty-Printing Complex Data Structures



The standard library includes a module called pprint that can take any data structure and display it in a easier-to-read format. The name pprint is a shorthand for “pretty print.”
Let’s use the pprint module with our people dictionary (of dictionaries). Below, we once more display the data “in the raw” at the >>> prompt, and then we import the pprint module before invoking its pprint function to produce the output we need:
[image: image with no caption]


Visualizing Complex Data Structures



Let’s update our diagram depicting what the interpreter now “sees” when the people dictionary of dictionaries is populated with data:
[image: image with no caption]

At this point, a reasonable question to ask is: Now that we have all this data stored in a dictionary of dictionaries, how do we get at it? Let’s answer this question on the next page.

Accessing a Complex Data Structure’s Data



We now have our table of data stored in the people dictionary. Let’s remind ourselves of what the original table of data looked like:
	Name
	Gender
	Occupation
	Home Planet

	Ford Prefect
	Male
	Researcher
	Betelgeuse Seven

	Arthur Dent
	Male
	Sandwich-Maker
	Earth

	Tricia McMillan
	Female
	Mathematician
	Earth

	Marvin
	Unknown
	Paranoid Android
	Unknown



If we were asked to work out what Arthur does, we’d start by looking down the Name column for Arthur’s name, and then we’d look across the row of data until we arrived at the Occupation column, where we’d be able to read “Sandwich-Maker.”
When it comes to accessing data in a complex data structure (such as our people dictionary of dictionaries), we can follow a similar process, which we’re now going to demonstrate at the >>> prompt.
We start by finding Arthur’s data in the people dictionary, which we can do by putting Arthur’s key between square brackets:
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Having found Arthur’s row of data, we can now ask for the value associated with the Occupation key. To do this, we employ a second pair of square brackets to index into Arthur’s dictionary and access the data we’re looking for:
[image: image with no caption]

Using double square brackets lets you access any data value from a table by identifying the row and column you are interested in. The row corresponds to a key used by the enclosing dictionary (people, in our example), while the column corresponds to any of the keys used by an embedded dictionary.

Data Is As Complex As You Make It



Whether you have a small amount of data (a simple list) or something more complex (a dictionary of dictionaries), it’s nice to know that Python’s four built-in data structures can accommodate your data needs. What’s especially nice is the dynamic nature of the data structures you build; other than tuples, each of the data structures can grow and shrink as needed, with Python’s interpreter taking care of any memory allocation/deallocation details for you.
We are not done with data yet, and we’ll come back to this topic again later in this book. For now, though, you know enough to be getting on with things.
In the next chapter, we start to talk about techniques to effectively reuse code with Python, by learning about the most basic of the code reuse technologies: functions.

Chapter 3’s Code, 1 of 2
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Chapter 3’s Code, 2 of 2



[image: image with no caption]

[image: image with no caption]

No, there wasn’t. But that’s OK.
We didn’t exploit tuples in this chapter with an example program, as tuples don’t come into their own until discussed in relation to functions. As we have already stated, we’ll see tuples again when we meet functions (in the next chapter), as well as elsewhere in this book. Each time we see them, we’ll be sure to point out each tuple usage. As you continue with your Python travels, you’ll see tuples pop up all over the place.

Chapter 4. Code Reuse: Functions and Modules



[image: image with no caption]

Reusing code is key to building a maintainable system.
And when it comes to reusing code in Python, it all starts and ends with the humble function. Take some lines of code, give them a name, and you’ve got a function (which can be reused). Take a collection of functions and package them as a file, and you’ve got a module (which can also be reused). It’s true what they say: it’s good to share, and by the end of this chapter, you’ll be well on your way to sharing and reusing your code, thanks to an understanding of how Python’s functions and modules work.
Reusing Code with Functions



Although a few lines of code can accomplish a lot in Python, sooner or later you’re going to find your program’s codebase is growing...and, when it does, things quickly become harder to manage. What started out as 20 lines of Python code has somehow ballooned to 500 lines or more! When this happens, it’s time to start thinking about what strategies you can use to reduce the complexity of your codebase.
Like many other programming languages, Python supports modularity, in that you can break large chunks of code into smaller, more manageable pieces. You do this by creating functions, which you can think of as named chunks of code. Recall this diagram from Chapter 1, which shows the relationship between functions, modules, and the standard library:
[image: image with no caption]

In this chapter, we’re going to concentrate on what’s involved in creating your own functions, shown at the very top of the diagram. Once you’re happily creating functions, we’ll also show you how to create a module.

Introducing Functions



Before we get to turning some of our existing code into a function, let’s spend a moment looking at the anatomy of any function in Python. Once this introduction is complete, we’ll look at some of our existing code and go through the steps required to turn it into a function that you can reuse.
Don’t sweat the details just yet. All you need to do here is get a feel for what functions look like in Python, as described on this and the next page. We’ll delve into the details of all you need to know as this chapter progresses. The IDLE window on this page presents a template you can use when creating any function. As you are looking at it, consider the following:
	Functions introduce two new keywords: def and return
Both of these keywords are colored orange in IDLE. The def keyword names the function (shown in blue), and details any arguments the function may have. The use of the return keyword is optional, and is used to pass back a value to the code that invoked the function.

	Functions can accept argument data
A function can accept argument data (i.e., input to the function). You can specify a list of arguments between the parentheses on the def line, following the function’s name.

	Functions contain code and (usually) documentation
Code is indented one level beneath the def line, and should include comments where it makes sense. We demonstrate two ways to add comments to code: using a triple-quoted string (shown in green in the template and known as a docstring), and using a single-line comment, which is prefixed by the # symbol (and shown in red, below).



[image: image with no caption]

Geek Bits
[image: image with no caption]

Python uses the name “function” to describe a reusable chunk of code. Other programming languages use names such as “procedure,” “subroutine,” and “method.” When a function is part of a Python class, it‘s known as a “method.”. You’ll learn all about Python’s classes and methods in a later chapter.


What About Type Information?



Take another look at our function template. Other than some code to execute, do you think there’s anything missing? Is there anything you’d expect to be specified, but isn’t? Take another look:
[image: image with no caption]
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It doesn’t know, but don’t let that worry you.
The Python interpreter does not force you to specify the type of your function’s arguments or the return value. Depending on the programming languages you’ve used before, this may well freak you out. Don’t let it.
Python lets you send any object as a argument, and pass back any object as a return value. The interpreter doesn’t care or check what type these objects are (only that they are provided).
With Python 3, it is possible to indicate the expected types for arguments/return values, and we’ll do just that later in this chapter. However, indicating the types expected does not “magically” switch on type checking, as Python never checks the types of the arguments or any return values.

Naming a Chunk of Code with “def”



Once you’ve identified a chunk of your Python code you want to reuse, it’s time to create a function. You create a function using the def keyword (which is short for define). The def keyword is followed by the function’s name, an optionally empty list of arguments (enclosed in parentheses), a colon, and then one or more lines of indented code.
Recall the vowels7.py program from the end of the last chapter, which, given a word, prints the vowels contained in that word:
[image: image with no caption]

Let’s imagine you plan to use these five lines of code many times in a much larger program. The last thing you’ll want to do is copy and paste this code everywhere it’s needed...so, to keep things manageable and to ensure you only need to maintain one copy of this code, let’s create a function.
Take the time to choose a good descriptive name for your function.


We’ll demonstrate how at the Python Shell (for now). To turn the above five lines of code into a function, use the def keyword to indicate that a function is starting; give the function a descriptive name (always a good idea); provide an optionally empty list of arguments in parentheses, followed by a colon; and then indent the lines of code relative to the def keyword, as follows:
[image: image with no caption]

Now that the function exists, let’s invoke it to see if it is working the way we expect it to.

Invoking Your Function



To invoke functions in Python, provide the function name together with values for any arguments the function expects. As the search4vowels function (currently) takes no arguments, we can invoke it with an empty argument list, like so:
>>> search4vowels()
Provide a word to search for vowels: hitch-hiker
e
i
Invoking the function again runs it again:
>>> search4vowels()
Provide a word to search for vowels: galaxy
a
There are no surprises here: invoking the function executes its code.
Edit your function in an editor, not at the prompt



At the moment, the code for the search4vowels function has been entered into the >>> prompt, and it looks like this:
[image: image with no caption]

In order to work further with this code, you can recall it at the >>> prompt and edit it, but this becomes very unwieldy, very quickly. Recall that once the code you’re working with at the >>> prompt is more than a few lines long, you’re better off copying the code into an IDLE edit window. You can edit it much more easily there. So, let’s do that before continuing.
Be sure you’ve saved your code as “vsearch.py” after copying the function’s code from the shell.


Create a new, empty IDLE edit window, then copy the function’s code from the >>> prompt (being sure not to copy the >>> characters), and paste it into the edit window. Once you’re satisfied that the formatting and indentation are correct, save your file as vsearch.py before continuing.


Use IDLE’s Editor to Make Changes



Here’s what the vsearch.py file looks like in IDLE:
[image: image with no caption]

If you press F5 while in the edit window, two things happen: the IDLE shell is brought to the foreground, and the shell restarts. However, nothing appears on screen. Try this now to see what we mean: press F5.
The reason for nothing displaying is that you have yet to invoke the function. We’ll invoke it in a little bit, but for now let’s make one change to our function before moving on. It’s a small change, but an important one nonetheless.
Let’s add some documentation to the top of our function.
To add a multiline comment (a docstring) to any code, enclose your comment text in triple quotes.
Here’s the vsearch.py file once more, with a docstring added to the top of the function. Go ahead and make this change to your code, too:
[image: image with no caption]


What’s the Deal with All Those Strings?



Take another look at the function as it currently stands. Pay particular attention to the three strings in this code, which are all colored green by IDLE:
[image: image with no caption]

Understanding the string quote characters



In Python, strings can be enclosed in a single quote character ('), a double quote character ("), or what’s known as triple quotes (""" or ''').
As mentioned earlier, triple quotes around strings are known as docstrings, because they are mainly used to document a function’s purpose (as shown above). Even though you can use """ or ''' to surround your docstrings, most Python programmers prefer to use """. Docstrings have an interesting characteristic in that they can span multiple lines (other programming languages use the name “heredoc” for the same concept).
Strings enclosed by a single quote character (') or a double quote character (") cannot span multiple lines: you must terminate the string with a matching quote character on the same line (as Python uses the end of the line as a statement terminator).
Which character you use to enclose your strings is up to you, although using the single quote character is very popular with the majority of Python programmers. That said, and above all else, your usage should be consistent.
Be consistent in your use of string quote characters. If possible, use single quotes.


The code shown at the top of this page (despite being only a handful of lines of code) is not consistent in its use of string quote characters. Note that the code runs fine (as the interpreter doesn’t care which style you use), but mixing and matching styles can make the code harder to read than it needs to be (which is a shame).


Follow Best Practice As Per the PEPs



When it comes to formatting your code (not just strings), the Python programming community has spent a long time establishing and documenting best practice. This best practice is known as PEP 8. PEP is shorthand for “Python Enhancement Protocol.”
There are a large number of PEP documents in existence, and they primarily detail proposed and implemented enhancements to the Python programming language, but can also document advice (on what to do and what not to do), as well as describe various Python processes. The details of the PEP documents can be very technical and (often) esoteric. Thus, the vast majority of Python programmers are aware of their existence but rarely interact with PEPs in detail. This is true of most PEPs except for PEP 8.
Find the list of PEPs here: https://www.python.org/dev/peps/.


PEP 8 is the style guide for Python code. It is recommended reading for all Python programmers, and it is the document that suggests the “be consistent” advice for string quotes described on the last page. Take the time to read PEP 8 at least once. Another document, PEP 257, offers conventions on how to format docstrings, and it’s worth reading, too.
Here is the search4vowels function once more in its PEP 8– and PEP 257– compliant form. The changes aren’t extensive, but standardizing on single quote characters around our strings (but not around our docstrings) does look a bit better:
[image: image with no caption]

Of course, you don’t have to write code that conforms exactly to PEP 8. For example, our function name, search4vowels, does not conform to the guidelines, which suggests that words in a function’s name should be separated by an underscore: a more compliant name is search_for_vowels. Note that PEP 8 is a set of guidelines, not rules. You don’t have to comply, only consider, and we like the name search4vowels.
That said, the vast majority of Python programmers will thank you for writing code that conforms to PEP 8, as it is often easier to read than code that doesn’t.
Let’s now return to enhancing the search4vowels function to accept arguments.

Functions Can Accept Arguments



Rather than having the function prompt the user for a word to search, let’s change the search4vowels function so we can pass it the word as input to an argument.
Remember: “suite” is Python-speak for “block.”


Adding an argument is straightforward: you simply insert the argument’s name between the parentheses on the def line. This argument name then becomes a variable in the function’s suite. This is an easy edit.
Let’s also remove the line of code that prompts the user to supply a word to search, which is another easy edit.
Let’s remind ourselves of the current state of our code:
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Applying the two suggested edits (from above) to our function results in the IDLE edit window looking like this (note: we’ve updated our docstring, too, which is always a good idea):
[image: image with no caption]

Be sure to save your file after each code change, before pressing F5 to take the new version of your function for a spin.
Test Drive
[image: image with no caption]

With your code loaded into IDLE’s edit window (and saved), press F5, then invoke the function a few times and see what happens:
[image: image with no caption]


There are no Dumb Questions
	Q:
	Q: Am I restricted to only a single argument when creating functions in Python?

	A:
	A: No, you can have as many arguments as you want, depending on the service your function is providing. We are deliberately starting off with a straightforward example, and we’ll get to more involved examples as this chapter progresses. You can do a lot with arguments to functions in Python, and we plan to discuss most of what’s possible over the next dozen pages or so.







Functions Return a Result



As well as using a function to abstract some code and give it a name, programmers typically want functions to return some calculated value, which the code that called the function can then work with. To support returning a value (or values) from a function, Python provides the return statement.
When the interpreter encounters a return statement in your function’s suite, two things happen: the function terminates at the return statement, and any value provided to the return statement is passed back to your calling code. This behavior mimics how return works in the majority of other programming languages.
Let’s start with a straightforward example of returning a single value from our search4vowels function. Specifically, let’s return either True or False depending on whether the word supplied as an argument contains any vowels.
This is a bit of a departure from our function’s existing functionality, but bear with us, as we are going to build up to something more complex (and useful) in a bit. Starting with a simple example ensures we have the basics in place first, before moving on.
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The truth is...
Python comes with a built-in function called bool that, when provided with any value, tells you whether the value evaluates to True or False.
Not only does bool work with any value, it works with any Python object. The effect of this is that Python’s notion of truth extends far beyond the 1 for True and the 0 for False that other programming languages employ.
Let’s pause and take a brief look at True and False before getting back to our discussion of return.
Truth Up Close
[image: image with no caption]

Every object in Python has a truth value associated with it, in that the object evaluates to either True or False.
Something is False if it evaluates to 0, the value None, an empty string, or an empty built-in data structure. This means all of these examples are False:
[image: image with no caption]

Every other object in Python evaluates to True. Here are some examples of objects that are True:
[image: image with no caption]

We can pass any object to the bool function and determine whether it is True or False.
Critically, any nonempty data structure evaluates to True.


Returning One Value



Take another look at our function’s code, which currently accepts any value as an argument, searches the supplied value for vowels, and then displays the found vowels on screen:
[image: image with no caption]

Changing this function to return either True or False, based on whether any vowels were found, is straightforward. Simply replace the last two lines of code (the for loop) with this line of code:
[image: image with no caption]

If nothing is found, the function returns False; otherwise, it returns True. With this change made, you can now test this new version of your function at the Python Shell and see what happens:
[image: image with no caption]

If you continue to see the previous version’s behavior, ensure you’ve saved the new version of your function, as well as pressed F5 from the edit window.
Geek Bits
[image: image with no caption]

Don’t be tempted to put parentheses around the object that return passes back to the calling code. You don’t need to. The return statement is not a function call, so the use of parentheses isn’t a syntactical requirement. You can use them (if you really want to), but most Python programmers don’t.


Returning More Than One Value



Functions are designed to return a single value, but it is sometimes necessary to return more than one value. The only way to do this is to package the multiple values in a single data structure, then return that. Thus, you’re still returning one thing, even though it potentially contains many individual pieces of data.
Here’s our current function, which returns a boolean value (i.e., one thing):
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It’s a trivial edit to have the function return multiple values (in one set) as opposed to a boolean. All we need to do is drop the call to bool:
[image: image with no caption]

We can further reduce the last two lines of code in the above version of our function to one line by removing the unnecessary use of the found variable. Rather than assigning the results of the intersection to the found variable and returning that, just return the intersection:
[image: image with no caption]

Our function now returns a set of vowels found in a word, which is exactly what we set out to do.
However, when we tested it, one of our results has us scratching our head...
Test Drive
[image: image with no caption]

Let’s take this latest version of the search4vowels function for a spin and see how it behaves. With the latest code loaded into an IDLE edit window, press F5 to import the function into the Python Shell, and then invoke the function a few times:
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What’s the deal with “set()”?



Each example in the above Test Drive works fine, in that the function takes a single string value as an argument, then returns the set of vowels found. The one result, the set, contains many values. However, the last response looks a little weird, doesn’t it? Let’s have a closer look:
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You may have expected the function to return {} to represent an empty set, but that’s a common misunderstanding, as {} represents an empty dictionary, not an empty set.
An empty set is represented as set() by the interpreter.
This may well look a little weird, but it’s just the way things work in Python. Let’s take a moment to recall the four built-in data structures, with a eye to seeing how each empty data structure is represented by the interpreter.


Recalling the Built-in Data Structures



Let’s remind ourselves of the four built-in data structures available to us. We’ll take each data structure in turn, working through list, dictionary, set, and finally tuple.
Working at the shell, let’s create an empty data structure using the data structure built-in functions (BIFs for short), then assign a small amount of data to each. We’ll then display the contents of each data structure after each assignment:
BIF is short-hand for “built-in function.”


[image: image with no caption]

Note
Even though sets are enclosed in curly braces, so too are dictionaries. An empty dictionary is already using the double curly braces, so an empty set has to be represented as “set()”.

Before moving on, take a moment to review how the interpreter represents each of the empty data structures as shown on this page.

Use Annotations to Improve Your Docs



Our review of the four data structures confirms that the search4vowels function returns a set. But, other than calling the function and checking the return type, how can users of our function know this ahead of time? How do they know what to expect?
A solution is to add this information to the docstring. This assumes that you very clearly indicate in your docstring what the arguments and return value are going to be and that this information is easy to find. Getting programmers to agree on a standard for documenting functions is problematic (PEP 257 only suggests the format of docstrings), so Python 3 now supports a notation called annotations (also known as type hints). When used, annotations document—in a standard way—the return type, as well as the types of any arguments. Keep these points in mind:
	Function annotations are optional
It’s OK not to use them. In fact, a lot of existing Python code doesn’t (as they were only made available to programmers in the most recent versions of Python 3).

	Function annotations are informational
They provide details about your function, but they do not imply any other behavior (such as type checking).



Let’s annotate the search4vowels function’s arguments. The first annotation states that the function expects a string as the type of the word argument (:str), while the second annotation states that the function returns a set to its caller (-> set):
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Annotation syntax is straightforward. Each function argument has a colon appended to it, together with the type that is expected. In our example, :str specifies that the function expects a string. The return type is provided after the argument list, and is indicated by an arrow symbol, which is itself followed by the return type, then the colon. Here -> set: indicates that the function is going to return a set.
For more details on annotations, see PEP 3107 at https://www.python.org/dev/peps/pep-3107/.


So far, so good.
We’ve now annotated our function in a standard way. Because of this, programmers using our function now know what’s expected of them, as well as what to expect from the function. However, the interpreter won’t check that the function is always called with a string, nor will it check that the function always returns a set. Which begs a rather obvious question...

Why Use Function Annotations?



If the Python interpreter isn’t going to use your annotations to check the types of your function’s arguments and its return type, why bother with annotations at all?
The goal of annotations is not to make life easier for the interpreter; it’s to make life easier for the user of your function. Annotations are a documentation standard, not a type enforcement mechanism.
In fact, the interpreter does not care what type your arguments are, nor does it care what type of data your function returns. The interpreter calls your function with whatever arguments are provided to it (no matter their type), executes your function’s code, and then returns to the caller whatever value it is given by the return statement. The type of the data being passed back and forth is not considered by the interpreter.
What annotations do for programmers using your function is rid them of the need to read your function’s code to learn what types are expected by, and returned from, your function. This is what they’ll have to do if annotations aren’t used. Even the most beautifully written docstring will still have to be read if it doesn’t include annotations.
Use annotations to help document your functions, and use the “help” BIF to view them.


Which leads to another question: how do we view the annotations without reading the function’s code? From IDLE’s editor, press F5, then use the help BIF at the >>> prompt.
Test Drive
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If you haven’t done so already, use IDLE’s editor to annotate your copy of search4vowels, save your code, and then press the F5 key. The Python Shell will restart and the >>> prompt will be waiting for you to do something. Ask the help BIF to display search4vowels documentation, like so:
[image: image with no caption]



Functions: What We Know Already



Let’s pause for a moment and review what we know (so far) about Python functions.
Bullet Points
[image: image with no caption]

	Functions are named chunks of code.

	The def keyword is used to name a function, with the function’s code indented under (and relative to) the def keyword.

	Python’s triple-quoted strings can be used to add multiline comments to a function. When they are used in this way, they are known as docstrings.

	Functions can accept any number of named arguments, including none.

	The return statement lets your functions return any number of values (including none).

	Function annotations can be used to document the type of your function’s arguments, as well as its return type.




Let’s take a moment to once more review the code for the search4vowels function. Now that it accepts an argument and returns a set, it is more useful than the very first version of the function from the start of this chapter, as we can now use it in many more places:
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This function would be even more useful if, in addition to accepting an argument for the word to search, it also accepted a second argument detailing what to search for. This would allow us to look for any set of letters, not just the five vowels.
Additionally, the use of the name word as an argument name is OK, but not great, as this function clearly accepts any string as an argument, as opposed to a single word. A better variable name might be phrase, as it more closely matches what it is we expect to receive from the users of our function.
Let’s change our function now to reflect this last suggestion.

Making a Generically Useful Function



Here’s a version of the search4vowels function (as it appears in IDLE) after it has been changed to reflect the second of the two suggestions from the bottom of the last page. Namely, we’ve changed the name of the word variable to the more appropriate phrase:
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The other suggestion from the bottom of the last page was to allow users to specify the set of letters to search for, as opposed to always using the five vowels. To do this we can add a second argument to the function that specifies the letters to search phrase for. This is an easy change to make. However, once we make it, the function (as it stands) will be incorrectly named, as we’ll no longer be searching for vowels, we’ll be searching for any set of letters. Rather than change the current function, let’s create a second one that is based on the first. Here’s what we propose to do:
	Give the new function a more generic name
Rather than continuing to adjust search4vowels, let’s create a new function called search4letters, which is a name that better reflects the new function’s purpose.

	Add a second argument
Adding a second argument allows us to specify the set of letters to search the string for. Let’s call the second argument letters. And let’s not forget to annotate letters, too.

	Remove the vowels variable
The use of the name vowels in the function’s suite no longer makes any sense, as we are now looking for a user-specified set of letters.

	Update the docstring
There’s no point copying, then changing, the code if we don’t also adjust the docstring. Our documentation needs be updated to reflect what the new function does.



We are going to work through these four tasks together. As each task is discussed, be sure to edit your vsearch.py file to reflect the presented changes.

Creating Another Function, 1 of 3



If you haven’t done so already, open the vsearch.py file in an IDLE edit window.
Step 1 involves creating a new function, which we’ll call search4letters. Be aware that PEP 8 suggests that all top-level functions are surrounded by two blank lines. All of this book’s downloads conform to this guideline, but the code we show on the printed page doesn’t (as space is at a premium here).
At the bottom of the file, type def followed by the name of your new function:
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For Step 2 we’re completing the function’s def line by adding in the names of the two required arguments, phrase and letters. Remember to enclose the list of arguments within parentheses, and don’t forget to include the trailing colon (and the annotations):
[image: image with no caption]

With Steps 1 and 2 complete, we’re now ready to write the function’s code. This code is going to be similar to that in the search4vowels function, except that we plan to remove our reliance on the vowels variable.

Creating Another Function, 2 of 3



On to Step 3, which is to write the code for the function in such a way as to remove the need for the vowels variable. We could continue to use the variable, but give it a new name (as vowels no longer represents what the variable does), but a temporary variable is not needed here, for much the same reason as why we no longer needed the found variable earlier. Take a look at the new line of code in search4letters, which does the same job as the two lines in search4vowels:
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If that single line of code in search4letters has you scratching your head, don’t despair. It looks more complex than it is. Let’s go through this line of code in detail to work out exactly what it does. It starts when the value of the letters argument is turned into a set:
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This call to the set BIF creates a set object from the characters in the letters variable. We don’t need to assign this set object to a variable, as we are more interested in using the set of letters right away than in storing the set in a variable for later use. To use the just-created set object, append a dot, then specify the method you want to invoke, as even objects that aren’t assigned to variables have methods. As we know from using sets in the last chapter, the intersection method takes the set of characters contained in its argument (phrase) and intersects them with an existing set object (letters):
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And, finally, the result of the intersection is returned to the calling code, thanks to the return statement:
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Creating Another Function, 3 of 3



All that remains is Step 4, where we add a docstring to our newly created function. To do this, add a triple-quoted string right after your new function’s def line. Here’s what we used (as comments go it’s terse, but effective):
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And with that, our four steps are complete and search4letters is ready to be tested.
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Functions can hide complexity, too.
It is correct to observe that we’ve just created a one-line function, which may not feel like much of a “savings.” However, note that our function contains a complex single line of code, which we are hiding from the users of this function, and this can be a very worthwhile practice (not to mention, way better than all that copying and pasting).
For instance, most programmers would be able to guess what search4letters does if they were to come across an invocation of it in a program. However, if they came across that complex single line of code in a program, they may well scratch their heads and wonder what it does. So, even though search4letters is “short,” it’s still a good idea to abstract this type of complexity inside a function.
Test Drive
[image: image with no caption]

Save the vsearch.py file once more, and then press F5 to try out the search4letters function:
[image: image with no caption]

The search4letters function is now more generic than search4vowels, in that it takes any set of letters and searches a given phrase for them, rather than just searching for the letters a, e, i, o, and u. This makes our new function much more useful than search4vowels. Let’s now imagine that we have a large, existing codebase that has used search4vowels extensively. A decision has been made to retire search4vowels and replace it with search4letters, as the “powers that be” don’t see the need for both functions, now that search4letters can do what search4vowels does. A global search-and-replace of your codebase for the name “search4vowels” with “search4letters” won’t work here, as you’ll need to add in that second argument value, which is always going to be aeiou when simulating the behavior of search4vowels with search4letters. So, for instance, this single-argument call:
search4vowels("Don't panic!")
[image: image with no caption]

now needs to be replaced with this dual-argument one (which is a much harder edit to automate):
search4letters("Don't panic!", 'aeiou')
It would be nice if we could somehow specify a default value for search4letters’s second argument, then have the function use it if no alternative value is provided. If we could arrange to set the default to aeiou, we’d then be able to apply a global search-and-replace (which is an easy edit).


Specifying Default Values for Arguments



Any argument to a Python function can be assigned a default value, which can then be automatically used if the code calling the function fails to supply an alternate value. The mechanism for assigning a default value to an argument is straightforward: include the default value as an assignment in the function’s def line.
Here’s search4letters’s current def line:
def search4letters(phrase:str, letters:str) -> set:
This version of our function’s def line (above) expects exactly two arguments, one for phrase and another for letters. However, if we assign a default value to letters, the function’s def line changes to look like this:
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We can continue to use the search4letters function in the same way as before: providing both arguments with values as needed. However, if we forget to supply the second argument (letters), the interpreter will substitute in the value aeiou on our behalf.
If we were to make this change to our code in the vsearch.py file (and save it), we could then invoke our functions as follows:
[image: image with no caption]

Not only do these function calls produce the same output, they also demonstrate that the search4vowels function is no longer needed now that the letters argument to search4letters supports a default value (compare the first and last invocations above).
Now, if we are asked to retire the search4vowels function and replace all invocations of it within our codebase with search4letters, our exploitation of the default value mechanism for function arguments lets us do so with a simple global search-and-replace. And we don’t have to use search4letters to only search for vowels. That second argument allows us to specify any set of characters to look for. As a consequence, search4letters is now more generic, and more useful.

Positional Versus Keyword Assignment



As we’ve just seen, the search4letters function can be invoked with either one or two arguments, the second argument being optional. If you provide only one argument, the letters argument defaults to a string of vowels. Take another look at the function’s def line:
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As well as supporting default arguments, the Python interpreter also lets you invoke a function using keyword arguments. To understand what a keyword argument is, consider how we’ve invoked search4letters up until now, for example:
[image: image with no caption]

In the above invocation, the two strings are assigned to the phrase and letters arguments based on their position. That is, the first string is assigned to phrase, while the second is assigned to letters. This is known as positional assignment, as it’s based on the order of the arguments.
In Python, it is also possible to refer to arguments by their argument name, and when you do, positional ordering no longer applies. This is known as keyword assignment. To use keywords, assign each string in any order to its correct argument name when invoking the function, as shown here:
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Both invocations of the search4letters function on this page produce the same result: a set containing the letters y and z. Although it may be hard to appreciate the benefit of using keyword arguments with our small search4letters function, the flexibility this feature gives you becomes clear when you invoke a function that accepts many arguments. We’ll see an example of one such function (provided by the standard library) before the end of this chapter.

Updating What We Know About Functions



Let’s update what you know about functions now that you’ve spent some time exploring how function arguments work:
Bullet Points
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	As well as supporting code reuse, functions can hide complexity. If you have a complex line of code you intend to use a lot, abstract it behind a simple function call.

	Any function argument can be assigned a default value in the function’s def line. When this happens, the specification of a value for that argument during a function’s invocation is optional.

	As well as assigning arguments by position, you can use keywords, too. When you do, any ordering is acceptable (as any possibility of ambiguity is removed by the use of keywords and position doesn’t matter anymore).




[image: image with no caption]

There’s more than one way to do it.
Now that you have some code that’s worth sharing, it is reasonable to ask how best to use and share these functions. As with most things, there’s more than one answer to that question. However, on the next pages, you’ll learn how best to package and distribute your functions to ensure it’s easy for you and others to benefit from your work.

Functions Beget Modules



Having gone to all the trouble of creating a reusable function (or two, as is the case with the functions currently in our vsearch.py file), it is reasonable to ask: what’s the best way to share functions?
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It is possible to share any function by copying and pasting it throughout your codebase where needed, but as that’s such a wasteful and bad idea, we aren’t going to consider it for very much longer. Having multiple copies of the same function littering your codebase is a sure-fire recipe for disaster (should you ever decide to change how your function works). It’s much better to create a module that contains a single, canonical copy of any functions you want to share. Which raises another question: how are modules created in Python?
Share your functions in modules.


The answer couldn’t be simpler: a module is any file that contains functions. Happily, this means that vsearch.py is already a module. Here it is again, in all its module glory:
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Creating modules couldn’t be easier, however...



Creating modules is a piece of cake: simply create a file of the functions you want to share.
Once your module exists, making its contents available to your programs is also straightforward: all you have to do is import the module using Python’s import statement.
This in itself is not complex. However, the interpreter makes the assumption that the module in question is in the search path, and ensuring this is the case can be tricky. Let’s explore the ins and outs of module importation over the next few pages.


How Are Modules Found?



Recall from this book’s first chapter how we imported and then used the randint function from the random module, which comes included as part of Python’s standard library. Here’s what we did at the shell:
[image: image with no caption]
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What happens during module importation is described in great detail in the Python documentation, which you are free to go and explore if the nitty- gritty details float your boat. However, all you really need to know are the three main locations the interpreter searches when looking for a module. These are:
	Your current working directory
This is the folder that the interpreter thinks you are currently working in.

	Your interpreter’s site-packages locations
These are the directories that contain any third-party Python modules you may have installed (including any written by you).

	The standard library locations
These are the directories that contains all the modules that make up the standard library.



Geek Bits
[image: image with no caption]

Depending on the operating system you’re running, the name given to a location that holds files may be either directory or folder. We’ll use “folder” in this book, except when we discuss the current working directory (which is a well-established term).

The order in which locations 2 and 3 are searched by the interpreter can vary depending on many factors. But don’t worry: it is not important that you know how this searching mechanism works. What is important to understand is that the interpreter always searches your current working directory first, which is what can cause trouble when you’re working with your own custom modules.
To demonstrate what can go wrong, let’s run though a small exercise that is designed to highlight the issue. Here’s what you need to do before we begin:
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	Create a folder called mymodules, which we’ll use to store your modules. It doesn’t matter where in your filesystem you create this folder; just make sure it is somewhere where you have read/write access.
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	Move your vsearch.py file into your newly created mymodules folder. This file should be the only copy of the vsearch.py file on your computer.




Running Python from the Command Line



We’re going to run the Python interpreter from your operating system’s command line (or terminal) to demonstrate what can go wrong here (even though the problem we are about to discuss also manifests in IDLE).
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If you are running any version of Windows, open up a command prompt and follow along with this session. If you are not on Windows, we discuss your platform halfway down the next page (but read on for now anyway). You can invoke the Python interpreter (outside of IDLE) by typing py -3 at the Windows C:\> prompt. Note below how prior to invoking the interpreter, we use the cd command to make the mymodules folder our current working directory. Also, observe that we can exit the interpreter at any time by typing quit() at the >>> prompt:
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This works as expected: we successfully import the vsearch module, then use each of its functions by prefixing the function name with the name of its module and a dot. Note how the behavior of the >>> prompt at the command line is identical to the behavior within IDLE (the only difference is the lack of syntax highlighting). It’s the same Python interpreter, after all.
Although this interaction with the interpreter was successful, it only worked because we started off in a folder that contained the vsearch.py file. Doing this makes this folder the current working directory. Based on how the interpreter searches for modules, we know that the current working directory is searched first, so it shouldn’t surprise us that this interaction worked and that the interpreter found our module.
But what happens if our module isn’t in the current working directory?

Not Found Modules Produce ImportErrors



Repeat the exercise from the last page, after moving out of the folder that contains our module. Let’s see what happens when we try to import our module now. Here is another interaction with the Windows command prompt:
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The vsearch.py file is no longer in the interpreter’s current working directory, as we are now working in a folder other than mymodules. This means our module file can’t be found, which in turn means we can’t import it—hence the ImportError from the interpreter.
If we try the same exercise on a platform other than Windows, we get the same results (whether we’re on Linux, Unix, or Mac OS X). Here’s the above interaction with the interpreter from within the mymodules folder on OS X:
[image: image with no caption]


ImportErrors Occur No Matter the Platform



If you think running on a non-Windows platform will somehow fix this import issue we saw on that platform, think again: the same ImportError occurs on UNIX-like systems, once we change to another folder:
[image: image with no caption]
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As was the case when we were working on Windows, the vsearch.py file is no longer in the interpreter’s current working directory, as we are now working in a folder other than mymodules. This means our module file can’t be found, which in turn means we can’t import it—hence the ImportError from the interpreter. This problem presents no matter which platform you’re running Python on.
There are no Dumb Questions
	Q:
	Q: Can’t we be location specific and say something like import C:\mymodules\vsearch on Windows platforms, or perhaps import/mymodules/vsearch on UNIX-like systems?

	A:
	A: No, you can’t. Granted, doing something like that does sound tempting, but ultimately won’t work, as you can’t use paths in this way with Python’s import statement. And, anyway, the last thing you’ll want to do is put hardcoded paths into any of your programs, as paths can often change (for a whole host of reasons). It is best to avoid hardcoding paths in your code, if at all possible.

	Q:
	Q: If I can’t use paths, how can I arrange for the interpreter to find my modules?

	A:
	A: If the interpreter can’t find your module in the current working directory, it looks in the site-packages locations as well as in the standard library (and there’s more about site-packages on the next page). If you can arrange to add your module to one of the site-packages locations, the interpreter can then find it there (no matter its path).







Getting a Module into Site-packages



Recall what we had to say about site-packages a few pages back when we introduced them as the second of three locations searched by the interpreter’s import mechanism:
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	Your interpreter’s site-packages locations
These are the directories that contain any third-party Python modules which you may have installed (including any written by you).



As the provision and support of third-party modules is central to Python’s code reuse strategy, it should come as no surprise that the interpreter comes with the built-in ability to add modules to your Python setup.
Note that the set of modules included with the standard library is managed by the Python core developers, and this large collection of modules has been designed to be widely used, but not tampered with. Specifically, don’t add or remove your own modules to/from the standard library. However, adding or removing modules to your site-packages locations is positively encouraged, so much so that Python comes with some tools to make it straightforward.
Using “setuptools” to install into site-packages



As of release 3.4 of Python, the standard library includes a module called setuptools, which can be used to add any module into site-packages. Although the details of module distribution can—initially—appear complex, all we want to do here is install vsearch into site-packages, which is something setuptools is more than capable of doing in three steps:
	Create a distribution description
This identifies the module we want setuptools to install.

	Generate a distribution file
Using Python at the command line, we’ll create a shareable distribution file to contain our module’s code.

	Install the distribution file
Again, using Python at the command line, install the distribution file (which includes our module) into site-packages.



Python 3.4 (or newer) makes using setuptools a breeze. If you aren’t running 3.4 (or newer), consider upgrading.


Step 1 requires us to create (at a minimum) two descriptive files for our module: setup.py and README.txt. Let’s see what’s involved.


Creating the Required Setup Files



If we follow the three steps shown at the bottom of the last page, we’ll end up creating a distribution package for our module. This package is a single compressed file that contains everything required to install our module into site-packages.
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	Create a distribution description.
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	Generate a distribution file.
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	Install the distribution file.



Note
We’ll check off each completed step as we work through this material.

For Step 1, Create a distribution description, we need to create two files that we’ll place in the same folder as our vsearch.py file. We’ll do this no matter what platform we’re running on. The first file, which must be called setup. py, describes our module in some detail.
Find below the setup.py file we created to describe the module in the vsearch.py file. It contains two lines of Python code: the first line imports the setup function from the setuptools module, while the second invokes the setup function.
The setup function accepts a large number of arguments, many of which are optional. Note how, for readability purposes, our call to setup is spread over nine lines. We’re taking advantage of Python’s support for keyword arguments to clearly indicate which value is being assigned to which argument in this call. The most important arguments are highlighted; the first names the distribution, while the second lists the .py files to include when creating the distribution package:
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In addition to setup.py, the setuptools mechanism requires the existence of one other file—a “readme” file—into which you can put a textual description of your package. Although having this file is required, its contents are optional, so (for now) you can create an empty file called README.txt in the same folder as the setup.py file. This is enough to satisfy the requirement for a second file in Step 1.

Creating the Distribution File



At this stage, you should have three files, which we have put in our mymodules folder: vsearch.py, setup.py, and README.txt.
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	Create a distribution description.
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	Generate a distribution file.
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	Install the distribution file.



We’re now ready to create a distribution package from these files. This is Step 2 from our earlier list: Generate a distribution file. We’ll do this at the command line. Although doing so is straightforward, this step requires that different commands be entered based on whether you are on Windows or on one of the UNIX-like operating systems (Linux, Unix, or Mac OS X).
Creating a distribution file on Windows



If you are running on Windows, open a command prompt in the folder that contains your three files, then enter this command:
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The Python interpreter goes to work immediately after you issue this command. A large number of messages appear on screen (which we show here in an abridged form):
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When the Windows command prompt reappears, your three files have been combined into a single distribution file. This is an installable file that contains the source code for your module and, in this case, is called vsearch-1.0.zip.
You’ll find your newly created ZIP file in a folder called dist, which has also been created by setuptools under the folder you are working in (which is mymodules in our case).


Distribution Files on UNIX-like OSes



If you are not working on Windows, you can create a distribution file in much the same way as on the previous page. With the three files (setup.py, README.txt, and vsearch.py) in a folder, issue this command at your operating system’s command line:
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	Create a distribution description.
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	Generate a distribution file.
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	Install the distribution file.



[image: image with no caption]

Like on Windows, this command produces a slew of messages on screen:
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When your operating system’s command line reappears, your three files have been combined into a source distribution file (hence the sdist argument above). This is an installable file that contains the source code for your module and, in this case, is called vsearch-1.0.tar.gz.
You’ll find your newly created archive file in a folder called dist, which has also been created by setuptools under the folder you are working in (which is mymodules in our case).
With your source distribution file created (as a ZIP or as a compressed tar archive), you’re now ready to install your module into site-packages.

Installing Packages with “pip”



Now that your distribution file exists as a ZIP or a tarred archive (depending on your platform), it’s time for Step 3: Install the distribution file. As with many such things, Python comes with the tools to make this straightforward. In particular, Python 3.4 (and newer) includes a tool called pip, which is the Package Installer for Python.
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	Create a distribution description.
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	Generate a distribution file.
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	Install the distribution file.



Step 3 on Windows



Locate your newly created ZIP file under the dist folder (recall that the file is called vsearch-1.0.zip). While in the Windows Explorer, hold down the Shift key, then right-click your mouse to bring up a context-sensitive menu. Select Open command window here from this menu. A new Windows command prompt opens. At this command prompt, type this line to complete Step 3:
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If this command fails with a permissions error, you may need to restart the command prompt as the Windows administrator, then try again.
When the above command succeeds, the following messages appear on screen:
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Step 3 on UNIX-like OSes



On Linux, Unix, or Mac OS X, open a terminal within the newly created dict folder, and then issue this command at the prompt:
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When the above command succeeds, the following messages appear on screen:
[image: image with no caption]

The vsearch module is now installed as part of site-packages.


Modules: What We Know Already



Now that our vsearch module has been installed, we can use import vsearch in any of our programs, safe in the knowledge that the interpreter can now find the module’s functions when needed.
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	Create a distribution description.

	[image: ]
	Generate a distribution file.
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	Install the distribution file.



Note
All done!

If we later decide to update any of the module’s code, we can repeat these three steps to install any update into site-packages. If you do produce a new version of your module, be sure to assign a new version number within the setup.py file.
Let’s take a moment to summarize what we now know about modules:
Bullet Points
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	A module is one or more functions saved in a file.

	You can share a module by ensuring it is always available with the interpreter’s current working directory (which is possible, but brittle) or within the interpreter’s site- packages locations (by far the better choice).

	Following the setuptools three-step process ensures that your module is installed into site- packages, which allows you to import the module and use its functions no matter what your current working directory happens to be.




Giving your code away (a.k.a. sharing)



Now that you have a distribution file created, you can share this file with other Python programmers, allowing them to install your module using pip, too. You can share your file in one of two ways: informally, or formally.
To share your module informally, simply distribute it in whatever way you wish and to whomever you wish (perhaps using email, a USB stick, or via a download from your personal website). It’s up to you, really.
Any Python programmer can also use pip to install your module.


To share your module formally, you can upload your distribution file to Python’s centrally managed web-based software repository, called PyPI (pronounced “pie- pee-eye,” and short for the Python Package Index). This site exists to allow all manner of Python programmers to share all manner of third-party Python modules. To learn more about what’s on offer, visit the PyPI site at: https://pypi.python.org/pypi. To learn more about the process of uploading and sharing your distribution files through PyPI, read the online guide maintained by the Python Packaging Authority, which you’ll find here: https://www.pypa.io. (There’s not much to it, but the details are beyond the scope of this book.)
We are nearly done with our introduction to functions and modules. There’s just a small mystery that needs our attention (for not more than five minutes). Flip the page when you’re ready.
The case of the misbehaving function arguments
Tom and Sarah have just worked through this chapter, and are now arguing over the behavior of function arguments.
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Tom is convinced that when arguments are passed into a function, the data is passed by value, and he’s written a small function called double to help make his case. Tom’s double function works with any type of data provided to it.
Here’s Tom’s code:

Five Minute Mystery
[image: image with no caption]


def double(arg):
    print('Before: ', arg)
    arg = arg * 2
    print('After: ', arg)
Sarah, on the other hand, is convinced that when arguments are passed into a function, the data is passed by reference. Sarah has also written a small function, called change, which works with lists and helps to prove her point.
Here’s a copy of Sarah’s code:
def change(arg):
    print('Before: ', arg)
    arg.append('More data')
    print('After: ', arg)
We’d rather nobody was arguing about this type of thing, as—until now— Tom and Sarah have been the best of programming buddies. To help resolve this, let’s experiment at the >>> prompt in an attempt to see who is right: “by value” Tom, or “by reference” Sarah. They can’t both be right, can they? It’s certainly a bit of a mystery that needs solving, which leads to this often- asked question:
Do function arguments support by-value or by-reference call semantics in Python?
Geek Bits
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In case you need a quick refresher, note that by-value argument passing refers to the practice of using the value of a variable in place of a function’s argument. If the value changes in the function’s suite, it has no effect on the value of the variable in the code that called the function. Think of the argument as a copy of the original variable’s value. By-reference argument passing (sometimes referred to as by-address argument passing) maintains a link to the variable in the code that called the function. If the variable in the function’s suite is changed, the value in the code that called the function changes, too. Think of the argument as an alias to the original variable.



Demonstrating Call-by-Value Semantics



[image: image with no caption]

To work out what Tom and Sarah are arguing about, let’s put their functions into their very own module, which we’ll call mystery.py. Here’s the module in an IDLE edit window:
[image: image with no caption]

As soon as Tom sees this module on screen, he sits down, takes control of the keyboard, presses F5, and then types the following into IDLE’s >>> prompt. Once done, Tom leans back in his chair, crosses his arms, and says: “See? I told you it’s call-by-value.” Take a look at Tom’s shell interactions with his function:
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Demonstrating Call-by-Reference Semantics



[image: image with no caption]

Undeterred by Tom’s apparent slam-dunk, Sarah sits down and takes control of the keyboard in preparation for interacting with the shell. Here’s the code in the IDLE edit window once more, with Sarah’s change function ready for action:
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Sarah types a few lines of code into the >>> prompt, then leans back in her chair, crosses her arms, and says to Tom: “Well, if Python only supports call- by-value, how do you explain this behavior?” Tom is speechless.
Take a look at Sarah’s interaction with the shell:
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This is strange behavior.
Tom’s function clearly shows call-by-value argument semantics, whereas Sarah’s function demonstrates call-by-reference.
How can this be? What’s going on here? Does Python support both?
Solved: the case of the misbehaving function arguments
[image: image with no caption]

Do Python function arguments support by-value or by-reference call semantics?
Here’s the kicker: both Tom and Sarah are right. Depending on the situation, Python’s function argument semantics support both call-by-value and call-by-reference.
Recall once again that variables in Python aren’t variables as we are used to thinking about them in other programming languages; variables are object references. It is useful to think of the value stored in the variable as being the memory address of the value, not its actual value. It’s this memory address that’s passed into a function, not the actual value. This means that Python’s functions support what’s more correctly called by-object-reference call semantics.
Based on the type of the object referred to, the actual call semantics that apply at any point in time can differ. So, how come in Tom’s and Sarah’s functions the arguments appeared to conform to by-value and by-reference call semantics? First off, they didn’t—they only appeared to. What actually happens is that the interpreter looks at the type of the value referred to by the object reference (the memory address) and, if the variable refers to a mutable value, call-by-reference semantics apply. If the type of the data referred to is immutable, call-by- value semantics kick in. Consider now what this means for our data.
Lists, dictionaries, and sets (being mutable) are always passed into a function by reference— any changes made to the variable’s data structure within the function’s suite are reflected in the calling code. The data is mutable, after all.

Five Minute Mystery Solved
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Strings, integers, and tuples (being immutable) are always passed into a function by value— any changes to the variable within the function are private to the function and are not reflected in the calling code. As the data is immutable, it cannot change.
Which all makes sense until you consider this line of code:
arg = arg * 2
How come this line of code appeared to change a passed-in list within the function’s suite, but when the list was displayed in the shell after invocation, the list hadn’t changed (leading Tom to believe—incorrectly—that all argument passing conformed to call-by-value)? On the face of things, this looks like a bug in the interpreter, as we’ve just stated that changes to a mutable value are reflected back in the calling code, but they aren’t here. That is, Tom’s function didn’t change the numbers list in the calling code, even though lists are mutable. So, what gives?
To understand what has happened here, consider that the above line of code is an assignment statement. Here’s what happens during assignment: the code to the right of the = symbol is executed first, and then whatever value is created has its object reference assigned to the variable on the left of the = symbol. Executing the code arg * 2 creates a new value, which is assigned a new object reference, which is then assigned to the arg variable, overwriting the previous object reference stored in arg in the function’s suite. However, the “old” object reference still exists in the calling code and its value hasn’t changed, so the shell still sees the original list, not the new doubled list created in Tom’s code. Contrast this behavior to Sarah’s code, which calls the append method on an existing list. As there’s no assignment here, there’s no overwriting of object references, so Sarah’s code changes the list in the shell, too, as both the list referred to in the functions’ suite and the list referred to in the calling code have the same object reference.
With our mystery solved, we’re nearly ready for Chapter 5. There’s just one outstanding issue.

Can I Test for PEP 8 Compliance?
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Yes. It is possible.
But not with Python alone, as the Python interpreter does not provide any way to check code for PEP 8 compliance. However, there are a number of third-party tools that do.
Before jumping into Chapter 5, let’s take a little detour and look at one tool that can help you stay on the right side of PEP 8 compliance.

Getting Ready to Check PEP 8 Compliance



Let’s detour for just a moment to check our code for PEP 8 compliance.
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The Python programming community at large has spent a great deal of time creating developer tools to make the lives of Python programmers a little bit better. One such tool is pytest, which is a testing framework that is primarily designed to make the testing of Python programs easier. No matter what type of tests you’re writing, pytest can help. And you can add plug-ins to pytest to extend its capabilities.
One such plug-in is pep8, which uses the pytest testing framework to check your code for violations of the PEP 8 guidelines.
Recalling our code



Let’s remind ourselves of our vsearch.py code once more, before feeding it to the pytest/pep8 combination to find out how PEP 8–compliant it is. Note that we’ll need to install both of these developer tools, as they do not come installed with Python (we’ll do that over the page).
Learn more about pytest from http://doc.pytest.org/en/latest/.


One more, here is the code to the vsearch.py module, which is going to be checked for compliance to the PEP 8 guidelines:
[image: image with no caption]


Installing pytest and the pep8 plug-in



Earlier in this chapter, you used the pip tool to install your vsearch.py module into the Python interpreter on your computer. The pip tool can also be used to install third-party code into your interpreter.
To do so, you need to operate at your operating system’s command prompt (and be connected to the Internet). You’ll use pip in the next chapter to install a third-party library. For now, though, let’s use pip to install the pytest testing framework and the pep8 plug-in.


Install the Testing Developer Tools



In the example screens that follow, we are showing the messages that appear when you are running on the Windows platform. On Windows, you invoke Python 3 using the py -3 command. If you are on Linux or Mac OS X, replace the Windows command with sudo python3. To install pytest using pip on Windows, issue this command from the command prompt while running as administrator (search for cmd.exe, then right-click on it, and choose Run as Administrator from the pop-up menu):
[image: image with no caption]

[image: image with no caption]

If you examine the messages produced by pip, you’ll notice that two of pytest’s dependencies were also installed (colorama and py). The same thing happens when you use pip to install the pep8 plug-in: it also installs a host of dependencies. Here’s the command to install the plug-in:
[image: image with no caption]


How PEP 8–Compliant Is Our Code?



With pytest and pep8 installed, you’re now ready to test your code for PEP 8 compliance. Regardless of the operating system you’re using, you’ll issue the same command (as only the installation instructions differ on each platform).
[image: image with no caption]

The pytest installation process has installed a new program on your computer called py.test. Let’s run this program now to check our vsearch.py code for PEP 8 compliance. Make sure you are in the same folder as the one that contains the vsearch.py file, then issue this command:
py.test --pep8 vsearch.py
Here’s the output produced when we did this on our Windows computer:
[image: image with no caption]

Whoops! It looks like we have failures, which means this code is not as compliant with the PEP 8 guidelines as it could be.
Take a moment to read the messages shown here (or on your screen, if you are following along). All of the “failures” appear to refer—in some way—to whitespace (for instance, spaces, tabs, newlines, and the like). Let’s take a look at each of them in a little more detail.

Understanding the Failure Messages



Together, pytest and the pep8 plug-in have highlighted five issues with our vsearch.py code.
[image: image with no caption]

The first issue has to do with the fact that we haven’t inserted a space after the : character when annotating our function’s arguments, and we’ve done this in three places. Look at the first message, noting pytest’s use of the caret character (^) to indicate exactly where the problem is:
[image: image with no caption]

If you look at the two issues at the bottom of pytest’s output, you’ll see that we’ve repeated this mistake in three locations: once on line 2, and twice on line 7. There’s an easy fix: add a single space character after the colon.
The next issue may not seem like a big deal, but is raised as a failure because the line of code in question (line 3) does break a PEP 8 guideline that says not to include extra spaces at the end of lines:
[image: image with no caption]

Dealing with this issue on line 3 is another easy fix: remove all trailing whitespace.
The last issue (at the start of line 7) is this:
[image: image with no caption]

There is a PEP 8 guideline that offers this advice for creating functions in a module: Surround top-level function and class definitions with two blank lines. In our code, the search4vowels and search4letters functions are both at the “top level” of the vsearch.py file, and are separated from each other by a single blank line. To be PEP 8–compliant, there should be two blank lines here.
BTW: Check out http://pep8.org/ for a beautifully rendered version of Python’s style guidelines.


Again, it’s an easy fix: insert an extra blank line between the two functions. Let’s apply these fixes now, then retest our amended code.

Confirming PEP 8 Compliance



With the amendments made to the Python code in vsearch.py, the file’s contents now look like this:
[image: image with no caption]
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When this version of the code is run through pytest’s pep8 plug-in, the output confirms we no longer have any issues with PEP 8 compliance. Here’s what we saw on our computer (again, running on Windows):
[image: image with no caption]

Conformance to PEP 8 is a good thing



If you’re looking at all of this wondering what all the fuss is about (especially over a little bit of whitespace), think carefully about why you’d want to comply to PEP 8. The PEP 8 documentation states that readability counts, and that code is read much more often than it is written. If your code conforms to a standard coding style, it follows that reading it is easier, as it “looks like” everything else the programmer has seen. Consistency is a very good thing.
From this point forward (and as much as is practical), all of the code in this book will conform to the PEP 8 guidelines. You should try to ensure your code does too.
Note
This is the end of the pytest detour. See you in Chapter 5.



Chapter 4’s Code



[image: image with no caption]


Chapter 5. Building a Webapp: Getting Real



[image: image with no caption]

At this stage, you know enough Python to be dangerous.
With this book’s first four chapters behind you, you’re now in a position to productively use Python within any number of application areas (even though there’s still lots of Python to learn). Rather than explore the long list of what these application areas are, in this and subsequent chapters, we’re going to structure our learning around the development of a web-hosted application, which is an area where Python is especially strong. Along the way, you’ll learn a bit more about Python. Before we get going, however, let’s have a quick recap of the Python you already know.
Python: What You Already Know



Now that you’ve got four chapters under your belt, let’s pause for a moment and review the Python material presented so far.
Bullet Points
[image: image with no caption]

	IDLE, Python’s built-in IDE, is used to experiment with and execute Python code, either as single-statement snippets or as larger multistatement programs written within IDLE’s text editor. As well as using IDLE, you ran a file of Python code directly from your operating system’s command line, using the py -3 command (on Windows) or python3 (on everything else).

	You’ve learned how Python supports single-value data items, such as integers and strings, as well as the booleans True and False.

	You’ve explored use cases for the four built-in data structures: lists, dictionaries, sets, and tuples. You know that you can create complex data structures by combining these four built-ins in any number of ways.

	You’ve used a collection of Python statements, including if, elif, else, return, for, from, and import.

	You know that Python provides a rich standard library, and you’ve seen the following modules in action: datetime, random, sys, os, time, html, pprint, setuptools, and pip.

	As well as the standard library, Python comes with a handy collection of built-in functions, known as the BIFs. Here are some of the BIFs you’ve worked with: print, dir, help, range, list, len, input, sorted, dict, set, tuple, and type.

	Python supports all the usual operators, and then some. Those you’ve already seen include: in, not in, +, -, = (assignment), == (equality), +=, and *.

	As well as supporting the square bracket notation for working with items in a sequence (i.e., []), Python extends the notation to support slices, which allow you to specify start, stop, and step values.

	You’ve learned how to create your own custom functions in Python, using the def statement. Python functions can optionally accept any number of arguments as well as return a value.

	Although it’s possible to enclose strings in either single or double quotes, the Python conventions (documented in PEP 8) suggest picking one style and sticking to it. For this book, we’ve decided to enclose all of our strings within single quotes, unless the string we’re quoting itself contains a single quote character, in which case we’ll use double quotes (as a one-off, special case).

	Triple-quoted strings are also supported, and you’ve seen how they are used to add docstrings to your custom functions.

	You learned that you can group related functions into modules. Modules form the basis of the code reuse mechanism in Python, and you’ve seen how the pip module (included in the standard library) lets you consistently manage your module installations.

	Speaking of things working in a consistent manner, you learned that in Python everything is an object, which ensures—as much as possible—that everything works just as you expect it to. This concept really pays off when you start to define your own custom objects using classes, which we’ll show you how to do in a later chapter.





Let’s Build Something



[image: image with no caption]

Let’s build a webapp.
Specifically, let’s take our search4letters function and make it accessible over the Web, enabling anyone with a web browser to access the service provided by our function.
We could build any type of application, but building a working web application lets us explore a number of Python features while building something that’s generally useful, as well as being a whole heap meatier than the code snippets you’ve seen so far in this book.
Python is particularly strong on the server side of the Web, which is where we’re going to build and deploy our webapp in this chapter.
But, before we get going, let’s make sure everyone is on the same page by reviewing how the Web works.
Webapps Up Close
[image: image with no caption]

No matter what you do on the Web, it’s all about requests and responses. A web request is sent from a web browser to a web server as the result of some user interaction. On the web server, a web response (or reply) is formulated and returned to the web browser. The entire process can be summarized in five steps, as follows:
[image: image with no caption]

Deciding what to do next
One of two things happen at this point. If the web request is for static content—such as an HTML file, image, or anything else stored on the web server’s hard disk—the web server locates the resource and prepares to return it to the web browser as a web response.
If the request is for dynamic content—that is, content that must be generated, such as search results or the current contents of an online shopping basket—the web server runs some code to produce the web response.
The (potentially) many substeps of Step 3
In practice, Step 3 can involve multiple substeps, depending on what the web server has to do to produce the response. Obviously, if all the server has to do is locate static content and return it to the browser, the substeps aren’t too taxing, as it’s just a matter of reading from the web server’s disk drive.
However, when dynamic content must be generated, the substeps involve the web server running code and then capturing the output from the program as a web response, before sending the response back to the waiting web browser.
[image: image with no caption]



What Do We Want Our Webapp to Do?



As tempting as it always is to just start coding, let’s first think about how our webapp is going to work.
Users interact with our webapp using their favorite web browser. All they have to do is enter the URL for the webapp into their browser’s address bar to access its services. A web page then appears in the browser asking the user to provide arguments to the search4letters function. Once these are entered, the user clicks on a button to see their results.
Recall the def line for our most recent version of search4letters, which shows the function expecting at least one—but no more than two— arguments: a phrase to search, together with the letters to search for. Remember, the letters argument is optional (defaulting to aeiou):
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Let’s grab a paper napkin and sketch out how we want our web page to appear. Here’s what we came up with:
[image: image with no caption]


What Happens on the Web Server?



When the user clicks on the Do it! button, the browser sends the data to the waiting web server, which extracts the phrase and letters values, before calling the search4letters function on behalf of the now-waiting user.
Any results from the function are returned to the user’s browser as another web page, which we again sketch out on a paper napkin (shown below). For now, let’s assume the user entered “hitch-hiker” as the phrase and left the letters value defaulted to aeiou. Here’s what the results web page might look like:
[image: image with no caption]

What do we need to get going?



Other than the knowledge you already have about Python, the only thing you need to build a working server-side web application is a web application framework, which provides a set of general foundational technologies upon which you can build your webapp.
Although it’s more than possible to use Python to build everything you need from scratch, it would be madness to contemplate doing so. Other programmers have already taken the time to build these web frameworks for you. Python has many choices here. However, we’re not going to agonize over which framework to choose, and are instead just going to pick a popular one called Flask and move on.


Let’s Install Flask



We know from Chapter 1 that Python’s standard library comes with lots of batteries included. However, there are times when we need to use an application-specific third-party module, which is not part of the standard library. Third-party modules are imported into your Python program as needed. However, unlike the standard library modules, third-party modules need to be installed before they are imported and used. Flask is one such third-party module.
As mentioned in the previous chapter, the Python community maintains a centrally managed website for third-party modules called PyPI (short for the Python Package Index), which hosts the latest version of Flask (as well as many other projects).
Find PyPI at pypi.python.org.


Recall how we used pip to install our vsearch module into Python earlier in this book. pip also works with PyPI. If you know the name of the module you want, you can use pip to install any PyPI-hosted module directly into your Python environment.
Install Flask from the command-line with pip



If you are running on Linux or Mac OS X, type the following command into a terminal window:
[image: image with no caption]

If you are running on Windows, open up a command prompt—being sure to Run as Administrator (by right-clicking on the option and choosing from the pop-up menu)— and then issue this command:
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This command (regardless of your operating system) connects to the PyPI website, then downloads and installs the Flask module and four other modules Flask depends on: Werkzeug, MarkupSafe, Jinja2, and itsdangerous. Don’t worry (for now) about what these extra modules do; just make sure they install correctly. If all is well, you’ll see a message similar to the following at the bottom of the output generated by pip. Note that the output runs to over a dozen lines or so:
[image: image with no caption]

If you don’t see the “Successfully installed...” message, make sure you’re connected to the Internet, and that you’ve entered the command for your operating system exactly as shown above. And don’t be too alarmed if the version numbers for the modules installed into your Python differ from ours (as modules are constantly being updated, and dependencies can change, too). As long as the versions you install are at least as current as those shown above, everything is fine.


How Does Flask Work?



Flask provides a collection of modules that help you build server-side web applications. It’s technically a micro web framework, in that it provides the minimum set of technologies needed for this task. This means Flask is not as feature-full as some of its competitors—such as Django, the mother of all Python web frameworks—but it is small, lightweight, and easy to use.
As our requirements aren’t heavy (we only have two web pages), Flask is more than enough web framework for us at this time.
Geek Bits
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Django is a hugely popular web application framework within the Python community. It has an especially strong, prebuilt administration facility that can make working with large webapps very manageable. It’s overkill for what we’re doing here, so we’ve opted for the much simpler, but more lightweight, Flask.

Check that Flask is installed and working



Here’s the code for the most basic of Flask webapps, which we are going to use to test that Flask is set up and ready to go.
Use your favorite text editor to create a new file, and type the code shown below into the file, saving it is as hello_flask.py (you can save the file in its own folder, too, if you like—we called our folder webapp):
Ready Bake Code
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Run Flask from your OS command line



Don’t be tempted to run this Flask code within IDLE, as IDLE wasn’t really designed to do this sort of thing well. IDLE is great for experimenting with small snippets of code, but when it comes to running applications, you are much better off running your code directly via the interpreter, at your operating system’s command line. Let’s do that now and see what happens.
Don’t use IDLE to run this code.




Running Your Flask Webapp for the First Time



If you are running on Windows, open a command prompt in the folder that contains your hello_flask.py program file. (Hint: if you have your folder open within the File Explorer, press the Shift key together with the right mouse button to bring up a context- sensitive menu from which you can choose Open command window here). With the Windows command line ready, type in this command to start your Flask app:
[image: image with no caption]

If you are on Mac OS X or Linux, type the following command in a terminal window. Be sure to issue this command in the same folder that contains your hello_flask.py program file:
No matter which operating system you’re running, Flask takes over from this point on, displaying status messages on screen whenever its built-in web server performs any operation. Immediately after starting up, the Flask web server confirms it is up and running and waiting to service web requests at Flask’s test web address (127.0.0.1) and protocol port number (5000):
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Flask’s web server is ready and waiting. Now what? Let’s interact with the web server using our web browser. Open whichever browser is your favorite and type in the URL from the Flask web server’s opening message:
[image: image with no caption]

After a moment, the “Hello world from Flask!” message from hello_flask.py should appear in your browser’s window. In addition to this, take a look at the terminal window where your webapp is running...a new status message should’ve appeared too, as follows:
[image: image with no caption]

Geek Bits
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Getting into the specifics of what constitutes a protocol port number is beyond the scope of this book. However, if you’d like to know more, start reading here:
https://en.wikipedia.org/wiki/Port_(computer_networking)


Here’s What Happened (Line by Line)



In addition to Flask updating the terminal with a status line, your web browser now displays the web server’s response. Here’s how our browser now looks (this is Safari on Mac OS X):
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By using our browser to visit the URL listed in our webapp’s opening status message, the server has responded with the “Hello world from Flask!” message.
Although our webapp has only six lines of code, there’s a lot going on here, so let’s review the code to see how all of this happened, taking each line in turn. Everything else we plan to do builds on these six lines of code.
The first line imports the Flask class from the flask module:
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Remember when we discussed alternate ways of importing?
You could have written import flask here, then referred to the Flask class as flask.Flask, but using the from version of the import statement in this instance is preferred, as the flask.Flask usage is not as easy to read.

Creating a Flask Webapp Object



The second line of code creates an object of type Flask, assigning it to the app variable. This looks straightforward, but for the use of the strange argument to Flask, namely __name__:
[image: image with no caption]

The __name__ value is maintained by the Python interpreter and, when used anywhere within your program’s code, is set to the name of the currently active module. It turns out that the Flask class needs to know the current value of __name__ when creating a new Flask object, so it must be passed as an argument, which is why we’ve used it here (even though its usage does look strange).
This single line of code, despite being short, does an awful lot for you, as the Flask framework abstracts away many web development details, allowing you to concentrate on defining what you want to happen when a web request arrives at your waiting web server. We do just that starting on the very next line of code.
Geek Bits
[image: image with no caption]

Note that __name__ is two underscore characters followed by the word “name” followed by another two underscore characters, which are referred to as “double underscores” when used to prefix and suffix a name in Python code. You’ll see this naming convention a lot in your Python travels, and rather than use the long-winded: “double underscore, name, double underscore” phrase, savvy Python programmers say: “dunder name,” which is shorthand for the same thing. As there’s a lot of double underscore usages in Python, they are collectively known as “the dunders,” and you’ll see lots of examples of other dunders and their usages throughout the rest of this book.
As well as the dunders, there is also a convention to use a single underscore character to prefix certain variable names. Some Python programmers refer to single-underscore-prefixed names by the groan- inducing name “wonder” (shorthand for “one underscore”).


Decorating a Function with a URL



The next line of code introduces a new piece of Python syntax: decorators. A function decorator, which is what we have in this code, adjusts the behavior of an existing function without you having to change that function’s code (that is, the function being decorated).
You might want to read that last sentence a few times.
Geek Bits
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Python’s decorator syntax take inspiration from Java’s annotation syntax, as well as the world of functional programming.

In essence, decorators allow you to take some existing code and augment it with additional behavior as needed. Although decorators can also be applied to classes as well as functions, they are mainly applied to functions, which results in most Python programmers referring to them as function decorators.
Let’s take a look at the function decorator in our webapp’s code, which is easy to spot, as it starts with the @ symbol:
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Although it is possible to create your own function decorators (coming up in a later chapter), for now let’s concentrate on just using them. There are a bunch of decorators built in to Python, and many third-party modules (such as Flask) provide decorators for specific purposes (route being one of them).
Flask’s route decorator is available to your webapp’s code via the app variable, which was created on the previous line of code.
A function decorator adjusts the behavior of an existing function (without changing the function’s code).


The route decorator lets you associate a URL web path with an existing Python function. In this case, the URL “/” is associated with the function defined on the very next line of code, which is called hello. The route decorator arranges for the Flask web server to call the function when a request for the “/” URL arrives at the server. The route decorator then waits for any output produced by the decorated function before returning the output to the server, which then returns it to the waiting web browser.
It’s not important to know how Flask (and the route decorator) does all of the above “magic.” What is important is that Flask does all of this for you, and all you have to do is write a function that produces the output you require. Flask and the route decorator then take care of the details.

Running Your Webapp’s Behavior(s)



With the route decorator line written, the function decorated by it starts on the next line. In our webapp, this is the hello function, which does only one thing: returns the message “Hello world from Flask!” when invoked:
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The final line of code takes the Flask object assigned to the app variable and asks Flask to start running its web server. It does this by invoking run:
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At this point, Flask starts up its included web server and runs your webapp code within it. Any requests received by the web server for the “/” URL are responded to with the “Hello world from Flask!” message, whereas a request for any other URL results in a 404 “Resource not found” error message. To see the error handling in action, type this URL into your browser’s address bar:
	http://127.0.0.1:5000/doesthiswork.html



Your browser displays a “Not Found” message, and your webapp running within its terminal window updates its status with an appropriate message:
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Exposing Functionalit y to the Web



Putting to one side the fact that you’ve just built a working webapp in a mere six lines of code, consider what Flask is doing for you here: it’s providing a mechanism whereby you can take any existing Python function and display its output within a web browser.
To add more functionality to your webapp, all you have to do is decide on the URL you want to associate your functionality with, then write an appropriate @app.route decorator line above a function that does the actual work. Let’s do this now, using our search4letters functionality from the last chapter.
Sharpen your Pencil
[image: image with no caption]

Let’s amend hello_flask.py to include a second URL: /search4. Write the code that associates this URL with a function called do_search, which calls the search4letters function (from our vsearch module). Then arrange for the do_search function to return the results determined when searching the phrase: “life, the universe, and everything!” for this string of characters: 'eiru,!'.
Shown below is our existing code, with space reserved for the new code you need to write. Your job is to provide the missing code.
Hint: the results returned from search4letters are a Python set. Be sure to cast the results to a string by calling the str BIF before returning anything to the waiting web browser, as it’s expecting textual data, not a Python set. (Remember: “BIF” is Python-speak for built-in function.)
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Sharpen your Pencil Solution
[image: image with no caption]

You were to amend hello_flask.py to include a second URL, /search4, writing the code that associates the URL with a function called do_search, which itself calls the search4letters function (from our vsearch module). You were to arrange for the do_search function to return the results determined when searching the phrase: “life, the universe, and everything!” for the string of characters: 'eiru,!'.
Shown below is our existing code, with space reserved for the new code you need to write. Your job was to provide the missing code.
How does your code compare to ours?
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To test this new functionality, you’ll need to restart your Flask webapp, as it is currently running the older version of your code. To stop the webapp, return to your terminal window, then press Ctrl and C together. Your webapp will terminate, and you’ll be returned to your operating system’s prompt. Press the up arrow to recall the previous command (the one that previously started hello_flask.py) and then press the Enter key. The initial Flask status message reappears to confirm your updated webapp is waiting for requests:
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Test Drive
[image: image with no caption]

As you haven’t changed the code associated with the default ‘/’ URL, that functionality still works, displaying the “Hello world from Flask!” message.
However, if you enter http://127.0.0.1:5000/search4 into your browser’s address bar, you’ll see the results from the call to search4letters:
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There are no Dumb Questions
	Q:
	Q: I’m a little confused by the 127.0.0.1 and: 5000 parts of the URL used to access the webapp. What’s the deal with those?

	A:
	A: At the moment, you’re testing your webapp on your computer, which—because it’s connected to the Internet—has its own unique IP address. Despite this fact, Flask doesn’t use your IP address and instead connects its test web server to the Internet’s loopback address: 127.0.0.1, also commonly known as localhost. Both are shorthand for “my computer, no matter what its actual IP address is.” For your web browser (also on your computer) to communicate with your Flask web server, you need to specify the address that is running your webapp, namely:127.0.0.1. This is a standard IP address reserved for this exact purpose.
The :5000 part of the URL identifies the protocol port number your web server is running on.
Typically, web servers run on protocol port 80, which is an Internet standard, and as such, doesn’t need to be specified. You could type oreilly.com:80 into your browser’s address bar and it would work, but nobody does, as oreilly.com alone is sufficient (as the :80 is assumed).
When you’re building a webapp, it’s very rare to test on protocol port 80 (as that’s reserved for production servers), so most web frameworks choose another port to run on. 8080 is a popular choice for this, but Flask uses 5000 as its test protocol port.

	Q:
	Q: Can I use some protocol port other than 5000 when I test and run my Flask webapp?

	A:
	A: Yes, app.run() allows you to specify a value for port that can be set to any value. But, unless you have a very good reason to change, stick with Flask’s default of 5000 for now.







Recall What We’re Trying to Build



Our webapp needs a web page which accepts input, and another which displays the results of feeding the input to the search4letters function. Our current webapp code is nowhere near doing all of this, but what we have does provide a basis upon which to build what is required.
Shown below on the left is a copy of our current code, while on the right, we have copies of the “napkin specifications” from earlier in this chapter. We have indicated where we think the functionality for each napkin can be provided in the code:
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Here’s the plan



Let’s change the hello function to return the HTML form. Then we’ll change the do_search function to accept the form’s input, before calling the search4letters function. The results are then returned by do_search as another web page.


Building the HTML Form



The required HTML form isn’t all that complicated. Other than the descriptive text, the form is made up of two input boxes and a button.
[image: image with no caption]

But...what if you’re new to all this HTML stuff?



Don’t panic if all this talk of HTML forms, input boxes, and buttons has you in a tizzy. Fear not, we have what you’re looking for: the second edition of Head First HTML and CSS provides the best introduction to these technologies should you require a quick primer (or a speedy refresher).
Even if the thought of setting aside this book in order to bone up on HTML feels like too much work, note that we provide all the HTML you need to work with the examples in the book, and we do this without you having to be an HTML expert. A little exposure to HTML helps, but it’s not a absolute requirement (after all, this is a book about Python, not HTML).

Create the HTML, then send it to the browser



There’s always more than one way to do things, and when it comes to creating HTML text from within your Flask webapp, you have choices:
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Laura’s right—templates make HTML much easier to maintain than Bob’s approach. We’ll dive into templates on the next page.
Templates Up Close
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Template engines let programmers apply the object-oriented notions of inheritance and reuse to the production of textual data, such as web pages.
A website’s look and feel can be defined in a top-level HTML template, known as the base template, which is then inherited from by other HTML pages. If you make a change to the base template, the change is then reflected in all the HTML pages that inherit from it.
The template engine shipped with Flask is called Jinja2, and it is both easy to use and powerful. It is not this book’s intention to teach you all you need to know about Jinja2, so what appears on these two pages is—by necessity—both brief and to the point. For more details on what’s possible with Jinja2, see:
http://jinja.pocoo.org/docs/dev/
Here’s the base template we’ll use for our webapp. In this file, called base.html, we put the HTML markup that we want all of our web pages to share. We also use some Jinja2-specific markup to indicate content that will be supplied when HTML pages inheriting from this one are rendered (i.e., prepared prior to delivery to a waiting web browser). Note that markup appearing between {{ and }}, as well as markup enclosed between {% and %}, is meant for the Jinja2 template engine: we’ve highlighted these cases to make them easy to spot:
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With the base template ready, we can inherit from it using Jinja2’s extends directive. When we do, the HTML files that inherit need only provide the HTML for any named blocks in the base. In our case, we have only one named block: body.
Here’s the markup for the first of our pages, which we are calling entry.html. This is markup for a HTML form that users can interact with in order to provide the value for phrase and letters expected by our webapp.
Note how the “boilerplate” HTML in the base template is not repeated in this file, as the extends directive includes this markup for us. All we need to do is provide the HTML that is specific to this file, and we do this by providing the markup within the Jinja2 block called body:
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And, finally, here’s the markup for the results.html file, which is used to render the results of our search. This template inherits from the base template, too:
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Templates Relate to Web Pages



Our webapp needs to render two web pages, and now we have two templates that can help with this. Both templates inherit from the base template and thus inherit the base template’s look and feel. Now all we need to do is render the pages.
Note
Download these templates (and the CSS) from here: http://python.itcarlow.ie/ed2/.

Before we see how Flask (together with Jinja2) renders, let’s take another look at our “napkin specifications” alongside our template markup. Note how the HTML enclosed within the Jinja2 {% block %} directive closely matches the hand-drawn specifications. The main omission is each page’s title, which we’ll provide in place of the {{ the_title }} directive during rendering. Think of each name enclosed in double curly braces as an argument to the template:
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Rendering Templates from Flask



Flask comes with a function called render_template, which, when provided with the name of a template and any required arguments, returns a string of HTML when invoked. To use render_template, add its name to the list of imports from the flask module (at the top of your code), then invoke the function as needed.
Before doing so, however, let’s rename the file containing our webapp’s code (currently called hello_flask.py) to something more appropriate. You can use any name you wish for your webapp, but we’re renaming our file vsearch4web.py. Here’s the code currently in this file:
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To render the HTML form in the entry.html template, we need to make a number of changes to the above code:
	Import the render_template function
Add render_template to the import list on the from flask line at the top of the code.

	Create a new URL—in this case, /entry
Every time you need a new URL in your Flask webapp, you need to add a new @app.route line, too. We’ll do this before the app.run() line of code.

	Create a function that returns the correctly rendered HTML
With the @app.route line written, you can associate code with it by creating a function that does the actual work (and makes your webapp more useful to your users). The function calls (and returns the output from) the render_template function, passing in the name of the template file (entry.html in this case), as well as any argument values that are required by the template (in the case, we need a value for the_title).



Let’s make these changes to our existing code.

Displaying the Webapp’s HTML Form



Let’s add the code to enable the three changes detailed at the bottom of the last page. Follow along by making the same changes to your code:
	Import the render_template function
[image: image with no caption]


	Create a new URL—in this case, /entry
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	Create a function that returns the correctly rendered HTML
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With these changes made, the code to our webapp—with the additions highlighted—now looks like this:
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Preparing to Run the Template Code



It’s tempting to open a command prompt, then run the latest version of our code. However, for a number of reasons, this won’t immediately work.
Note
If you haven’t done so already, download the templates and the CSS from here: http://python.itcarlow.ie/ed2/.

For starters, the base template refers to a stylesheet called hf.css, and this needs to exist in a folder called static (which is relative to the folder that contains your code). Here’s a snippet of the base template that shows this:
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Feel free to grab a copy of the CSS file from this book’s support website (see the URL at the side of this page). Just be sure to put the downloaded stylesheet in a folder called static.
In addition to this, Flask requires that your templates be stored in a folder called templates, which—like static—needs to be relative to the folder that contains your code. The download for this chapter also contains all three templates...so you can avoid typing in all that HTML!
Assuming that you’ve put your webapp’s code file in a folder called webapp, here’s the structure you should have in place prior to attempting to run the most recent version of vsearch4web.py:
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We’re Ready for a Test Run



If you have everything ready—the stylesheet and templates downloaded, and the code updated—you’re now ready to take your Flask webapp for another spin.
The previous version of your code is likely still running at your command prompt.
Return to that window now and press Ctrl and C together to stop the previous webapp’s execution. Then press the up arrow key to recall the last command line, edit the name of the file to run, and then press Enter. Your new version of your code should now run, displaying the usual status messages:
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Recall that this new version of our code still supports the / and /search4 URLs, so if you use a browser to request those, the responses will be the same as shown earlier in this chapter. However, if you use this URL:
http://127.0.0.1:5000/entry
the response displayed in your browser should be the rendered HTML form (shown at the top of the next page). The command-prompt should display two additional status lines: one for the /entry request and another related to your browser’s request for the hf.css stylesheet:
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Test Drive
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Here’s what appears on screen when we type http://127.0.0.1:5000/entry into our browser:
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We aren’t going to win any web design awards for this page, but it looks OK, and resembles what we had on the back of our napkin. Unfortunately, when you type in a phrase and (optionally) adjust the Letters value to suit, clicking the Do it! button produces this error page:
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This is a bit of a bummer, isn’t it? Let’s see what’s going on.


Understanding HTTP Status Codes



When something goes wrong with your webapp, the web server responds with a HTTP status code (which it sends to your browser). HTTP is the communications protocol that lets web browsers and servers communicate. The meaning of the status codes is well established (see the Geek Bits on the right). In fact, every web request generates an HTTP status code response.
To see which status code was sent to your browser from your webapp, review the status messages appearing at your command prompt. Here’s what we saw:
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The 405 status code indicates that the client (your browser) sent a request using a HTTP method that this server doesn’t allow. There are a handful of HTTP methods, but for our purposes, you only need to be aware of two of them: GET and POST.
	The GET method
Browsers typically use this method to request a resource from the web server, and this method is by far the most used. (We say “typically” here as it is possible to—rather confusingly—use GET to send data from your browser to the server, but we’re not focusing on that option here.) All of the URLs in our webapp currently support GET, which is Flask’s default HTTP method.

	The POST method
This method allows a web browser to send data to the server over HTTP, and is closely associated with the HTML <form> tag. You can tell your Flask webapp to accept posted data from a browser by providing an extra argument on the @app.route line.



Let’s adjust the @app.route line paired with our webapp’s /search4 URL to accept posted data. To do this, return to your editor and edit the vsearch4web.py file once more.
Geek Bits
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Here’s a quick and dirty explanation of the various HTTP status codes that can be sent from a web server (e.g., your Flask webapp) to a web client (e.g., your web browser).
There are five main categories of status code: 100s, 200s, 300s, 400s, and 500s.
Codes in the 100–199 range are informational messages: all is OK, and the server is providing details related to the client’s request.
Codes in the 200–299 range are success messages: the server has received, understood, and processed the client’s request. All is good.
Codes in the 300–399 range are redirection messages: the server is informing the client that the request can be handled elsewhere.
Codes in the 400–499 range are client error messages: the server received a request from the client that it does not understand and can’t process. Typically, the client is at fault here.
Codes in the 500–599 range are server error messages: the server received a request from the client, but the server failed while trying to process it. Typically, the server is at fault here.
For more details, please see: https://en.wikipedia.org/wiki/List_of_HTTP_status_codes.


Handling Posted Data



As well as accepting the URL as its first argument, the @app.route decorator accepts other, optional arguments.
One of these is the methods argument, which lists the HTTP method(s) that the URL supports. By default, Flask supports GET for all URLs. However, if the methods argument is assigned a list of HTTP methods to support, this default behavior is overridden. Here’s what the @app.route line currently looks like:
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To have the /search4 URL support POST, add the methods argument to the decorator and assign the list of HTTP methods you want the URL to support. This line of code, below, states that the /search4 URL now only supports the POST method (meaning GET requests are no longer supported):
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This small change is enough to rid your webapp of the “Method Not Allowed” message, as the POST associated with the HTML form matches up with the POST on the @app.route line:
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There are no Dumb Questions
	Q:
	Q: What if I need my URL to support both the GET method as well as POST? Is that possible?

	A:
	A: Yes, all you need to do is add the name of the HTTP method you need to support to the list assigned to the methods arguments. For example, if you wanted to add GET support to the /search4 URL, you need only change the @app.route line of code to look like this: @ app.route('/search4', methods=['GET', 'POST']). For more on this, see the Flask docs, which are available here http://flask.pocoo.org.







Refining the Edit/Stop/Start/Test Cycle



At this point, having saved our amended code, it’s a reasonable course of action to stop the webapp at the command prompt, then restart it to test our new code. This edit/stop/start/test cycle works, but becomes tedious after a while (especially if you end up making a long series of small changes to your webapp’s code).
To improve the efficiency of this process, Flask allows you to run your webapp in debugging mode, which, among other things, automatically restarts your webapp every time Flask notices your code has changed (typically as a result of you making and saving a change). This is worth doing, so let’s switch on debugging by changing the last line of code in vsearch4web.py to look like this:
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Your program code should now look like this:
from flask import Flask, render_template
from vsearch import search4letters

app = Flask(__name__)

@app.route('/')
def hello() -> str:
    return 'Hello world from Flask!'

@app.route('/search4', methods=['POST'])
def do_search() -> str:
    return str(search4letters('life, the universe, and everything', 'eiru,!'))

@app.route('/entry')
def entry_page() -> 'html':
    return render_template('entry.html',
                           the_title='Welcome to search4letters on the web!')

app.run(debug=True)
We are now ready to take this code for a test run. To do so, stop your currently running webapp (for the last time) by pressing Ctrl-C, then restart it at your command prompt by pressing the up arrow and Enter.
Rather than showing the usual “Running on http://127...” message, Flask spits out three new status lines, which is its way of telling you debugging mode is now active. Here’s what we saw on our computer:
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Now that we are up and running again, let’s interact with our webapp once more and see what’s changed.
Test Drive
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Return to the entry form by typing http://127.0.0.1:5000/entry into your browser:
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The “Method Not Allowed” error has gone, but things still aren’t working right. You can type any phrase into this form, then click the Do it! button without the error appearing. If you try it a few times, you’ll notice that the results returned are always the same (no matter what phrase or letters you use). Let’s investigate what’s going on here.
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Accessing HTML Form Data with Flask



Our webapp no longer fails with a “Method Not Allowed” error. Instead, it always returns the same set of characters: u, e, comma, i, and r. If you take a quick look at the code that executes when the /search4 URL is posted to, you’ll see why this is: the values for phrase and letters are hardcoded into the function:
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Our HTML form posts its data to the web server, but in order to do something with the data, we need to amend our webapp’s code to accept the data, then perform some operation on it.
Flask comes with a built-in object called request that provides easy access to posted data. The request object contains a dictionary attribute called form that provides access to a HTML form’s data posted from the browser. As form is like any other Python dictionary, it supports the same square bracket notation you first saw in Chapter 3. To access a piece of data from the form, put the form element’s name inside square brackets:
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Using Request Data in Your Webapp



To use the request object, import it on the from flask line at the top of your program code, then access the data from request.form as needed. For our purposes, we want to replace the hardcoded data value in our do_search function with the data from the form. Doing so ensures that every time the HTML form is used with different values for phrase and letters, the results returned from our webapp adjust accordingly.
Let’s make these changes to our program code. Start by adding the request object to the list of imports from Flask. To do that, change the first line of vsearch4web.py to look like this:
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We know from the information on the last page that we can access the phrase entered into the HTML form within our code as request.form['phrase'], whereas the entered letters is available to us as request.form['letters']. Let’s adjust the do_search function to use these values (and remove the hardcoded strings):
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Automatic Reloads



Now...before you do anything else (having made the changes to your program code above) save your vsearch4web.py file, then flip over to your command prompt and take a look at the status messages produced by your webapp. Here’s what we saw (you should see something similar):
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Don’t panic if you see something other than what’s shown here. Automatic reloading only works if the code changes you make are correct. If your code has errors, the webapp bombs out to your command prompt. To get going again, fix your coding errors, then restart your webapp manually (by pressing the up arrow, then Enter).
Test Drive
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Now that we’ve changed our webapp to accept (and process) the data from our HTML form, we can throw different phrases and letters at it, and it should do the right thing:
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Producing the Results As HTML



At this point, the functionality associated with our webapp is working: any web browser can submit a phrase/letters combination, and our webapp invokes search4letters on our behalf, returning any results. However, the output produced isn’t really a HTML webpage—it’s just the raw data returned as text to the waiting browser (which displays it on screen).
Recall the back-of-the-napkin specifications from earlier in this chapter. This is what we were hoping to produce:
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When we learned about Jinja2’s template technology, we presented two HTML templates. The first, entry.html, is used to produce the form. The second, results.html, is used to display the results. Let’s use it now to take our raw data output and turn it into HTML.
There are no Dumb Questions
	Q:
	Q: It is possible to use Jinja2 to template textual data other than HTML?

	A:
	A: Yes. Jinja2 is a text template engine that can be put to many uses. That said, its typical use case is with web development projects (as used here with Flask), but there’s nothing stopping you from using it with other textual data if you really want to.







Calculating the Data We Need



Let’s remind ourselves of the contents of the results.html template as presented earlier in this chapter. The Jinja2-specific markup is highlighted:
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The highlighted names enclosed in double curly braces are Jinja2 variables that take their value from corresponding variables in your Python code. There are four of these variables: the_title, the_phrase, the_letters, and the_results. Take another look at the do_search function’s code (below), which we are going to adjust in just a moment to render the HTML template shown above. As you can see, this function already contains two of the four variables we need to render the template (and to keep things as simple as possible, we’ve used variable names in our Python code that are similar to those used in the Jinja2 template):
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The two remaining required template arguments (the_title and the_results) still need to be created from variables in this function and assigned values.
We can assign the "Here are your results:" string to the_title, and then assign the call to search4letters to the_results. All four variables can then be passed into the results.html template as arguments prior to rendering.
Template Magnets
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The Head First authors got together and, based on the requirements for the updated do_search function outlined at the bottom of the last page, wrote the code required. In true Head First style, they did so with the help of some coding magnets...and a fridge (best if you don’t ask). Upon their success, the resulting celebrations got so rowdy that a certain series editor bumped into the fridge (while singing the beer song) and now the magnets are all over the floor. Your job is to stick the magnets back in their correct locations in the code.
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Template Magnets Solution
[image: image with no caption]

Having made a note to keep a future eye on a certain series editor’s beer consumption, you set to work restoring all of the code magnets for the updated do_search function. Your job was to stick the magnets back in their correct locations in the code.
Here’s what we came up with when we performed this task:
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Now that the magnets are back in their correct locations, make these code changes to your copy of vsearch4web.py. Be sure to save your file to ensure that Flask automatically reloads your webapp. We’re now ready for another test.

Test Drive
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Let’s test the new version of our webapp using the same examples from earlier in this chapter. Note that Flask restarted your webapp the moment you saved your code.
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Adding a Finishing Touch



Let’s take another look at the code that currently makes up vsearch4web.py. Hopefully, by now, all this code should make sense to you. One small syntactical element that often confuses programmers moving to Python is the inclusion of the final comma in the call to render_template, as most programmers feel this should be a syntax error and shouldn’t be allowed. Although it does look somewhat strange (at first), Python allows it—but does not require it—so we can safely move on and not worry about it:
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This version of our webapp supports three URLs: /, /search4, and /entry, with some dating back to the very first Flask webapp we created (right at the start of this chapter). At the moment, the / URL displays the friendly, but somewhat unhelpful, “Hello world from Flask!” message.
We could remove this URL and its associated hello function from our code (as we no longer need either), but doing so would result in a 404 “Not Found” error in any web browser contacting our webapp on the / URL, which is the default URL for most webapps and websites. To avoid this annoying error message, let’s ask Flask to redirect any request for the / URL to the /entry URL. We do this by adjusting the hello function to return a HTML redirect to any web browser that requests the / URL, effectively substituting the /entry URL for any request made for /.

Redirect to Avoid Unwanted Errors



To use Flask’s redirection technology, add redirect to the from flask import line (at the top of your code), then change the hello function’s code to look like this:
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This small edit ensures our webapp’s users are shown the HTML form should they request the /entry or / URL.
Make this change, save your code (which triggers an automatic reload), and then try pointing your browser to each of the URLs. The HTML form should appear each time. Take a look at the status messages being displayed by your webapp at your command prompt. You may well see something like this:
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As a strategy, our use of redirection here works, but it is somewhat wasteful—a single request for the / URL turns into two requests every time (although client- side caching can help, this is still not optimal). If only Flask could somehow associate more than one URL with a given function, effectively removing the need for the redirection altogether. That would be nice, wouldn’t it?

Functions Can Have Multiple URLs



It’s not hard to guess where we are going with this, is it?
It turns out that Flask can indeed associate more than one URL with a given function, which can reduce the need for redirections like the one demonstrated on the last page. When a function has more than one URL associated with it, Flask tries to match each of the URLs in turn, and if it finds a match, the function is executed.
It’s not hard to take advantage of this Flask feature. To begin, remove redirect from the from flask import line at the top of your program code; we no longer need it, so let’s not import code we don’t intend to use. Next, using your editor, cut the @app.route('/') line of code and then paste it above the @app.route('/entry') line near the bottom of your file. Finally, delete the two lines of code that make up the hello function, as our webapp no longer needs them.
When you’re done making these changes, your program code should look like this:
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Saving this code (which triggers a reload) allows us to test this new functionality. If you visit the / URL, the HTML form appears. A quick look at your webapp’s status messages confirms that processing / now results in one request, as opposed to two (as was previously the case):
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Updating What We Know



We’ve just spent the last 40 pages creating a small webapp that exposes the functionality provided by our search4letters function to the World Wide Web (via a simple two-page website). At the moment, the webapp runs locally on your computer. In a bit, we’ll discuss deploying your webapp to the cloud, but for now let’s update what you know:
Bullet Points
[image: image with no caption]

	You learned about the Python Package Index (PyPI), which is a centralized repository for third-party Python modules. When connected to the Internet, you can automatically install packages from PyPI using pip.

	You used pip to install the Flask micro-web framework, which you then used to build your webapp.

	The __name__ value (maintained by the interpreter) identifies the currently active namespace (more on this later).

	The @ symbol before a function’s name identifies it as a decorator. Decorators let you change the behavior of an existing function without having to change the function’s code. In your webapp, you used Flask’s @app.route decorator to associate URLs with Python functions. A function can be decorated more than once (as you saw with the do_search function).

	You learned how to use the Jinja2 text template engine to render HTML pages from within your webapp.




Is that all there is to this chapter?



You’d be forgiven for thinking this chapter doesn’t introduce much new Python. It doesn’t. However, one of the points of this chapter was to show you just how few lines of Python code you need to produce something that’s generally useful on the Web, thanks in no small part to our use of Flask. Using a template technology helps a lot, too, as it allows you to keep your Python code (your webapp’s logic) separate from your HTML pages (your webapp’s user interface).
It’s not an awful lot of work to extend this webapp to do more. In fact, you could have an HTML whiz-kid produce more pages for you while you concentrate on writing the Python code that ties everything together. As your webapp scales, this separation of duties really starts to pay off. You get to concentrate on the Python code (as you’re the programmer on the project), whereas the HTML whiz-kid concentrates on the markup (as that’s their bailiwick). Of course, you both have to learn a little bit about Jinja2 templates, but that’s not too difficult, is it?


Preparing Your Webapp for the Cloud



With your webapp working to specification locally on your computer, it’s time to think about deploying it for use by a wider audience. There are lots of options here, with many different web-based hosting setups available to you as a Python programmer. One popular service is cloud-based, hosted on AWS, and is called PythonAnywhere. We love it over at Head First Labs.
Like nearly every other cloud-hosted deployment solution, PythonAnywhere likes to control how your webapp starts. For you, this means PythonAnywhere assumes responsibility for calling app.run() on your behalf, which means you no longer need to call app.run() in your code. In fact, if you try to execute that line of code, PythonAnywhere simply refuses to run your webapp.
A simple solution to this problem would be to remove that last line of code from your file before deploying to the cloud. This certainly works, but means you need to put that line of code back in again whenever you run your webapp locally. If you’re writing and testing new code, you should do so locally (not on PythonAnywhere), as you use the cloud for deployment only, not for development. Also, removing the offending line of code effectively amounts to you having to maintain two versions of the same webapp, one with and one without that line of code. This is never a good idea (and gets harder to manage as you make more changes).
It would be nice if there were a way to selectively execute code based on whether you’re running your webapp locally on your computer or remotely on PythonAnywhere...
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Yes, that’s a great suggestion.
That particular line of code is used in lots of Python programs. It’s affectionately referred to as “dunder name dunder main.” To understand why it’s so useful (and why we can take advantage of it with PythonAnywhere), let’s take a closer look at what it does, and how it works.
Dunder Name Dunder Main Up Close
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To understand the programming construct suggested at the bottom of the last page, let’s look at a small program that uses it, called dunder.py. This three-line program begins by displaying a message on screen that prints the currently active namespace, stored in the __name__ variable. An if statement then checks to see whether the value of __name__ is set to __main__, and—if it is—another message is displayed confirming the value of __name__ (i.e., the code associated with the if suite executes):
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Use your editor (or IDLE) to create the dunder.py file, then run the program at a command prompt to see what happens. If you’re on Windows, use this command:
C:\> py -3 dunder.py
If you are on Linux or Mac OS X, use this command:
$ python3 dunder.py
No matter which operating system you’re running, the dunder.py program—when executed directly by Python—produces this output on screen:
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So far, so good.
Now, look what happens when we import the dunder.py file (which, remember, is also a module) into the >>> prompt. We’re showing the output on Linux/Mac OS X here. To do the same thing on Windows, replace python3 (below) with py -3:
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Here’s the bit you need to understand: if your program code is executed directly by Python, an if statement like the one in dunder.py returns True, as the active namespace is __main__. If, however, your program code is imported as a module (as in the Python Shell prompt example above), the if statement always returns False, as the value of __name__ is not __main__, but the name of the imported module (dunder in this case).


Exploiting Dunder Name Dunder Main



Now that you know what dunder name dunder main does, let’s exploit it to solve the problem we have with PythonAnywhere wanting to execute app.run() on our behalf.
It turns out that when PythonAnywhere executes our webapp code, it does so by importing the file that contains our code, treating it like any other module. If the import is successful, PythonAnywhere then calls app.run(). This explains why leaving app.run() at the bottom of our code is such a problem for PythonAnywhere, as it assumes the app.run() call has not been made, and fails to start our webapp when the app.run() call has been made.
To get around this problem, wrap the app.run() call in a dunder name dunder main if statement (which ensures app.run() is never executed when the webapp code is imported).
Edit vsearch4web.py one last time (in this chapter, anyway) and change the final line of code to this:
[image: image with no caption]

This small change lets you continue to execute your webapp locally (where the app.run() line will execute) as well as deploy your webapp to PythonAnywhere (where the app.run() line won’t execute). No matter where your webapp runs, you’ve now got one version of your code that does the right thing.
Deploying to PythonAnywhere (well... almost)



All that remains is for you to perform that actual deployment to PythonAnywhere’s cloud-hosted environment.
Note that, for the purposes of this book, deploying your webapp to the cloud is not an absolute requirement. Despite the fact that we intend to extend vsearch4web.py with additional functionality in the next chapter, you do not need to deploy to PythonAnywhere to follow along. You can happily continue to edit/run/test your webapp locally as we extend it in the next chapter (and beyond).
However, if you really do want to deploy to the cloud, see Appendix B, which provides step-by-step instructions on how to complete the deployment on PythonAnywhere. It’s not hard, and won’t take more than 10 minutes.
Whether you’re deploying to the cloud or not, we’ll see you in the next chapter, where we’ll start to look at some of the options available for saving data from within your Python programs.


Chapter 5’s Code



[image: image with no caption]


Chapter 6. Storing and Manipulating Data: Where to Put Your Data



[image: image with no caption]

Sooner or later, you’ll need to safely store your data somewhere.
And when it comes to storing data, Python has you covered. In this chapter, you’ll learn about storing and retrieving data from text files, which—as storage mechanisms go—may feel a bit simplistic, but is nevertheless used in many problem areas. As well as storing and retrieving your data from files, you’ll also learn some tricks of the trade when it comes to manipulating data. We’re saving the “serious stuff” (storing data in a database) until the next chapter, but there’s plenty to keep us busy for now when working with files.
Doing Something with Your Webapp’s Data



At the moment, your webapp (developed in Chapter 5) accepts input from any web browser (in the form of a phrase and some letters), performs a search4letters call, and then returns any results to the waiting web browser. Once done, your webapp discards any data it has.
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There are a bunch of questions that we could ask of the data our webapp uses. For instance: How many requests have been responded to? What’s the most common list of letters? Which IP addresses are the requests coming from? Which browser is being used the most? and so on, and so forth.
In order to begin answering these (and other) questions, we need to save the webapp’s data as opposed to simply throwing it away. The suggestion above makes perfect sense: let’s log data about each web request, then—once we have the logging mechanism in place—go about answering any questions we have.

Python Supports Open, Process, Close



No matter the programming language, the easiest way to store data is to save it to a text file. Consequently, Python comes with built-in support for open, process, close. This common technique lets you open a file, process its data in some way (reading, writing, and/or appending data), and then close the file when you’re done (which saves your changes).
Here’s how to use Python’s open, process, close technique to open a file, process it by appending some short strings to it, and then close the file. As we’re only experimenting for now, let’s run our code at the Python >>> shell.
Geek Bits
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To access the >>> prompt:
	run IDLE on your computer;

	run the python3 command in a Linux or Mac OS X terminal; or

	use py -3 at a Windows command line.




We start by calling open on a file called todos.txt, using append mode, as our plan is to add data to this file. If the call to open succeeds, the interpreter returns an object (known as a file stream) which is an alias for the actual file. The object is assigned to a variable and given the name todos (although you could use whichever name you wish here):
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The todos variable lets you refer to your file in your code (other programming languages refer to this as a file handle). Now that the file is open, let’s write to it using print. Note how, below, print takes an extra argument (file), which identifies the file stream to write to. We have three things to remember to do (it’s never-ending, really), so we call print three times:
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As we have nothing else to add to our to-do list, let’s close the file by calling the close method, which is made available by the interpreter to every file stream:
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If you forget to call close, you could potentially lose data. Remembering to always call close is important.

Reading Data from an Existing File



Now that you’ve added some lines of data to the todos.txt file, let’s look at the open, process, close code needed to read the saved data from the file and display it on screen.
“Reading” is the “open” function’s default mode.


Rather than opening the file in append mode, this time you are only interested in reading from the file. As reading is open’s default mode, you don’t need to provide a mode argument; the name of the file is all you need here. We’re not using todos as the alias for the file in this code; instead, we’ll refer to the open file by the name tasks (as before, you can use whichever variable name you want to here):
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Let’s now use tasks with a for loop to read each individual line from the file. When we do this, the for loop’s iteration variable (chore) is assigned the current line of data as read from the file. Each iteration assigns a line of data to chore. When you use a file stream with Python’s for loop, the interpreter is smart enough to read a line of data from the file each time the loop iterates. It’s also smart enough to terminate the loop when there’s no more data to read:
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As you are merely reading from an already written-to file, calling close is less critical here than when you are writing data. But it’s always a good idea to close a file when it is no longer needed, so call the close method when you’re done:
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There are no Dumb Questions
	Q:
	Q: What’s the deal with the extra newlines on output? The data in the file is three lines long, but the for loop produced six lines of output on my display. What gives?

	A:
	A: Yes, the for loop’s output does look strange, doesn’t it? To understand what’s happening, consider that the print function appends a newline to everything it displays on screen as its default behavior. When you combine this with the fact that each line in the file ends in a newline character (and the newline is read in as part of the line), you end up printing two newlines: the one from the file together with the one from print. To instruct print not to include the second newline, change print(chore) to print(chore, end=''). This has the effect of suppressing print’s newline-appending behavior, so the extra newlines no longer appear on screen.

	Q:
	Q: What other modes are available to me when I’m working with data in files?

	A:
	A: There are a few, which we’ve summarized in the following Geek Bits box. (That’s a great question, BTW.)






Geek Bits
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The first argument to open is the name of the file to process. The second argument is optional. It can be set to a number of different values, and dictates the mode the file is opened in. Modes include “reading,” “writing,” and “appending.” Here are the most common mode values, where each (except for 'r') creates a new empty file if the file named in the first argument doesn’t already exist:
	'r' Open a file for reading. This is the default mode and, as such, is optional. When no second argument is provided, 'r' is assumed. It is also assumed that the file being read from already exists.

	'w' Open a file for writing. If the file already contains data, empty the file of its data before continuing.

	'a' Open a file for appending. Preserve the file’s contents, adding any new data to the end of the file (compare this behavior to 'w').

	'x' Open a new file for writing. Fail if the file already exists (compare this behavior to 'w' and to 'a').



By default, files open in text mode, where the file is assumed to contain lines of textual data (e.g., ASCII or UTF-8). If you are working with nontextual data (e.g., an image file or an MP3), you can specify binary mode by adding “b” to any of the modes (e.g., 'wb' means “write to a binary data”). If you include “+“ as part of the second argument, the file is opened for reading and writing (e.g., 'x+b' means “read from and write to a new binary file”). Refer to the Python docs for more details on open (including information on its other optional arguments).

[image: image with no caption]

The with statement is more convenient.
Although using the open function together with the close method (with a bit of processing in the middle) works fine, most Python programmers shun open, process, close in favor of the with statement. Let’s take some time to find out why.

A Better Open, Process, Close: “with”



Before we describe why with is so popular, let’s take a look at some code that uses with. Here is the code we wrote (two pages ago) to read in and display the current contents of our todos.txt file. Note that we’ve adjusted the print function call to suppress the extra newline on output:
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Let’s rewrite this code to use a with statement. These next three lines of code use with to perform exactly the same processing as the four lines of code (above):
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Notice anything missing? The call to close does not make an appearance. The with statement is smart enough to remember to call close on your behalf whenever its suite of code ends.
This is actually much more useful than it initially sounds, as lots of programmers often forget to call close when they’re done processing a file. This is not such a big deal when all you’re doing is reading from a file, but when you’re writing to a file, forgetting to call close can potentially cause data loss or data corruption. By relieving you of the need to remember to always call close, the with statement lets you concentrate on what it is you’re actually doing with the data in the open file.
Python supports “open, process, close.” But most Python programmers prefer to use the “with” statement.


The “with” statement manages context



The with statement conforms to a coding convention built into Python called the context management protocol. We’re deferring a detailed discussion of this protocol until later in this book. For now, all you have to concern yourself with is the fact that when you use with when working with files, you can forget about calling close. The with statement is managing the context within which its suite runs, and when you use with and open together, the interpreter cleans up after you, calling close as and when required.
Exercise
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Let’s put what you now know about working with files to use. Here is the current code for your webapp. Give it another read before we tell you what you have to do:
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Your job is to write a new function, called log_request, which takes two arguments: req and res. When invoked, the req argument is assigned the current Flask request object, while the res argument is assigned the results from calling search4letters. The log_request function’s suite should append the value of req and res (as one line) to a file called vsearch.log. We’ve got you started by providing the function’s def line. You are to provide the missing code (hint: use with):
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Exercise Solution
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Your job was to write a new function, called log_request, which takes two arguments: req and res. When invoked, the req argument is assigned the current Flask request object, while the res argument is assigned the results from calling search4letters. The log_request function’s suite should append the value of req and res (as one line) to a file called vsearch.log. We got you started—you were to provide the missing code:
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Invoking the logging function



Now that the log_request function exists, when do we invoke it?
Well, for starters, let’s add the log_request code into the vsearch4web.py file. You can put it anywhere in this file, but we inserted it directly above the do_search function and its associated @app.route decorator. We did this because we’re going to invoke it from within the do_search function, and putting it above the calling function seems like a good idea.
We need to be sure to call log_request before the do_search function ends, but after the results have been returned from the call to search4letters. Here’s a snippet of do_search’s code showing the inserted call:
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A Quick Review



Before taking this latest version of vsearch4web.py for a spin, let’s check that your code is the same as ours. Here’s the entire file, with the latest additions highlighted:
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Take your webapp for a spin...



Start up this version of your webapp (if required) at a command prompt. On Windows, use this command:
C:\webapps> py -3 vsearch4web.py
While on Linux or Mac OS X, use this command:
$ python3 vsearch4web.py
With your webapp up and running, let’s log some data via the HTML form.
Test Drive
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Use your web browser to submit data to it via the webapp’s HTML form. If you want to follow along with what we’re doing, submit three searches using the following values for phrase and letters:
	hitch-hiker with aeiou.

	life, the universe, and everything with aeiou.

	galaxy with xyz.



Before you begin, note that the vsearch.log file does not yet exist.
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Data is logged (behind the scenes)



Each time the HTML form is used to submit data to the webapp, the log_request function saves details of the web request and writes the results to the log file. Immediately after the first search, the vsearch.log file is created in the same folder as your webapp’s code:
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It’s tempting to consider using your text editor to view the vsearch.log file’s contents. But where’s the fun in that? As this is a webapp, let’s provide access to the logged data via the webapp itself. That way, you’ll never have to move away from your web browser when interacting with your webapp’s data. Let’s create a new URL, called /viewlog, which displays the log’s contents on demand.


View the Log Through Your Webapp



You’re going to add support for the /viewlog URL to your webapp. When your webapp receives a request for /viewlog, it should open the vsearch.log file, read in all of its data, and then send the data to the waiting browser.
Most of what you need to do you already know. Start by creating a new @app.route line (we’re adding this code near the bottom of vsearch4web.py, just above the dunder name dunder main line):
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Having decided on the URL, next we’ll write a function to go with it. Let’s call our new function view_the_log. This function won’t take any arguments, and will return a string to its caller; the string will be concatenation of all of the lines of data from the vsearch.log file. Here’s the function’s def line:
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Now to write the function’s suite. You have to open the file for reading. This is the open function’s default mode, so you only need the name of the file as an argument to open. Let’s manage the context within which our file processing code executes using a with statement:
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Within the with statement’s suite, we need to read all the lines from the file. Your first thought might be to loop through the file, reading each line as you go. However, the interpreter provides a read method, which, when invoked, returns the entire contents of the file “in one go.” Here’s the single line of code that does just that, creating a new string called contents:
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With the file read, the with statement’s suite ends (closing the file), and you are now ready to send the data back to the waiting web browser. This is straightforward:
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With everything put together, you now have all the code you need to respond to the /viewlog request; it looks like this:
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Test Drive
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With the new code added and saved, your webapp should automatically reload. You can enter some new searches if you like, but the ones you ran a few pages ago are already logged. Any new searches you perform will be appended to the log file. Let’s use the /viewlog URL to take a look at what’s been saved. Type http://127.0.0.1:5000/viewlog into your browser’s address bar.
Here’s what we saw when we used Safari on Mac OS X (we also checked Firefox and Chrome, and got the same output):
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Where to start when things go wrong with your output



When your output doesn’t quite match what you were expecting (which is the case above), it’s best to start by checking exactly what data the webapp sent you. It’s important to note that what’s just appeared on screen is a rendering (or interpretation) of the webapp’s data as performed by your web browser. All the major browsers allow you to view the raw data received with no rendering applied. This is known as the source of the page, and viewing it can be a useful debugging aid, as well as a great first step toward understanding what’s going on here.
If you are using Firefox or Chrome, right-click on your browser window and select View Page Source from the pop-up menu to see the raw data as sent by your webapp. If you are running Safari, you’ll first need to enable the developer options: open up Safari’s preferences, then switch on the Show Develop menu in the menu bar option at the bottom of the Advanced tab. Once you do this, you can return to your browser window, right-click, and then select Show Page Source from the pop-up menu. Go ahead and view the raw data now, then compare it to what we got (on the next page).


Examine the Raw Data with View Source



Remember, the log_request function saves two pieces of data for each web request it logs: the request object as well as the results of the call to search4letters. But when you view the log (with /viewlog), you’re only seeing the results data. Does viewing the source (i.e., the raw data returned from the webapp) offer any clue as to what happened to the request object?
Here’s what we saw when we used Firefox to view the raw data. The fact that each request object’s output is colored red is another clue that something is amiss with our log data:
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The explanation as to why the request data is not rendering is subtle, and the fact that Firefox has highlighted the request data in red helps in understanding what’s going on. It appears there’s nothing wrong with the actual request data. However, it seems that the data enclosed in angle brackets (< and >) is upsetting the browser. When browsers see an opening angle bracket, they treat everything between that bracket and the matching closing angle bracket as an HTML tag. As <Request> is not a valid HTML tag, modern browsers simply ignore it and refuse to render any of the text between the brackets, which is what’s happening here. This solves the mystery of the disappearing request data. But we still want to be able to see this data when we view the log using /viewlog.
What we need to do is somehow tell the browser not to treat the angle brackets surrounding the request object as an HTML tag, but treat them as plain-text instead. As luck would have it, Flask comes with a function that can help.

It’s Time to Escape (Your Data)



When HTML was first created, its designers knew that some web page designers would want to display angle brackets (and the other characters that have special meaning to HTML). Consequently, they came up with the concept known as escaping: encoding HTML’s special characters so that they could appear on a webpage but not be interpreted as HTML. A series of translations were defined, one for each special character. It’s a simple idea: a special character such as < is defined as &lt;, while > is defined as &gt;. If you send these translations instead of the raw data, your web browser does the right thing: it displays < and > as opposed to ignoring them, and displays all the text between them.
Geek Bits
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Flask’s Markup object is text that has been marked as being safe within an HTML/XML context. Markup inherits from Python’s built-in unicode string, and can be used anywhere you’d use a string.

Flask includes a function called escape (which is actually inherited from Jinja2). When provided with some raw data, escape translates the data into its HTML- escaped equivalent. Let’s experiment with escape at the Python >>> prompt to get a feel for how it works.
Begin by importing the escape function from the flask module, then call escape with a string containing none of the special characters:
[image: image with no caption]

The escape function returns is a Markup object, which—for all intents and purposes—behaves just like a string. When you pass escape a string containing any of HTML’s special characters, the translation is done for you, as shown:
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As in the previous example (above), you can also treat this markup object as if it’s a regular string.
If we can somehow arrange to call escape on the data in the log file, we should be able to solve the problem we currently have with the nondisplay of the request data. This should not be hard, as the log file is read “in one go” by the view_the_log function before being returned as a string:
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To solve our problem, all we need to do is call escape on contents.

Viewing the Entire Log in Your Webapp



The change to your code is trivial, but makes a big difference. Add escape to the import list for the flask module (at the top of your program), then call escape on the string returned from calling the join method:
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Test Drive
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Amend your program to import and call escape as shown above, then save your code (so that your webapp reloads). Next, reload the /viewlog URL in your browser. All of your log data should now appear on screen. Be sure to view the HTML source to confirm that the escaping is working. Here’s what we saw when we tested this version of our webapp with Chrome:
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Learning More About the Request Object



The data in the log file relating to the web request isn’t really all that useful. Here’s an example of what’s currently logged; although each logged result is different, each logged web request is showing up as exactly the same:
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We’re logging the web request at the object level, but really need to be looking inside the request and logging some of the data it contains. As you saw earlier in this book, when you need to learn what something in Python contains, you feed it to the dir built-in to see a list of its methods and attributes.
Let’s make a small adjustment to the log_request function to log the output from calling dir on each request object. It’s not a huge change...rather than passing the raw req as the first argument to print, let’s pass in a stringified version of the result of calling dir(req). Here’s the new version of log_request with the change highlighted:
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Exercise
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Let’s try out this new logging code to see what difference it makes. Perform the following steps:
	Amend your copy of log_request to match ours.

	Save vsearch4log.py in order to restart your webapp.

	Find and delete your current vsearch.log file.

	Use your browser to enter three new searches.

	View the newly created log using the /viewlog URL.



Now: have a good look at what appears in your browser. Does what you now see help at all?

Test Drive
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Here’s what we saw after we worked through the five steps from the bottom of the last page. We’re using Safari (although every other browser shows the same thing):
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What’s all this, then?



You can just about pick out the logged results in the above output. The rest of the output is the result of calling dir on the request object. As you can see, each request has a lot of methods and attributes associated with it (even when you ignore the dunders and wonders). It makes no sense to log all of these attributes.
We took a look at all of these attributes, and decided that there are three that we think are important enough to log:
	req.form: The data posted from the webapp’s HTML form.

	req.remote_addr: The IP address the web browser is running on.

	req.user_agent: The identity of the browser posting the data.



Let’s adjust log_request to log these three specific pieces of data, in addition to the results of the call to search4letters.


Logging Specific Web Request Attributes



As you now have four data items to log—the form details, the remote IP address, the browser identity, and the results of the call to search4letters—a first attempt at amending log_request might result in code that looks like this, where each data item is logged with its own print call:
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This code works, but it has a problem in that each print call appends a newline character by default, which means there are four lines being logged per web request. Here’s what the data would look like if the log file used the above code:
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There’s nothing inherently wrong with this as a strategy (as the logged data is easy for us humans to read). However, consider what you’d have to do when reading this data into a program: each logged web request would require four reads from the log file—one for each line of logged data. This is in spite of the fact that the four lines of data refer to one single web request. As a strategy, this approach seems wasteful. It would be much better if the code only logged one line per web request.

Log a Single Line of Delimited Data



A better logging strategy may be to write the four pieces of data as one line, while using an appropriately selected delimiter to separate one data item from the next.
Choosing a delimiter can be tricky, as you don’t want to choose a character that might actually occur in the data you’re logging. Using the space character as a delimiter is next to useless (as the logged data contains lots of spaces), and even using colon (:), comma (,), and semicolon (;) may be problematic given the data being logged. We checked with the programmers over at Head First Labs, and they suggested using a vertical bar (|) as a delimiter: it’s easy for us humans to spot, and it’s unlikely to be part of the data we log. Let’s go with this suggestion and see how we get on.
Geek Bits
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Think of a delimiter as a sequence of one or more characters performing the role of a boundary within a line of text. The classic example is the comma character (,) as used in CSV files.

As you saw earlier, we can adjust print’s default behavior by providing additional arguments. In addition to the file argument, there’s the end argument, which allows you to specify an alternate end-of-line value over the default newline.
Let’s amend log_request to use a vertical bar as the end-of-line value, as opposed to the default newline:
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This works as expected: each web request now results in a single line of logged data, with a vertical bar delimiting each logged data item. Here’s what the data looks like in our log file when we used this amended version of log_request:
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One Final Change to Our Logging Code



Working with overly verbose code is a pet peeve of many Python programmers. Our most recent version of log_request works fine, but it’s more verbose than it needs to be. Specifically, it feels like overkill to give each item of logged data its own print statement.
The print function has another optional argument, sep, which allows you to specify a separation value to be used when printing multiple values in a single call to print. By default, sep is set to a single space character, but you can use any value you wish. In the code that follows, the four calls to print (from the last page) have been replaced with a single print call, which takes advantage of the sep argument, setting it to the vertical bar character. In doing so, we negate the need to specify a value for end as the print’s default end-of-line value, which is why all mentions of end have been removed from this code:
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[image: image with no caption]

Yes, this line breaks a PEP 8 guideline.
Some Python programmers frown at this last line of code, as the PEP 8 standard specifically warns against lines longer than 79 characters. At 80 characters, our line of code is pushing this guideline a little, but we think it’s a reasonable trade-off given what we’re doing here.
Remember: strict adherence to PEP 8 is not an absolute must, as PEP 8 is a style guide, not an unbreakable set of rules. We think we’re good to go.
Exercise
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Let’s see what difference this new code makes. Adjust your log_request function to look like this:
def log_request(req: 'flask_request', res: str) -> None:
    with open('vsearch.log', 'a') as log:
        print(req.form, req.remote_addr, req.user_agent, res, file=log, sep='|')
Then perform these four steps:
	Save vsearch4log.py (which restarts your webapp).

	Find and delete your current vsearch.log file.

	Use your browser to enter three new searches.

	View the newly created log using the /viewlog URL.



Have another good look at your browser display. Is this better than before?

Test Drive
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Having completed the four steps detailed in the above exercise, we ran our latest tests using Chrome. Here’s what we saw on screen:
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From Raw Data to Readable Output



The data displayed in the browser window is in its raw form. Remember, we perform HTML escaping on the data as read in from the log file but do nothing else before sending the string to the waiting web browser. Modern web browsers will receive the string, remove any unwanted whitespace characters (such as extra spaces, newlines, and so on), then dump the data to the window. This is what’s happening during our Test Drive. The logged data—all of it—is visible, but it’s anything but easy to read. We could consider performing further text manipulations on the raw data (in order to make the output easier to read), but a better approach to producing readable output might be to manipulate the raw data in such a way as to turn it into a table:
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If our webapp could perform this transformation, then anyone could view the log data in their web browser and likely make sense of it.

Does This Remind You of Anything?



Take another look at what you are trying to produce. To save on space, we’re only showing the top portion of the table shown on the previous page. Does what you’re trying to produce here remind you of anything from earlier in this book?
	Form Data
	Remote_addr
	User_agent
	Results

	ImmutableMultiDict([(‘phrase’, ‘hitch-hiker’), (‘letters’, ‘aeiou’)])
	127.0.0.1
	Mozilla/5.0 (Macintosh; Intel Mac OS X 10_11_2) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526 .106 Safari/537.36
	{‘e’, ‘i’}
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Yes. That does look like something we’ve seen before.
At the end of Chapter 3, recall that we took the table of data below and transformed it into a complex data structure—a dictionary of dictionaries:
	Name
	Gender
	Occupation
	Home Planet

	Ford Prefect
	Male
	Researcher
	Betelgeuse Seven

	Arthur Dent
	Male
	Sandwich-Maker
	Earth

	Tricia McMillan
	Female
	Mathematician
	Earth

	Marvin
	Unknown
	Paranoid Android
	Unknown



The shape of this table is similar to what we’re hoping to produce above, but is a dictionary of dictionaries the right data structure to use here?

Use a Dict of Dicts...or Something Else?



The table of data from Chapter 3 fit the dictionary of dictionaries model because it allowed you to quickly dip into the data structure and extract specific data. For instance, if you wanted to know Ford Prefect’s home planet, all you had to do was this:
[image: image with no caption]

When it comes to randomly accessing a data structure, nothing beats a dictionary of dictionaries. However, is this what we want for our logged data?
Let’s consider what we currently have.
Take a closer look at the logged data



Remember, every logged line contains four pieces of data, each separated by vertical bars: the HTML form’s data, the remote IP address, the identity of the web browser, and the results of the call to search4letters.
Here’s a sample line of data from our vsearch.log file with each of the vertical bars highlighted:
[image: image with no caption]

When the logged data is read from the vsearch.log file, it arrives in your code as a list of strings thanks to our use of the readlines method. Because you probably won’t need to randomly access individual data items from the logged data, converting the data to a dictionary of dictionaries seems like a bad move. However, you need to process each line in order, as well as process each individual data item within each line in order. You already have a list of strings, so you’re half- way there, as it’s easy to process a list with a for loop. However, the line of data is currently one string, and this is the issue. It would be easier to process each line if it were a list of data items, as opposed to one large string. The question is: is it possible to convert a string to a list?


What’s Joined Together Can Be Split Apart



You already know that you can take a list of strings and convert them to a single string using the “join trick.” Let’s show this once more at the >>> prompt:
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Thanks to the “join trick,” what was a list of strings is now a single string, with each list item separated from the next by a vertical bar (in this case). You can reverse this process using the split method, which comes built in to every Python string:
[image: image with no caption]

Getting to a list of lists from a list of strings



Now that you have the split method in your coding arsenal, let’s return to the data stored in the log file and consider what needs to happen to it. At the moment, each individual line in the vsearch.log file is a string:
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Your code currently reads all the lines from vsearch.log into a list of strings called contents. Shown here are the last three lines of code from the view_the_log function, which read the data from the file and produce the large string:
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The last line of the view_the_log function takes the list of strings in contents and concatenates them into one large string (thanks to join). This single string is then returned to the waiting web browser.
If contents were a list of lists instead of a list of strings, it would open up the possibility of processing contents in order using a for loop. It should then be possible to produce more readable output than what we’re currently seeing on screen.


When Should the Conversion Occur?



At the moment, the view_the_log function reads all the data from the log file into a list of strings (called contents). But we’d rather have the data as a list of lists. The thing is, when’s the “best time” to do this conversion? Should we read in all the data into a list of strings, then convert it to a list of lists “as we go,” or should we build the list of lists while reading in each line of data?
[image: image with no caption]

The fact that the data is already in contents (thanks to our use of the readlines method) shouldn’t blind us to the fact that we’ve already looped through the data once at this point. Invoking readlines may only be a single call for us, but the interpreter (while executing readlines) is looping through the data in the file. If we then loop through the data again (to convert the strings to lists), we’re doubling the amount of looping that’s occurring. This isn’t a big deal when there’s only a handful of log entries...but it might be an issue when the log grows in size. The bottom line is this: if we can make do by only looping once, then let’s do so!

Processing Data: What We Already Know



Earlier in this chapter, you saw three lines of Python code that processed the lines of data in the todos.txt file:
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You’ve also seen the split method, which takes a string and converts it to a list of strings based on some delimiter (defaulting to a space, if none is provided). In our data, the delimiter is a vertical bar. Let’s assume that a line of logged data is stored in a variable called line. You can turn the single string in line into a list of four individual strings—using the vertical bar as the delimiter—with this line of code:
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As you can never be sure whether the data you’re reading from the log file is free of any characters that have special meaning to HTML, you’ve also learned about the escape function. This function is provided by Flask, and converts any string’s HTML special characters into their equivalent escaped values:
[image: image with no caption]

And, starting way back in Chapter 2, you learned that you can create a new list by assigning an empty list to it ([]). You also know that you can assign values to the end of an existing list by calling the append method, and that you can access the last item in any list using the [-1] notation:
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Armed with this knowledge, see if you can complete the exercise on the next page.
Sharpen your Pencil
[image: image with no caption]

Here is the view_the_log function’s current code:
@app.route('/viewlog')
def view_the_log() -> str:
    with open('vsearch.log') as log:
       contents = log.readlines()
    return escape(''.join(contents))
This code reads the data from the log file into a list of strings. Your job is to convert this code to read the data into a list of lists.
Make sure that the data written to the list of lists is properly escaped, as you do not want any HTML special characters sneaking through.
Also, ensure that your new code still returns a string to the waiting web browser.
We’ve got you started—fill in the missing code:
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Note
Take your time here. Feel free to experiment at the >>> shell as needed, and don’t worry if you get stuck—it’s OK to flip the page and look at the solution.


Sharpen your Pencil Solution
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Here is the view_the_log function’s code:
@app.route('/viewlog')
def view_the_log() -> str:
    with open('vsearch.log') as log:
       contents = log.readlines()
    return escape(''.join(contents))
Your job was to convert this code to read the data into a list of lists.
You were to ensure that the data written to the list of lists is properly escaped, as you do not want any HTML special characters sneaking through.
You were also to ensure that your new code still returns a string to the waiting web browser.
We’d started for you, and you were to fill in the missing code:
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Don’t worry if this line of code from the above rewrite of the view_the_log function has your head spinning:
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The trick to understanding this (initially daunting) line is to read it from the inside out, and from right to left. You start with the item from the enclosing for loop, which gets passed to escape. The resulting string is then appended to the list at the end ([-1]) of contents. Remember: contents is itself a list of lists.
Test Drive
[image: image with no caption]

Go ahead and change your view_the_log function to look like this:
@app.route('/viewlog')
def view_the_log() -> 'str':
    contents = []
    with open('vsearch.log') as log:
        for line in log:
            contents.append([])
            for item in line.split('|'):
                contents[-1].append(escape(item))
    return str(contents)
Save your code (which causes your webapp to reload), then reload the /viewlog URL in your browser. Here’s what we saw in ours:
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Take a closer look at the output



At first glance, the output produced by this new version of view_the_log looks very similar to what you had before. But it isn’t: this new output is a list of lists, not a list of strings. This a crucial change. If you can now arrange to process contents using an appropriately designed Jinja2 template, you should be able to get pretty close to the readable output required here.


Generate Readable Output With HTML



Recall that our goal is to produce output that looks better on screen than the raw data from the last page. To that end, HTML comes with a set of tags for defining the content of tables, including: <table>, <th>, <tr>, and <td>. With this in mind, let’s take another look at the top portion of the table we’re hoping to produce once more. It has one row of data for each line in the log, arranged as four columns (each with a descriptive title).
You could put the entire table within an HTML <table> tag, with each row of data having its own <tr> tag. The descriptive titles each get <th> tags, while each piece of raw data gets its own <td> tag:
Geek Bits
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Here’s a quick review of the HTML table tags:
	<table>: A table.

	<tr>: A row of table data.

	<th>: A table column heading.

	<td>: A table data item (cell).



Each tag has a corresponding end tag: </table>, </tr>, </th>, and </td>.

[image: image with no caption]

Whenever you find yourself needing to generate any HTML (especially a <table>), remember Jinja2. The Jinja2 template engine is primarily designed to generate HTML, and the engine contains some basic programming constructs (loosely based on Python syntax) that you can use to “automate” any required display logic you might need.
In the last chapter, you saw how the Jinja2 {{ and }} tags, as well as the {% block %} tag, allow you to use variables and blocks of HTML as arguments to templates. It turns out the {% and %} tags are much more general, and can contain any Jinja2 statement, with one of the supported statements being a for loop construct. On the next page you’ll find a new template that takes advantage of Jinja2’s for loop to build the readable output from the list of lists contained in contents.

Embed Display Logic in Your Template



Below is a new template, called viewlog.html, which can be used to transform the raw data from the log file into an HTML table. The template expects the contents list of lists to be one of its arguments. We’ve highlighted the bits of this template we want you to concentrate on. Note that Jinja2’s for loop construct is very similar to Python’s. There are two major differences:
	There’s no need for a colon (:) at the end of the for line (as the %} tag acts as a delimiter).

	The loop’s suite is terminated with {% endfor %}, as Jinja2 doesn’t support indentation (so some other mechanism is required).



Note
You don’t have to create this template yourself. Download it from http://python.itcarlow.ie/ed2/.

As you can see, the first for loop expects to find its data in a variable called the_row_titles, while the second for loop expects its data in something called the_data. A third for loop (embedded in the second) expects its data to be a list of items:
Ready Bake Code
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Be sure to place this new template in your webapp’s templates folder prior to use.


Producing Readable Output with Jinja2



As the viewlog.html template inherits from base.html, you need to remember to provide a value for the the_title argument and provide a list of column headings (the descriptive titles) in the_row_titles. And don’t forget to assign contents to the the_data argument.
The view_the_log function currently looks like this:
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You need to call render_template on viewlog.html, and pass it values for each of the three arguments it expects. Let’s create a tuple of descriptive titles and assign it to the_row_titles, then assign the value of contents to the_data. We’ll also provide an appropriate value for the_title before rendering the template.
Remember: a tuple is a read-only list.


With all of that in mind, let’s amend view_the_log (we’ve highlighted the changes):
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Go ahead and make these changes to your view_the_log function and then save them so that Flask restarts your webapp. When you’re ready, view the log within your browser using the http://127.0.0.1:5000/viewlog URL.
Test Drive
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Here’s what we saw when we viewed the log using our updated webapp. The page has the same look and feel as all our other pages, so we are confident that our webapp is using the correct template.
We’re pretty pleased with the result (and we hope you are too), as this looks very similar to what we were hoping to achieve: readable output.
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If you view the source of the above page—right-click on the page, then choose the appropriate option from the pop-up menu—you’ll see that every single data item from the log is being given its own <td> tag, each line of data has its own <tr> tag, and the entire table is within a HTML <table>.


The Current State of Our Webapp Code



Let’s pause for a moment and review our webapp’s code. The addition of the logging code (log_request and view_the_log) has added to our webapp’s codebase, but everything still fits on a single page. Here’s the code for vsearch4web.py displayed in an IDLE edit window (which lets you review the code in all its syntax-highlighted glory):
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Asking Questions of Your Data



Our webapp’s functionality is shaping up nicely, but are we any closer to answering the questions posed at the start of this chapter: How many requests have been responded to? What’s the most common list of letters? Which IP addresses are the requests coming from? Which browser is being used the most?
The last two questions can be somewhat answered by the output displayed by the /viewlog URL. You can tell where the requests are coming from (the Remote_addr column), as well as see which web browser is being used (the User_agent column). But, if you want to calculate which of the major browsers is used most by users of your site, that’s not so easy. Simply looking at the displayed log data isn’t enough; you’ll have to perform additional calculations.
The first two questions cannot be easily answered either. It should be clear that further calculations must be performed here, too.
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Only write more code when you have to.
If all we had available to us was Python, then, yes, we’d need to write a lot more code to answer these questions (and any others that might arise). After all, it’s fun to write Python code, and Python is also great at manipulating data. Writing more code to answer our questions seems like a no-brainer, doesn’t it?
Well...other technologies exist that make it easy to answer the sort of questions we’re posing without us having to write much more Python code. Specifically, if we could save the log data to a database, we could take advantage of the power of the database’s querying technology to answer almost any question that might arise.
In the next chapter, you’ll see what’s involved in amending your webapp to log its data to a database as opposed to a text file.

Chapter 6’s Code



[image: image with no caption]


Chapter 7. Using a Database: Putting Python’s DB-API to Use



[image: image with no caption]

Storing data in a relational database system is handy.
In this chapter, you’ll learn how to write code that interacts with the popular MySQL database technology, using a generic database API called DB-API. The DB-API (which comes standard with every Python install) allows you to write code that is easily transferred from one database product to the next...assuming your database talks SQL. Although we’ll be using MySQL, there’s nothing stopping you from using your DB-API code with your favorite relational database, whatever it may be. Let’s see what’s involved in using a relational database with Python. There’s not a lot of new Python in this chapter, but using Python to talk to databases is a big deal, so it’s well worth learning.
Database-Enabling Your Webapp



The plan for this chapter is to get to the point where you can amend your webapp to store its log data in a database, as opposed to a text file, as was the case in the last chapter. The hope is that in doing so, you can then provide answers to the questions posed in the last chapter: How many requests have been responded to? What’s the most common list of letters? Which IP addresses are the requests coming from? Which browser is being used the most?
To get there, however, we need to decide on a database system to use. There are lots of choices here, and it would be easy to take a dozen pages or so to present a bunch of alternative database technologies while exploring the pluses and minuses of each. But we’re not going to do that. Instead, we’re going to stick with a popular choice and use MySQL as our database technology.
Having selected MySQL, here are the four tasks we’ll work through over the next dozen pages:
	Install the MySQL server

	Install a MySQL database driver for Python

	Create our webapp’s database and tables

	Create code to work with our webapp’s database and tables



With these four tasks complete, we’ll be in a position to amend the vsearch4web.py code to log to MySQL as opposed to a text file. We’ll then use SQL to ask and— with luck—answer our questions.
There are no Dumb Questions
	Q:
	Q: Do we have to use MySQL here?

	A:
	A: If you want to follow along with the examples in the remainder of this chapter, the answer is yes.

	Q:
	Q: Can I use MariaDB instead of MySQL?

	A:
	A: Yes. As MariaDB is a clone of MySQL, we have no issue with you using MariaDB as your database system instead of the “official” MySQL. (In fact, over at Head First Labs, MariaDB is a favorite among the DevOps team.)

	Q:
	Q: What about PostgreSQL? Can I use that?

	A:
	A: Emm, eh...yes, subject to the following caveat: if you are already using PostgreSQL (or any other SQL-based database management system), you can try using it in place of MySQL. However, note that this chapter doesn’t provide any specific instructions related to PostgreSQL (or anything else), so you may have to experiment on your own when something we show you working with MySQL doesn’t work in quite the same way with your chosen database. There’s also the standalone, single-user SQLite, which comes with Python and lets you work with SQL without the need for a separate server. That said, which database technology you use very much depends on what you’re trying to do.







Task 1: Install the MySQL Server



If you already have MySQL installed on your computer, feel free to move on to Task 2.
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	Install MySQL on your computer.
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	Install a MySQL Python driver.
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	Create the database and tables.
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	Create code to read/write data.



Note
We’ll check off each completed task as we work through them.

How you go about installing MySQL depends on the operating system you’re using. Thankfully, the folks behind MySQL (and its close cousin, MariaDB) do a great job of making the installation process straightforward.
If you’re running Linux, you should have no trouble finding mysql-server (or mariadb-server) in your software repositories. Use your software installation utility (apt, aptitude, rpm, yum, or whatever) to install MySQL as you would any other package.
If you’re running Mac OS X, we recommend installing Homebrew (find out about Homebrew here: http://brew.sh), then using it to install MariaDB, as in our experience this combination works well.
For all other systems (including all the various Windows versions), we recommend you install the Community Edition of the MySQL server, available from:
http://dev.mysql.com/downloads/mysql/
Or, if you want to go with MariaDB, check out:
https://mariadb.org/download/
[image: image with no caption]

Be sure to read the installation documentation associated with whichever version of the server your download and install.
[image: image with no caption]

Don’t worry if this is new to you.
We don’t expect you to be a MySQL whiz-kid while working through this material. We’ll provide you with everything you need in order to get each of our examples to work (even if you’ve never used MySQL before).
If you want to take some time to learn more, we recommended Lynn Beighley’s excellent Head First SQL as a wonderful primer.

Introducing Python’s DB-API



With the database server installed, let’s park it for a bit, while we add support for working with MySQL into Python.
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	Install MySQL on your computer.
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	Install a MySQL Python driver.
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	Create the database and tables.
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	Create code to read/write data.



Out of the box, the Python interpreter comes with some support for working with databases, but nothing specific to MySQL. What’s provided is a standard database API (application programmer interface) for working with SQL-based databases, known as DB-API. What’s missing is the driver to connect the DB-API up to the actual database technology you’re using.
The convention is that programmers use the DB-API when interacting with any underlying database using Python, no matter what that database technology happens to be. They do that because the driver shields programmers from having to understand the nitty-gritty details of interacting with the database’s actual API, as the DB-API provides an abstract layer between the two. The idea is that, by programming to the DB-API, you can replace the underlying database technology as needed without having to throw away any existing code.
Geek Bits
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Python’s DB-API is defined in PEP 0247. That said, don’t feel the need to run off and read this PEP, as it’s primarily designed to be used as a specification by database driver implementers (as opposed to being a how-to tutorial).

We’ll have more to say about the DB-API later in this chapter. Here’s a visualization of what happens when you use Python’s DB-API:
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Some programmers look at this diagram and conclude that using Python’s DB-API must be hugely inefficient. After all, there are two layers of technology between your code and the underlying database system. However, using the DB-API allows you to swap out the underlying database as needed, avoiding any database “lock-in,” which occurs when you code directly to a database. When you also consider that no two SQL dialects are the same, using DB-API helps by providing a higher level of abstraction.

Task 2: Install a MySQL Database Driver for Python
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	Install MySQL on your computer.
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	Install a MySQL Python driver.
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	Create the database and tables.
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	Create code to read/write data.



Anyone is free to write a database driver (and many people do), but it is typical for each database manufacturer to provide an official driver for each of the programming languages they support. Oracle, the owner of the MySQL technologies, provides the MySQL-Connector/Python driver, and that’s what we propose to use in this chapter. There’s just one problem: MySQL-Connector/Python can’t be installed with pip.
Does that mean we’re out of luck when it comes to using MySQL-Connector/Python with Python? No, far from it. The fact that a third-party module doesn’t use the pip machinery is rarely a show-stopper. All we need to do is install the module “by hand”—it’s a small amount of extra work (over using pip), but not much.
Let’s install the MySQL-Connector/Python driver by hand (bearing in mind there are other drivers available, such as PyMySQL; that said, we prefer MySQL-Connector/Python, as it’s the officially supported driver provided by the makers of MySQL).
Begin by visiting the MySQL-Connector/Python download page: https://dev.mysql.com/downloads/connector/python/. Landing on this web page will likely preselect your operating system from the Select Platform drop-down menu. Ignore this, and adjust the selection drop-down to read Platform Independent, as shown here:
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Then, go ahead and click either of the Download buttons (typically, Windows users should download the ZIP file, whereas Linux and Mac OS X users can download the GZ file). Save the downloaded file to your computer, then double-click on the file to expand it within your download location.

Install MySQL-Connector/Python



With the driver downloaded and expanded on your computer, open a terminal window in the newly created folder (if you’re on Windows, open the terminal window with Run as Administrator).
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	Install MySQL on your computer.
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	Install a MySQL Python driver.
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	Create code to read/write data.



On our computer, the created folder is called mysql-connector-python-2.1.3 and was expanded in our Downloads folder. To install the driver into Windows, issue this command from within the mysql-connector-python-2.1.3 folder:
py -3 setup.py install
On Linux or Mac OS X, use this command instead:
sudo -H python3 setup.py install
No matter which operating system you’re using, issuing either of the above commands results in a collection of messages appearing on screen, which should look similar to these:
[image: image with no caption]

When you install a module with pip, it runs though this same process, but hides these messages from you. What you’re seeing here is the status messages that indicate that the installation is proceeding smoothly. If something goes wrong, the resulting error message should provide enough information to resolve the problem. If all goes well with the installation, the appearance of these messages is confirmation that MySQL-Connector/Python is ready to be used.
There are no Dumb Questions
	Q:
	Q: Should I worry about that “Not Installing C Extension” message?

	A:
	A: No. Third-party modules sometimes include embedded C code, which can help improve computationally intensive processing. However, not all operating systems come with a preinstalled C compiler, so you have to specifically ask for the C extension support to be enabled when installing a module (should you decide you need it). When you don’t ask, the third-party module installation machinery uses (potentially slower) Python code in place of the C code. This allows the module to work on any platform, regardless of the existence of a C compiler. When a third-party module uses Python code exclusively, it is referred to as being written in “pure Python.” In the example above, we’ve installed the pure Python version of the MySQL-Connector/Python driver.







Task 3: Create Our Webapp’s Database and Tables



You now have the MySQL database server and the MySQL-Connector/Python driver installed on your computer. It’s time for Task 3, which involves creating the database and the tables required by our webapp.
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	Create code to read/write data.



To do this, you’re going to interact with the MySQL server using its command-line tool, which is a small utility that you start from your terminal window. This tool is known as the MySQL console. Here’s the command to start the console, logging in as the MySQL database administrator (which uses the root user ID):
mysql -u root -p
If you set an administrator password when you installed the MySQL server, type in that password after pressing the Enter key. Alternatively, if you have no password, just press the Enter key twice. Either way, you’ll be taken to the console prompt, which looks like this (on the left) when using MySQL, or like this (on the right) when using MariaDB:
mysql>                                   MariaDB [None]>
Any commands you type at the console prompt are delivered to the MySQL server for execution. Let’s start by creating a database for our webapp. Remember: we want to use the database to store logging data, so the database’s name should reflect this purpose. Let’s call our database vsearchlogDB. Here’s the console command that creates our database:
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The console responds with a (rather cryptic) status message: Query OK, 1 row affected (0.00 sec). This is the console’s way of letting you know that everything is golden.
Let’s create a database user ID and password specifically for our webapp to use when interacting with MySQL as opposed to using the root user ID all the time (which is regarded as bad practice). This next command creates a new MySQL user called vsearch, uses “vsearchpasswd” as the new user’s password, and gives the vsearch user full rights to the vsearchlogDB database:
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A similar Query OK status message should appear, which confirms the creation of this user. Let’s now log out of the console using this command:
mysql> quit
You’ll see a friendly Bye message from the console before being returned to your operating system.

Decide on a Structure for Your Log Data



Now that you’ve created a database to use with your webapp, you can create any number of tables within that database (as required by your application). For our purposes, a single table will suffice here, as all we need to store is the data relating to each logged web request.
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	Create code to read/write data.



Recall how we stored this data in a text file in the previous chapter, with each line in the vsearch.log file conforming to a specific format:
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At the very least, the table you create needs five fields: for the phrase, letters, IP address, browser string, and result values. But let’s also include two other fields: a unique ID for each logged request, as well as a timestamp that records when the request was logged. As these two latter fields are so common, MySQL provides an easy way to add this data to each logged request, as shown at the bottom of this page.
You can specify the structure of the table you want to create within the console. Before doing so, however, let’s log in as our newly created vsearch user using this command (and supplying the correct password after pressing the Enter key):
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Here’s the SQL statement we used to create the required table (called log). Note that the -> symbol is not part of the SQL statement, as it’s added automatically by the console to indicate that it expects more input from you (when your SQL runs to multiple lines). The statement ends (and executes) when you type the terminating semicolon character, and then press the Enter key:
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Confirm Your Table Is Ready for Data



With the table created, we’re done with Task 3.
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Let’s confirm at the console that the table has indeed been created with the structure we require. While still logged into the MySQL console as user vsearch, issue the describe log command at the prompt:
mysql> describe log;
+----------------+--------------+------+-----+-------------------+----------------+
| Field          | Type         | Null | Key | Default           | Extra          |
+----------------+--------------+------+-----+-------------------+----------------+
| id             | int(11)      | NO   | PRI | NULL              | auto_increment |
| ts             | timestamp    | NO   |     | CURRENT_TIMESTAMP |                |
| phrase         | varchar(128) | NO   |     | NULL              |                |
| letters        | varchar(32)  | NO   |     | NULL              |                |
| ip             | varchar(16)  | NO   |     | NULL              |                |
| browser_string | varchar(256) | NO   |     | NULL              |                |
| results        | varchar(64)  | NO   |     | NULL              |                |
+----------------+--------------+------+-----+-------------------+----------------+
And there it is: proof that the log table exists and has a structure that fits with our web application’s logging needs. Type quit to exit the console (as you are done with it for now).
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Yes, that’s one possibility.
There’s nothing stopping you from manually typing a bunch of SQL INSERT statements into the console to manually add data to your newly created table. But remember: we want our webapp to add our web request data to the log table automatically, and this applies to INSERT statements, too.
To do this, we need to write some Python code to interact with the log table. And to do that, we need to learn more about Python’s DB-API.
DB-API Up Close, 1 of 3
[image: image with no caption]

Recall the diagram from earlier in this chapter that positioned Python’s DB-API in relation to your code, your chosen database driver, and your underlying database system:
[image: image with no caption]

The promise of using DB-API is that you can replace the driver/database combination with very minor modifications to your Python code, so long as you limit yourself to only using the facilities provided by the DB-API.
Let’s review what’s involved in programming to this important Python standard. We are going to present six steps here.
DB-API Step 1: Define your connection characteristics
There are four pieces of information you need when connecting to MySQL: (1) the IP address/name of the computer running the MySQL server (known as the host), (2) the user ID to use, (3) the password associated with the user ID, and (4) the name of the database the user ID wants to interact with.
The MySQL-Connector/Python driver allows you to put these connection characteristics into a Python dictionary for ease of use and ease of reference. Let’s do that now by typing the code in this Up Close into the >>> prompt. Be sure to follow along on your computer. Here’s a dictionary (called dbconfig) that associates the four required “connection keys” with their corresponding values:
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DB-API Step 2: Import your database driver
With the connection characteristics defined, it’s time to import our database driver:
[image: image with no caption]

This import makes the MySQL-specific driver available to the DB-API.
DB-API Step 3: Establish a connection to the server
Let’s establish a connection to the server by using the DB-API’s connect function to establish our connection. Let’s save a reference to the connection in a variable called conn. Here’s the call to connect, which establishes the connection to the MySQL database server (and creates conn):
[image: image with no caption]

Note the strange ** that precedes the single argument to the connect function. (If you’re a C/C++ programmer, do not read ** as “a pointer to a pointer,” as Python has no notion of pointers.) The ** notation tells the connect function that a dictionary of arguments is being supplied in a single variable (in this case dbconfig, the dictionary you just created). On seeing the **, the connect function expands the single dictionary argument into four individual arguments, which are then used within the connect function to establish the connection. (You’ll see more of the ** notation in a later chapter; for now, just use it as is.)
DB-API Step 4: Open a cursor
To send SQL commands to your database (via the just-opened connection) as well as receive results from your database, you need a cursor. Think of a cursor as the database equivalent of the file handle from the last chapter (which lets you communicate with a disk file once it was opened).
Creating a cursor is straightforward: you do so by calling the cursor method included with every connection object. As with the connection above, we save a reference to the created cursor in a variable (which, in a wild fit of imaginative creativity, we’ve named cursor):
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We are now ready to send SQL commands to the server, and—hopefully—get some results back.
But, before we do that, let’s take a moment to review the steps completed so far. We’ve defined the connection characteristics for the database, imported the driver module, created a connection object, and created a cursor. No matter which database you use, these steps are common to all interactions with MySQL (only the connection characteristics change). Keep this in mind as you interact with your data through the cursor.

DB-API Up Close, 2 of 3
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With the cursor created and assigned to a variable, it’s time to interact with the data in your database using the SQL query language.
DB-API Step 5: Do the SQL thing!
The cursor variable lets you send SQL queries to MySQL, as well as retrieve any results produced by MySQL’s processing of the query.
As a general rule, the Python programmers over at Head First Labs like to code the SQL they intend to send to the database server in a triple-quoted string, then assign the string to a variable called _SQL. A triple-quoted string is used because SQL queries can often run to multiple lines, and using a triple-quoted string temporarily switches off the Python interpreter’s “end-of-line is the end-of-statement” rule. Using _SQL as the variable name is a convention among the Head First Labs programmers for defining constant values in Python, but you can use any variable name (and it doesn’t have to be all uppercase, nor prefixed within an underscore).
Let’s start by asking MySQL for the names of the tables in the database we’re connected to. To do this, assign the show tables query to the _SQL variable, and then call the cursor.execute function, passing _SQL as an argument:
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When you type the above cursor.execute command at the >>> prompt, the SQL query is sent to your MySQL server, which proceeds to execute the query (assuming it’s valid and correct SQL). However, any results from the query don’t appear immediately; you have to ask for them.
You can ask for results using one of three cursor methods:
	cursor.fetchone retrieves a single row of results.

	cursor.fetchmany retrieves the number of rows you specify.

	cursor.fetchall retrieves all the rows that make up the results.



For now, let’s use the cursor.fetchall method to retrieve all the results from the above query, assigning the results to a variable called res, then displaying the contents of res at the >>> prompt:
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The contents of res look a little weird, don’t they? You were probably expecting to see a single word here, as we know from earlier that our database (vsearchlogDB) contains a single table called log. However, what’s returned by cursor.fetchall is always a list of tuples, even when there’s only a single piece of data returned (as is the case above). Let’s look at another example that returns more data from MySQL.
Our next query, describe log, queries for the information about the log table as stored in the database. As you’ll see below, the information is shown twice: once in its raw form (which is a little messy) and then over multiple lines. Recall that the result returned by cursor.fetchall is a list of tuples.
Here’s cursor.fetchall in action once more:
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The per-row display above may not look like much of an improvement over the raw output, but compare it to the output displayed by the MySQL console from earlier (shown below). What’s shown above is the same data as what’s shown below, only now the data is in a Python data structure called res:

DB-API Up Close, 3 of 3
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Let’s use an insert query to add some sample data to the log table.
It’s tempting to assign the query shown below (which we’ve written over multiple lines) to the _SQL variable, then call cursor.execute to send the query to the server:
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Don’t get us wrong, what’s shown above does work. However, hardcoding the data values in this way is rarely what you’ll want to do, as the data values you store in your table will likely change with every insert. Remember: you plan to log the details of each web request to the log table, which means these data values will change with every request, so hardcoding the data in this way would be a disaster.
To avoid the need to hardcode data (as shown above), Python’s DB-API lets you position “data placeholders” in your query string, which are filled in with the actual values when you call cursor.execute. In effect, this lets you reuse a query with many different data values, passing the values as arguments to the query just before it’s executed. The placeholders in your query are stringed values, and are identified as %s in the code below.
Compare these commands below with those shown above:
There are two things to note above. First, instead of hardcoding the actual data values in the SQL query, we used the %s placeholder, which tells DB-API to expect a stringed value to be substituted into the query prior to execution. As you can see, there are five %s placeholders above, so the second thing to note is that cursor.execute call is going to expect five additional parameters when called. The only problem is that cursor.execute doesn’t accept just any number of parameters; it accepts at most two.
How can this be?
Looking at the last line of code shown above, it’s clear that cursor.execute accepts the five data values provided to it (without complaint), so what gives?
Take another, closer look at that line of code. See the pair of parentheses around the data values? The use of parentheses turns the five data values into a single tuple (containing the individual data values). In effect, the above line of code supplies two arguments to cursor.execute: the placeholder-containing query, as well as a single tuple of data values.
So, when the code on this page executes, data values are inserted into the log table, right? Well...not quite.
When you use cursor.execute to send data to a database system (using the insert query), the data may not be saved to the database immediately. This is because writing to a database is an expensive operation (from a processing-cycle perspective), so many database systems cache inserts, then apply them all at once later. This can sometimes mean the data you think is in your table isn’t there yet, which can lead to problems.
For instance, if you use insert to send data to a table, then immediately use select to read it back, the data may not be available, as it is still in the database system’s cache waiting to be written. If this happens, you’re out of luck, as the select fails to return any data. Eventually, the data is written, so it’s not lost, but this default caching behavior may not be what you desire.
If you are happy to take the performance hit associated with a database write, you can force your database system to commit all potentially cached data to your table using the conn.commit method. Let’s do that now to ensure the two insert statements from the previous page are applied to the log table. With your data written, you can now use a select query to confirm the data values are saved:
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From the above you can see that MySQL has automatically determined the correct values to use for id and ts when data is inserted into a row. The data returned from the database server is (as before) a list of tuples. Rather than save the results of cursor.fetchall to a variable that is then iterated over, we’ve used cursor.fetchall directly in a for loop in this code. Also, don’t forget: a tuple is an immutable list and, as such, supports the usual square bracket access notation. This means you can index into the row variable used within the above for loop to pick out individual data items as needed. For instance, row[2] picks out the phrase, row[3] picks out the letters, and row[-1] picks out the results.
DB-API Step 6: Close your cursor and connection
With your data committed to its table, tidy up after yourself by closing the cursor as well as the connection:
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Note that the cursor confirms successful closure by returning True, while the connection simply shuts down. It’s always a good idea to close your cursor and your connection when they’re no longer needed, as your database system has a finite set of resources. Over at Head First Labs, the programmers like to keep their database cursors and connections open for as long as required, but no longer.


Task 4: Create Code to Work with Our Webapp’s Database and Tables



With the six steps of the DB-API Up Close completed, you now have the code needed to interact with the log table, which means you’ve completed Task 4: Create code to work with our webapp’s database and tables.
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	Install MySQL on your computer.
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	Install a MySQL Python driver.
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	Create the database and tables.
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	Create code to read/write data.



Note
Our task list is done!

Let’s review the code you can use (in its entirety):
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With each of the four tasks now complete, you’re ready to adjust your webapp to log the web request data to your MySQL database system as opposed to a text file (as is currently the case). Let’s start doing this now.
Database Magnets
[image: image with no caption]

Take another look at the log_request function from the last chapter.
Recall that this small function accepts two arguments: a web request object, and the results of the vsearch:
def log_request(req: 'flask_request', res: str) -> None:
    with open('vsearch.log', 'a') as log:
       print(req.form, req.remote_addr, req.user_agent, res, file=log, sep='|')
Your job is to replace this function’s suite with code that logs to your database (as opposed to the text file). The def line is to remain unchanged. Decide on the magnets you need from those scattered at the bottom on this page, then position them to provide the function’s code:
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Database Magnets Solution
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You were to take another look at the log_request function from the last chapter:
def log_request(req: 'flask_request', res: str) -> None:
    with open('vsearch.log', 'a') as log:
       print(req.form, req.remote_addr, req.user_agent, res, file=log, sep='|')
Your job was to replace this function’s suite with code that logs to your database. The def line was to remain unchanged. You were to decide which magnets you needed from those scattered at the bottom on the page.
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Test Drive
[image: image with no caption]

Change the code in your vsearch4web.py file to replace the original log_request function’s code with that from the last page. When you have saved your code, start up this latest version of your webapp at a command prompt. Recall that on Windows, you need to use this command:
C:\webapps> py -3 vsearch4web.py
While on Linux or Mac OS X, use this command:
$ python3 vsearch4web.py
Your webapp should start running at this web address:
	http://127.0.0.1:5000/



Use your favorite web browser to perform a few searches to confirm that your webapp runs fine.
There are two points we’d like to make here:
	Your webapp performs exactly as it did before: each search returns a “results page” to the user.

	Your users have no idea that the search data is now being logged to a database table as opposed to a text file.



Regrettably, you can’t use the /viewlog URL to view these latest log entries, as the function associated with that URL (view_the_log) only works with the vsearch.log text file (not the database). We’ll have more to say about fixing this over the page.
For now, let’s conclude this Test Drive by using the MySQL console to confirm that this newest version of log_request is logging data to the log table. Open another terminal window and follow along (note: we’ve reformatted and abridged our output to make it fit on this page):
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Storing Data Is Only Half the Battle



Having run though the Test Drive on the last page, you’ve now confirmed that your Python DB-API–compliant code in log_request does indeed store the details of each web request in your log table.
Take a look at the most recent version of the log_request function once more (which includes a docstring as its first line of code):
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This new function is a big change



There’s a lot more code in the log_request function now than when it operated on a simple text file, but the extra code is needed to interact with MySQL (which you’re going to use to answer questions about your logged data at the end of this chapter), so this new, bigger, more complex version of log_request appears justified.
However, recall that your webapp has another function, called view_the_log, which retrieves the data from the vsearch.log log file and displays it in a nicely formatted web page. We now need to update the view_the_log function’s code to retrieve its data from the log table in the database, as opposed to the text file.
The question is: what’s the best way to do this?


How Best to Reuse Your Database Code?



You now have code that logs the details of each of your webapp’s requests to MySQL. It shouldn’t be too much work to do something similar in order to retrieve the data from the log table for use in the view_the_log function. The question is: what’s the best way to do this? We asked three programmers our question...and got three different answers.
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In its own way, each of these suggestions is valid, if a little suspect (especially the first one). What may come as a surprise is that, in this case, a Python programmer would be unlikely to embrace any of these proposed solutions on their own.

Consider What You’re Trying to Reuse



Let’s take another look our database code in the log_request function.
It should be clear that there are parts of this function we can reuse when writing additional code that interacts with a database system. Thus, we’ve annotated the function’s code to highlight the parts we think are reusable, as opposed to the parts that are specific to the central idea of what the log_request function actually does:
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Based on this simple analysis, the log_request function has three groups of code statements:
	statements that can be easily reused (such as the creation of conn and cursor, as well as the calls to commit and close);

	statements that are specific to the problem but still need to be reusable (such as the use of the dbconfig dictionary); and

	statements that cannot be reused (such as the assignment to _SQL and the call to cursor.execute). Any further interactions with MySQL are very likely to require a different SQL query, as well as different arguments (if any).




What About That Import?



[image: image with no caption]

Nope, we didn’t forget.
The import mysql.connector statement wasn’t forgotten when we considered reusing the log_request function’s code.
This omission was deliberate on our part, as we wanted to call out this statement for special treatment. The problem isn’t that we don’t want to reuse that statement; it’s that it shouldn’t appear in the function’s suite!
Be careful when positioning your import statements



We mentioned a few pages back that experienced Python programmers may well look at the log_request function’s code and let out a gasp of disapproval. This is due to the inclusion of the import mysql.connector line of code in the function’s suite. And this disapproval is in spite of the fact that our most recent Test Drive clearly demonstrated that this code works. So, what’s the problem?
The problem has to do with what happens when the interpreter encounters an import statement in your code: the imported module is read in full, then executed by the interpreter. This behavior is fine when your import statement occurs outside of a function, as the imported module is (typically) only read once, then executed once.
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However, when an import statement appears within a function, it is read and executed every time the function is called. This is regarded as an extremely wasteful practice (even though, as we’ve seen, the interpreter won’t stop you from putting an import statement in a function). Our advice is simple: think carefully about where you position your import statements, and don’t put any inside a function.


Consider What You’re Trying to Do



In addition to looking at the code in log_request from a reuse perspective, it’s also possible to categorize the function’s code based on when it runs.
The “guts” of the function is the assignment to the _SQL variable and the call to cursor.execute. Those two statements most patently represent what the function is meant to do, which—to be honest—is the most important bit. The function’s initial statements define the connection characteristics (in dbconfig), then create a connection and cursor. This setup code always has to run before the guts of the function. The last three statements in the function (the single commit and the two closes) execute after the guts of the function. This is teardown code, which performs any required tidying up.
With this setup, do, teardown pattern in mind, let’s look at the function once more. Note that we’ve repositioned the import statement to execute outside of the log_request function’s suite (so as to avoid any further disapproving gasps):
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Wouldn’t it be neat if there were a way to reuse this setup, do, teardown pattern?

You’ve Seen This Pattern Before



Consider the pattern we just identified: setup code to get ready, followed by code to do what needs to be done, and then teardown code to tidy up. It may not be immediately obvious, but in the previous chapter, you encountered code that conforms to this pattern. Here it is again:
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Recall how the with statement manages the context within which the code in its suite runs. When you’re working with files (as in the code above), the with statement arranges to open the named file and return a variable representing the file stream. In this example, that’s the tasks variable; this is the setup code. The suite associated with the with statement is the do code; here that’s the for loop, which does the actual work (a.k.a. “the important bit”). Finally, when you use with to open a file, it comes with the promise that the open file will be closed when the with’s suite terminates. This is the teardown code.
It would be neat if we could integrate our database programming code into the with statement. Ideally, it would be great if we could write code like this, and have the with statement take care of all the database setup and teardown details:
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The good news is that Python provides the context management protocol, which enables programmers to hook into the with statement as needed. Which brings us to the bad news...

The Bad News Isn’t Really All That Bad



At the bottom of the last page, we stated that the good news is that Python provides a context management protocol that enables programmers to hook into the with statement as and when required. If you learn how to do this, you can then create a context manager called UseDatabase, which can be used as part of a with statement to talk to your database.
The idea is that the setup and teardown “boilerplate” code that you’ve just written to save your webapp’s logging data to a database can be replaced by a single with statement that looks like this:
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The bad news is that creating a context manager is complicated by the fact that you need to know how to create a Python class in order to successfully hook into the protocol.
Consider that up until this point in this book, you’ve managed to write a lot of usable code without having to create a class, which is pretty good going, especially when you consider that some programming languages don’t let you do anything without first creating a class (we’re looking at you, Java).
However, it’s now time to bite the bullet (although, to be honest, creating a class in Python is nothing to be scared of).
As the ability to create a class is generally useful, let’s deviate from our current discussion about adding database code to our webapp, and dedicate the next (short) chapter to classes. We’ll be showing you just enough to enable you to create the UseDatabase context manager. Once that’s done, in the chapter after that, we’ll return to our database code (and our webapp) and put our newly acquired class-writing abilities to work by writing the UseDatabase context manager.

Chapter 7’s Code



[image: image with no caption]


Chapter 8. A Little Bit of Class: Abstracting Behavior and State



[image: image with no caption]

Classes let you bundle code behavior and state together.
In this chapter, you’re setting your webapp aside while you learn about creating Python classes. You’re doing this in order to get to the point where you can create a context manager with the help of a Python class. As creating and using classes is such a useful thing to know about anyway, we’re dedicating this chapter to them. We won’t cover everything about classes, but we’ll touch on all the bits you’ll need to understand in order to confidently create the context manager your webapp is waiting for. Let’s dive in and see what’s involved.
Hooking into the “with” Statement



At stated at the end of the last chapter, understanding how to hook your setup and teardown code into Python’s with statement is straightforward...assuming you know how to create a Python class.
Despite being well over halfway through this book, you’ve managed to get by without having to define a class. You’ve written useful and reusable code using nothing more than Python’s function machinery. There are other ways to write and organize your code, and object orientation is very popular.
You’re never forced to program exclusively in the object-oriented paradigm when using Python, and the language is flexible when it comes to how you go about writing your code. But, when it comes to hooking into the with statement, doing so through a class is the recommended approach, even though the standard library comes with support for doing something similar without a class (although the standard library’s approach is less widely applicable, so we aren’t going to use it here).
The context management protocol lets your write a class that hooks into the “with” statement.


So, to hook into the with statement, you’ll have to create a class. Once you know how to write classes, you can then create one that implements and adheres to the context management protocol. This protocol is the mechanism (built into Python) that hooks into the with statement.
Let’s learn how to create and use classes in Python, before returning to our context management protocol discussion in the next chapter.
There are no Dumb Questions
	Q:
	Q: Exactly what type of programming language is Python: object-oriented, functional, or procedural?

	A:
	A: That’s a great question, which many programmers moving to Python eventually ask. The answer is that Python supports programming paradigms borrowed from all three of these popular approaches, and Python encourages programmers to mix and match as needed. This concept can be hard to get your head around, especially if you come from the perspective where all the code you write has to be in a class that you instantiate objects from (as in other programming languages like, for instance, Java).
Our advice is not to let this worry you: create code in whatever paradigm you’re comfortable with, but don’t discount the others simply because—as approaches—they appear alien to you.

	Q:
	Q: So...is it wrong to always start by creating a class?

	A:
	A: No, it isn’t, if that’s what your application needs. You don’t have to put all your code in classes, but if you want to, Python won’t get in your way.
So far in this book, we’ve gotten by without having to create a class, but we’re now at the point where it makes sense to use one to solve a specific application issue we’re grappling with: how best to share our database processing code within our webapp. We’re mixing and matching programming paradigms to solve our current problem, and that’s OK.







An Object-Oriented Primer



Before we get going with classes, it’s important to note that we don’t intend to cover everything there is to know about classes in Python in this chapter. Our intention is merely to show you enough to enable you to confidently create a class that implements the context management protocol.
Therefore, we won’t discuss some topics that seasoned practitioners of object-oriented programming (OOP) might expect to see here, such as inheritance and polymorphism (even though Python provides support for both). That’s because we’re primarily interested in encapsulation when creating a context manager.
If the jargon in that last paragraph has put you in a blind panic, don’t worry: you can safely read on without knowing what any of that OOP-speak actually means.
On the last page, you learned that you need to create a class in order to hook into the with statement. Before getting to the specifics of how to do that, let’s look at what constitutes a class in Python, writing an example class as we go. Once you understand how to write a class, we’ll return to the problem of hooking into the with statement (in the next chapter).
Relax
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Don’t be freaked out by all the buzzwords on this page!
If we were to run a competition to determine the page in this book with this most buzzwords on it, this one would win hands-down. Don’t be put off by all the jargon used here, though. If you already know OOP, this should all make sense. If not, the really important bits are shown below. Don’t worry: all this will become clearer as you work through the example on the next few pages.

A class bundles behavior and state



Using a class lets you bundle behavior and state together in an object.
When you hear the word behavior, think function—that is, a chunk of code that does something (or implements a behavior, if you prefer).
When you hear the word state, think variables—that is, a place to store values within a class. When we assert that a class bundles behavior and state together, we’re simply stating that a class packages functions and variables.
The upshot of all of the above is this: if you know what a function is and what variables are, you’re most of the way to understanding what a class is (as well as how to create one).
[image: image with no caption]


Classes have methods and attributes



In Python, you define a class behavior by creating a method.
The word method is the OOP name given to a function that’s defined within a class. Just why methods aren’t simply known as class functions has been lost in the mists of time, as has the fact that class variables aren’t referred to as such—they are known by the name attribute.


Creating Objects from Classes



To use a class, you create an object from it (you’ll see an example of this below). This is known as object instantiation. When you hear the word instantiate, think invoke; that is, you invoke a class to create an object.
Perhaps surprisingly, you can create a class that has no state or behavior, yet is still a class as far as Python is concerned. In effect, such a class is empty. Let’s start our class examples with an empty one and take things from there. We’ll work at the interpreter’s >>> prompt, and you’re encouraged to follow along.
We begin by creating an empty class called CountFromBy. We do this by prefixing the class name with the class keyword, then providing the suite of code that implements the class (after the obligatory colon):
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“pass” is a valid statement (i.e., it is syntactically correct), but it does nothing. Think of it as an empty statement.


Note how this class’s suite contains the Python keyword pass, which is Python’s empty statement (in that it does nothing). You can use pass in any place the interpreter expects to find actual code. In this case, we aren’t quite ready to fill in the details of the CountFromBy class, so we use pass to avoid any syntax errors that would normally result when we try to create a class without any code in its suite.
Now that the class exists, let’s create two objects from it, one called a and another called b. Note how creating an object from a class looks very much like calling a function:
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There are no Dumb Questions
	Q:
	Q: When I’m looking at someone else’s code, how do I know if something like CountFromBy() is code that creates an object or code that calls a function? That looks like a function call to me...

	A:
	A: That’s a great question. On the face of things, you don’t know. However, there’s a well-established convention in the Python programming community to name functions using lowercase letters (with underscores for emphasis), while CamelCase (concatenated words, capitalized) is used to name classes. Following this convention, it should be clear that count_from_by() is a function call, whereas CountFromBy() creates an object. All is fine just so long as everyone follows this convention, and you’re strongly encouraged to do so, too. However, if you ignore this suggestion, all bets are off, and most Python programmers will likely avoid you and your code.







Objects Share Behavior but Not State



When you create objects from a class, each object shares the class’s coded behaviors (the methods defined in the class), but maintains its own copy of any state (the attributes):
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This distinction will make more sense as we flesh out the CountFromBy example.
Defining what we want CountFromBy to do



Let’s now define what we want the CountFromBy class to actually do (as an empty class is rarely useful).
Note: this new “CountFromBy” class doesn’t exist just yet. You’ll create it in a little bit.


Let’s make CountFromBy an incrementing counter. By default, the counter will start at 0 and be incremented (on request) by 1. We’ll also make it possible to provide an alternative starting value and/or amount to increment by. This means you’ll be able to create, for example, a CountFromBy object that starts at 100 and increments by 10.
Let’s preview what the CountFromBy class will be able to do (once we have written its code). By understanding how the class will be used, you’ll be better equipped to understand the CountFromBy code as we write it. Our first example uses the class defaults: start at 0, and increment by 1 on request by calling the increase method. The newly created object is assigned to a new variable, which we’ve called c:
[image: image with no caption]



Doing More with CountFromBy



The example usage of CountFromBy at the bottom of the last page demonstrated the default behavior: unless specified, the counter maintained by a CountFromBy object starts at 0 and is incremented by 1. It’s also possible to specify an alternative starting value, as demonstrated in this next example, where the count starts from 100:
[image: image with no caption]

As well as specifying the starting value, it’s also possible to specify the amount to increase by, as shown here, where we start at 100 and increment by 10:
[image: image with no caption]

In this final example, the counter starts at 0 (the default), but increments by 15. Rather than having to specify (0, 15) as the arguments to the class, this example uses a keyword argument that allows us to specify the amount to increment by, while leaving the starting value at the default (0):
[image: image with no caption]


It’s Worth Repeating Ourselves: Objects Share Behavior but Not State



The previous examples created four new CountFromBy objects: c, d, e, and f, each of which has access to the increase method, which is a behavior that’s shared by all objects created from the CountFromBy class. There’s only ever one copy of the increase method’s code, which all these objects use. However, each object maintains its own attribute values. In these examples, that’s the current value of the counter, which is different for each of the objects, as shown here:
[image: image with no caption]

Class behavior is shared by each of its objects, whereas state is not. Each object maintains its own state.


Here’s the key point again: the method code is shared, but the attribute data isn’t.
It can be useful to think of a class as a “cookie-cutter template” that is used by a factory to churn out objects that all behave the same, but have their own data.
[image: image with no caption]


Invoking a Method: Understand the Details



We stated earlier that a method is a function defined within a class. We also saw examples of a method from CountFromBy being invoked. The increase method is invoked using the familiar dot notation:
[image: image with no caption]

It is instructive to consider the code the interpreter actually executes (behind the scenes) when it encounters the above line. Here is the call the interpreter always turns the above line of code into. Note what happens to c:
[image: image with no caption]

[image: image with no caption]

Yes, it does. But nobody ever does that.
And neither should you, as the Python interpreter does this for you anyway...so why write more code to do something that can be written more succinctly?
Just why the interpreter does this will become clearer as you learn more about how methods work.

Method Invocation: What Actually Happens



At first sight, the interpreter turning c.increase() into CountFromBy.increase(c) may look a little strange, but understanding that this happens helps explain why every method you write takes at least one argument.
It’s OK for methods to take more than one argument, but the first argument always has to exist in order to take the object as an argument (which, in the example from the last page, is c). In fact, it is a well-established practice in the Python programming community to give each method’s first argument a special name: self.
When increase is invoked as c.increase(), you’d imagine the method’s def line should look like this:
def increase():
However, defining a method without the mandatory first argument will cause the interpreter to raise an error when your code runs. Consequently, the increase method’s def line actually needs to be written as follows:
def increase(self):
When writing code in a class, think of “self” as an alias to the current object.


It is regarded as very bad form to use something other than the name self in your class code, even though the use of self does take a bit of getting used to. (Many other programming languages have a similar notion, although they favor the name this. Python’s self is basically the same idea as this.)
When you invoke a method on an object, Python arranges for the first argument to be the invoking object instance, which is always assigned to each method’s self argument. This fact alone explains why self is so important and also why self needs to be the first argument to every object method you write. When you invoke a method, you don’t need to supply a value for self, as the interpreter does this for you:
[image: image with no caption]

Now that you’ve been introduced to the importance of self, let’s take a look at writing the code for the increase method.

Adding a Method to a Class



Let’s create a new file to save our class code into. Create countfromby.py, then add in the class code from earlier in this chapter:
class CountFromBy:
    pass
We’re going to add the increase method to this class, and to do so we’ll remove the pass statement and replace it with increase’s method definition. Before doing this, recall how increase is invoked:
[image: image with no caption]

Based on this call, you’d be forgiven for assuming the increase method takes no arguments, as there’s nothing between the parentheses, right? However, this is only half true. As you just learned, the interpreter transforms the above line of code into the following call:
The method code we write needs to take this transformation into consideration. With all of the above in mind, here’s the def line for the increase method that we’d use in this class:
[image: image with no caption]

There are no other arguments to the increase method, so we do not need to provide anything other than self on the def line. However, it is vitally important that we include self here, as forgetting to results in syntax errors.
With the def line written, all we need to do now is add some code to increase. Let’s assume that the class maintains two attributes: val, which contains the current value of the current object, and incr, which contains the amount to increment val by every time increase is invoked. Knowing this, you might be tempted to add this incorrect line of code to increase in an attempt to perform the increment:
val += incr
But here’s the correct line of code to add to the increase method:
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Why do you think this line of code is correct, whereas the previous was incorrect?

Are You Serious About “self”?



[image: image with no caption]

Don’t worry. Getting used to self won’t take long.
We agree that Python’s use of self does look a little weird...at first. However, over time, you’ll get used to it, so much so that you’ll hardly even notice it’s there.
If you completely forget about it and fail to add it to your methods, you’ll know pretty quickly that something is amiss—the interpreter will display a slew of TypeErrors informing you that something is missing, and that something is self.
As to whether or not the use of self makes Python’s class code harder to read...well, we’re not so sure. In our mind, every time we see self used as the first argument to a function, our brains automatically know that we’re looking at a method, not a function. This, for us, is a good thing.
Think of it this way: the use of self indicates that the code you’re reading is a method, as opposed to a function (when self is not used).

The Importance of “self”



The increase method, shown below, prefixes each of the class’s attributes with self within its suite. You were asked to consider why this might be:
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You already know that self is assigned the current object by the interpreter when a method is invoked, and that the interpreter expects each method’s first argument to take this into account (so that the assignment can occur).
Now, consider what we already know about each object created from a class: it shares the class’s method code (a.k.a. behavior) with every other object created from the same class, but maintains its own copy of any attribute data (a.k.a. state). It does this by associating the attribute values with the object—that is, with self.
Knowing this, consider this version of the increase method, which, as we said a couple of pages ago, is incorrect:
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On the face of things, that last line of code seems innocent enough, as all it does is increment the current value of val by the current value of incr. But consider what happens when this increase method terminates: val and incr, which exist within increase, both go out of scope and consequently are destroyed the moment the method ends.
[image: image with no caption]

Whoops. That’s our bad...
We slipped in that statement about scope without much explanation, didn’t we?
In order to understand what has to happen when you refer to attributes in a method, let’s first spend some time understanding what happens to variables used in a function.

Coping with Scoping



To demonstrate what happens to variables used within a function, let’s experiment at the >>> prompt. Try out the code below as you read it. We’ve numbered the annotations 1 through 8 to guide you as you follow along:
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When variables are defined within a function’s suite, they exist while the function runs. That is, the variables are “in scope,” both visible and usable within the function’s suite. However, once the function ends, any variables defined within the function are destroyed—they are “out of scope,” and any resources they used are reclaimed by the interpreter.
This is what happens to the three variables used within the soundbite function, as shown above. The moment the function terminates, insider, outsider, and from_outside cease to exist. Any attempt to refer to them outside the suite of function (a.k.a. outside the function’s scope) results in a NameError.

Prefix Your Attribute Names with “self”



This function behavior described on the last page is fine when you’re dealing with a function that gets invoked, does some work, and then returns a value. You typically don’t care what happens to any variables used within a function, as you’re usually only interested in the function’s return value.
Now that you know what happens to variables when a function ends, it should be clear that this (incorrect) code is likely to cause problems when you attempt to use variables to store and remember attribute values with a class. As methods are functions by another name, neither val nor incr will survive an invocation of the increase method if this is how you code increase:
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However, with methods, things are different. The method uses attribute values that belong to an object, and the object’s attributes continue to exist after the method terminates. That is, an object’s attribute values are not destroyed when the method terminates.
In order for an attribute assignment to survive method termination, the attribute value has to be assigned to something that doesn’t get destroyed as soon as the method ends. That something is the current object invoking the method, which is stored in self, which explains why each attribute value needs to be prefixed with self in your method code, as shown here:
[image: image with no caption]

The rule is straightforward: if you need to refer to an attribute in your class, you must prefix the attribute name with self. The value in self as an alias that points back to the object invoking the method.
[image: image with no caption]

In this context, when you see self, think “this object’s.” So, self.val can be read as “this object’s val.”

Initialize (Attribute) Values Before Use



All of the discussion of the importance of self sidestepped an important issue: how are attributes assigned a starting value? As it stands, the code in the increase method—the correct code, which uses self—fails if you execute it. This failure occurs because in Python you can’t use a variable before it has been assigned a value, no matter where the variable is used.
To demonstrate the seriousness of this issue, consider this short session at the >>> prompt. Note how the first statement fails to execute when either of the variables is undefined:
[image: image with no caption]

No matter where you use variables in Python, you have to initialize them with a starting value. The question is: how do we do this for a new object created from a Python class?
If you know OOP, the word “constructor” may be popping into your brain right about now. In other languages, a constructor is a special method that lets you define what happens when an object is first created, and it usually involves both object instantiation and attribute initialization. In Python, object instantiation is handled automatically by the interpreter, so you don’t need to define a constructor to do this. A magic method called __init__ lets you initialize attributes as needed. Let’s take a look at what dunder init can do.

Dunder “init” Initializes Attributes



Cast your mind back to the last chapter, when you used the dir built-in function to display all the details of Flask’s req object. Remember this output?
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At the time, we suggested you ignore all those dunders. However, it’s now time to reveal their purpose: the dunders provide hooks into every class’s standard behavior.
Unless you override it, this standard behavior is implemented in a class called object. The object class is built into the interpreter, and every other Python class automatically inherits from it (including yours). This is OOP-speak for stating that the dunder methods provided by object are available to your class to use as is, or to override as needed (by providing your own implementation of them).
You don’t have to override any object methods if you don’t want to. But if, for example, you want to specify what happens when objects created from your class are used with the equality operator (==), then you can write your own code for the __eq__ method. If you want to specify what happens when objects are used with the greater-than operator (>), you can override the __ge__ method. And when you want to initialize the attributes associated with your object, you can use the __init__ method.
The standard dunder methods, available to all classes, are known as “the magic methods.”


As the dunders provided by object are so useful, they’re held in near-mystical reverence by Python programmers. So much so, in fact, that many Python programmers refer to these dunders as the magic methods (as they give the appearance of doing what they do “as if by magic”).
All of this means that if you provide a method in your class with a def line like the one below, the interpreter will call your __init__ method every time you create a new object from your class. Note the inclusion of self as this dunder init’s first argument (as per the rule for all methods in all classes):
[image: image with no caption]


Initializing Attributes with Dunder “init”



Let’s add __init__ to our CountFromBy class in order to initialize the objects we create from our class.
For now, let’s add an empty __init__ method that does nothing but pass (we’ll add behavior in just a moment):
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We know from the code already in increase that we can access attributes in our class by prefixing their names with self. This means we can use self.val and self.incr to refer to our attributes within __init__, too. However, we want to use __init__ to initialize our class’s attributes (val and incr). The question is: where do these initialization values come from and how do their values get into __init__?
Pass any amount of argument data to dunder “init”



As __init__ is a method, and methods are functions in disguise, you can pass as many argument values as you like to __init__ (or any method, for that matter). All you have to do is give your arguments names. Let’s give the argument that we’ll use to initialize self.val the name v, and use the name i for self.incr.
Let’s add v and i to the def line of our __init__ method, then use the values in dunder init’s suite to initialize our class attributes, as follows:
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If we can now somehow arrange for v and i to acquire values, the latest version of __init__ will initialize our class’s attributes. Which raises yet another question: how do we get values into v and i? To help answer this question, we need to try out this version of our class and see what happens. Let’s do that now.
Test Drive
[image: image with no caption]

Using the edit window in IDLE, take a moment to update the code in your countfromby.py file to look like that shown below. When you’re done, press F5 to start creating objects at IDLE’s >>> prompt:
[image: image with no caption]

Pressing F5 executes the code in the edit window, which imports the CountFromBy class into the interpreter. Look at what happens when we try to create a new object from our CountFromBy class:
[image: image with no caption]

This may not have been what you were expecting to see. But take a look at the error message (which is classed as a TypeError), paying particular attention to the message on the TypeError line. The interpreter is telling us that the __init__ method expected to receive two argument values, v and i, but received something else (in this case, nothing). We provided no arguments to the class, but this error message tells us that any arguments provided to the class (when creating a new object) are passed to the __init__ method.
Bearing this in mind, let’s have another go at creating a CountFromBy object.
Let’s return to the >>> prompt, and create another object (called h) that takes two integer values as arguments for v and i:
[image: image with no caption]

As you can see above, things work better this time, as the TypeError exception is gone, which means the h object was created successfully. You can access the values of h’s attributes using h.val and h.incr, as well as call the object’s increase method. Only when you try to access the value of h do things get strange again.


What have we learned from this Test Drive?




Here are the main takeaways from this Test Drive:
	When you’re creating objects, any argument values provided to the class are passed to the __init__ method, as was the case with 100 and 10 above. (Note that v and i cease to exist as soon as dunder init ends, but we aren’t worried, as their values are safely stored in the object’s self.val and self.incr attributes, respectively.)

	We can access the attribute values by combining the object’s name with the attribute name. Note how we used h.val and h.incr to do this. (For those readers coming to Python from a “stricter” OOP language, note that we did this without having to create getters or setters.)

	When we use the object name on its own (as in the last interaction with the shell above), the interpreter spits back a cryptic message. Just what this is (and why this happens) will be discussed next.






Understanding CountFromBy’s Representation



When we typed the name of the object into the shell in an attempt to display its current value, the interpreter produced this output:
[image: image with no caption]

We described the above output as “strange,” and on first glance, it would certainly appear to be. To understand what this output means, let’s return to IDLE’s shell and create yet another object from CountFromBy, which due to our deeply ingrained unwillingness to rock the boat, we’re calling j.
In the session below, note how the strange message displayed for j is made up of values that are produced when we call certain built-in functions (BIFs). Follow along with the session first, then read on for an explanation of what these BIFs do:
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The type BIF displays information on the class the object was created from, reporting (above) that j is a CountFromBy object.
The id BIF displays information on an object’s memory address (which is a unique identifier used by the interpreter to keep track of your objects). What you see on your screen is likely different from what is reported above.
The memory address displayed as part of j’s output is the value of id converted to a hexadecimal number (which is what the hex BIF does). So, the entire message displayed for j is a combination of type’s output, as well as id’s (converted to hexadecimal).
Override dunder “repr” to specify how your objects are represented by the interpreter.


A reasonable question is: why does this happen?
In the absence of you telling the interpreter how you want to represent your objects, the interpreter has to do something, so it does what’s shown above. Thankfully, you can override this default behavior by coding your own __repr__ magic method.

Defining CountFromBy’s Representation



As well as being a magic method, the __repr__ functionality is also available as a built-in function called repr. Here’s part of what the help BIF displays when you ask it to tell you what repr does: “Return the canonical string representation of the object.” In other words, the help BIF is telling you that repr (and by extension, __repr__) needs to return a stringified version of an object.
What this “stringified version of an object” looks like depends on what each individual object does. You can control what happens for your objects by writing a __repr__ method for your class. Let’s do this now for the CountFromBy class.
Begin by adding a new def line to the CountFromBy class for dunder repr, which takes no arguments other than the required self (remember: it’s a method). As is our practice, let’s also add an annotation that lets readers of our code know this method returns a string:
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With the def line written, all that remains is to write the code that returns a string representation of a CountFromBy object. For our purposes, all we want to do here is take the value in self.val, which is an integer, and convert it to a string.
Thanks to the str BIF, doing so is straightforward:
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When you add this short function to your class, the interpreter uses it whenever it needs to display a CountFromBy object at the >>> prompt. The print BIF also uses dunder repr to display objects.
Before making this change and taking the updated code for a spin, let’s return briefly to another issue that surfaced during the last Test Drive.

Providing Sensible Defaults for CountFromBy



Let’s remind ourselves of the current version of the CountFromBy class’s __init__method:
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Recall that when we tried to create a new object from this class without passing values for v and i, we got a TypeError:
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Earlier in this chapter, we specified that we wanted the CountFromBy class to support the following default behavior: the counter will start at 0 and be incremented (on request) by 1. You already know how to provide default values to function arguments, and the same goes for methods, too—assign the default values on the def line:
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If you make this small (but important) change to your CountFromBy code, then save the file (before pressing F5 once more), you’ll see that objects can now be created with this default behavior:
[image: image with no caption]

Test Drive
[image: image with no caption]

Make sure your class code (in countfromby.py) is the same as ours below. With your class code loaded into IDLE’s edit window, press F5 to take your latest version of the CountFromBy class for a spin:
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Classes: What We Know



With the CountFromBy class behaving as specified earlier in this chapter, let’s review what we now know about classes in Python:
Bullet Points
[image: image with no caption]

	Python classes let you share behavior (a.k.a. methods) and state (a.k.a. attributes).

	If you remember that methods are functions, and attributes are variables, you won’t go far wrong.

	The class keyword introduces a new class in your code.

	Creating a new object from a class looks very like a function call. Remember: to create an object called mycount from a class called CountFromBy, you’d use this line of code:
mycount = CountFromBy()

	When an object is created from a class, the object shares the class’s code with every other object created from the class. However, each object maintains its own copy of the attributes.

	You add behaviors to a class by creating methods. A method is a function defined within a class.

	To add an attribute to a class, create a variable.

	Every method is passed an alias to the current object as its first argument. Python convention insists that this first argument is called self.

	Within a method’s suite, referrals to attributes are prefixed with self, ensuring the attribute’s value survives after the method code ends.

	The __init__ method is one of the many magic methods provided with all Python classes.

	Attribute values are initialized by the __init__ method (a.k.a. dunder init). This method lets you assign starting values to your attributes when a new object is created. Dunder init receives a copy of any values passed to the class when an object is created. For example, the values 100 and 10 are passed into __init__ when this object is created:
mycount2 = CountFromBy(100, 10)

	Another magic method is __repr__, which allows you to control how an object appears when displayed at the >>> prompt, as well as when used with the print BIF.
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We wanted to create a context manager.
We know it’s been a while, but the reason we started down this path was to learn enough about classes to enable us to create code that hooks into Python’s context management protocol. If we can hook into the protocol, we can use our webapp’s database code with Python’s with statement, as doing so should make it easier to share the database code, as well as reuse it. Now that you know a bit about classes, you’re ready to get hooked into the context management protocol (in the next chapter).

Chapter 8’s Code



[image: image with no caption]


Chapter 9. The Context Management Protocol: Hooking into Python’s with Statement



[image: image with no caption]

It’s time to take what you’ve just learned and put it to work.
Chapter 7 discussed using a relational database with Python, while Chapter 8 provided an introduction to using classes in your Python code. In this chapter, both of these techniques are combined to produce a context manager that lets us extend the with statement to work with relational database systems. In this chapter, you’ll hook into the with statement by creating a new class, which conforms to Python’s context management protocol.
What’s the Best Way to Share Our Webapp’s Database Code?



During Chapter 7 you created database code in your log_request function that worked, but you had to pause to consider how best to share it. Recall the suggestions from the end of Chapter 7:
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At the time, we proposed that each of these suggestions was valid, but believed Python programmers would be unlikely to embrace any of these proposed solutions on their own. We decided that a better strategy was to hook into the context management protocol using the with statement, but in order to do that, you needed to learn a bit about classes. They were the subject of the last chapter. Now that you know how to create a class, it’s time to return to the task at hand: creating a context manager to share your webapp’s database code.

Consider What You’re Trying to Do, Revisited



Below is our database management code from Chapter 7. This code is currently part of our Flask webapp. Recall how this code connected to our MySQL database, saved the details of the web request to the log table, committed any unsaved data, and then disconnected from the database:
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How best to create a context manager?



Before getting to the point where you can transform the above code into something that can be used as part of a with statement, let’s discuss how this is achieved by conforming to the context management protocol. Although there is support for creating simple context managers in the standard library (using the contextlib module), creating a class that conforms to the protocol is regarded as the correct approach when you’re using with to control some external object, such as a database connection (as is the case here).
With that in mind, let’s take a look at what’s meant by “conforming to the context management protocol.”


Managing Context with Methods



The context management protocol sounds intimidating and scary, but it’s actually quite simple. It dictates that any class you create must define at least two magic methods: __enter__ and __exit__. This is the protocol. When you adhere to the protocol, your class can hook into the with statement.
A protocol is an agreed procedure (or set of rules) that is to be adhered to.


Dunder “enter” performs setup



When an object is used with a with statement, the interpreter invokes the object’s __enter__ method before the with statement’s suite starts. This provides an opportunity for you to perform any required setup code within dunder enter.
The protocol further states that dunder enter can (but doesn’t have to) return a value to the with statement (you’ll see why this is important in a little bit).

Dunder “exit” does teardown



As soon as the with statement’s suite ends, the interpreter always invokes the object’s __exit__ method. This occurs after the with’s suite terminates, and it provides an opportunity for you to perform any required teardown.
As the code in the with statement’s suite may fail (and raise an exception), dunder exit has to be ready to handle this if it happens. We’ll return to this issue when we create the code for our dunder exit method later in this chapter.
If your class defines dunder “enter” and dunder “exit”, it’s a context manager.


If you create a class that defines __enter__ and __exit__, the class is automatically regarded as a context manager by the interpreter and can, as a consequence, hook into (and be used with) with. In other words, such a class conforms to the context management protocol, and implements a context manager.

(As you know) dunder “init” initializes



In addition to dunder enter and dunder exit, you can add other methods to your class as needed, including defining your own __init__ method. As you know from the last chapter, defining dunder init lets you perform additional object initialization. Dunder init runs before __enter__ (that is, before your context manager’s setup code executes).
It’s not an absolute requirement to define __init__ for your context manager (as __enter__ and __exit__ are all you really need), but it can sometimes be useful to do so, as it lets you separate any initialization activity from any setup activity. When we create a context manager for use with our database connections (later in this chapter), we define __init__ to initialize our database connection credentials. Doing so isn’t absolutely necessary, but we think it helps to keep things nice and tidy, and makes our context manager class code easier to read and understand.


You’ve Already Seen a Context Manager in Action



You first encountered a with statement back in Chapter 6 when you used one to ensure a previously opened file was automatically closed once its associated with statement terminated. Recall how this code opened the todos.txt file, then read and displayed each line in the file one by one, before automatically closing the file (thanks to the fact that open is a context manager):
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Let’s take another look at this with statement, highlighting where dunder enter, dunder exit, and dunder init are invoked. We’ve numbered each of the annotations to help you understand the order the dunders execute in. Note that we don’t see the initialization, setup, or teardown code here; we just know (and trust) that those methods run “behind the scenes” when needed:
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What’s required from you



Before we get to creating our very own context manager (with the help of a new class), let’s review what the context management protocol expects you to provide in order to hook into the with statement. You must create a class that provides:
	an __init__ method to perform initialization (if needed);

	an __enter__ method to do any setup; and

	an __exit__ method to do any teardown (a.k.a. tidying-up).



Armed with this knowledge, let’s now create a context manager class, writing these methods one by one, while borrowing from our existing database code as needed.


Create a New Context Manager Class



To get going, we need to give our new class a name. Additionally, let’s put our new class code into its own file, so that we can easily reuse it (remember: when you put Python code in a separate file it becomes a module, which can be imported into other Python programs as required).
Let’s call our new file DBcm.py (short for database context manager), and let’s call our new class UseDatabase. Be sure to create the DBcm.py file in the same folder that currently contains your webapp code, as it’s your webapp that’s going to import the UseDatabase class (once you’ve written it, that is).
Remember: use CamelCase when naming a class in Python.


Using your favorite editor (or IDLE), create a new edit window, and then save the new, empty file as DBcm.py. We know that in order for our class to conform to the context management protocol it has to:
	provide an __init__ method that performs initialization;

	provide an __enter__ method that includes any setup code; and

	provide an __exit__ method that includes any teardown code.



For now, let’s add three “empty” definitions for each of these required methods to our class code. An empty method contains a single pass statement. Here’s the code so far:
[image: image with no caption]

Note how at the top of the DBCm.py file we’ve included an import statement, which includes the MySQL Connector functionality (which our new class depends on).
All we have to do now is move the relevant bits from the log_request function into the correct method within the UseDatabase class. Well...when we say we, we actually mean you. It’s time to roll up your sleeves and write some method code.

Initialize the Class with the Database Config



Let’s remind ourselves of how we intend to use the UseDatabase context manager. Here’s the code from the last chapter, rewritten to use a with statement, which itself uses the UseDatabase context manager that you’re about to write:
[image: image with no caption]

Sharpen your Pencil
[image: image with no caption]

Let’s start with the __init__ method, which we’ll use to initialize any attributes in the UseDataBase class. Based on the usage shown above, the dunder init method accepts a single argument, which is a dictionary of connection characteristics called config (which you’ll need to add to the def line below). Let’s arrange for config to be saved as an attribute called configuration. Add the code required to save the dictionary to the configuration attribute to dunder init’s code:
[image: image with no caption]


Sharpen your Pencil Solution
[image: image with no caption]

You started with the __init__ method, which was to initialize any attributes in the UseDataBase class. The dunder init method accepts a single argument, which is a dictionary of connection characteristics called config (which you needed to add to the def line below). You were to arrange for config to be saved to an attribute called configuration. You were to add the code required to save the dictionary to the configuration attribute in dunder init’s code:
[image: image with no caption]


Your context manager begins to take shape



With the dunder init method written, you can move on to coding the dunder enter method (__enter__). Before you do, make sure the code you’ve written so far matches ours, which is shown below in IDLE:
[image: image with no caption]



Perform Setup with Dunder “enter”



The dunder enter method provides a place for you to execute the setup code that needs to be executed before the suite in your with statement runs. Recall the code from the log_request function that handles this setup:
[image: image with no caption]

This setup code uses the connection characteristics dictionary to connect to MySQL, then creates a database cursor on the connection (which we’ll need to send commands to the database from our Python code). As this setup code is something you’ll do every time you write code to talk to your database, let’s do this work in your context manager class instead so that you can more easily reuse it.
Sharpen your Pencil
[image: image with no caption]

The dunder enter method (__enter__) needs to use the configuration characteristics stored in self.configuration to connect to the database and create a cursor. Other than the mandatory self argument, dunder enter takes no other arguments, but needs to return the cursor. Complete the code for the method below:
[image: image with no caption]


Sharpen your Pencil Solution
[image: image with no caption]

The dunder enter method (__enter__) uses the configuration characteristics stored in self.configuration to connect to the database and create a cursor. Other than the mandatory self argument, dunder enter takes no other arguments, but needs to return the cursor. You were to complete the code for the method below:
[image: image with no caption]


Don’t forget to prefix all attributes with “self”



You may be surprised that we designated conn and cursor as attributes in dunder enter (by prefixing each with self). We did this in order to ensure both conn and cursor survive when the method ends, as both variables are needed in the __exit__ method. To ensure this happens, we added the self prefix to both the conn and cursor variables; doing so adds them to the class’s attribute list.
Before you get to writing dunder exit, confirm that your code matches ours:
[image: image with no caption]



Perform Teardown with Dunder “exit”



The dunder exit method provides a place for you to execute the teardown code that needs to be run when your with statement terminates. Recall the code from the log_request function that handles teardown:
[image: image with no caption]

The teardown code commits any data to the database, then closes the cursor and the connection. This teardown happens every time you interact with the database, so let’s add this code to your context manager class by moving these three lines into dunder exit.
Before you do this, however, you need to know that there’s a complication with dunder exit, which has to do with handling any exceptions that might occur within the with’s suite. When something goes wrong, the interpreter always notifies __exit__ by passing three arguments into the method: exc_type, exc_value, and exc_trace. Your def line needs to take this into account, which is why we’ve added the three arguments to the code below. Having said that, we’re going to ignore this exception-handling mechanism for now, but will return to it in a later chapter when we discuss what can go wrong and how you can handle it (so stay tuned).
Sharpen your Pencil
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The teardown code is where you do your tidying up. For this context manager, tidying up involves ensuring any data is committed to the database prior to closing both the cursor and the connection. Add the code you think you need to the method below.
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Sharpen your Pencil Solution
[image: image with no caption]

The teardown code is where you do your tidying up. For this context manager, tidying up involves ensuring any data is committed to the database prior to closing both the cursor and the connection. You were to add the code you think you need to the method below.
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Your context manager is re ady for testing



With the dunder exit code written, it’s now time to test your context manager prior to integrating it into your webapp code. As has been our custom, we’ll first test this new code at Python’s shell prompt (the >>>). Before doing this, perform one last check to ensure your code is the same as ours:
[image: image with no caption]

Test Drive
[image: image with no caption]

With the code for DBcm.py in an IDLE edit window, press F5 to test your context manager:
[image: image with no caption]



There’s not much code here, is there?



Hopefully, you’re looking at the code above and deciding there’s not an awful lot to it. As you’ve successfully moved some of your database handling code into the UseDatabase class, the initialization, setup, and teardown are now handled “behind the scenes” by your context manager. All you have to do is provide the connection characteristics and the SQL query you wish to execute—the context manager does all the rest. Your setup and teardown code is reused as part of the context manager. It’s also clearer what the “meat” of this code is: getting data from the database and processing it. The context manager hides the details of connecting/disconnecting to/from the database (which are always going to be the same), thereby leaving you free to concentrate on what you’re trying to do with your data.
Let’s update your webapp to use your context manager.


Reconsidering Your Webapp Code, 1 of 2



It’s been quite a while since you’ve considered your webapp’s code.
The last time you worked on it (in Chapter 7), you updated the log_request function to save the webapp’s web request to the MySQL database. The reason we started down the path to learning about classes (in Chapter 8) was to determine the best way to share the database code you added to log_request. We now know that the best way (for this situation) is to use the just-written UseDatabase context manager class.
Your webapp’s code is in the “vsearch4web.py” file in your “webapp” folder.


In addition to amending log_request to use the context manager, the other function in the code that we need to amend work with the data in the database is called view_the_log (which currently works with the vsearch.log text file). Before we get to amending both of these functions, let’s remind ourselves of the current state of the webapp’s code (on this page and the next). We’ve highlighted the bits that need to be worked on:
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Reconsidering Your Webapp Code, 2 of 2



[image: image with no caption]


Recalling the “log_request” Function



When it comes to amending the log_request function to use the UseDatabase context manager, a lot of the work has already been done for you (as we showed you the code we were shooting for earlier).
Take a look at log_request once more. At the moment, the database connection characteristics dictionary (dbconfig in the code) is defined within log_request. As you’ll want to use this dictionary in the other function you have to amend (view_the_log), let’s move it out of the log_request’s function so that you can share it with other functions as needed:
[image: image with no caption]

Rather than move dbconfig into our webapp’s global space, it would be useful if we could somehow add it to our webapp’s internal configuration.
As luck would have it, Flask (like many other web frameworks) comes with a built-in configuration mechanism: a dictionary (which Flask calls app.config) allows you to adjust some of your webapp’s internal settings. As app.config is a regular Python dictionary, you can add your own keys and values to it as needed, which is what you’ll do for the data in dbconfig.
The rest of log_request’s code can then be amended to use UseDatabase.
Let’s make these changes now.

Amending the “log_request” Function



Now that we’ve applied the changes to our webapp, our code looks like this:
[image: image with no caption]

Near the top of the file, we’ve replaced the import mysql.connector statement with an import statement that grabs UseDatabase from our DBcm module. The DBcm.py file itself includes the import mysql.connector statement in its code, hence the removal of import mysql.connector from this file (as we don’t want to import it twice).
We’ve also moved the database connection characteristics dictionary into our webapp’s configuration. And we’ve amended log_request’s code to use our context manager.
After all your work on classes and context managers, you should be able to read and understand the code shown above.
Let’s now move onto amending the view_the_log function. Make sure your webapp code is amended to be exactly like ours above before turning the page.

Recalling the “view_the_log” Function



Let’s take a long, hard look at the code in view_the_log, as it’s been quite a while since you’ve considered it in detail. To recap, the current version of this function extracts the logged data from the vsearch.log text file, turns it into a list of lists (called contents), and then sends the data to a template called viewlog.html:
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Here’s what the output looks like when the viewlog.html template is rendered with the data from the contents list of lists. This functionality is currently available to your webapp via the /viewlog URL:
[image: image with no caption]


It’s Not Just the Code That Changes



Before diving in and changing the code in view_the_log to use your context manager, let’s pause to consider the data as stored in the log table in your database. When you tested your initial log_request code in Chapter 7, you were able to log into the MySQL console, then check that the data was saved. Recall this MySQL console session from earlier:
[image: image with no caption]

If you consider the above data in relation to what’s currently stored in the vsearch.log file, it’s clear that some of the processing view_the_log does is no longer needed, as the data is now stored in a table. Here’s a snippet of what the log data looks like in the vsearch.log file:
[image: image with no caption]

Some of the code currently in view_the_log is only there because the log data is currently stored as a collection of long strings (delimited by vertical bars) in the vsearch.log file. That format worked, but we did need to write extra code to make sense of it.
This is not the case with data in the log table, as it is “structured by default.” This should mean you don’t need to perform any additional processing within view_the_log: all you have to do is extract the data from the table, which—happily—is returned to you as a list of tuples (thanks to DB-API’s fetchall method).
On top of this, the data in the log table separates the value for phrase from the value for letters. If you make a small change to your template-rendering code, the output produced can display five columns of data (as opposed to the current four), making what the browser displays even more useful and easier to read.

Amending the “view_the_log” Function



Based on everything discussed on the last few pages, you’ve two things to do to amend your current view_the_log code:
	Grab the log data from the database table (as opposed to the file).

	Adjust the titles list to support five columns (as opposed to four).



If you’re scratching your head and wondering why this small list of amendments doesn’t include adjusting the viewlog.html template, wonder no more: you don’t need to make any changes to that file, as the current template quite happily processes any number of titles and any amount of data you send to it.
Here’s the view_the_log function’s current code, which you are about to amend:
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Here’s the SQL query you’ll need



Ahead of the next exercise (where you’ll update the view_the_log function), here’s an SQL query that, when executed, returns all the logged data stored in the webapp’s MySQL database. The data is returned to your Python code from the database as a list of tuples. You’ll need to use this query in the exercise on the next page:
select phrase, letters, ip, browser_string, results
from log
Sharpen your Pencil
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Here’s the view_the_log function, which has to be amended to use the data in the log table. Your job is to provide the missing code. Be sure to read the annotations for hints on what you need to do:
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Yep—that was our goal all along.
By moving the log data into a MySQL database, you’ve removed the requirement to create, and then process, a custom text-based file format.
Also, by reusing your context manager, you’ve simplified your interactions with MySQL when working in Python. What’s not to like?
Sharpen your Pencil Solution
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Here’s the view_the_log function, which has to be amended to use the data in the log table. Your job was to provide the missing code.
[image: image with no caption]



It’s nearly time for one last Test Drive



Before taking this new version of your webapp for a spin, take a moment to confirm that your view_the_log function is the same as ours:
[image: image with no caption]

Test Drive
[image: image with no caption]

It’s time to take your database-ready webapp for a spin.
Be sure the DBcm.py file is in the same folder as your vsearch4web.py file, then start your webapp in the usual way on your operating system:
	Use python3 vsearch4web.py on Linux/Mac OS X

	Use py -3 vsearch4web.py on Windows.



Use your browser to go to your webapp’s home page (running at http://127.0.0.1:5000), then enter a handful of searches. Once you’ve confirmed that the search feature is working, use the /viewlog URL to view the contents of your log in your browser window.
Although the searches you enter will very likely differ from ours, here’s what we saw in our browser window, which confirms that everything is working as expected:
[image: image with no caption]

This browser output confirms the logged data is being read from the MySQL database when the /viewlog URL is accessed. This means the code in view_the_log is working—which, incidentally, confirms the log_request function is working as expected, too, as it’s putting the log data in the database as a result of every successful search.
Only if you feel the need, take a few moments to log into your MySQL database using the MySQL console to confirm that the data is safely stored in your database server. (Or just trust us: based on what our webapp is displaying above, it is.)



All That Remains...



It’s now time to return to the questions first posed in Chapter 7:
	How many requests have been responded to?

	What’s the most common list of letters?

	Which IP addresses are the requests coming from?

	Which browser is being used the most?



Although it is possible to write Python code to answer these questions, we aren’t going to in this case, even though we’ve just spent this and the previous two chapters looking at how Python and databases work together. In our opinion, creating Python code to answer these types of questions is nearly always a bad move...
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SQL is definitely the way to go.
These types of “data questions” are best answered by your database technology’s querying mechanism (which, in MySQL, is SQL). As you’ll see on the next page, you’d be unlikely to produce Python code as quickly as writing the SQL queries you need.
Knowing when to use Python and when not to is important, as is knowing what sets Python apart from many other programming technologies. While most mainstream languages support classes and objects, few provide anything close to Python’s context management protocol. (In the next chapter, you’ll meet another feature that sets Python apart from many other languages: function decorators.)
Before we get to the next chapter, let’s take a quick (one page) look at those SQL queries...

Answering the Data Questions



Let’s take the questions first posed in Chapter 7 one by one, answering each with the help of some database queries written in SQL.
How many requests have been responded to?



If you’re already a SQL dude (or dudette), you may be scoffing at this question, seeing as it doesn’t really get much simpler. You already know that this most basic of SQL queries displays all the data in a database table:
select * from log;
To transform this query into one that reports how many rows of data a table has, pass the * into the SQL function count, as follows:
[image: image with no caption]


What’s the most common list of letters?



The SQL query that answers this question looks a little scary, but isn’t really. Here it is:
select count(letters) as 'count', letters
from log
group by letters
order by count desc
limit 1;


Which IP addresses are the requests coming from?



The SQL dudes/dudettes out there are probably thinking “that’s almost too easy”:
select distinct ip from log;
[image: image with no caption]


Which browser is being used the most?



The SQL query that answers this question is a slight variation on the query that answered the second question:
select browser_string, count(browser_string) as 'count'
from log
group by browser_string
order by count desc
limit 1;
So there you have it: all your pressing questions answered with a few simple SQL queries. Go ahead and try them at your mysql> prompt before starting in on the next chapter.

Chapter 9’s Code, 1 of 2
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Chapter 9’s Code, 2 of 2
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Chapter 10. Function Decorators: Wrapping Functions



[image: image with no caption]

When it comes to augmenting your code, Chapter 9’s context management protocol is not the only game in town.
Python also lets you use function decorators, a technique whereby you can add code to an existing function without having to change any of the existing function’s code. If you think this sounds like some sort of black art, don’t despair: it’s nothing of the sort. However, as coding techniques go, creating a function decorator is often considered to be on the harder side by many Python programmers, and thus is not used as often as it should be. In this chapter, our plan is to show you that, despite being an advanced technique, creating and using your own decorators is not that hard.
Your Webapp Is Working Well, But...



You’ve shown the latest version of your webapp to a colleague, and they’re impressed by what you’ve done. However, they pose an interesting question: is it wise to let any web user view the log page?
The point they’re making is that anybody who is aware of the /viewlog URL can use it to view the logged data whether they have your permission or not. In fact, at the moment, every one of your webapp’s URLs are public, so any web user can access any of them.
Depending on what you’re trying to do with your webapp, this may or may not be an issue. However, it is common for websites to require users to authenticate before certain content is made available to them. It’s probably a good idea to be prudent when it comes to providing access to the /viewlog URL. The question is: how do you restrict access to certain pages in your webapp?
Only authenticated users gain access



You typically need to provide an ID and password when you access a website that serves restricted content. If your ID/password combination match, access is granted, as you’ve been authenticated. Once you’re authenticated, the system knows to let you access the restricted content. Maintaining this state (whether authenticated or not) seems like it might be as simple as setting a switch to True (access allowed; you are logged in) or False (access forbidden; you are not logged in).
[image: image with no caption]

It’s a bit more complicated than that.
There’s a twist here (due to the way the Web works) which makes this idea a tad more complicated than it at first appears. Let’s explore what this complication is first (and see how to deal with it) before solving our restricted access issue.


The Web Is Stateless



In its most basic form, a web server appears incredibly silly: each and every request that a web server processes is treated as an independent request, having nothing whatsoever to do with what came before, nor what comes after.
This means that sending three quick requests to a web server from your computer appears as three independent individual requests. This is in spite of the fact that the three requests originated from the same web browser running on the same computer, which is using the same unchanging IP address (which the web server sees as part of the request).
As stated at the top of the page: it’s as if the web server is being silly. Even though we assume the three requests sent from our computer are related, the web server doesn’t see things this way: every web request is independent of what came before it, as well as what comes after.
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HTTP is to blame...



The reason web servers behave in this way is due to the protocol that underpins the Web, and which is used by both the web server and your web browser: HTTP (the HyperText Transfer Protocol).
HTTP dictates that web servers must work as described above, and the reason for this has to do with performance: if the amount of work a web server needs to do is minimized, it’s possible to scale web servers to handle many, many requests. Higher performance is achieved at the expense of requiring the web server to maintain information on how a series of requests may be related. This information—known as state in HTTP (and not related to OOP in any way)—is of no interest to the web server, as every request is treated as an independent entity. In a way, the web server is optimized to respond quickly, but forget fast, and is said to operate in a stateless manner.
Which is all well and good until such time as your webapp needs to remember something.
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If only the Web were that simple.
When your code is running as part of a web server, its behavior can differ from when you run it on your computer. Let’s explore this issue in more detail.


Your Web Server (Not Your Computer) Runs Your Code



When Flask runs your webapp on your computer, it keeps your code in memory at all times. With this in mind, recall these two lines from the bottom of your webapp’s code, which we initially discussed at the end of Chapter 5:
[image: image with no caption]

This if statement checks to see whether the interpreter is executing the code directly or whether the code is being imported (by the interpreter or by something like PythonAnywhere). When Flask executes on your computer, your webapp’s code runs directly, resulting in this app.run line executing. However, when a web server is configured to execute your code your webapp’s code is imported, and the app.run line does not run.
Why? Because the web server runs your webapp code as it sees fit. This can involve the web server importing your webapp’s code, then calling its functions as needed, keeping your webapp’s code in memory at all times. Or the web server may decide to load/unload your webapp code as needed, the assumption being that, during periods of inactivity, the web server will only load and run the code it needs. It’s this second mode of operation—where the web server loads your code as and when it needs it—that can lead to problems with storing your webapp’s state in variables. For instance, consider what would happen if you were to add this line of code to your webapp:
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The idea here is that other parts of your webapp can refer to the variable logged_in in order to determine whether a user is authenticated. Additionally, your code can change this variable’s value as needed (based on, say, a successful login). As the logged_in variable is global in nature, all of your webapp’s code can access and set its value. This seems like a reasonable approach, but has two problems.
Firstly, your web server can unload your webapp’s running code at any time (and without warning), so any values associated with global variables are likely lost, and are going to be reset to their starting value when your code is next imported. If a previously loaded function sets logged_in to True, your reimported code helpfully resets logged_in to False, and confusion reigns...
[image: image with no caption]

Secondly, as it stands, there’s only a single copy of the global logged_in variable in your running code, which is fine if all you ever plan to have is a single user of your webapp (good luck with that). If you have two or more users each accessing and/or changing the value of logged_in, not only will confusion reign, but frustration will make a guest appearance, too. As a general rule of thumb, storing your webapp’s state in a global variable is a bad idea.
Don’t store your webapp’s state in global variables.



It’s Time for a Bit of a Session



As a result of what we learned on the last page, we need two things:
	A way to store variables without resorting to using globals

	A way to keep one webapp user’s data from interferring with another’s



Most webapp development frameworks (including Flask) provide for both of these requirements using a single technology: the session.
Think of a session as a layer of state spread on top of the stateless Web.
By adding a small piece of identification data to your browser (a cookie), and linking this to a small piece of identification data on the web server (the session ID), Flask uses its session technology to keep everything straight. Not only can you store state in your webapp that persists over time, but each user of your webapp gets their own copy of the state. Confusion and frustration are no more.
To demonstrate how Flask’s session mechanism works, let’s take a look at a very small webapp that is saved to a file called quick_session.py. Take a moment to read the code first, paying particular attention to the highlighted parts. We’ll discuss what’s going on after you’ve had a chance to read this code:
Ready Bake Code
[image: image with no caption]
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Flask’s Session Technology Adds State



In order to use Flask’s session technology, you first have to import session from the flask module, which the quick_session.py webapp you just saw does on its very first line. Think of session as a global Python dictionary within which you store your webapp’s state (albeit a dictionary with some added superpowers):
[image: image with no caption]

Even though your webapp is still running on the stateless Web, this single import gives your webapp the ability to remember state.
Flask ensures that any data stored in session exists for the entire time your webapp runs (no matter how many times your web server loads and reloads your webapp code). Additionally, any data stored in session is keyed by a unique browser cookie, which ensures your session data is kept away from that of every other user of your webapp.
Find out more about Flask sessions here: http://flask.pocoo.org/docs/0.11/api/#sessions


Just how Flask does all of this is not important: the fact that it does is. To enable all this extra goodness, you need to seed Flask’s cookie generation technology with a “secret key,” which is used by Flask to encrypt your cookie, protecting it from any prying eyes. Here’s how quick_session.py does this:
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Flask’s documentation suggests picking a secret key that is hard to guess, but any stringed value works here. Flask uses the string to encrypt your cookie prior to transmitting it to your browser.
Once session is imported and the secret key set, you can use session in your code as you would any other Python dictionary. Within quick_session.py, the /setuser URL (and its associated setuser function) assigns a user-supplied value to the user key in session, then returns the value to your browser:
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Now that we’ve set some session data, let’s look at the code that accesses it.

Dictionary Lookup Retrieves State



Now that a value is associated with the user key in session, it’s not hard to access the data associated with user when you need it.
The second URL in the quick_session.py webapp, /getuser, is associated with the getuser function. When invoked, this function accesses the value associated with the user key and returns it to the waiting web browser as part of the stringed message. The getuser function is shown below, together with this webapp’s dunder name equals dunder main test (first discussed near the end of Chapter 5):
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Time for a Test Drive?



It’s nearly time to take the quick_session.py webapp for a spin. However, before we do, let’s think a bit about what it is we want to test.
For starters, we want to check that the webapp is storing and retrieving the session data provided to it. On top of that, we want to ensure that more than one user can interact with the webapp without stepping on any other user’s toes: the session data from one user shouldn’t impact the data of any other.
To perform these tests, we’re going to simulate multiple users by running multiple browsers. Although the browsers are all running on one computer, as far as the web server is concerned, they are all independent, individual connections: the Web is stateless, after all. If we were to repeat these tests on three physically different computers on three different networks, the results would be the same, as all web servers see each request in isolation, no matter where the request originates. Recall that the session technology in Flask layers a stateful technology on top of the stateless Web.
To start this webapp, use this command within a terminal on Linux or Mac OS X:
$ python3 quick_session.py
or use this command at a command prompt on Windows:
C:\> py -3 quick_session.py
Test Drive, 1 of 2
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With the quick_session.py webapp up and running, let’s open a Chrome browser and use it to set a value for the user key in session. We do this by typing /setuser/Alice into the location bar, which instructs the webapp to use the value Alice for user:
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Next, let’s open up the Opera browser and use it to set the value of user to Bob (if you don’t have access to Opera, use whichever browser is handy, as long as it’s not Chrome):
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When we opened up Safari (or you can use Edge if you are on Windows), we used the webapp’s other URL, /getuser, to retrieve the current value of user from the webapp. However, when we did this, we’re greeted with a rather intimidating error message:
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Let’s use Safari to set the value of user to Chuck:
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Test Drive, 2 of 2
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Now that we’ve used the three browsers to set values for user, let’s confirm that the webapp (thanks to our use of session) is stopping each browser’s value of user from interfering with any other browser’s data. Even though we’ve just used Safari to set the value of user to Chuck, let’s see what its value is in Opera by using the /getuser URL:
[image: image with no caption]

Having confirmed that Opera is showing user’s value as Bob, let’s return to the Chrome browser window and issue the /getuser URL there. As expected, Chrome confirms that, as far as it’s concerned, the value of user is Alice:
[image: image with no caption]

We’ve just used Opera and Chrome to access the value of user using the /getuser URL, which just leaves Safari. Here’s what we see when we issue /getuser in Safari, which doesn’t produce an error message this time, as user has a value associated with it now (so, no more KeyError):
[image: image with no caption]

[image: image with no caption]

No, not quite—it all happens in the webapp.
The use of the session dictionary in the webapp enables the behavior you’re seeing here. By automatically setting a unique cookie within each browser, the webapp (thanks to session) maintains a browser-identifiable value of user for each browser.
From the webapp’s perspective, it’s as if there are multiple values of user in the session dictionary (keyed by cookie). From each browser’s perspective, it’s as if there is only ever one value of user (the one associated with their individual, unique cookie).



Managing Logins with Sessions



Based on our work with quick_session.py, we know we can store browser-specific state in session. No matter how many browsers interact with our webapp, each browser’s server-side data (a.k.a. state) is managed for us by Flask whenever session is used.
Let’s use this new know-how to return to the problem of controlling web access to specific pages within the vsearch4web.py webapp. Recall that we want to get to the point where we can restrict who has access to the /viewlog URL.
Rather than experimenting on our working vsearch4web.py code, let’s put that code to one side for now and work with some other code, which we’ll experiment with in order to work out what we need to do. We’ll return to the vsearch4web.py code once we’ve worked out the best way to approach this. We can then confidently amend the vsearch4web.py code to restrict access to /viewlog.
Here’s the code to yet another Flask-based webapp. As before, take some time to read this code prior to our discussion of it. This is simple_webapp.py:
Ready Bake Code
[image: image with no caption]

[image: image with no caption]



Let’s Do Login



The simple_webapp.py code is straightforward: all of the URLs are public in that they can be accessed by anyone using a browser.
In addition to the default / URL (which results in the hello function executing), there are three other URLs, /page1, /page2, and /page3 (which invoke similarly named functions when accessed). All of the webapp’s URLs return a specific message to the browser.
As webapps go, this one is really just a shell, but will do for our purposes. We’d like to get to the point where /page1, /page2, and /page3 are only visible to logged-in users, but restricted to everyone else. We’re going to use Flask’s session technology to enable this functionality.
Let’s begin by providing a really simple /login URL. For now, we’re not going to worry about providing an HTML form that asks for a login ID and password. All we’re going to do here is create some code that adjusts session to indicate that a successful login has occurred.
Sharpen your Pencil
[image: image with no caption]

Let’s write the code for the /login URL below. In the space shown, provide code that adjusts session by setting a value for the logged_in key to True. Additionally, have the URL’s function return the “You are now logged in” message to the waiting browser:
[image: image with no caption]

In addition to creating the code for the /login URL, you’ll need to make two other changes to the code to enable sessions. Detail what you think these changes are here:
	..................................................................................................

	..................................................................................................




Sharpen your Pencil Solution
[image: image with no caption]

You were to write the code for the /login URL below. You were to provide code that adjusts session by setting a value for the logged_in key to True. Additionally, you were to have the URL’s function return the “You are now logged in” message to the waiting browser:
[image: image with no caption]

In addition to creating the code for the /login URL, you needed to make two other changes to the code to enable sessions. You were to detail what you think these changes were:
[image: image with no caption]


Amend the webapp’s code to handle logins



We’re going to hold off on testing this new code until we’ve added another two URLs: /logout and /status. Before you move on, make sure your copy of simple_webapp.py has been amended to include the changes shown below. Note: we’re not showing all of the webapp’s code here, just the new bits (which are highlighted):
[image: image with no caption]



Let’s Do Logout and Status Checking



Adding the code for the /logout and /status URLs is our next task.
When it comes to logging out, one strategy is to set the session dictionary’s logged_in key to False. Another strategy is to remove the logged_in key from session altogether. We’re going to go with the second option; the reason why will become clear after we code the /status URL.
Sharpen your Pencil
[image: image with no caption]

Let’s write the code for the /logout URL, which needs to remove the logged_in key from the session dictionary, then return the “You are now logged out” message to the waiting browser. Add your code into the spaces below:
[image: image with no caption]

With /logout written, we now turn our attention to /status, which returns one of two messages to the waiting web browser.
The message “You are currently logged in” is returned when logged_in exists as a value in the session dictionary (and, by definition, is set to True).
The message “You are NOT logged in” is returned when the session dictionary doesn’t have a logged_in key. Note that we can’t check logged_in for False, as the /logout URL removes the key from the session dictionary as opposed to changing its value. (We haven’t forgotten that we still need to explain why we’re doing things this way, and we’ll get to the explanation in a while. For now, trust that this is the way you have to code this functionality.)
Let’s write the code for the /status URL in the space below:
[image: image with no caption]


Sharpen your Pencil Solution
[image: image with no caption]

You were to write the code for the /logout URL, which needed to remove the logged_in key from the session dictionary, then return the “You are now logged out” message to the waiting browser:
[image: image with no caption]

With /logout written, you were to turn your attention to the /status URL, which returns one of two messages to the waiting web browser.
The message “You are currently logged in” is returned when logged_in exists as a value in the session dictionary (and, by definition, is set to True).
The message “You are NOT logged in” is returned when the session dictionary doesn’t have a logged_in key.
You were to write the code for /status in the space below:
[image: image with no caption]


Amend the webapp’s code once more



We’re still holding off on testing this new version of the webapp, but here (on the right) is a highlighted version of the code you need to add to your copy of simple_webapp.py.
[image: image with no caption]

Make sure you’ve amended your code to match ours before getting to the next Test Drive, which is coming up right after we make good on an earlier promise.


Why Not Check for False?



When you coded the /login URL, you set the logged_in key to True in the session dictionary (which indicated that the browser was logged into the webapp). However, when you coded the /logout URL, the code didn’t set the value associated with the logged_in key to False, as we preferred instead to remove all trace of the logged_in key from the session dictionary. In the code that handled the /status URL, we checked the “login status” by determining whether or not the logged_in key existed in the session dictionary; we didn’t check whether logged_in is False (or True, for that matter). Which begs the question: why does the webapp not use False to indicate “not logged in”?
The answer is subtle, but important, and it has to do with the way dictionaries work in Python. To illustrate the issue, let’s experiment at the >>> prompt and simulate what can happen to the session dictionary when used by the webapp. Be sure to follow along with this session, and carefully read each of the annotations:
[image: image with no caption]

The above experimentation shows that it is not possible to check a dictionary for a key’s value until a key/value pairing exists. Trying to do so results in an KeyError. As it’s a good idea to avoid errors like this, the simple_webapp.py code checks for the existence of the logged_in key as proof that the browser’s logged in, as opposed to checking the key’s actual value, thus avoiding the possibility of a KeyError.
[image: image with no caption]

Test Drive
[image: image with no caption]

Let’s take the simple_webapp.py webapp for a spin to see how well the /login, /logout, and /status URLs perform. As with the last Test Drive, we’re going to test this webapp using more than one browser in order to confirm that each browser maintains its own “login state” on the server. Let’s start the webapp from our operating system’s terminal:
	On Linux and Mac OS X:
	python3 simple_webapp.py


	On Windows:
	py -3 simple_webapp.py




Let’s fire up Opera and check its initial login status by accessing the /status URL. As expected, the browser is not logged in:
[image: image with no caption]

Let’s simulate logging in, by accessing the /login URL. The message changes to confirm that the login was successful:
[image: image with no caption]

Now that you are logged in, let’s confirm the status change by accessing the /status URL within Opera. Doing so confirms that the user of the Opera browser is logged in. If you use Chrome to check the status, too, you’ll see that the user of Chrome isn’t logged in, which is exactly what we want (as each user of the webapp—each browser—has its own state maintained by the webapp):
[image: image with no caption]

To conclude, let’s access the /logout URL within Opera to tell the webapp that we are logging out of the session:
[image: image with no caption]

Although we haven’t asked any of our browser’s users for a login ID or password, the /login, /logout, and /status URLs allow us to simulate what would happen to the webapp’s session dictionary if we were to create the required HTML form, then hook up the form’s data to a backend “credentials” database. The details of how this might happen are very much application-specific, but the basic mechanism (i.e., manipulating session) is the same no matter what a specific webapp might want to do.
Are we now ready to restrict access to the /page1, /page2, and /page3 URLs?


Can We Now Restrict Access to URLs?



Jim: Hey, Frank...what are you stuck on?
Frank: I need to come up with a way to restrict access to the /page1, /page2, and /page3 URLs...
Joe: It can’t be that hard, can it? You’ve already got the code you need in the function that handles /status...
Frank: ...and it knows if a user’s browser is logged in or not, right?
Joe: Yeah, it does. So, all you have to do is copy and paste that checking code from the function that handles /status into each of the URLs you want to restrict, and then you’re home and dry!
[image: image with no caption]

Jim: Oh, man! Copy and paste...the web developer’s Achilles’ heel. You really don’t want to copy and paste code like that... it can only lead to problems down the road.
Frank: Of course! CS 101... I’ll create a function with the code from /status, then call that function as needed within the functions that handle the /page1, /page2, and /page3 URLs. Problem solved.
Joe: I like that idea...and I think it’ll work. (I knew there was a reason we sat through all those boring CS lectures.)
Jim: Hang on...not so fast. What you’re suggesting with a function is much better than your copy-and-paste idea, but I’m still not convinced it’s the best way to go here.
Frank and Joe (together, and incredulously): What’s not to like?!?!?
Jim: It bugs me that you’re planning to add code to the functions that handle the /page1, /page2, and /page3 URLs that has nothing to do with what those functions actually do. Granted, you need to check whether a user is logged in before granting access, but adding a function call to do this to every URL doesn’t sit quite right with me...
Frank: So what’s your big idea, then?
Jim: If it were me, I’d create, then use, a decorator.
Joe: Of course! That’s an even better idea. Let’s do that.

Copy-and-Paste Is Rarely a Good Idea



Let’s convince ourselves that the ideas suggested on the last page are not the best way to approach the problem at hand—namely, how best to restrict access to specific web pages.
The first suggestion was to copy and paste some of the code from the function that handles the /status URL (namely, the check_status function). Here’s the code in question:
[image: image with no caption]

Here’s what the page1 function currently looks like:
[image: image with no caption]

If we copy and paste the highlighted code from check_status into page1, the latter’s code would end up looking like this:
[image: image with no caption]

The above code works, but if you were to repeat this copy-and-paste activity for the /page2 and /page3 URLs (as well as any other URLs you were to add to your webapp), you’d quickly create a maintenance nightmare, especially when you consider all the edits you’d have to make should you decide to change how your login-checking code works (by, maybe, checking a submitted user ID and password against data stored in a database).
Put shared code into its own function



When you have code that you need to use in many different places, the classic solution to the maintenance problem inherent in any copy-and-paste “quick fix” is to put the shared code into a function, which is then invoked as needed.
As such a strategy solves the maintenance problem (as the shared code exists in only one place as opposed to being copied and pasted willy-nilly), let’s see what creating a login-checking function does for our webapp.


Creating a Function Helps, But...



Let’s create a new function called check_logged_in, which, when invoked, returns True if the user’s browser is currently logged in, and False otherwise.
It’s not a big job (most of the code is already in check_status); here’s how we’d write this new function:
[image: image with no caption]

With this function written, let’s use it in the page1 function instead of that copied and pasted code:
[image: image with no caption]

This strategy is a bit better than copy-and-paste, as you can now change how the login process works by making changes to the check_logged_in function. However, to use the check_logged_in function you still have to make similar changes to the page2 and page3 functions (as well as to any new URLs you create), and you do that by copying and pasting this new code from page1 into the other functions... In fact, if you compare what you did to the page1 function on this page with what you did to page1 on the last page, it’s roughly the same amount of work, and it’s still copy-and-paste! Additionally, with both of these “solutions,” the added code is obscuring what page1 actually does.
It would be nice if you could somehow check if the user’s browser is logged in without having to amend any of your existing function’s code (so as not to obscure anything). That way, the code in each of your webapp’s functions can remain directly related to what each function does, and the login status-checking code won’t get in the way. If only there was a way to do this?
As we learned from our three friendly developers—Frank, Joe, and Jim—a few pages back, Python includes a language feature that can help here, and it goes by the name decorator. A decorator allows you to augment an existing function with extra code, and it does this by letting you change the behavior of the existing function without having to change its code.
If you’re reading that last sentence and saying: “What?!?!?”, don’t worry: it does sound strange the first time you hear it. After all, how can you possibly change how a function works without changing the function’s code? Does it even make sense to try?
Let’s find out by learning about decorators.

You’ve Been Using Decorators All Along



You’ve been using decorators for as long as you’ve written webapps with Flask, which you started back in Chapter 5.
Here’s the earliest version of the hello_flask.py webapp from that chapter, which highlights the use of a decorator called @app.route, which comes with Flask. The @app.route decorator is applied to an existing function (hello in this code), and the decorator augments the function it precedes by arranging to call hello whenever the webapp processes the / URL. Decorators are easy to spot; they’re prefixed with the @ symbol:
[image: image with no caption]

Note how, as a user of the @app.route decorator, you have no idea how the decorator works its magic. All you’re concerned with is that the decorator does what it promises: links a given URL with a function. All of the nitty-gritty, behind- the-scenes details of how the decorator works are hidden from you.
When you decide to create a decorator, you need to peek under the covers and (much like when you created a context manager in the last chapter) hook into Python’s decorator machinery. There are four things that you need to know and understand to write a decorator:
	How to create a function

	How to pass a function as an argument to a function

	How to return a function from a function

	How to process any number and type of function arguments



You’ve been successfully creating and using your own functions since Chapter 4, which means this list of “four things to know” is really only three. Let’s take some time to work through items 2 through 4 from this list as we progress toward writing a decorator of our own.

Pass a Function to a Function



It’s been a while, but way back in Chapter 2 we introduced the notion that everything is an object in Python. Although it may sound counterintuitive, the “everything” includes functions, which means functions are objects, too.
	[image: ]
	Pass a function to a function.

	[image: ]
	Return a function from a function.

	[image: ]
	Process any number/type of arguments.



Note
We’ll check off each completed topic as we work through this material.

Clearly, when you invoke a function, it runs. However, like everything else in Python, functions are objects, and have an object ID: think of functions as “function objects.”
Take a quick look at the short IDLE session below. A string is assigned to a variable called msg, and then its object ID is reported through a call to the id built-in function (BIF). A small function, called hello, is then defined. The hello function is then passed to the id BIF that reports the function’s object ID. The type BIF then confirms that msg is a string and hello is a function, and finally hello is invoked and prints the current value of msg on screen:
[image: image with no caption]

We were a little devious in not drawing your attention to this before we had you look at the above IDLE session, but...did you notice how we passed hello to the id and type BIFs? We didn’t invoke hello; we passed its name to each of the functions as an argument. In doing so, we passed a function to a function.
Functions can take a function as an argument



The calls to id and type above demonstrate that some of Python’s built-in functions accept a function as an argument (or to be more precise: a function object). What a function does with the argument is up to the function. Neither id nor type invokes the function, although it could have. Let’s see how that works.


Invoking a Passed Function



When a function object is passed as an argument to a function, the receiving function can invoke the passed-in function object.
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	Pass a function to a function.
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	Return a function from a function.

	[image: ]
	Process any number/type of arguments.



Here’s a small function (called apply) that takes two arguments: a function object and a value. The apply function invokes the function object and passes the value to the invoked function as an argument, returning the results of invoking the function on the value to the calling code:
[image: image with no caption]

Note how apply’s annotations hint that it accepts any function object together with any value, then returns anything (which is all very generic). A quick test of apply at the >>> prompt confirms that apply works as expected:
[image: image with no caption]

If you’re reading this page and wondering when you’d ever need to do something like this, don’t fret: we’ll get to that when we write our decorator. For now, concentrate on understanding that it’s possible to pass a function object to a function, which the latter can then invoke.

Functions Can Be Nested Inside Functions



Usually, when you create a function, you take some existing code and make it reusable by giving it a name, and using the existing code as the function’s suite. This is the most common function use case. However, what sometimes comes as a surprise is that, in Python, the code in a function’s suite can be any code, including code that defines another function (often referred to as a nested or inner function). Even more surprising is that the nested function can be returned from the outer, enclosing function; in effect, what gets returned is a function object. Let’s look at a few examples that demonstrate these other, less common function use cases.
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	Pass a function to a function.

	[image: ]
	Return a function from a function.

	[image: ]
	Process any number/type of arguments.



First up is an example that shows a function (called inner) nested inside another function (called outer). It is not possible to invoke inner from anywhere other than within outer’s suite, as inner is local in scope to outer:
[image: image with no caption]

When outer is invoked, it runs all the code in its suite: inner is defined, the call to the print BIF in outer is executed, and then the inner function is invoked (which calls the print BIF within inner). Here’s what appears on screen:
[image: image with no caption]

When would you ever use this?



Looking at this simple example, you might find it hard to think of a situation where creating a function inside another function would be useful. However, when a function is complex and contains many lines of code, abstracting some of the function’s code into a nested function often makes sense (and can make the enclosing function’s code easier to read).
A more common usage of this technique arranges for the enclosing function to return the nested function as its value, using the return statement. This is what allows you to create a decorator.
So, let’s see what happens when we return a function from a function.


Return a Function from a Function



Our second example is very similar to the first, but for the fact that the outer function no longer invokes inner, but instead returns it. Take a look at the code:
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	Pass a function to a function.
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	Return a function from a function.
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	Process any number/type of arguments.



[image: image with no caption]

Let’s see what this new version of the outer function does, by returning to the IDLE shell and taking outer for a spin.
Note how we assign the result of invoking outer to a variable, called i in this example. We then use i as if it were a function object—first checking its type by invoking the type BIF, then invoking i as we would any other function (by appending parentheses). When we invoke i, the inner function executes. In effect, i is now an alias for the inner function as created inside outer:
[image: image with no caption]

So far, so good. You can now return a function from a function, as well as send a function to a function. You’re nearly ready to put all this together in your quest to create a decorator. There’s just one more thing you need to understand: creating a function that can handle any number and type of arguments. Let’s look at how to do this now.

Accepting a List of Arguments



Imagine you have a requirement to create a function (which we’ll call myfunc in this example) that can be called with any number of arguments. For example, you might call myfunc like this:
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	Pass a function to a function.

	[image: ]
	Return a function from a function.
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	Process any number/type of arguments.



Note
You’re nearly there. One more topic to cover, and then you’ll be ready to create a decorator.

[image: image with no caption]

or you might call myfunc like this:
[image: image with no caption]

or you might call myfunc like this:
[image: image with no caption]

In fact, you might call myfunc with any number of arguments, with the proviso that you don’t know ahead of time how many arguments are going to be provided.
As it isn’t possible to define three distinct versions of myfunc to handle each of the three above invocations, the question becomes: is it possible to accept any number of arguments in a function?
Use * to accept an arbitrary list of arguments



Python provides a special notation that allows you to specify that a function can take any number of arguments (where “any number” means “zero or more”). This notation uses the * character to represent any number, and is combined with an argument name (by convention, args is used) to specify that a function can accept an arbitrary list of arguments (even though *args is technically a tuple).
Think of * as meaning “expand to a list of values.”


Here’s a version of myfunc that uses this notation to accept any number of arguments when invoked. If any arguments are provided, myfunc prints their values to the screen:
[image: image with no caption]



Processing a List of Arguments



Now that myfunc exists, let’s see if it can handle the example invocations from the last page, namely:
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	Pass a function to a function.

	[image: ]
	Return a function from a function.
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	Process any number/type of arguments.



myfunc(10)
myfunc()
myfunc(10, 20, 30, 40, 50, 60, 70)
Here’s another IDLE session that confirms that myfunc is up to the task. No matter how many arguments we supply (including none), myfunc processes them accordingly:
[image: image with no caption]

* works on the way in, too



If you provide a list to myfunc as an argument, the list (despite potentially containing many values) is treated as one item (i.e., it’s one list). To instruct the interpreter to expand the list to behave as if each of the list’s items were an individual argument, prefix the list’s name with the * character when invoking the function.
Another short IDLE session demonstrates the difference using * can have:
[image: image with no caption]



Accepting a Dictionary of Arguments



When it comes to sending values into functions, it’s also possible to provide the names of the arguments together with their associated values, then rely on the interpreter to match things up accordingly.
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	Pass a function to a function.

	[image: ]
	Return a function from a function.

	[image: ]
	Process any number/type of arguments.



You first saw this technique in Chapter 4 with the search4letters function, which—you may recall—expects two argument values, one for phrase and another for letters. When keyword arguments are used, the order in which the arguments are provided to the search4letters function doesn’t matter:
[image: image with no caption]

Like with lists, it’s also possible arrange for a function to accept an arbitrary number of keyword arguments—that is, keys with values assigned to them (as with phrase and letters in the above example).
Use ** to accept arbitrary keyword arguments



In addition to the * notation, Python also provides **, which expands to a collection of keyword arguments. Where * uses args as its variable name (by convention), ** uses kwargs, which is short for “keyword arguments.” (Note: you can use names other than args and kwargs within this context, but very few Python programmers do.)
Think of ** as meaning “expand to a dictionary of keys and values.”


Let’s look at another function, called myfunc2, which accepts any number of keyword arguments:
[image: image with no caption]



Processing a Dictionary of Arguments



The code within myfunc2’s suite takes the dictionary of arguments and processes them, displaying all the key/value pairings on a single line.
	[image: ]
	Pass a function to a function.

	[image: ]
	Return a function from a function.

	[image: ]
	Process any number/type of arguments.



Here’s another IDLE session that demonstrates myfunc2 in action. No matter how many key/value pairings are provided (including none), myfunc2 does the right thing:
[image: image with no caption]

** works on the way in, too



You probably guessed this was coming, didn’t you? As with *args, when you use **kwargs it’s also possible to use ** when invoking the myfunc2 function. Rather than demonstrate how this works with myfunc2, we’re going to remind you of a prior usage of this technique from earlier in this book. Back in Chapter 7, when you learned how to use Python’s DB-API, you defined a dictionary of connection characteristics as follows:
[image: image with no caption]

When it came time to establish a connection to your waiting MySQL (or MariaDB) database server, you used the dbconfig dictionary as follows. Notice anything about the way the dbconfig argument is specified?
[image: image with no caption]

By prefixing the dbconfig argument with **, we tell the interpreter to treat the single dictionary as a collection of keys and their associated values. In effect, it’s as if you invoked connect with four individual keyword arguments, like this:
conn = mysql.connector.connect('host'='127.0.0.1', 'user'='vsearch',
                               'password'='vsearchpasswd', 'database'='vsearchlogDB')


Accepting Any Number and Type of Function Arguments



When creating your own functions, it’s neat that Python lets you accept a list of arguments (using *), in addition to any number of keyword arguments (using **). What’s even neater is that you can combine the two techniques, which lets you create a function that can accept any number and type of arguments.
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	Pass a function to a function.

	[image: ]
	Return a function from a function.
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	Process any number/type of arguments.



Here’s a third version of myfunc (which goes by the shockingly imaginative name of myfunc3). This function accepts any list of arguments, any number of keyword arguments, or a combination of both:
[image: image with no caption]

This short IDLE session showcases myfunc3:
[image: image with no caption]


A Recipe for Creating a Function Decorator
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	Pass a function to a function.

	[image: ]
	Return a function from a function.
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	Process any number/type of arguments.



Note
We’re ready to have a go at writing our own decorator.

With three items marked in the checklist on the right, you now have an understanding of the Python language features that allow you to create a decorator. All you need to know now is how you take these features and combine them to create the decorator you need.
Just like when you created your own context manager (in the last chapter), creating a decorator conforms to a set of rules or recipe. Recall that a decorator allows you to augment an existing function with extra code, without requiring you to change the existing function’s code (which, we’ll admit, still sounds freaky).
To create a function decorator, you need to know that:
	A decorator is a function
In fact, as far as the interpreter is concerned, your decorator is just another function, albeit one that manipulates an existing function. Let’s refer to this existing function as the decorated function from here on in. Having made it this far in this book, you know that creating a function is easy: use Python’s def keyword.

	A decorator takes the decorated function as an argument
A decorator needs to accept the decorated function as an argument. To do this, you simply pass the decorated function as a function object to your decorator. Now that you’ve worked through the last 10 pages, you know that this too is easy: you arrive at a function object by referring to the function without parentheses (i.e., using just the function’s name).

	A decorator returns a new function
A decorator returns a new function as its return value. Much like when outer returned inner (a few pages back), your decorator is going to do something similar, except that the function it returns needs to invoke the decorated function. Doing this is—dare we say it?—easy but for one small complication, which is what Step 4 is all about.

	A decorator maintains the decorated function’s signature
A decorator needs to ensure that the function it returns takes the same number and type of arguments as expected by the decorated function. The number and type of any function’s arguments is known as its signature (as each function’s def line is unique).



It’s time to grab a pencil and put this information to work creating your first decorator.

Recap: We Need to Restrict Access to Certain URLs



[image: image with no caption]

We’ve been working with the simple_webapp.py code, and we need our decorator to check to see whether the user’s browser is logged in or not. If it is logged in, restricted web pages are visible. If the browser isn’t logged in, the webapp should advise the user to log in prior to viewing any restricted pages. We’ll create a decorator to handle this logic. Recall the check_status function, which demonstrates the logic we want our decorator to mimic:
[image: image with no caption]


Creating a Function Decorator



To comply with item 1 in our list, you had to create a new function. Remember:
	A decorator is a function
In fact, as far as the interpreter is concerned, your decorator is just another function, albeit one that manipulates an existing function. Let’s refer to this existing function as the decorated function from here on in. You know that creating a function is easy: use Python’s def keyword.



Complying with item 2 involves ensuring your decorator accepts a function object as an argument. Again, remember:
	A decorator takes the decorated function as an argument
Your decorator needs to accept the decorated function as an argument. To do this, you simply pass the decorated function as a function object to your decorator. You arrive at a function object by referring to the function without parentheses (i.e., using the function’s name).



Sharpen your Pencil
[image: image with no caption]

Let’s put your decorator in its own module (so that you can more easily reuse it). Begin by creating a new file called checker.py in your text editor.
You’re going to create a new decorator in checker.py called check_logged_in. In the space below, provide your decorator’s def line. Hint: use func as the name of your function object argument:
[image: image with no caption]


There are no Dumb Questions
	Q:
	Q: Does it matter where on my system I create checker.py?

	A:
	A: Yes. Our plan is to import checker.py into webapps that need it, so you need to ensure that the interpreter can find it when your code includes the import checker line. For now, put checker.py in the same folder as simple_webapp.py.






Sharpen your Pencil Solution
[image: image with no caption]

We decided to put your decorator in its own module (so that you can more easily reuse it).
You began by creating a new file called checker.py in your text editor.
Your new decorator (in checker.py) is called check_logged_in and, in the space below, you were to provide your decorator’s def line:
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That’s almost too easy, isn’t it?



Remember: a decorator is just another function, which takes a function object as an argument (func in the above def line).
Let’s move on to the next item in our “create a decorator” recipe, which is a little more involved (but not by much). Recall what you need your decorator to do:
	A decorator returns a new function
Your decorator returns a new function as its return value. Just like when outer returned inner (a few pages back), your decorator is going to do something similar, except that the function it returns needs to invoke the decorated function.



Earlier in this chapter, you met the outer function, which, when invoked, returned the inner function. Here’s outer’s code once more:
[image: image with no caption]

Sharpen your Pencil
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Now that you’ve written your decorator’s def line, let’s add some code to its suite. You need to do four things here.
1. Define a nested function called wrapper that is returned by check_logged_in. (You could use any function name here, but, as you’ll see in a bit, wrapper is a pretty good choice.)
2. Within wrapper, add some of the code from your existing check_status function that implements one of two behaviors based on whether the user’s browser is logged in or not. To save you the page-flip, here’s the check_status code once more (with the important bits highlighted):
@app.route('/status')
def check_status() -> str:
    if 'logged_in' in session:
        return 'You are currently logged in.'
    return 'You are NOT logged in.'
3. As per item 3 of our decorator-creating recipe, you need to adjust the nested function’s code so that it invokes the decorated function (as opposed to returning the “You are currently logged in” message).
4. With the nested function written, you need to return its function object from check_logged_in.
Add the required code to check_logged_in’s suite in the spaces provided below:
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Sharpen your Pencil Solution
[image: image with no caption]

With your decorator’s def line written, you were to add some code to its suite. You needed to do four things:
1. Define a nested function called wrapper that is returned by check_logged_in.
2. Within wrapper, add some of the code from your existing check_status function that implements one of two behaviors based on whether the user’s browser is logged in or not.
3. As per item 3 of our decorator-creating recipe, adjust the nested function’s code so that it invokes the decorated function (as opposed to returning the “You are currently logged in” message).
4. With the nested function written, return its function object from check_logged_in.
You were to add the required code to check_logged_in’s suite in the spaces provided:
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Can you see why the nested function is called “wrapper”?



If you take a moment to study the decorator’s code (so far), you’ll see that the nested function not only invokes the decorated function (stored in func), but also augments it by wrapping extra code around the call. In this case, the extra code is checking to see if the logged_in key exists within your webapp’s session. Critically, if the user’s browser is not logged in, the decorated function is never invoked by wrapper.


The Final Step: Handling Arguments



We are nearly there—the “guts” of the decorator’s code is in place. What remains is to ensure the decorator handles the decorated function’s arguments properly, no matter what they might be. Recall item 4 from the recipe:
	A decorator maintains the decorated function’s signature
Your decorator needs to ensure that the function it returns takes the same number and type of arguments as expected by the decorated function.



When a decorator is applied to an existing function, any calls to the existing function are replaced by calls to the function returned by the decorator. As you saw in the solution on the previous page, to comply with item 3 of our decorator-creation recipe, we return a wrapped version of the existing function, which implements extra code as needed. This wrapped version decorates the existing function.
But there’s a problem with this, as doing the wrapping on its own is not enough; the calling characteristics of the decorated function need to be maintained, too. This means, for instance, that if your existing function accepts two arguments, your wrapped function also has to accept two arguments. If you could know ahead of time how many arguments to expect, then you could plan accordingly. Unfortunately, you can’t know this ahead of time because your decorator can be applied to any existing function, which could have—quite literally—any number and type of arguments.
Remember: *args and **kwargs support any number and type of arguments.


What to do? The solution is to go “generic,” and arrange for the wrapper function to support any number and type of arguments. You already know how to do this, as you’ve already seen what *args and **kwargs can do.
Sharpen your Pencil
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Let’s adjust the wrapper function to accept any number and type of arguments. Let’s also ensure that when func is invoked, it uses the same number and type of arguments as were passed to wrapper. Add in the argument code in the spaces provided below:
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Sharpen your Pencil Solution
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You were to adjust the wrapper function to accept any number and type of arguments, as well as ensure that, when func is invoked, it uses the same number and type of arguments as were passed to wrapper:
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We’re done...or are we?



If you check our decorator-creating recipe, you’d be forgiven for believing that we’re done. We are...almost. There are two issues that we still need to deal with: one has to do with all decorators, whereas the other has to do with this specific one.
Let’s get the specific issue out of the way first. As the check_logged_in decorator is in its own module, we need to ensure that any modules its code refers to are also imported into checker.py. The check_logged_in decorator uses session, which has to be imported from Flask to avoid errors. Handling this is straightforward, as all you need to do is add this import statement to the top of checker.py:
from flask import session
The other issue, which affects all decorators, has to do with how functions identify themselves to the interpreter. When decorated, and if due care is not taken, a function can forget its identity, which can lead to problems. The reason why this happens is very technical and a little exotic, and it requires a knowledge of Python’s internals that most people don’t need (or want) to know. Consequently, Python’s standard library comes with a module that handles these details for you (so you need never worry about them). All you have to do is remember to import the required module (functools), then call a single function (wraps).
When creating your own decorators, always import, then use, the “functools” module’s “wraps” function.


Perhaps somewhat ironically, the wraps function is implemented as a decorator, so you don’t actually call it, but rather use it to decorate your wrapper function inside your own decorator. We’ve already gone ahead and done this for you, and you’ll find the code to the completed check_logged_in decorator at the top of the next page.


Your Decorator in All Its Glory



Before continuing, make sure your decorator code exactly matches ours:
[image: image with no caption]

Now that the checker.py module contains a completed check_logged_in function, let’s put it to use within simple_webapp.py. Here is the current version of the code to this webapp (which we’re showing here over two columns):
from flask import Flask, session

app = Flask(__name__)

@app.route('/')
def hello() -> str:
    return 'Hello from the simple webapp.'

@app.route('/page1')
def page1() -> str:
    return 'This is page 1.'

@app.route('/page2')
def page2() -> str:
    return 'This is page 2.'

@app.route('/page3')
def page3() -> str:
    return 'This is page 3.'

@app.route('/login')
def do_login() -> str:
    session['logged_in'] = True
    return 'You are now logged in.'

@app.route('/logout')
def do_logout() -> str:
    session.pop('logged_in')
    return 'You are now logged out.'

@app.route('/status')
def check_status() -> str:
    if 'logged_in' in session:
       return 'You are currently logged in.'
    return 'You are NOT logged in.'

app.secret_key = 'YouWillNeverGuess...'

if __name__ == '__main__':
    app.run(debug=True)
Note
Recall that our goal here is to restrict access to the /page1, /page2, and /page3 URLs, which are currently accessible to any user’s browser (based on this code).


Putting Your Decorator to Work



Adjusting the simple_webapp.py code to use the check_logged_in decorator is not difficult. Here’s a list of what needs to happen:
	Import the decorator
The check_logged_in decorator needs to be imported from the checker.py module. Adding the required import statement to the top of our webapp’s code does the trick here.

	Remove any unnecessary code
Now that the check_logged_in decorator exists, we no longer have any need for the check_status function, so it can be removed from simple_webapp.py.

	Use the decorator as required
To use the check_logged_in decorator, apply it to any of our webapp’s functions using the @ syntax.



Here’s the code to simple_webapp.py once more, with the three changes listed above applied. Note how the /page1, /page2, and /page3 URLs now have two decorators associated with them: @app.route (which comes with Flask), and @check_logged_in (which you’ve just created):
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Test Drive
[image: image with no caption]

To convince ourselves that our login-checking decorator is working as required, let’s take the decorator-enabled version of simple_webapp.py for a spin.
With the webapp running, use a browser to try to access /page1 prior to logging in. After logging in, try to access /page1 again and then, after logging out, try to access the restricted content once more. Let’s see what happens:
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The Beauty of Decorators



Take another look at the code for your check_logged_in decorator. Note how it abstracts the logic used to check if a user’s browser is logged in, putting this (potentially complex) code in one place—inside the decorator—and then making it available throughout your code, thanks to the @check_logged_in decorator syntax:
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Abstracting code in a decorator makes the code that uses it easier to read. Consider this usage of our decorator on the /page2 URL:
[image: image with no caption]

Note how the page2 function’s code is only concerned with what it needs to do: display the /page2 content. In this example, the page2 code is a single, simple statement; it would be harder to read and understand if it also contained the logic required to check whether a user’s browser is logged in or not. Using a decorator to separate out the login-checking code is a big win.
Decorators aren’t freaky; they’re fun.


This “logic abstraction” is one of the reasons the use of decorators is popular in Python. Another is that, if you think about it, in creating the check_logged_in decorator, you’ve managed to write code that augments an existing function with extra code, by changing the behavior of the existing function without changing its code. When it was first introduced earlier in this chapter, this idea was described as “freaky.” But, now that you’ve done it, there’s really nothing to it, is there?

Creating More Decorators



With the process of creating the check_logged_in decorator behind you, you can use its code as the basis of any new decorators you create from here on in.
To make your life easier, here’s a generic code template (in the file tmpl_decorator.py) that you can use as the basis of any new decorators you write:
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This code template can be adjusted as needed to suit your needs. All you need to do is give your new decorator an appropriate name, then replace the three comments in the template with your decorator’s specific code.
If it makes sense for your new decorator to invoke the decorated function without returning its results, that’s fine. After all, what you put in your wrapper function is your code, and you are free to do whatever you want to.
There are no Dumb Questions
	Q:
	Q: Aren’t decorators just like the last chapter’s context manager in that they both let me wrap code with additional functionality?

	A:
	A: That’s a great question. The answer is: yes and no. Yes, both decorators and context managers augment existing code with additional logic. But no, they are not the same. Decorators are specifically concerned with augmenting existing functions with additional functionality, whereas context mangers are more interested in ensuring your code executes within a specific context, arranging for code to run before a with statement as well as ensuring that code always executes after a with statement. You can do something similar with decorators, but most Python programmers would regard you as a little mad if you were to attempt this. Also, note that your decorator code is under no obligation to do anything after it invokes the decorated function (as is the case with the check_logged_in decorator, which does nothing). This decorator behavior is very different from the protocol that context managers are expected to adhere to.







Back to Restricting Access to /viewlog



[image: image with no caption]

Now that you’ve created a mechanism that lets you restrict access to certain URLs in simple_webapp.py, it’s a no-brainer to apply the same mechanism to any other webapp.
This includes vsearch4web.py, where you had a requirement to restrict access to the /viewlog URL. All you need to do is copy the do_login and do_logout functions from simple_webapp.py into vsearch4web.py, import the checker.py module, and then decorate the view_the_log function with check_logged_in. Granted, you may want to add some sophistication to do_login and do_logout (by, perhaps, checking user credentials against those stored in a database), but—as regards restricting access to certain URLs—the check_logged_in decorator does most of the heavy lifting for you.

What’s Next?



Rather than spend a bunch of pages doing to vsearch4web.py what you’ve just spent a chunk of time doing to simple_webapp.py, we’re going to leave adjusting vsearch4web.py for you to do on your own. At the start of the next chapter, we’ll present an updated version of the vsearch4web.py webapp for you to compare with yours, as our updated code is used to frame the discussion in the next chapter.
To date, all of the code in this book has been written under the assumption that nothing bad ever happens, and nothing ever goes wrong. This was a deliberate strategy on our part, as we wanted to ensure you had a good grasp of Python before getting into topics such as error correction, error avoidance, error detection, exception handling, and the like.
We have now reached the point where we can no longer follow this strategy. The environments within which our code runs are real, and things can (and do) go wrong. Some things are fixable (or avoidable), and some aren’t. If at all possible, you’ll want your code to handle most error situations, only resulting in a crash when something truly exceptional happens that is beyond your control. In the next chapter, we look at various strategies for deciding what’s a reasonable thing to do when stuff goes wrong.
Prior to that, though, here’s a quick review of this chapter’s key points.
Bullet Points
[image: image with no caption]

	When you need to store server-side state within a Flask webapp, use the session dictionary (and don’t forget to set a hard-to-guess secret_key).

	You can pass a function as an argument to another function. Using the function’s name (without the parentheses) gives you a function object, which can be manipulated like any other variable.

	When you use a function object as an argument to a function, you can have the receiving function invoke the passed-in function object by appending parentheses.

	A function can be nested inside an enclosing function’s suite (and is only visible within the enclosing scope).

	In addition to accepting a function object as an argument, functions can return a nested function as a return value.

	*args is shorthand for “expand to a list of items.”

	**kwargs is shorthand for “expand to a dictionary of keys and values.” When you see “kw,” think “keywords.”

	Both * and ** can also be used “on the way in,” in that a list or keyword collection can be passed into a function as a single (expandable) argument.

	Using (*args, **kwargs) as a function signature lets you create functions that accept any number and type of arguments.

	Using the new function features from this chapter, you learned how to create a function decorator, which changes the behavior of an existing function without the need to change the function’s actual code. This sounds freaky, but is quite a bit of fun (and is very useful, too).





Chapter 10’s Code, 1 of 2
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Chapter 10’s Code, 2 of 2
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Chapter 11. Exception Handling: What to Do When Things Go Wrong



[image: image with no caption]

Things go wrong, all the time—no matter how good your code is.
You’ve successfully executed all of the examples in this book, and you’re likely confident all of the code presented thus far works. But does this mean the code is robust? Probably not. Writing code based on the assumption that nothing bad ever happens is (at best) naive. At worst, it’s dangerous, as unforeseen things do (and will) happen. It’s much better if you’re wary while coding, as opposed to trusting. Care is needed to ensure your code does what you want it to, as well as reacts properly when things go south. In this chapter, you’ll not only see what can go wrong, but also learn what to do when (and, oftentimes, before) things do.
Long Exercise
[image: image with no caption]

We’re starting this chapter by diving right in. Presented below is the latest code to the vsearch4web.py webapp. As you’ll see, we’ve updated this code to use the check_logged_in decorator from the last chapter to control when the information presented by the /viewlog URL is (and isn’t) visible to users.
Take as long as you need to read this code, then use a pencil to circle and annotate the parts you think might cause problems when operating within a production environment. Highlight everything that you think might cause an issue, not just potential runtime issues or errors.
from flask import Flask, render_template, request, escape, session
from vsearch import search4letters

from DBcm import UseDatabase
from checker import check_logged_in

app = Flask(__name__)

app.config['dbconfig'] = {'host': '127.0.0.1',
                          'user': 'vsearch',
                          'password': 'vsearchpasswd',
                          'database': 'vsearchlogDB', }
@app.route('/login')
def do_login() -> str:
    session['logged_in'] = True
    return 'You are now logged in.'

@app.route('/logout')
def do_logout() -> str:
    session.pop('logged_in')
    return 'You are now logged out.'

def log_request(req: 'flask_request', res: str) -> None:
    with UseDatabase(app.config['dbconfig']) as cursor:
        _SQL = """insert into log
                 (phrase, letters, ip, browser_string, results)
                 values
                 (%s, %s, %s, %s, %s)"""
        cursor.execute(_SQL, (req.form['phrase'],
                              req.form['letters'],
                              req.remote_addr,
                              req.user_agent.browser,
                              res, ))

@app.route('/search4', methods=['POST'])
def do_search() -> 'html':
  phrase = request.form['phrase']
  letters = request.form['letters']
  title = 'Here are your results:'
  results = str(search4letters(phrase, letters))
  log_request(request, results)
  return render_template('results.html',
              the_title=title,
              the_phrase=phrase,
              the_letters=letters,
              the_results=results,)
@app.route('/')
@app.route('/entry')
def entry_page() -> 'html':
return render_template('entry.html',
            the_title='Welcome to search4letters on the web!')


@app.route('/viewlog')
@check_logged_in
def view_the_log() -> 'html':
  with UseDatabase(app.config['dbconfig']) as cursor:
    _SQL = """select phrase, letters, ip, browser_string, results
        from log"""
    cursor.execute(_SQL)
    contents = cursor.fetchall()
  titles = ('Phrase', 'Letters', 'Remote_addr', 'User_agent', 'Results')
  return render_template('viewlog.html',
             the_title='View Log',
             the_row_titles=titles,
             the_data=contents,)

app.secret_key = 'YouWillNeverGuessMySecretKey'

if __name__ == '__main__':
  app.run(debug=True)

Long Exercise Solution
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You were to take as long as you needed to read the code shown below (which is an updated version of the vsearch4web.py webapp). Then, using a pencil, you were to circle and annotate the parts you thought might cause problems when operating within a production environment. You were to highlight everything you thought might cause an issue, not just potential runtime issues or errors. (We’ve numbered our annotations for ease of reference.)
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Databases Aren’t Always Available



We’ve identified four potential issues with the vsearch4web.py code, and we concede that there may be many more, but we’ll worry about these four issues for now. Let’s consider each of the four issues in more detail (which we do here and on the next few pages, by simply describing the problems; we’ll work on solutions later in this chapter). First up is worrying about the backend database:
	What happens if the database connection fails?
Our webapp blissfully assumes that the backend database is always operational and available, but it may not be (for any number of reasons). At the moment, it is unclear what happens when the database is down, as our code does not consider this eventuality.



Let’s see what happens if we temporarily switch off the backend database. As you can see below, our webapp loads fine, but as soon as we do anything, an intimidating error message appears:
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Web Attacks Are a Real Pain



As well as worrying about issues with your backend database, you also need to worry about nasty individuals trying to do nasty things to your webapp, which brings us to the second issue:
	Is our webapp protected from web attacks?
The phrases SQL injection (SQLi) and Cross-site scripting (XSS) should strike fear in the heart of every web developer. The former allows attackers to exploit your backend database, while the latter allows them to exploit your website. There are other web exploits that you’ll need to worry about, but these are the “big two.”



As with the first issue, let’s see what happens when we try to simulate these exploits against our webapp. As you can see, it appears we’re ready for both of them:
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Input-Output Is (Sometimes) Slow



At the moment, our webapp communicates with our backend database in an almost instantaneous manner, and users of our webapp notice little or no delay as the webapp interacts with the database. But imagine if the interactions with the backend database took some time, perhaps seconds:
	What happens if something takes a long time?
Perhaps the backend database is on another machine, in another building, on another continent...what would happen then?



Communications with the backend database may take time. In fact, whenever your code has to interact with something that’s external to it (for example: a file, a database, a network, or whatever), the interaction can take any amount of time, the determination of which is usually beyond your control. Despite this lack of control, you do have to be cognizant that some operations may be lengthy.
To demonstrate this issue, let’s add an artificial delay to our webapp (using the sleep function, which is part of the standard library’s time module). Add this line of code to the top of your webapp (near the other import statements):
from time import sleep
With the above import statement inserted, edit the log_request function and insert this line of code before the with statement:
sleep(15)
If you restart your webapp, then initiate a search, there’s a very distinct delay while your web browser waits for your webapp to catch up. As web delays go, 15 seconds will feel like a lifetime, which will prompt most users of your webapp to believe something has crashed:
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Your Function Calls Can Fail



The final issue identified during this chapter’s opening exercise relates to the function call to log_request within the do_search function:
	What happens if a function call fails?
There’s never a guarantee that a function call will succeed, especially if the function in question interacts with something external to your code.



We’ve already seen what can happen when the backend database is unavailable— the webapp crashes with an InterfaceError:
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Other problems can surface, too. To simulate another error, find the sleep(15) line you added from the Issue 3 discussion, and replace it with a single statement: raise. When executed by the interpreter, raise forces a runtime error. If you try your webapp again, a different error occurs this time:
[image: image with no caption]

Note
Before flipping the page, remove that call to “raise” from your code to ensure the webapp starts working again.


Considering the Identified Problems



We’ve identified four issues with the vsearch4web.py code. Let’s revisit each and consider our next steps.
1. Your database connection fails



Errors occur whenever an external system your code relies on is unavailable. The interpreter reported an InterfaceError when this happened. It’s possible to spot, then react to, these types of errors using Python’s built-in exception-handling mechanism. If you can spot when an error occurs, you’re then in a position to do something about it.
Geek Bits
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If you want to know more about SQLi and XSS, Wikipedia is a great place to start. See https://en.wikipedia.org/wiki/SQL_injection and https://en.wikipedia.org/wiki/Cross-site_scripting, respectively. And remember, there are all kinds of other types of attack that can cause problems for your app; these are just the two biggies.


2. Your application is subjected to an attack



Although a case can be made that worrying about attacks on your application is only of concern to web developers, developing practices that improve the robustness of the code you write are always worth considering. With vsearch4web.py, dealing with the “big two” web attack vectors, SQL injection (SQLi) and Cross-site scripting (XSS), appears to be well in hand. This is more of a happy accident than by design on your part, as the Jinja2 library is built to guard against XSS by default, escaping any potentially problematic strings (recall that the JavaScript we tried to trick our webapp into executing had no effect). As regards SQLi, our use of DB-API’s parameterized SQL strings (with all those ? placeholders) ensures—again, thanks to the way these modules were designed—that your code is protected from this entire class of attack.

3. Your code takes a long time to execute



If your code takes a long time to execute, you have to consider the impact on your user’s experience. If your user doesn’t notice, then you’re likely OK. However, if your user has to wait, you may have to do something about it (otherwise, your user may decide the wait isn’t worth it, and go elsewhere).

4. Your function call fails



It’s not just external systems that generate exceptions in the interpreter—your code can raise exceptions, too. When this happens, you need to be ready to spot the exception, then recover as needed. The mechanism you use to enable this behavior is the same one hinted at in the discussion of issue 1, above.
So...where do we start when dealing with these four issues? It’s possible to use the same mechanism to deal with issues 1 and 4, so that’s where we’ll begin.


Always Try to Execute Error-Prone Code



When something goes wrong with your code, Python raises a runtime exception. Think of an exception as a controlled program crash triggered by the interpreter.
As you’ve seen with issues 1 and 4, exceptions can be raised under many different circumstances. In fact, the interpreter comes with a whole host of built-in exception types, of which RuntimeError (from issue 4) is only one example. As well as the built-in exception types, it’s possible to define your own custom exceptions, and you’ve seen an example of this too: the InterfaceError exception (from issue 1) is defined by the MySQL Connector module.
To spot (and, hopefully, recover from) a runtime exception, deploy Python’s try statement, which can help you manage exceptions as they occur at runtime.
To see try in action, let’s first consider a snippet of code that might fail when executed. Here are three innocent-looking, but potentially problematic, lines of code for you to consider:
For a complete list of the built-in exceptions, see https://docs.python.org/3/library/exceptions.html.
[image: image with no caption]

There’s nothing wrong with these three lines of code and—as currently written— they will execute. However, this code might fail if it can’t access myfile.txt. Perhaps the file is missing, or your code doesn’t have the necessary file-reading permissions. When the code fails, an exception is raised:
[image: image with no caption]

Let’s start learning what try can do by adjusting the above code snippet to protect against this FileNotFoundError exception.

Catching an Error Is Not Enough



When a runtime error occurs, an exception is raised. If you ignore a raised exception it is referred to as uncaught, and the interpreter will terminate your code, then display a runtime error message (as shown in the example from the bottom of the last page). That said, raised exceptions can also be caught (i.e., dealt with) with the try statement. Note that it’s not enough to catch runtime errors, you also have to decide what you’re going to do next.
Perhaps you’ll decide to deliberately ignore the raised exception, and keep going...with your fingers firmly crossed. Or maybe you’ll try to run some other code in place of the code that crashed, and keep going. Or perhaps the best thing to do is to log the error before terminating your application as cleanly as possible. Whatever you decide to do, the try statement can help.
In its most basic form, the try statement allows you to react whenever the execution of your code results in a raised exception. To protect code with try, put the code within try’s suite. If an exception occurs, the code in the try’s suite terminates, and then the code in the try’s except suite runs. The except suite is where you define what you want to happen next.
Let’s update the code snippet from the last page to display a short message whenever the FileNotFoundError exception is raised. The code on the left is what you had previously, while the code on the right has been amended to take advantage of what try and except have to offer:
When a runtime error is raised, it can be caught or uncaught: “try” lets you catch a raised error, and “except” lets you do something about it.
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Note that what was three lines of code is now six, which may seem wasteful, but isn’t. The original snippet of code still exists as an entity; it makes up the suite associated with the try statement. The except statement and its suite is new code. Let’s see what difference these amendments make.
Test Drive
[image: image with no caption]

Let’s take the try...except version of your code snippet for a spin. If myfile.txt exists and is readable by your code, its contents will appear on screen. If not, a run-time exception is raised. We already know that myfile.txt does not exist, but now, instead of seeing the ugly traceback message from earlier, the exception-handling code fires and we’re presented with a friendlier message (even though our code snippet still crashed):
[image: image with no caption]


There can be more than one exception raised...



This new behavior is better, but what happens if myfile.txt exists but your code does not have permission to read from it? To see what happens, we created the file, then set its permissions to simulate this eventuality. Rerunning the new code produces this output:
[image: image with no caption]



try Once, but except Many Times



To protect against another exception being raised, simply add another except suite to your try statement, identifying the exception you’re interested in and providing whatever code you deem necessary in the new except’s suite. Here’s another updated version of the code that handles the PermissionError exception (should it be raised):
[image: image with no caption]

Executing this amended code still results in the PermissionError exception being raised. However, unlike before, the ugly traceback has been replaced by a much friendlier message:
[image: image with no caption]

This is looking good: you’ve managed to adjust what happens whenever the file you’re hoping to work with isn’t there (it doesn’t exist), or is inaccessible (you don’t have the correct permissions). But what happens if an exception is raised that you weren’t expecting?

A Lot of Things Can Go Wrong



Before answering the question posed at the bottom of the last page—what happens if an exception is raised that you weren’t expecting?—take a look at some of Python 3’s built-in exceptions (which are copied directly from the Python documentation). Don’t be surprised if you’re struck by just how many there are:
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It would be crazy to try to write a separate except suite for each of these runtime exceptions, as some of them may never occur. That said, some might occur, so you do need to worry about them a little bit. Rather than try to handle each exception individually, Python lets you define a catch-all except suite, which fires whenever a runtime exception occurs that you haven’t specifically identified.
The Catch-All Exception Handler



Let’s see what happens when some other error occurs. To simulate just such an occurrence, we’ve changed myfile.txt from a file into a folder. Let’s see what happens when we run the code now:
[image: image with no caption]

Another exception is raised. You could create an extra except suite that fires when this IsADirectoryError exception occurs, but let’s specify a catch-all runtime error instead, which fires whenever any exception (other than the two we’ve already specified) occurs. To do this, add a catch-all except statement to the end of the existing code:
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Running this amended version of your code gets rid of the ugly traceback, displaying a friendly message instead. No matter what other exception occurs, this code handles it thanks to the addition of the catch-all except statement:
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Haven’t We Just Lost Something?



[image: image with no caption]

Ah, yes...good catch.
This latest code has tidied up the output (in that the ugly traceback is gone), but you’ve also lost some important information: you no longer know what the specific issue with your code was.
Knowing what exception was raised is often important, so Python lets you get at the data associated with the most-recent exception information as it’s being handled. There are two ways to do this: using the facilities of the sys module, and using an extension to the try/except syntax.
Let’s look at both of these techniques.
There are no Dumb Questions
	Q:
	Q: Is it possible to create a catch-all exception handler that does nothing?
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	A:
	A: Yes. It is often tempting to add this except suite to the bottom of a try statement:
except:
    pass
Please try not to do this. This except suite implements a catch-all that ignores any other exception (presumedly in the misguided hope that if something is ignored it might go away). This is a dangerous practice, as—at the very least—an unexpected exception should result in an error message appearing on screen. So, be sure to always write error-checking code that handles exceptions, as opposed to ignores them.







Learning About Exceptions from “sys”



The standard library comes with a module called sys that provides access to the interpreters, internals (a set of variables and functions available at runtime).
One such function is exc_info, which provides information on the exception currently being handled. When invoked, exc_info returns a three-valued tuple where the first value indicates the exception’s type, the second details the exception’s value, and the third contains a traceback object that provides access to the traceback message (should you need it). When there is no currently available exception, exc_info returns the Python null value for each of the tuple values, which looks like this:(None, None, None).
Knowing all of this, let’s experiment at the >>> shell. In the IDLE session that follows, we’ve written some code that’s always going to fail (as dividing by zero is never a good idea). A catch-all except suite uses the sys.exc_info function to extract and display data relating to the currently firing exception:
To learn more about “sys”, see https://docs.python.org/3/library/sys.html.
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It’s possible to delve deeper into the traceback object to learn more about what just happened, but this already feels like too much work, doesn’t it? All we really want to know is what type of exception occurred.
To make this (and your life) easier, Python extends the try/except syntax to make it convenient to get at the information returned by the sys.exc_info function, and it does this without you having to remember to import the sys module, or wrangle with the tuple returned by that function.
Recall from a few pages back that the interpreter arranges exceptions in a hierarchy, with each exception inheriting from one called Exception. Let’s take advantage of this hierarchical arrangement as we rewrite our catch-all exception handler.
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The Catch-All Exception Handler, Revisited



Consider your current code, which explicitly identifies the two exceptions you want to handle (FileNotFoundError and PermissionError), as well as provides a generic catch-all except suite (to handle everything else):
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Note how, when referring to a specific exception, we’ve identified the exception by name after the except keyword. As well as identifying specific exceptions after except, it’s also possible to identify classes of exceptions using any of the names in the hierarchy.
For instance, if you’re only interested in knowing that an arithmetic error has occurred (as opposed to—specifically—a divide-by-zero error), you could specify except ArithmeticError, which would then catch a FloatingPointError, an OverflowError, and a ZeroDivisionError should they occur. Similarly, if you specify except Exception, you’ll catch any error.
[image: image with no caption]

But how does this help...surely you’re already catching all errors with a “bare” except statement? It’s true: you are. But you can extend the except Exception statement with the as keyword, which allows you to assign the current exception object to a variable (with err being a very popular name in this situation) and create more informative error message. Take a look at another version of the code, which uses except Exception as:
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Test Drive
[image: image with no caption]

With this—the last of the changes to your try/except code—applied, let’s confirm that everything is working as expected before returning to vsearch4web.py and applying what you now know about exceptions to your webapp.

Let’s start with confirming that the code displays the correct message when the file is missing:
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If the file exists, but you don’t have permission to access it, a different exception is raised:
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Any other exception is handled by the catch-all, which displays a friendly message:
[image: image with no caption]

Finally, if all is OK, the try suite runs without error, and the file’s contents appear on screen:
[image: image with no caption]


Getting Back to Our Webapp Code



Recall from the start of this chapter that we identified an issue with the call to log_request within vsearch4web.py’s do_search function. Specifically, we’re concerned about what to do when the call to log_request fails:
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Based on our investigations, we learned that this call might fail if the backend database is unavailable, or if some other error occurs. When an error (of any type) occurs, the webapp responds with an unfriendly error page, which is likely to confuse (rather than enlighten) your webapp’s users:
[image: image with no caption]

Although it is important to us, the logging of each web request is not something that our webapp users really care about; all they want to see is the results of their search. Consequently, let’s adjust the webapp’s code so that it deals with errors within log_request by handling any raised exceptions silently.

Silently Handling Exceptions



[image: image with no caption]

No: “silently” does not mean “ignore.”
When we suggest handling exceptions silently in this context, we’re referring to handling any exceptions raised in such a way that your webapp users don’t notice. At the moment, your users do notice, as the webapp crashes with a confusing and—let’s be honest—scary error page.
Your webapp users don’t need to worry about log_request failing, but you do. So let’s adjust your code so that exceptions raised by log_request aren’t noticed by your users (i.e., they are silenced), but are noticed by you.
There are no Dumb Questions
	Q:
	Q: Doesn’t all this try/except stuff just make my code harder to read and understand?

	A:
	A: It’s true that the example code in this chapter started out as three easy-to-understand lines of Python code, and then we added seven lines of code, which—on the face of things—have nothing to do with what the first three lines of code are doing. However, it is important to protect code that can potentially raise an exception, and try/except is generally regarded as the best way to do this. Over time, your brain will learn to spot the important stuff (the code actually doing the work) that lives in the try suite, and filter out the except suites that are there to handle exceptions. When trying to understand code that uses try/except, always read the try suite first to learn what the code does, then look at the except suites if you need to understand what happens when things go wrong.






Sharpen your Pencil
[image: image with no caption]

Let’s add some try/except code to do_search’s invocation of the log_request function. To keep things straightforward, let’s add a catch-all exception handler around the call to log_request, which, when it fires, displays a helpful message on standard output (using a call to the print BIF). In defining a catch-all exception handler, you can suppress your webapp’s standard exception-handling behavior, which currently displays the unfriendly error page.
Here’s log_request’s code as it’s currently written:
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In the spaces below, provide the code that implements a catch-all exception handler around the call to log_request:
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Sharpen your Pencil Solution
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The plan was to add some try/except code to do_search’s invocation of the log_request function. To keep things straightforward, we decided to add a catch-all exception handler around the call to log_request, which, when it fires, displays a helpful message on standard output (using a call to the print BIF).
Here’s log_request’s code as currently written:
@app.route('/search4', methods=['POST'])
def do_search() -> 'html':
    phrase = request.form['phrase']
    letters = request.form['letters']
    title = 'Here are your results:'
    results = str(search4letters(phrase, letters))
    log_request(request, results)
    return render_template('results.html',
                           the_title=title,
                           the_phrase=phrase,
                           the_letters=letters,
                           the_results=results,)
In the spaces below, you were to provide the code that implements a catch-all exception handler around the call to log_request:
[image: image with no caption]


(Extended) Test Drive, 1 of 3
[image: image with no caption]

With the catch-all exception-handling code added to vsearch4web.py, let’s take your webapp for an extended spin (over the next few pages) to see the difference this new code makes. Previously, when something went wrong, your user was greeted with an unfriendly error page. Now, however, the error is handled “silently” by the catch-all code. If you haven’t done so already, run vsearch4web.py, then use any browser to surf to your webapp’s home page:
[image: image with no caption]
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On the terminal that’s running your code, you should see something like this:
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(Extended) Test Drive, 2 of 3
[image: image with no caption]

In order to simulate an error, we’ve switched off our backend database, which should result in an error occurring whenever the webapp tries to interact with the database. As our code silently catches all errors generated by log_request, the webapp user isn’t aware that the logging hasn’t occurred. The catch- all code has arranged to generate a message on screen describing the problem. Sure enough, when you enter a phrase and click on the “Do it!” button, the webapp displays the results of your search in the browser, whereas the webapp’s terminal screen displays the “silenced” error message. Note that, despite the runtime error, the webapp continues to execute and successfully services the call to /search:
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(Extended) Test Drive, 3 of 3
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In fact, no matter what error occurs when log_request runs, the catch-all code handles it.
We restarted our backend database, then tried to connect with an incorrect username. You can raise this error by changing the dbconfig dictionary in vsearch4web.py to use vsearchwrong as the value for user:
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When your webapp reloads and you perform a search, you’ll see a message like this in your terminal:
Change the value for user back to vsearch, and then let’s try to access a nonexistent table, by changing the name of the table in the SQL query used in the log_request function to be logwrong (instead of log): Change the name of the table back to log and then, as a final example, let’s add a raise statement to the log_request function (just before the with statement), which generates a custom exception:
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When your webapp reloads one last time, and you perform one last search, you’ll see the following message in your terminal:
Change the name of the table back to log and then, as a final example, let’s add a raise statement to the log_request function (just before the with statement), which generates a custom exception:
[image: image with no caption]

When your webapp reloads one last time, and you perform one last search, you’ll see the following message in your terminal:


Handling Other Database Errors



The log_request function makes use of the UseDatabase context manager (as provided by the DBcm module). Now that you’ve protected the call to log_request, you can rest easy, safe in the knowledge that any issues relating to problems with the database will be caught (and handled) by your catch-all exception-handling code.
However, the log_request function isn’t the only place where your webapp interacts with the database. The view_the_log function grabs the logging data from the database prior to displaying it on screen.
Recall the code for the view_the_log function:
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This code can fail, too, as it interacts with the backend database. However, unlike log_request, the view_the_log function is not called from the code in vsearch4web.py; it’s invoked by Flask on your behalf. This means you can’t write code to protect the invocation of view_the_log, as it’s the Flask framework that calls the function, not you.
If you can’t protect the invocation of view_the_log, the next best thing is to protect the code in its suite, specifically the use of the UseDatabase context manager. Before considering how to do this, let’s consider what can go wrong:
	The backend database may be unavailable.

	You may not be able to log in to a working database.

	After a successful login, your database query might fail.

	Something else (unexpected) might happen.



This list of problems is similar to those you had to worry about with log_request.

Does “More Errors” Mean “More excepts”?



Knowing what we now know about try/except, we could add some code to the view_the_log function to protect the use of the UseDatabase context manager:
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This catch-all strategy certainly works (after all, that’s what you used with log_request). However, things can get complicated if you decide to do something other than implement a catch-all exception handler. What if you decide you need to react to a specific database error, such as “Database not found”? Recall from the beginning of this chapter that MySQL reports an InterfaceError exception when this happens:
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You could add an except statement that targets the InterfaceError exception, but to do this your code also has to import the mysql.connector module, which defines this particular exception.
On the face of things, this doesn’t seem like a big deal. But it is.

Avoid Tightly Coupled Code



Let’s assume you’ve decided to create an except statement that protects against your backend database being unavailable. You could adjust the code in view_the_log to look something like this:
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If you also remember to add import mysql.connector to the top of your code, this additional except statement works. When your backend database can’t be found, this additional code allows your webapp to remind you to check that your database is switched on.
This new code works, and you can see what’s going on here...what’s not to like?
The issue with approaching the problem in this way is that the code in vsearch4web.py is now very tightly coupled to the MySQL database, and specifically the use of the MySQL Connector module. Prior to adding this second except statement, your vsearch4web.py code interacted with your backend database via the DBcm module (developed earlier in this book). Specifically, the UseDatabase context manager provides a convenient abstraction that decouples the code in vsearch4web.py from the backend database. If, at some time in the future, you needed to replace MySQL with PostgreSQL, the only changes you’d need to make would be to the DBcm module, not to all the code that uses UseDatabase. However, when you create code like that shown above, you tightly bind (i.e., couple) your webapp code to the MySQL backend database because of that import mysql.connector statement, in addition to your new except statement’s reference to mysql.connector.errors.InterfaceError.
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If you need to write code that tightly couples to your backend database, always consider putting that code in the DBcm module. This way, your webapp can be written to use the generic interface provided by DBcm, as opposed to a specific interface that targets (and locks you into) a specific backend database.
Let’s now consider what moving the above except code into DBcm does for our webapp.

The DBcm Module, Revisited



You last looked at DBcm in Chapter 9, when you created that module in order to provide a hook into the with statement when working with a MySQL database. Back then, we sidestepped any discussion of error handling (by conveniently ignoring the issue). Now that you’ve seen what the sys.exc_info function does, you should have a better idea of what the arguments to UseDatabase’s __exit__ method mean:
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Recall that UseDatabase implements three methods:
	__init__ provides a configuration opportunity prior to with executing,

	__enter__ executes as the with statement starts, and

	__exit__ is guaranteed to execute whenever the with’s suite terminates.



At least, that’s the expected behavior whenever everything goes to plan. When things go wrong, this behavior changes.
For instance, if an exception is raised while __enter__ is executing, the with statement terminates, and any subsequent processing of __exit__ is cancelled. This makes sense: if __enter__ runs into trouble, __exit__ can no longer assume that the execution context is initialized and configured correctly (so it’s prudent not to run the __exit__ method’s code).
The big issue with the __enter__ method’s code is that the backend database may not be available, so let’s take some time to adjust __enter__ for this possibility, generating a custom exception when the database connection cannot be established. Once we’ve done this, we’ll adjust view_the_log to check for our custom exception instead of the highly database-specific mysql.connector.errors.InterfaceError.

Creating Custom Exceptions



Creating your own custom exceptions couldn’t be any easier: decide on an appropriate name, then define an empty class that inherits from Python’s built-in Exception class. Once you’ve defined a custom exception, it can be raised with the raise keyword. And once an exception is raised, it’s caught (and dealt with) by try/except.
A quick trip to IDLE’s >>> prompt demonstrates custom exceptions in action. In this example, we’re creating a custom exception called ConnectionError, which we then raise (with raise), before catching with try/except. Read the annotations in numbered order, and (if you’re following along) enter the code we’ve typed at the >>> prompt:
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The empty class isn’t quite empty...



In describing the ConnectionError class as “empty,” we told a little lie. Granted, the use of pass ensures that there’s no new code associated with the ConnectionError class, but the fact that ConnectionError inherits from Python’s built-in Exception class means that all of the attributes and behaviors of Exception are available in ConnectionError too (making it anything but empty). This explains why ConnectionError works just as you’d expect it to with raise and try/except.
Sharpen your Pencil
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Let’s adjust the DBcm module to raise a custom ConnectionError whenever a connection to the backend database fails.
	Here’s the current code to DBcm.py. In the spaces provided, add in the code required to raise a ConnectionError.
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	With the code in the DBcm module amended, use your pencil to detail any changes you’d make to this code from vsearch4web.py in order to take advantage of the newly defined ConnectionError exception:
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Sharpen your Pencil Solution
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	You were to adjust the DBcm module to raise a custom ConnectionError whenever a connection to the backend database fails. You were to adjust the current code to DBcm.py to add in the code required to raise a ConnectionError.
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	With the code in the DBcm module amended, you were to detail any changes you’d make to this code from vsearch4web.py in order to take advantage of the newly defined ConnectionError exception:
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Test Drive
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Let’s see what difference this new code makes. Recall that you’ve moved the MySQL-specific exception-handling code from vsearch4web.py into DBcm.py (and replaced it with code that looks for your custom ConnectionError exception). Has this made any difference?
Here are the messages that the previous version of vsearch4web.py generated whenever the backend database couldn’t be found:
        ...
Is your database switched on? Error: 2003: Can't connect to MySQL server on '127.0.0.1:3306'
(61 Connection refused)
127.0.0.1 - - [16/Jul/2016 21:21:51] "GET /viewlog HTTP/1.1" 200 -
And here are the messages that the most recent version of vsearch4web.py generates whenever the backend database can’t be found:
        ...
Is your database switched on? Error: 2003: Can't connect to MySQL server on '127.0.0.1:3306'
(61 Connection refused)
127.0.0.1 - - [16/Jul/2016 21:22:58] "GET /viewlog HTTP/1.1" 200 -
[image: image with no caption]

Yes. On the face of things, these are the same.
However, although the output from the current and previous versions of vsearch4web.py appears identical, behind the scenes things are very different.
If you decide to change the backend database from MySQL to PostgreSQL, you no longer have to worry about changing any of the code in vsearch4web.py, as all of your database-specific code resides in DBcm.py. As long as the changes you make to DBcm.py maintain the same interface as previous versions of the module, you can change SQL databases as often as you like. This may not seem like a big deal now, but if vsearch4web.py grows to hundreds, thousands, or tens of thousands of lines of code, its really is a big deal.


What Else Can Go Wrong with “DBcm”?



Even if your backend database is up and running, things can still go wrong.
For example, the credentials used to access the database may be incorrect. If they are, the __enter__ method will fail again, this time with a mysql.connector.errors.ProgrammingError.
Or, the suite of code associated with your UseDatabase context manager may raise an exception, as there’s never a guarantee that it executes correctly. A mysql.connector.errors.ProgrammingError is also raised whenever your database query (the SQL you’re executing) contains an error.
The error message associated with an SQL query error is different than the message associated with the credentials error, but the exception raised is the same: mysql.connector.errors.ProgrammingError. Unlike with credentials errors, errors in your SQL results in an exception being raised while the with statement is executing. This means that you’ll need to consider protecting against this exception in more than one place. The question is: where?
To answer this question, let’s take another look at DBcm’s code:
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You might be tempted to suggest that exceptions raised within the with suite should be handled with a try/except statement within the with, but such a strategy gets you right back to writing tightly coupled code. But consider this: when an exception is raised within with’s suite and not caught, the with statement arranges to pass details of the uncaught exception into your context manager’s __exit__ method, where you have the option of doing something about it.

Creating More Custom Exceptions



Let’s extend DBcm.py to report two additional, custom exceptions.
The first is called CredentialsError and is raised when a ProgrammingError occurs within the __enter__ method. The second is called SQLError and is raised when a ProgrammingError is reported to the __exit__ method.
Defining these new exceptions is easy: add two new, empty exception classes to the top of DBcm.py:
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A CredentialsError can occur during __enter__, so let’s adjust that method’s code to reflect this. Recall that an incorrect MySQL username or password results in a ProgrammingError being raised:
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These code changes adjust DBcm.py to raise a CredentialsError exception when you provide either an incorrect username or password from your code to your backend database (MySQL). Adjusting vsearch4web.py’s code is your next task.

Are Your Database Credentials Correct?



With these latest changes made to DBcm.py, let’s now adjust the code in vsearch4web.py, paying particular attention to the view_the_log function. However, before doing anything else, add CredentialsError to the list of imports from DBcm at the top of your vsearch4web.py code:
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With the import line amended, you next need to add a new except suite to the view_the_log function. As when you added support for a ConnectionError, this is a straightforward edit:
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There’s really nothing new here, as all you’re doing is repeating what you did for ConnectionError. Sure enough, if you try to connect to your backend database with an incorrect username (or password), your webapp now displays an appropriate message, like this:
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Handling SQLError Is Different



Both ConnectionError and CredentialsError are raised due to problems with the __enter__ method’s code executing. When either exception is raised, the corresponding with statement’s suite is not executed.
If all is well, your with suite executes as normal.
Recall this with statement from the log_request function, which uses the UseDatabase context manager (provided by DBcm) to insert data into the backend database:
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If (for some reason) your SQL query contains an error, the MySQL Connector module generates a ProgrammingError, just like the one raised during your context manager’s __enter__ method. However, as this exception occurs within your context manager (i.e., within the with statement) and is not caught there, the exception is passed back to the __exit__ method as three arguments: the type of the exception, the value of the exception, and the traceback associated with the exception.
If you take a quick look at DBcm’s existing code for __exit__, you’ll see that the three arguments are ready and waiting to be used:
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When an exception is raised within the with suite and not caught, the context manager terminates the with suite’s code, and jumps to the __exit__ method, which then executes. Knowing this, you can write code that checks for exceptions of interest to your application. However, if no exception is raised, the three arguments (exc_type, exc_value, and exc_traceback) are all set to None. Otherwise, they are populated with details of the raised exception.
“None” is Python’s null value.
Let’s exploit this behavior to raise an SQLError whenever something goes wrong within the UseDatabase context manager’s with suite.

Be Careful with Code Positioning



To check whether an uncaught exception has occurred within your code’s with statement, check the exc_type argument to the __exit__ method within __exit__’s suite, being careful to consider exactly where you add your new code.
[image: image with no caption]

Yes, it does make a difference.
To understand why, consider that your context manager’s __exit__ method provides a place where you can put code that is guaranteed to execute after your with suite ends. That behavior is part of the context manager protocol, after all.
This behavior needs to hold even when exceptions are raised within your context manager’s with suite. Which means that if you plan to add code to the __exit__ method, it’s best to put it after any existing code in __exit__, as that way you’ll still guarantee the method’s existing code executes (and preserve the semantics of the context manager protocol).
Let’s take another look at the existing code in the __exit__ method in light of this code placement discussion. Consider that any code we add needs to raise an SQLError exception if exc_type indicates a ProgrammingError has occurred:
[image: image with no caption]


Raising an SQLError



At this stage, you’ve already added the SQLError exception class to the top of the DBcm.py file:
[image: image with no caption]

With the SQLError exception class defined, all you need to do now is add some code to the __exit__ method to check whether exc_type is the exception you’re interested in, and if it is, raise an SQLError. This is so straightforward that we are resisting the usual Head First urge to turn creating the required code into an exercise, as no one wants to insult anyone’s intelligence at this stage in this book. So, here’s the code you need to append to the __exit__ method:
[image: image with no caption]

If you want to be extra safe, and do something sensible with any other, unexpected exception sent to __exit__, you can add an elif suite to the end of the __exit__ method that reraises the unexpected exception to the calling code:
[image: image with no caption]

Test Drive
[image: image with no caption]

With support for the SQLError exception added to DBcm.py, add another except suite to your view_the_log function to catch any SQLErrors that occur:
[image: image with no caption]

Once you save vsearch4web.py, your webapp should reload and be ready for testing. If you try to execute an SQL query that contains errors, the exception is handled by the above code:
[image: image with no caption]

Equally, if something unexpected happens, your webapp’s catch-all code kicks into gear, displaying an appropriate message:
[image: image with no caption]

With exception-handling code added to your webapp, no matter what runtime error occurs, your webapp continues to function without displaying a scary or confusing error page to your users.
[image: image with no caption]

Yes, it does. And this is very powerful.


A Quick Recap: Adding Robustness



Let’s take a minute to remind ourselves of what we set out to do in this chapter. In attempting to make our webapp code more robust, we had to answer four questions relating to four identified issues. Let’s review each question and note how we did:
	What happens if the database connection fails?
You created a new exception called ConnectionError that is raised whenever your backend database can’t be found. You then used try/except to handle a ConnectionError were it to occur.

	Is our webapp protected from web attacks?
It was a “happy accident,” but your choice of Flask plus Jinja2, together with Python’s DB-API specification, protects your webapp from the most notorious of web attacks. So, yes, your webapp is protected from some web attacks (but not all).

	What happens if something takes a long time?
We still haven’t answered this question, other than to demonstrate what happens when your webapp takes 15 seconds to respond to a user request: your web user has to wait (or, more likely, your web user gets fed up waiting and leaves).

	What happens if a function call fails?
You used try/except to protect the function call, which allowed you to control what the user of your webapp sees when something goes wrong.



What happens if something takes a long time?



When you did the initial exercise at the start of this chapter, this question resulted from our examination of the cursor.execute calls that occurred in the log_request and view_the_log functions. Although you’ve already worked with both of these functions in answering questions 1 and 4, above, you’re not done with them quite yet.
Both log_request and view_the_log use the UseDatabase context manager to execute an SQL query. The log_request function writes the details of the submitted search to the backend database, whereas the view_the_log function reads from the database.
The question is: what do you do if this write or read takes a long time?
Well, as with a lot of things in the programming world, it depends.


How to Deal with Wait? It Depends...



How you decide to deal with code that makes your users wait—either on a read, or on a write—can get complex. So we’re going to pause this discussion and defer a solution until the next, short chapter.
In fact, the next chapter is so short that it doesn’t warrant its own chapter number (as you’ll see), but the material it presents is complex enough to justify splitting it off from this chapter’s main discussion, which presented Python’s try/except mechanism. So, let’s hang on for a bit before putting to rest issue 3: what happens if something takes a long time?
[image: image with no caption]

Yes. The irony is not lost on us.
We’re asking you to wait to learn how to handle “waits” in your code.
But you’ve already learned a lot in this chapter, and we think it’s important to take a bit of time to let the try/except material sink into your brain.
So, we’d like you to pause, and take a short break...after you’ve cast your eye over the code seen thus far in this chapter.
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Chapter 12. 11¾ A Little Bit of Threading: Dealing with Waiting



[image: image with no caption]

Your code can sometimes take a long time to execute. Depending on who notices, this may or may not be an issue. If some code takes 30 seconds to do its thing “behind the scenes,” the wait may not be an issue. However, if your user is waiting for your application to respond, and it takes 30 seconds, everyone notices. What you should do to fix this problem depends on what you’re trying to do (and who’s doing the waiting). In this short chapter, we’ll briefly discuss some options, then look at one solution to the issue at hand: what happens if something takes too long?
Waiting: What to Do?



When you write code that has the potential to make your users wait, you need to think carefully about what it is you are trying to do. Let’s consider some points of view.
[image: image with no caption]

Maybe it is the case that waiting for a write is different from waiting for a read, especially as it relates to how your webapp works?
Let’s take another look at the SQL queries in log_request and view_the_log to see how you’re using them.

How Are You Querying Your Database?



In the log_request function, we are using an SQL INSERT to add details of the request to our backend database. When log_request is called, it waits while the INSERT is executed by cursor.execute:
[image: image with no caption]

Geek Bits
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Code that waits for something external to complete is referred to as “blocking code,” in that the execution of your program is blocked from continuing until the wait is over. As a general rule, blocking code that takes a noticeable length of time is bad.

The same holds for the view_the_log function, which also waits whenever the SQL SELECT query is executed:
[image: image with no caption]

Both functions block. However, look closely at what happens after the call to cursor.execute in both functions. In log_request, the cursor.execute call is the last thing that function does, whereas in view_the_log, the results of cursor.execute are used by the rest of the function.
Let’s consider the implications of this difference.

Database INSERTs and SELECTs Are Different



If you’re reading the title to this page and thinking “Of course they are!”, be assured that (this late in this book) we haven’t lost our marbles.
Yes: an SQL INSERT is different from an SQL SELECT, but, as it relates to your use of both queries in your webapp, it turns out that the INSERT in log_request doesn’t need to block, whereas the SELECT in view_the_log does, which makes the queries very different.
This is a key observation.
If the SELECT in view_the_log doesn’t wait for the data to return from the backend database, the code that follows cursor.execute will likely fail (as it’ll have no data to work with). The view_the_log function must block, as it has to wait for data before proceeding.
When your webapp calls log_request, it wants the function to log the details of the current web request to the database. The calling code doesn’t really care when this happens, just that it does. The log_request function returns no value, nor data; the calling code isn’t waiting for a response. All the calling code cares about is that the web request is logged eventually.
Which begs the question: why does log_request force its callers to wait?
[image: image with no caption]

Yes. That’s our madcap idea.
When users of your webapp enter a new search, they couldn’t care less that the request details are logged to some backend database, so let’s not make them wait while your webapp does that work.
Instead, let’s arrange for some other process to do the logging eventually and independently of the webapp’s main function (which is to allow your users to perform searches).

Doing More Than One Thing at Once



Here’s the plan: you’re going to arrange for the log_request function to execute independently of your main webapp. To do this, you’re going to adjust your webapp’s code so each call to log_request runs concurrently. This will mean that your webapp no longer has to wait for log_request to complete before servicing another request from another user (i.e., no more delays).
If log_request takes an instant, a few seconds, a minute, or even hours to execute, your webapp doesn’t care (and neither does your user). What you care about is that the code eventually executes.
Concurrent code: you have options



When it comes to arranging for some of your application’s code to run concurrently, Python has a few options. As well as lots of support from third-party modules, the standard library comes with some built-in goodies that can help here.
One of the most well known is the threading library, which provides a high- level interface to the threading implementation provided by the operating system hosting your webapp. To use the library, all you need to do is import the Thread class from the threading module near the top of your program code:
from threading import Thread
Go ahead and add this line of code near the top of your vsearch4web.py file.
For the full list of (and all the details about) Python’s standard library concurrency options, see https://docs.python.org/3/library/concurrency.html.
Now the fun starts.
To create a new thread, you create a Thread object, assigning the name of the function you want the thread to execute to a named argument called target, and providing any arguments as a tuple to another named argument called args. The created Thread object is then assigned to a variable of your choosing.
As an example, let’s assume that you have a function called execute_slowly, which takes three arguments, which we’ll assume are three numbers. The code that invokes execute_slowly has assigned the three values to variables called glacial, plodding, and leaden. Here’s how execute_slowly is invoked normally (i.e., without our worrying about concurrent execution):
execute_slowly(glacial, plodding, leaden)
If execute_slowly takes 30 seconds to do what it has to do, the calling code blocks and waits for 30 seconds before doing anything else. Bummer.


Don’t Get Bummed Out: Use Threads



In the big scheme of things, waiting 30 seconds for the execute_slowly function to complete doesn’t sound like the end of the world. But, if your user is sitting and waiting, they’ll be wondering what’s gone wrong.
If your application can continue to run while execute_slowly goes about its business, you can create a Thread to run execute_slowly concurrently. Here’s the normal function call once more, together with the code that turns the function call into a request for threaded execution:
[image: image with no caption]

Granted, this use of Thread looks a little strange, but it’s not really. The key to understanding what’s going on here is to note that the Thread object has been assigned to a variable (t in this example), and that the execute_slowly function has yet to execute.
Assigning the Thread object to t prepares it for execution. To ask Python’s threading technology to run execute_slowly, start the thread like this:
[image: image with no caption]

At this point, the code that called t.start continues to run. The 30-second wait that results from running execute_slowly has no effect on the calling code, as execute_slowly’s execution is handled by Python’s threading module, not by you. The threading module conspires with the Python interpreter to run execute_slowly eventually.
Sharpen your Pencil
[image: image with no caption]

When it comes to calling log_request in your webapp code, there’s only one place you need to look: in the do_search function. Recall that you’ve already put your call to log_request inside a try/except to guard against unexpected runtime errors.
Note, too, that we’ve added a 15-second delay—using sleep(15)—to our log_request code (making it slow). Here’s the current code to do_search:
[image: image with no caption]

We are going to assume that you have already added from threading import Thread to the top of your webapp’s code.
Grab your pencil, and in the space provided below, write the code you’d insert into do_search instead of the standard call to log_request.
Remember: you are to use a Thread object to run log_request, just like we did with the execute_slowly example from the last page.
[image: image with no caption]


Sharpen your Pencil Solution
[image: image with no caption]

When it comes to calling log_request in your webapp code, there’s only one place you need to look: in the do_search function. Recall that you’ve already put your call to log_request inside a try/except to guard against unexpected run-time errors.
Note, too, that we’ve added a 15 second delay - using sleep(15) - to our log_request code (making it slow). Here’s the current code to do_search:
[image: image with no caption]

We assumed that you had already added from threading import Thread to the top of your webapp’s code.
In the space provided below, you were to write the code you’d insert into do_search instead of the standard call to log_request.
You were to use a Thread object to run log_request, just like we did with the recent execute_slowly example.
[image: image with no caption]


Test Drive
[image: image with no caption]

With these edits applied to vsearch4web.py, you are ready for another test run. What you’re expecting to see here is next-to-no wait when you enter a search into your webapp’s search page (as the log_request code is being run concurrently by the threading module).
Go ahead and give it a go.
Sure enough, the instant you click on the “Do it!” button, your webapp returns with your results. The assumption is that the threading module is now executing log_request, and waiting however long it takes to run that function’s code to completion (approximately 15 seconds).
You’re just about to give yourself a pat on the back (for a job well done) when, out of nowhere and after about 15 seconds, your webapp’s terminal window erupts with error messages, not unlike these:
[image: image with no caption]

If you check your backend database, you’ll learn that the details of your web request were not logged. Based on the messages above, it appears the threading module isn’t at all happy with your code. A lot of the second group of traceback messages refer to threading.py, whereas the first group of traceback messages refer to code in the werkzeug and flask folders. What’s clear is that adding in the threading code has resulted in a huge mess. What’s going on?


First Things First: Don’t Panic



Your first instinct may be to back out the code you added to run log_request in its own thread (and get yourself back to a known good state). But let’s not panic, and let’s not do that. Instead, let’s take a look at that descriptive paragraph that appeared twice in the traceback messages:
        ...
This typically means that you attempted to use functionality that needed
an active HTTP request. Consult the documentation on testing for
information about how to avoid this problem.
        ...
This message is coming from Flask, not from the threading module. We know this because the threading module couldn’t care less about what you use it for, and definitely has no interest in what you’re trying to do with HTTP.
Let’s take another look at the code that schedules the thread for execution, which we know takes 15 seconds to run, as that’s how long log_request takes. While you’re looking at this code, think about what happens during that 15 seconds:
[image: image with no caption]

The instant the thread is scheduled for execution, the calling code (the do_search function) continues to execute. The render_template function executes (in the blink of an eye), and then the do_search function ends.
When do_search ends, all of the data associated with the function (its context) is reclaimed by the interpreter. The variables request, phrase, letters, title, and results cease to be. However, the request and results variables are passed as arguments to log_request, which tries to access them 15 seconds later. Unfortunately, at that point in time, the variables no longer exist, as do_search has ended. Bummer.

Don’t Get Bummed Out: Flask Can Help



Based on what you’ve just learned, it appears the log_request function (when executed within a thread) can no longer “see” its argument data. This is due to the fact that the interpreter has long since cleaned up after itself, and reclaimed the memory used by these variables (as do_search has ended). Specifically, the request object is no longer active, and when log_request goes looking for it, it can’t be found.
So, what can be done? Don’t fret: help is at hand.
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There’s really no need for a rewrite.
At first glance, it might appear that you’d need to rewrite log_request to somehow rely less on its arguments... assuming that’s even possible. But it turns out that Flask comes with a decorator that can help here.
The decorator, copy_current_request_context, ensures that the HTTP request that is active when a function is called remains active even when the function is subsequently executed in a thread. To use it, you need to add copy_current_request_context to the list of imports at the top of your webapp’s code.
As with any other decorator, you apply it to an existing function using the usual @ syntax. However, there is a caveat: the function being decorated has to be defined within the function that calls it; the decorated function must be nested inside its caller (as an inner function).
Exercise
[image: image with no caption]

Here’s what we want you to do (after updating the list of imports from Flask):
1. Take the log_request function and nest it inside the do_search function.
2. Decorate log_request with @copy_current_request_context.
3. Confirm that the runtime errors from the last Test Drive have gone away.

Exercise Solution
[image: image with no caption]

We asked you to do three things:
1. Take the log_request function and nest it inside the do_search function.
2. Decorate log_request with @copy_current_request_context.
3. Confirm that the runtime errors from the last Test Drive have gone away.
Here’s what our do_search code looks like after we perform tasks 1 and 2 (note: we’ll discuss task 3 over the page):
[image: image with no caption]


There are no Dumb Questions
	Q:
	Q: Does it still make sense to protect the threaded invocation of log_request with try/except?

	A:
	A: Not if you are hoping to react to a runtime issue with log_request, as the try/except will have ended before the thread starts. However, your system may fail trying to create a new thread, so we figure it can’t hurt to leave try/except in do_search.






Test Drive
[image: image with no caption]

Task 3: Taking this latest version of vsearch4web.py for a spin confirms that the runtime errors from the last Test Drive are a thing of the past. Your webapp’s terminal window confirms that all is well:
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No. Not in this case.
For this webapp, the log_request function was only ever called by do_search, so nesting log_request’s within do_search isn’t an issue.
If you later decide to invoke log_request from some other function, you may have an issue (and you’ll have to rethink things). But, for now, you’re golden.


Is Your Webapp Robust Now?



Here are the four questions posed at the start of Chapter 11:
	What happens if the database connection fails?

	Is our webapp protected from web attacks?

	What happens if something takes a long time?

	What happens if a function call fails?



Your webapp now handles a number of runtime exceptions, thanks to your use of try/except and some custom exceptions that you can raise and catch as required.
When you know something can go wrong at runtime, fortify your code against any exceptions that might occur. This improves the overall robustness of your application, which is a good thing.
Note that there are other areas where robustness could be improved. You spent a lot of time adding try/except code to view_the_log’s code, which took advantage of the UseDatabase context manager. UseDatabase is also used within log_request, and should probably be protected, too (and doing so is left as a homework exercise for you).
Your webapp is more responsive due to your use of threading to handle a task that has to be performed eventually, but not right away. This is a good design strategy, although you do need to be careful not to go overboard with threads: the threading example in this chapter is very straightforward. However, it is very easy to create threading code that nobody can understand, and which will drive you mad when you have to debug it. Use threads with care.
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In answering question 3—what happens if something takes a long time?—the use of threads improved the performance of the database write, but not the database read. It is a case of just having to wait for the data to arrive after the read, no matter now long it takes, as the webapp wasn’t able to proceed without the data.
To make the database read go faster (assuming it’s actually slow in the first place), you may have to look at using an alternative (faster) database setup. But that’s a worry for another day that we won’t concern ourselves with further in this book.
However, having said that, in the next and last chapter, we do indeed consider performance, but we’ll be doing so while discussing a topic everyone understands, and which we’ve already discussed in this book: looping.
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Chapter 13. Advanced Iteration: Looping Like Crazy



[image: image with no caption]

It’s often amazing how much time our programs spend in loops. This isn’t a surprise, as most programs exist to perform something quickly a whole heap of times. When it comes to optimizing loops, there are two approaches: (1) improve the loop syntax (to make it easier to specify a loop), and (2) improve how loops execute (to make them go faster). Early in the lifetime of Python 2 (that is, a long, long time ago), the language designers added a single language feature that implements both approaches, and it goes by a rather strange name: comprehension. But don’t let the strange name put you off: by the time you’ve worked through this chapter, you’ll be wondering how you managed to live without comprehensions for so long.
Bahamas Buzzers Have Places to Go



To learn what loop comprehensions can do for you, you’re going to take a look at some “real” data.
Operating out of Nassau on New Providence Island, Bahamas Buzzers provides island-hopping flights to some of the larger island airports. The airline has pioneered just-in-time flight scheduling: based on the previous day’s demand, the airline predicts (which is just a fancy term for “guesses”) how many flights they need the next day. At the end of each day, the BB Head Office generates the next day’s flight schedule, which ends up in a text-based CSV (comma-separated value) file.
Here’s what tomorrow’s CSV file contains:
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Head Office calls this CSV file buzzers.csv.
If you were asked to read the data from the CSV file and display it on screen, you’d use a with statement. Here’s what we did at IDLE’s >>> prompt, after using Python’s os module to change into the folder that contains the file:
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Geek Bits
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Learn more about the CSV format here: https://en.wikipedia.org/wiki/Comma-separated_values.


Reading CSV Data As Lists



The CSV data, in its raw form, is not very useful. It would be more useful if you could read and break apart each line at the comma, making it easier to get at the data.
Although it is possible to do this “breaking apart” with hand-crafted Python code (taking advantage of the string object’s split method), working with CSV data is such a common activity that the standard library comes with a module named csv that can help.
Here’s another small for loop that demonstrates the csv module in action. Unlike the last example, where you used the read method to grab the entire contents of the file in one go, in the code that follows, csv.reader is used to read the CSV file one line at a time within the for loop. On each iteration, the for loop assigns each line of CSV data to a variable (called line), which is then displayed on screen:
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The csv module is doing quite a bit of work here. Each line of raw data is being read from the file, then “magically” turned into a two-item list.
In addition to the header information (from the first line of the file) being returned as a list, each individual flight time and destination pair also gets its own list. Take note of the type of the individual data items returned: everything is a string, even though the first item in each list (clearly) represents a time.
The csv module has a few more tricks up its sleeve. Another interesting function is csv.DictReader. Let’s see what that does for you.

Reading CSV Data As Dictionaries



Here’s code similar to the last example, but for the fact that this new code uses csv.DictReader as opposed to csv.reader. When DictReader is used, the data from the CSV file is returned as a collection of dictionaries, with the keys for each dictionary taken from the CSV file’s header line, and the values taken from each of the subsequent lines. Here’s the code:
[image: image with no caption]

There is no doubt that this is powerful stuff: with a single call to DictReader, the csv module has transformed the raw data in your CSV file into a collection of Python dictionaries.
But imagine you’ve been tasked with converting the raw data in the CSV file based on the following requirements:
	Convert the flight times from 24-hour format to AM/PM format

	Convert the destinations from UPPERCASE to Titlecase



In and of themselves, these are not difficult tasks. However, when you consider the raw data as a collection of lists or a collection of dictionaries, they can be. So, let’s write a custom for loop to read the data into a single dictionary that can then be used to perform these conversions with a lot less fuss.

Let’s Back Up a Little Bit



Rather than use csv.reader or csv.DictReader, let’s roll our own code to convert the raw data in the CSV file into a single dictionary, which we can then manipulate to perform the required conversions.
We’ve had a chat with the Head Office folks over at Bahamas Buzzers, and they’ve told us they’re very happy with the conversions we have in mind, but would still like the data kept in its “raw form,” as that’s how their antiquated departures board expects its data to arrive: 24-hour format for flight times, and all UPPERCASE for destinations.
You could perform conversions on the raw data in your single dictionary, but let’s ensure that the conversions are performed on copies of the data, not the actual raw data as read in. Although it’s not totally clear at the moment, the noises coming out of Head Office seem to indicate that whatever code you create may have to interface with some existing systems. So, rather than face the prospect of converting the data back into its raw form, let’s read it into a single dictionary as is, then convert to copies as required (while leaving the raw data in the original dictionary untouched).
It’s not an awful lot of work (over and above what you had to do with the csv module) to read the raw data into a dictionary. In the code below, the file is opened, and the first line is read and ignored (as we don’t need the header info). A for loop then reads each line of raw data, splitting it in two at the comma, with the flight time being used as your dictionary key, and the destination used as your dictionary value.
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Stripping, Then Splitting, Your Raw Data



The latest with statement used the split method (included with all string objects) to break the line of raw data in two. What’s returned is a list of strings, which the code individually assigns to the k and v variables. This multivariable assignment is possible due to the fact that you have a tuple of variables on the left of the assignment operator, as well as code that produces a list of values on the right of the operator (remember: tuples are immutable lists):
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Another string method, strip, removes whitespace from the beginning and end of an existing string. Let’s use it to remove the unwanted trailing newline from the raw data before preforming the split.
Here’s one final version of our data-reading code. We create a dictionary called flights, which uses the flight times as keys and the destinations (without the newline) as values:
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Geek Bits
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Whitespace: the following characters are considered whitespace in strings: space, \t, \n, and \r.

What if you switched the order of the methods in your code, like so:
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What do you think would happen?

Be Careful When Chaining Method Calls



Some programmers don’t like the fact that Python’s method calls can be chained together (as strip and split were in the last example), because such chains can be hard to read the first time you see them. However, method chaining is popular among Python programmers, so you’ll likely run across code that uses this technique “in the wild.” Care is needed, however, as the order of the method calls is not interchangeable.
As an example of what can go wrong, consider this code (which is very similar to what came before). Whereas before the order was strip, then split, this code calls split first, then tries to call strip. Look what happens:
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To understand what’s going on here, consider the type of the data to the right of the assignment operator as the above method chain executes.
Before anything happens, line is a string. Calling split on a string returns a list of strings, using the argument to split as a delimiter. What started out as a string (line) has dynamically morphed into a list, which then has another method invoked against it. In this example, the next method is strip, which expects to be invoked on a string, not a list, so the interpreter raises an AttributeError, as lists don’t have a method called strip.
[image: image with no caption]

The method chain from the previous page does not suffer from this issue:
       ...
line.strip().split(',')
       ...
With this code, the interpreter starts out with a string (in line), which has any leading/trailing whitespace removed by strip (yielding another string), which is then split into a list of strings based on the comma delimiter. There’s no AttributeError, as the method chain doesn’t violate any typing rules.

Transforming Data into the Format You Need



Now that the data is in the flights dictionary, let’s consider the data manipulations BB Head Office has asked you to perform.
The first is to perform the two conversions identified earlier in this chapter, creating a new dictionary in the process:
	Convert the flight times from 24-hour format to AM/PM format

	Convert the destinations from UPPERCASE to Titlecase



Applying these two transformations to the flights dictionary allows you to turn the dictionary on the left into the one on the right:
[image: image with no caption]

Note that the data in both dictionaries has the same meaning, it’s just the representation that’s changed. Head Office needs the second dictionary, as they feel that its data is more universally understandable, as well as friendlier; Head Office thinks all- UPPERCASE is akin to shouting.
At the moment, the data in both dictionaries has a single line for each flight time/destination combination. Although Head Office will be happy when you’ve transformed the dictionary on the left into the dictionary on the right, they’ve also suggested that it would be really useful if the data could be presented with single destinations as keys and a list of flight times as values—that is, a single row of data for each destination. Let’s look at how that dictionary would appear before embarking on coding the required manipulations.

Transforming into a Dictionary Of Lists



Once the data in flights has been transformed, Head Office wants you to perform this second manipulation (discussed at the bottom of the last page):
[image: image with no caption]

Think about the data wrangling that’s needed here...



There’s a bit of work required to get from the raw data in the CSV file to the dictionary of lists shown above on the right. Take a moment to think about how you’d go about doing this using the Python you already know.
If you’re like most programmers, it won’t take you long to work out that the for loop is your friend here. As Python’s main looping mechanism, for has already helped you extract the raw data from the CSV file and populate the flights dictionary:
[image: image with no caption]

It’s tempting to suggest that this code be amended to perform the transformations to the raw data as it is read from the CSV file—that is, prior to adding rows of data to flights. But recall the Head Office’s request that the raw data remain untouched in flights: any transformations need to be applied to a copy of the data. This makes things more complex, but not by much.


Let’s Do the Basic Conversions



At the moment, the flights dictionary contains flight times in 24-hour format as its keys, with UPPERCASE strings representing destinations as its values. You have two initial conversions to perform:
	Convert the flight times from 24-hour format to AM/PM format

	Convert the destinations from UPPERCASE to Titlecase



Conversion #2 is easy, so let’s do that one first. Once data is in a string, simply call the string’s title method, as this IDLE session demonstrates:
[image: image with no caption]

Conversion #1 involves a bit more work.
If you think about it for a minute, things get quite involved when it comes to converting 19:00 into 7:00PM. However, this is only the case when you look at the 19:00 data as a string. You’d need to write a lot of code to do the conversion.
For more on string format specifiers, see https://docs.python.org/3/library/datetime.html#strftime-and-strptime-behavior.


If you instead consider that 19:00 is a time, you can take advantage of the datetime module that is included as part of Python’s standard library. This module’s datetime class can take a string (like 19:00) and convert it to its equivalent AM/PM format using two prebuilt functions and what’s known as string format specifiers. Here’s a small function, called convert2ampm, which uses the facilities of the datetime module to perform the conversion you need:
Ready Bake Code
[image: image with no caption]

[image: image with no caption]


Sharpen your Pencil
[image: image with no caption]

Let’s put the conversion techniques from the last page to work.
Below is the code that reads the raw data from the CSV file, populating the flights dictionary as it goes. The convert2ampm function is also shown.
Your job is to write a for loop that takes the data in flights and converts the keys to AM/PM format, and the values to Titlecase. A new dictionary, called flights2, is created to hold the converted data. Use your pencil to add the for loop code in the space provided.
Hint: when processing a dictionary with a for loop, recall that the items method returns the key and value for each row (as a tuple) on each iteration.
[image: image with no caption]


Sharpen your Pencil Solution
[image: image with no caption]

Your job was to write a for loop that takes the data in flights and converts the keys to AM/PM format, and the values to Titlecase. You were to create a new dictionary, called flights2, to hold the converted data, and you were to add the for loop code in the space provided.
[image: image with no caption]


Test Drive
[image: image with no caption]

If you execute the above program, two dictionaries are displayed on screen (which we’re showing below, side by side). The conversions work, although the ordering in each dictionary differs, as the interpreter does not maintain insertion order when you populate a new dictionary with data:
[image: image with no caption]



Did You Spot the Pattern in Your Code?



Take another look at the program you’ve just executed. There’s a very common programming pattern used twice in this code. Can you spot it?
from datetime import datetime
import pprint

def convert2ampm(time24: str) -> str:
    return datetime.strptime(time24, '%H:%M').strftime('%I:%M%p')

with open('buzzers.csv') as data:
    ignore = data.readline()
    flights = {}
    for line in data:
        k, v = line.strip().split(',')
        flights[k] = v

pprint.pprint(flights)
print()

flights2 = {}
for k, v in flights.items():
    flights2[convert2ampm(k)] = v.title()

pprint.pprint(flights2)
If you answered: “the for loop,” you’re only half-right. The for loop is part of the pattern, but take another look at the code that surrounds it. Spot anything else?
[image: image with no caption]


Spotting the Pattern with Lists



The examples on the last page highlighted the programming pattern as it relates to dictionaries: start with a new, empty dictionary, then use a for loop to process an existing dictionary, generating data for a new dictionary as you go:
[image: image with no caption]

This pattern also makes an appearance with lists, where it is easier to spot. Take a look at this IDLE session, where the keys (i.e., the flight times) and the values (i.e., the destinations) are extracted from the flights dictionary as lists, then converted into new lists using the programming pattern (numbered 1 through 4 in the annotations):
[image: image with no caption]

This pattern is used so often that Python provides a convenient shorthand notation for it called the comprehension. Let’s see what’s involved in creating a comprehension.

Converting Patterns into Comprehensions



Let’s take the most recent for loop that processed the destinations as our example. Here it is again:
[image: image with no caption]

Python’s built-in comprehension feature lets you rework the above three lines of code as a single line.
To convert the above three lines into a comprehension, we’re going to step through the process, building up to the complete comprehension.
Begin by starting with a new, empty list, which is assigned to a new variable (which we’re calling more_dests in this example):
[image: image with no caption]

Specify how the existing data (in flights in this example) is to be iterated over using the familiar for notation, and place this code within the new list’s square brackets (note the absence of the colon at the end of the for code):
[image: image with no caption]

To complete the comprehension, specify the transformation to be applied to the data (in dest), and put this transformation before the for keyword (note the absence of the call to append, which is assumed by the comprehension):
[image: image with no caption]

And that’s it. The single line of code at the bottom of this page is functionally equivalent to the three lines of code at the top. Go ahead and run this line of code at your >>> prompt to convince yourself that the more_dests list contains the same data as the destinations list.

Take a Closer Look at the Comprehension



Let’s look at the comprehension in a little more detail. Here’s the original three lines of code as well as the single-line comprehension that performs the same task.
Remember: both versions produce new lists (destinations and more_dests) that have exactly the same data:
[image: image with no caption]

It’s also possible to pick out the parts of the original three lines of code and see where they’ve been used in the comprehension:
[image: image with no caption]

If you spot this pattern in other code, you can easily turn it into a comprehension. For example, here’s some code from earlier (which produces the list of AM/PM flight times) reworked as a comprehension:
[image: image with no caption]


What’s the Big Deal?



[image: image with no caption]

Yes. We think it’s well worth the effort.
There are two main reasons why taking the time to understand comprehensions pays off.
Firstly, as well as requiring less code (which means comprehensions are easier on your fingers), the Python interpreter is optimized to run comprehensions as quickly as possible. This means comprehensions execute faster than the equivalent for loop code.
Secondly, comprehensions can be used in places where for loops can’t. In fact, you’ve already seen this, as all the comprehensions presented so far in this chapter have appeared to the right of the assignment operator, which is something a regular for loop can’t do. This can be surprisingly useful (as you’ll see as this chapter progresses).
Comprehensions aren’t just for lists



The comprehensions you’ve seen so far have created new lists, so each is known as a list comprehension (or listcomp for short). If your comprehension creates a new dictionary, it’s known as a dictionary comprehension (dictcomp). And, so as not to leave any data structure out, you can also specify a set comprehension (setcomp).
There’s no such thing as a tuple comprehension; we’ll explain why later in this chapter.
First, though, let’s take a look at a dictionary comprehension.


Specifying a Dictionary Comprehension



Recall the code from earlier in this chapter that read the raw data from the CSV file into a dictionary called flights. This data was then transformed into a new dictionary called flights2, which is keyed by AM/PM flight times and uses “titlecased” destinations as values:
[image: image with no caption]

Let’s rework these three lines of code as a dictionary comprehension.
Start by assigning a new, empty dictionary to a variable (which we are calling more_flights):
[image: image with no caption]

Specify how the existing data (in flights) is to be iterated over using the for loop notation (being sure not to include the usual trailing colon):
[image: image with no caption]

To complete the dictcomp, specify how the new dictionary’s keys and values relate to each other. The for loop at the top of the page produces the key by converting it to an AM/PM flight time using the convert2ampm function, while the associated value is turned into titlecase thanks to the string’s title method. An equivalent dictcomp can do the same thing and, as with listcomps, this relationship is specified to the left of the dictcomp’s for keyword. Note the inclusion of the colon separating the new key from the new value:
[image: image with no caption]

And there it is: your first dictionary comprehension. Go ahead and take it for a spin to confirm that it works.

Extend Comprehensions with Filters



Let’s imagine you need only the converted flight data for Freeport.
Reverting to the original for loop, you’d likely extend the code to include an if statement that filters based on the current value in v (the destination), producing code like this:
[image: image with no caption]

[image: image with no caption]

Note
The raw data

If you execute the above loop code at the >>> prompt, you’ll end up with just two rows of data (representing the two scheduled flights to Freeport as contained in the raw data file). This shouldn’t be surprising, as using an if in this way to filter data is a standard technique. It turns out that such filters can be used with comprehensions, too. Simply take the if statement (minus the colon) and tack it onto the end of your comprehension. Here’s the dictcomp from the bottom of the last page:
more_flights = {convert2ampm(k): v.title() for k, v in flights.items()}
And here’s a version of the same dictcomp with the filter added:
[image: image with no caption]

If you execute this filtered dictcomp at your >>> prompt, the data in the newly created just_freeport2 dictionary is identical to the data in just_freeport. Both just_freeport and just_freeport2’s data is a copy of the original data in the flights dictionary.
Granted, the line of code that produces just_freeport2 looks intimidating. Many programmers new to Python complain that comprehensions are hard to read. However, recall that Python’s usual end-of-line-means-end-of-statement rule is switched off whenever code appears between a bracket pair, so you can rewrite any comprehension over multiple lines to make it easier to read, like so:
[image: image with no caption]


Recall What You Set Out to Do



Now that you’ve seen what comprehensions can do for you, let’s revisit the required dictionary manipulations from earlier in this chapter to see how we’re doing. Here’s the first requirement:
[image: image with no caption]

Given the data in the flights dictionary, you’ve seen that the following dictionary comprehension performs the above conversions in one line of code, assigning the copied data to a new dictionary called fts here:
fts = {convert2ampm(k): v.title() for k, v in flights.items()}
The second manipulation (listing flight times per destination) is a little more involved. There’s a bit more work to do due to the fact that the data manipulations are more complex:
[image: image with no caption]

Sharpen your Pencil
[image: image with no caption]

Before starting to work on the second manipulation, let’s pause for a bit to see how well the comprehension material is seeping into your brain.
You’ve been tasked with transforming the three for loops on this page into comprehensions. As you do, don’t forget to test your code in IDLE (before flipping the page and peeking at our solutions). In fact, before you try to write the comprehensions, execute these loops and see what they do. Write your comprehension solutions in the spaces provided.
[image: image with no caption]


Sharpen your Pencil Solution
[image: image with no caption]

You were to grab your pencil, and pop your thinking cap on. For each of these three for loops, you were tasked with transforming them into comprehensions, being sure to test your code in IDLE.
[image: image with no caption]



Deal with Complexity the Python Way



With your comprehension practice session behind you, let’s experiment at the >>> prompt to work out what has to happen to the data in the fts dictionary in order to transform it into what’s required.
Before writing any code, take another look at the required transformation. Notice how the keys in the new dictionary (on the right) are a list of unique destinations taken from the values in the fts dictionary (on the left):
[image: image with no caption]

It turns out that producing those four unique destinations is very straightforward. Given that you have the data on the left in a dictionary called fts, you can access all of the values using fts.values, then feed that to the set BIF to remove duplicates. Let’s store the unique destinations in a variable called dests:
[image: image with no caption]

Now that you have a way to get the unique destinations, it’s time to grab the flight times associated with those destinations. This data is also in the fts dictionary.
Before turning the page, have a think about how you’d go about extracting the flight times given each unique destination.
In fact, don’t worry about extracting all the flight times for every destination; just work out how to do it for West End first.

Extract a Single Destination’s Flight Times



Let’s start by extracting the flight time data for a single destination, namely West End. Here’s the data you need to extract:
[image: image with no caption]

As before, pull up the >>> prompt and get to work. Given the fts dictionary, you can extract the West End flight times using code like this:
[image: image with no caption]

On seeing this code, you should hear little alarm bells ringing in your brain, as this for loop is surely a candidate for reworking as a list comprehension, right?
That for loop becomes this equivalent listcomp:
[image: image with no caption]

Now that you know how to extract this data for one specific destination, let’s do it for all the destinations.

Extract Flight Times for All Destinations



You now have this code, which extracts the set of unique destinations:
[image: image with no caption]

And you also have this listcomp, which extracts the list of flight times for a given destination (in this example, that destination is West End):
[image: image with no caption]

To extract the list of flights times for all of the destinations, you need to combine these two statements (within a for loop).
In the code that follows, we’ve dispensed with the need for the dests and west2 variables, preferring to use the code directly as part of the for loop. We no longer hardcode West End, as the current destination is in dest (within the listcomp):
[image: image with no caption]

The fact that we’ve just written a for loop that appears to conform to our comprehension pattern starts our brain’s little bell ringing again. Let’s try to suppress that ringing for now, as the code you’ve just experimented with at your >>> prompt displays the data we need...but what you really need is to store the data in a new dictionary. Let’s create a new dictionary (called when) to hold this newly extracted data. Head back to your >>> prompt and adjust the above for loop to use when:
[image: image with no caption]

If you’re like us, your little brain bell (that you’ve been trying to suppress) is likely ringing loudly and driving you crazy as you look at this code.

That Feeling You Get...



...when a single line of code starts to look like magic.
Switch off your brain bell, then take another look at the code that makes up your most recent for loop:
when = {}
for dest in set(fts.values()):
    when[dest] = [k for k, v in fts.items() if v == dest]
This code conforms to the pattern that makes it a potential target for reworking as a comprehension. Here’s the above for loop code reworked as a dictcomp that extracts a copy of the data you need into a new dictionary called when2:
when2 = {dest: [k for k, v in fts.items() if v == dest] for dest in set(fts.values())}
It looks like magic, doesn’t it?
This is the most complex comprehension you’ve seen so far, due mainly to the fact that the outer dictcomp contains an inner listcomp. That said, this dictcomp showcases one of the features that set comprehensions apart from the equivalent for loop code: you can put a comprehension almost anywhere in your code. The same does not hold for for loops, which can only appear as statements in your code (that is, not as part of expressions).
Of course, that’s not to say you should always do something like this:
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Be warned: a dictionary comprehension containing an embedded list comprehension is hard to read the first time you see it.
However, with repeated exposure, comprehensions do get easier to read and understand, and—as stated earlier in this chapter—Python programmers use them a lot. Whether you use comprehensions is up to you. If you are happier with the for loop code, use that. If you like the look of comprehensions, use them...just don’t feel you have to.
Test Drive
[image: image with no caption]

Before moving on, let’s put all of this comprehension code into our do_convert.py file. We can then run the code in this file (using IDLE) to see that the conversions and transformations that are required by Bahamas Buzzers are occurring as required. Confirm that your code is the same as ours, then execute the code to confirm that everything is working to specification.
[image: image with no caption]
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There are no Dumb Questions
	Q:
	Q: So...let me get this straight: a comprehension is just syntactic shorthand for a standard looping construct?

	A:
	A: Yes, specifically the for loop. A standard for loop and its equivalent comprehension do the same thing. It’s just that the comprehension tends to execute considerably faster.

	Q:
	Q: When will I know when to use a list comprehension?

	A:
	A: There are no hard and fast rules here. Typically, if you are producing a new list from an existing one, have a good look at your loop code. Ask yourself if the loop is a candidate for conversion to an equivalent comprehension. If the new list is “temporary” (that is, used once, then thrown away), ask yourself if an embedded list comprehension would be better for the task at hand. As a general rule, you should avoid introducing temporary variables into your code, especially if they’re only used once. Ask yourself if a comprehension can be used instead.

	Q:
	Q: Can I avoid comprehensions altogether?

	A:
	A: Yes, you can. However, they tend to see quite a bit of use within the wider Python community, so unless your plan is to never look at anyone else’s code, we’d suggest taking the time to become familiar with Python’s comprehension technology. Once you get used to seeing them, you’ll wonder how you ever lived without them. Did we mention that they are fast?

	Q:
	Q: Yes, I get that, but is speed such a big deal nowadays? My laptop is super-fast and it runs my for loops quick enough.

	A:
	A: That’s an interesting observation. It’s true that today we have computers that are vastly more powerful than anything that’s come before. It’s also true that we spend a lot less time trying to eke out every last CPU cycle from our code (because, let’s face it: we don’t have to anymore). However, when presented with a technology that offers a performance boost, why not use it? It’s a small bit of effort for a big return in performance.






[image: image with no caption]

That’s a great question.
And the answer is: yes and no.
Yes, it is possible to create and use a set comprehension (although, to be honest, you will encounter them only very rarely).
And, no, there’s no such thing as a “tuple comprehension.” We’ll get to why this is after we’ve shown you set comprehensions in action.

The Set Comprehension in Action



A set comprehensions (or setcomp for short) allows you to create a new set in one line of code, using a construct that’s very similar to the list comprehension syntax.
What sets a setcomp apart from a listcomp is that the set comprehension is surrounded by curly braces (unlike the square brackets around a listcomp). This can be confusing, as dictcomps are surrounded by curly braces, too. (One wonders what came over the Python core developers when they decided to do this.)
A literal set is surrounded by curly braces, as are literal dictionaries. To tell them apart, look for the colon character used as a delimiter in dictionaries, as the colon has no meaning in sets. The same advice applies to quickly determining whether a curly-braced comprehension is a dictcomp or a setcomp: look for the colon. If it’s there, you’re looking at a dictcomp. If not, it’s a setcomp.
Here’s a quick set comprehension example (which hearkens back to an earlier example in this book). Given a set of letters (in vowels), and a string (in message), the for loop as well as its equivalent setcomp produce the same result— a set of the vowels found in message:
[image: image with no caption]

Take a few moments to experiment with the code on this page at your >>> prompt. Because you already know what listcomps and dictcomps can do, getting your head around set comprehensions isn’t that tricky. There’s really nothing more to them than what’s on this page.

How to Spot a Comprehension



As you become more familiar with the look of comprehension code, they become easier to spot and understand. Here’s a good general rule for spotting list comprehensions:
If you spot code surrounded by [ and ], then you are looking at a list comprehension.


This rule can be generalized as follows:
If you spot code surrounded by brackets (curly or square), then you are likely looking at a comprehension.


Why the use of the word “likely”?
In addition to code being surrounded by [], comprehensions can also, as you’ve seen, be surrounded by {}. When code is surrounded by [ and ], you are looking at a list comprehension. When code is surrounded by { and }, you are looking at either a set or a dictionary comprehension. A dictcomp is easy to spot thanks to its use of the colon character as a delimiter.
However, code can also appear between ( and ), which is a special case, even though you’d be forgiven for suggesting that code surrounded by parentheses must surely be a tuple comprehension. You’d be forgiven, but wrong: “tuple comprehensions” don’t exist, even though you can put code between ( and ). After the “fun” you’ve been having with comprehensions so far in this chapter, you may be thinking: could this get any weirder?
[image: image with no caption]

Let’s conclude this chapter (and this book) by exploring what’s going on with code that appears between ( and ). It’s not a “tuple comprehension,” but it is obviously allowed, so what is it?

What About “Tuple Comprehensions”?



Python’s four built-in data structures (tuples, lists, sets, and dictionaries) can be put to many uses. However, all but tuples can be created via a comprehension.
Why is this?
It turns out that the idea of a “tuple comprehension” doesn’t really make sense. Recall that tuples are immutable: once a tuple is created, it cannot be changed. This also means that it’s not possible to generate a tuple’s values in code, as this short IDLE session shows:
[image: image with no caption]

There’s nothing weird or wonderful going on here, as this is the behavior expected from tuples: once one exists, it cannot be changed. This fact alone should be enough to rule out using a tuple within any sort of comprehension. But take a look at this interaction at the >>> prompt. The second loop differs from the first in the smallest of ways: the square brackets around the listcomp (in the first loop) have been replaced with parentheses (in the second):
[image: image with no caption]


Parentheses Around Code == Generator



When you come across something that looks like a listcomp but is surrounded by parentheses, you’re looking at a generator:
[image: image with no caption]

As you saw at the bottom of the last page, when you replace a listcomp’s surrounding square brackets with parentheses, the results are the same; that is, the generator and the listcomp produce the same data.
However, they do not execute in the same way.
If you’re scratching your head at the previous sentence, consider this: when a listcomp executes, it produces all of its data prior to any other processing occurring. Taken in the context of the example at the top of this page, the for loop doesn’t start processing any of the data produced by the listcomp until the listcomp is done. This means that a listcomp that takes a long time to produce data delays any other code from running until the listcomp concludes.
With a small list of data items (as shown above), this is not a big issue.
But imagine your listcomp is required to work with a list that produces 10 million items of data. You’ve now got two issues: (1) you have to wait for the listcomp to process those 10 million data items before doing anything else, and (2) you have to worry that the computer running your listcomp has enough RAM to hold all that data in memory while the listcomp executes (10 million individual pieces of data). If your listcomp runs out of memory, the interpreter terminates (and your program is toast).
Listcomps and generators produce the same results, but operate in a very different way.


Generators produce data items one at a time...



When you replace your listcomp’s square brackets with parentheses, the listcomp becomes a generator, and your code behaves differently.
Unlike a listcomp, which must conclude before any other code can execute, a generator releases data as soon as the data is produced by the generator’s code. This means if you generate 10 million data items, the interpreter only needs enough memory to hold one data item (at a time), and any code that’s waiting to consume the data items produced by the generator executes immediately; that is, there’s no waiting.
There’s nothing quite like an example to understand the difference using a generator can make, so let’s perform a simple task twice: once with a listcomp, then again with a generator.


Using a Listcomp to Process URLs



To demonstrate the difference using a generator can make, let’s perform a task using a listcomp (before rewriting the task as a generator).
As has been our practice throughout this book, let’s experiment with some code at the >>> prompt that uses the requests library (which lets you programmatically interact with the Web). Here’s a small interactive session that imports the requests library, defines a three-item tuple (called urls), and then combines a for loop with a listcomp to request each URL’s landing page, before processing the web response returned.
Download “requests” from PyPI using the “pip” command.


To understand what’s going on here, you need to follow along on your computer.
[image: image with no caption]

If you’re following along on your computer, you will experience a noticeable delay between entering the for loop code and seeing the results. When the results appear, they are displayed in one go (all at once). This is because the listcomp works through each of the URLs in the urls tuple before making any results available to the for loop. The outcome? You have to wait for your output.
Note that there’s nothing wrong with this code: it does what you want it to, and the output is correct. However, let’s rework this listcomp as a generator to see the difference it makes. As mentioned above, be sure to follow along on your computer as you work through the next page (so you can see what happens).

Using a Generator to Process URLs



Here’s the example from the last page reworked as a generator. Doing so is easy; simply replace the listcomp’s square brackets with parentheses:
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A short moment after entering the above for loop, the first result appears:
[image: image with no caption]

Then, a moment later, the next line of results appear:
[image: image with no caption]

Then—finally—a few moments later, the last results line appears (and the for loop ends):
[image: image with no caption]


Using a Generator: What Just Happened?



If you compare the results produced by your listcomp to those produced by your generator, they are identical. However, the behavior of your code isn’t.
The listcomp waits for all of its data to be produced before feeding any data to the waiting for loop, whereas the generator releases data as soon as it becomes available. This means the for loop that uses the generator is much more responsive, as opposed to the listcomp (which makes you wait).
If you’re thinking this isn’t really that big a deal, imagine if the URLs tuple was defined with one hundred, one thousand, or one million URLs. Further, imagine that the code processing the response is feeding the processed data to another process (perhaps a waiting database). As the number of URLs increases, the listcomp’s behavior becomes worse compared to that of the generator.
[image: image with no caption]

No. We wouldn’t say that.
Don’t misunderstand: the fact that generators exist is great, but this doesn’t mean you’ll want to replace all of your listcomps with an equivalent generator. Like a lot of things in programming, which approach you use depends on what you’re trying to do.
If you can afford to wait, then listcomps are fine; otherwise, consider using a generator.
One interesting usage of generators is to embed them within a function. Let’s take a look at encapsulating your just-created generator in a function.

Define What Your Function Needs to Do



Let’s imagine that you want to take your requests generator and turn it into a function. You’ve decided to package the generator within a small module you’re writing, and you want other programmers to be able to use it without having to know or understand generators.
Here’s your generator code once more:
[image: image with no caption]

Let’s create a function that encapsulates this code. The function, which is called gen_from_urls, takes a single argument (a tuple of URLs), and returns a tuple of results for each URL. The returned tuple contains three values: the length of the URL’s content, the HTTP status code, and the URL the response came from.
Assuming gen_from_urls exists, you want other programmers to be able to execute your function as part of a for loop, like this:
[image: image with no caption]

Although this new code does not look all that different from the code at the top of the page, note that programmers using gen_from_urls have no clue (nor do they need to know) that you’re using requests to talk to the Web. Nor do they need to know that you’re using a generator. All of your implementation details and choices are hidden behind that easy-to-understand function call.
Let’s see what’s involved in writing gen_from_urls so that it can generate the data you need.

Yield to the Power of Generator Functions



Now that you know what the gen_from_urls function needs to do, let’s go about writing it. Begin by creating a new file called url_utils.py. Edit this file, then add import requests as its first line of code.
The function’s def line is straightforward, as it takes a single tuple on the way in, and returns a tuple on output (note how we’ve included type annotations to make this explicit for users of our generator function). Go ahead and add the function’s def line to the file, like so:
[image: image with no caption]

The function’s suite is the generator from the last page, and the for line is a simple copy-and-paste:
[image: image with no caption]

The next line of code needs to “return” the result of that GET request as performed by the requests.get function. Although it’s tempting to add the following line as the for’s suite, please don’t do this:
return len(resp.content), resp.status_code, resp.url
[image: image with no caption]

When a function executes a return statement, the function terminates. You don’t want this to happen here, as the gen_from_urls function is being called as part of a for loop, which is expecting a different tuple of results each time the function’s called.
But, if you can’t execute return, what are you to do?
Use yield instead. The yield keyword was added to Python to support the creation of generator functions, and you can use it anywhere a return is used. When you do, your function morphs into a generator function that can be “called” from any iterator, which, in this case, is from within your for loop:
[image: image with no caption]

Let’s take a closer look at what’s going on here.

Tracing Your Generator Function, 1 of 2



To understand what happens when your generator function runs, let’s trace the execution of the following code:
[image: image with no caption]

The first two lines of code are simple enough: the function is imported, and a tuple of URLs is defined.
The fun starts on the next line of code, when the gen_from_urls generator function is invoked. Let’s refer to this for loop as “the calling code”:
[image: image with no caption]

The interpreter jumps to the gen_from_urls function, and starts to execute its code. The tuple of URLs is copied into the function’s sole argument, and then the generator function’s for loop executes:
The for loop contains the generator, which takes the first URL in the urls tuple and sends a GET request to the identified server. When the HTTP response is returned from the server, the yield statement executes.
This is where things get interesting (or weird, depending on your point of view).
Rather than executing, then moving on to the next URL in the urls tuple (i.e., continuing with the next iteration of gen_from_urls’s for loop), yield passes its three pieces of data back to the calling code. Rather than terminating, the gen_from_urls function generator now waits, as if in suspended animation...

Tracing Your Generator Function, 2 of 2



When the data (as passed back by yield) arrives at the calling code, the for loop’s suite executes. As the suite contains a single call to the print BIF, that line of code executes and displays the results from the first URL on screen:
print(resp_len, '->', status, '->', url)

34591 -> 200 -> https://talkpython.fm/
The calling code’s for loop then iterates, calling gen_from_urls again...sort of.
This is almost what happens. What actually happens is that gen_from_urls is awakened from its suspended animation, then continues to run. The for loop within gen_from_urls iterates, takes the next URL from the urls tuple, and contacts the server associated with the URL. When the HTTP response is returned from the server, the yield statement executes, passing its three pieces of data back to the calling code (which the function accesses via the resp object):
[image: image with no caption]

As before, rather than terminating, the gen_from_urls generator function now waits once more, as if in suspended animation...
When the data (as passed back by yield) arrives at the calling code, the for loop’s suite executes print once more, displaying the second set of results on screen:
34591 -> 200 -> https://talkpython.fm/
19468 -> 200 -> http://pythonpodcast.com/
The calling code’s for loop iterates, “calling” gen_from_urls once more, which results in your generator function awakening again. The yield statement is executed, results are returned to the calling code, and the display updates again:
34591 -> 200 -> https://talkpython.fm/
19468 -> 200 -> http://pythonpodcast.com/
47413 -> 200 -> https://www.python.org/
At this point, you’ve exhausted your tuple of URLs, so the generator function and the calling code’s for loop both terminate. It’s as if the two pieces of code were taking turns to execute, passing data between themselves on each turn.
Let’s see this in action at the >>> prompt. It’s now time for one last Test Drive.
Test Drive
[image: image with no caption]

In this, the last Test Drive in this book, let’s take your generator function for a spin. As has been our practice all along, load your code into an IDLE edit window, then press F5 to exercise the function at the >>> prompt. Follow along with our session (below):
[image: image with no caption]

The first example below shows gen_from_urls being called as part of a for loop. As expected, the output is the same as that obtained a few pages back.
The second example below shows gen_from_urls being used as part of a dictcomp. Note how the new dictionary only needs to store the URL (as a key) and the size of the landing page (as the value). The HTTP status code is not needed in this example, so we tell the interpreter to ignore it using Python’s default variable name (which is a single underscore character):
[image: image with no caption]



Concluding Remarks



The use of comprehensions and generator functions is often regarded as an advanced topic in the Python world. However, this is mainly due to the fact that these features are missing from other mainstream programming languages, which means that programmers moving to Python sometimes struggle with them (as they have no existing point of reference).
That said, over at Head First Labs, the Python programming team loves comprehensions and generators, and believes that with repeated exposure, specifying the looping constructs that use them becomes second nature. They can’t imagine having to do without them.
Even if you find the comprehension and generator syntax weird, our advice is to stick with them. Even if you dismiss the fact that they are more performant than the equivalent for loop, the fact that you can use comprehensions and generators in places where you cannot use a for loop is reason enough to take a serious look at these Python features. Over time, and as you become more familiar with their syntax, opportunities to exploit comprehensions and generators will present themselves as naturally as those that tell your programming brain to use a function here, a loop there, a class over here, and so on. Here’s a review of what you were introduced to in this chapter:
Bullet Points
[image: image with no caption]

	When it comes to working with data in files, Python has options. As well as the standard open BIF, you can use the facilities of the standard library’s csv module to work with CSV-formatted data.

	Method chains allow you to perform processing on data in one line of code. The string.strip().split() chain is seen a lot in Python code.

	Take care with how you order your method chains. Specifically, pay attention to the type of data returned from each method (and ensure type compatibility is maintained).

	A for loop used to transform data from one format to another can be reworked as a comprehension.

	Comprehensions can be written to process existing lists, dictionaries, and sets, with list comprehensions being the most popular variant “in the wild.” Seasoned Python programmers refer to these constructs as listcomps, dictcomps, and setcomps.

	A listcomp is code surrounded by square brackets, while a dictcomp is code surrounded by curly braces (with colon delimiters). A setcomp is also code surrounded by curly braces (but without the dictcomp’s colon).

	There’s no such thing as a “tuple comprehension,” as tuples are immutable (so it makes no sense to try to dynamically create one).

	If you spot comprehension code surrounded by parentheses, you’re looking at a generator (which can be turned into a function that itself uses yield to generate data as needed).




As this chapter concludes (and, by definition, the core content of this book), we have one final question to ask you. Take a deep breath, then flip the page.

One Final Question



OK. Here goes, our final question to you: at this stage in this book, do you even notice Python’s use of significant whitespace?
The most common complaint heard from programmers new to Python is its use of whitespace to signify blocks of code (instead of, for instance, curly braces). But, after a while, your brain tends not to notice anymore.
This is not an accident: Python’s use of significant whitespace was intentional on the part of the language’s creator.
It was deliberately done this way, because code is read more than it’s written. This means code that conforms to a consistent and well-known look and feel is easier to read. This also means that Python code written 10 years ago by a complete stranger is still readable by you today because of Python’s use of whitespace.
This is a big win for the Python community, which makes it a big win for you, too.

Chapter 12’s Code



[image: image with no caption]
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It’s Time to Go…



[image: image with no caption]

You’re on your way!



We’re sad to see you leave, but nothing would make us happier than you taking what you’ve learned about Python in this book and putting it to use. You’re at the start of your Python journey, and there’s always more to learn. Of course, you’re not quite done with this book just yet. There’s the five (yes: five!) appendixes to work through. We promise they’re not that long, and are well worth the effort. And, of course, there’s the index—let’s not forget about the index!
We hope you’ve had as much fun learning about Python as we’ve had writing this book for you. It’s been a blast. Enjoy!


Appendix A. Installation: Installing Python



[image: image with no caption]

First things first: let’s get Python installed on your computer.
Whether you’re running on Windows, Mac OS X, or Linux, Python’s got you covered. How you install it on each of these platforms is specific to how things work on each of these operating systems (we know...a shocker, eh?), and the Python community works hard to provide installers that target all the popular systems. In this short appendix, you’ll be guided through installing Python on your computer.
Install Python 3 on Windows



Unless you (or someone else) has installed the Python interpreter onto your Windows PC, it is unlikely to be preinstalled. Even if it is, let’s install the latest and greatest version of Python 3 into your Windows computer now.
If you already have a version of Python 3 installed, it’ll be upgraded. If you have Python 2 installed, Python 3 will install alongside it (but won’t interfere with your Python 2 in any way). And if you don’t have any version of Python yet, well, you soon will!
Download, then install



Point your browser to www.python.org, and then click the Downloads tab.
Two large buttons will appear, offering the choice of the latest version of Python 3 or Python 2. Click on the Python 3 button. Go ahead and save the file for download when prompted. After a little while, the download will complete. Locate the downloaded file in your Downloads folder (or wherever you saved it), then double-click on the file to start the install.
A standard Windows installation process begins. By and large, you can click on Next at each of the prompts, except for this one (shown below), where you’ll want to pause to make a configuration change to ensure Add Python 3.5 to Path is selected; this ensures Windows can find the interpreter whenever it needs to:
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Check Python 3 on Windows



Now that the Python interpreter is installed on your Windows machine, let’s run a few checks to confirm all is OK.
For starters, you should have a new group on your Start menu under All Programs. We’ve included what it looks like on one of the Head First Labs’ Windows 7 machines. Yours should look similar. If it doesn’t, you may need to redo the installation. Windows 8 users (or higher) should also have a new group similar to this.
Let’s examine the items in the Python 3.5 group from the bottom up.
[image: image with no caption]

The Python 3.5 Modules Docs option provides access to all of the documentation included with all of the installed modules that are available within your Python system. You’ll be learning lots about modules as you work through this book, so you don’t need to worry about doing anything with this option right now.
The Python 3.5 Manuals option opens the entire set of Python language documentation in the standard Windows help utility. This material is a copy of the Python 3 documentation available on the Web.
The Python 3.5 option fires up a text-based interactive command prompt, >>>, which is used to experiment with code as you write it. We’ll have more to say about the >>> prompt starting from Chapter 1. If you have clicked on this option to try it out and are now at a loss as to what to do, type quit() to escape back to Windows.
The final option, IDLE (Python 3.5), runs the Python integrated development environment, which is called IDLE. This is a very simple IDE that provides access to Python’s >>> prompt, a passable text editor, the Python debugger, and the Python documentation. We’ll be using IDLE a lot in this book, starting in Chapter 1.
It’s Python 3 on Windows, sort of...



Python’s heritage is on Unix and Unix-like systems, and this can sometimes come through when you’re working in Windows. For instance, some software that is assumed to exist by Python isn’t always available by default on Windows, so to get the most out of Python, programmers on Windows often have to install a few extra bits and pieces. Let’s take a moment to install one such bonus piece to demonstrate how these missing bits can be added when needed.


Add to Python 3 on Windows



Sometimes programmers using the Windows version of Python feel like they are being short-changed: some of the features assumed (by Python) on those other platforms are “missing” from Windows.
Thankfully, some enterprising programmers have written third-party modules that can be installed into Python, thus providing the missing functionality. Installing any of these modules involves only a little bit of work at the Windows command prompt.
Geek Bits
[image: image with no caption]

The readline library implements a set of functions that provide interactive text- editing facilities (typically at command lines). The pyreadline module provides a Python interface to readline.

As an example, let’s add Python’s implementation of the popular readline functionality to your Windows version of Python. The pyreadline module provides a Python version of readline, effectively plugging this particular hole in any default Windows installation.
Open up a Windows command prompt and follow along. Here, we’re going to use a software installation tool (included in Python 3.5) to install the pyreadline module. The tool is called pip, short for “Python Index Project,” named after the work that spawned pip’s creation.
At the Windows command prompt, type pip install pyreadline:
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And with that, pyreadline is installed and ready to go on Windows.
You can now flip back to Chapter 1 to get started with some sample Python code.

Install Python 3 on Mac OS X (macOS)



Python 2 comes preinstalled on Mac OS X by default. But this is no use to us, as we want to use Python 3 instead. Thankfully, when you visit the Python website (http://www.python.org), it is smart enough to work out that you’re using a Mac. Hover your mouse over the Download tab, then click the 3.5.x button to download the Mac installer for Python. Select the latest version of Python 3, download its package, and then install in the usual “Mac way.”
[image: image with no caption]

Using a package manager



On Macs, it is also possible to use one of the popular open source package managers, namely Homebrew or MacPorts. If you have never used either of these package managers, feel free to skip this little section and jump over to the top of the next page. If, however, you are already using either of these package managers, here are the commands you need to install Python 3 on your Mac from inside a terminal window:
	On Homebrew, type brew install python3.

	On MacPorts type port install python3.



And that’s it: you’re golden. Python 3 is ready for action on Mac OS X—let’s take a look at what gets installed.


Check and Configure Python 3 on Mac OS X



To see if the install succeeded on Mac OS X, click on the Applications icon on your dock, then look for the Python 3 folder.
Click on the Python 3 folder and you’ll see a bunch of icons (below).
The Python 3 folder on Mac OS X



The first option, IDLE, is by far the most useful, and it is how you will interact with Python 3 most of the time while learning the language. Choosing this option opens Python’s integrated development environment called IDLE. This is a very simple IDE that provides access to Python’s >>> interactive prompt, a passable text editor, the Python debugger, and the Python documentation. We’ll be using IDLE a lot in this book.
[image: image with no caption]

The Python Documentation.html option opens a local copy of Python’s entire documentation in HTML within your default browser (without requiring you to be online).
The Python Launcher option is automatically run by Mac OS X whenever you double-click on an executable file containing Python code. Although this may be useful for some, at Head First Labs we rarely use it, but it’s still nice to know it’s there if we ever do need it.
The last option, Update Shell Profile.command, updates the configuration files on Mac OS X to ensure the location of the Python interpreter and its associated utilities are correctly added to your operating system’s path. You can click on this option now to run this command, then forget about ever having to run it again—once is enough.

You’re ready to run on Mac OS X



And with that, you’re all set on Mac OS X.
You can now skip back to Chapter 1 and get started.


Install Python 3 on Linux



If you are running a recent distribution of your favorite Linux, the really great news is that you most likely have Python 2 and Python 3 already installed.
Here’s a quick way to ask the Python interpreter to fess up its currently installed version number; open up a command line and type:
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If, after you issue this command, Linux complains that it can’t find python3, you need to install a copy. How you do this depends on the Linux distribution you are running.
If your Linux is one based on the popular Debian or Ubuntu distribution (as is the one we use at Head First Labs), you can use the apt-get utility to install Python 3. Here’s the command to use:
$ sudo apt-get install python3 idle3
If you are running a yum-based or rpm-based distribution, use the equivalent command for those systems. Or fire up your favorite Linux GUI and use your distribution’s GUI-based package manager to select python3 and idle3 for installation. On many Linux systems, the Synaptic Package Manager is a popular choice here, as are any number of GUI-based software installers.
After installing Python 3, use the command from the top of this page to check that all is OK.
Be sure to select the “python3” and “idle3” packages for installation on Linux.


No matter which distribution you use, the python3 command gives you access to the Python interpreter at the command line, whereas the idle3 command gives you access to the GUI-based integrated development environment called IDLE. This is a very simple IDE that provides access to Python’s >>> interactive prompt, a passable text editor, the Python debugger, and the Python documentation.
We’ll be using the >>> prompt and IDLE a lot in this book, starting in Chapter 1, which you can flip back to now.

Appendix B. Pythonanywhere: Deploying Your Webapp



[image: image with no caption]

At the end of Chapter 5, we claimed that deploying your webapp to the cloud was only 10 minutes away.
It’s now time to make good on that promise. In this appendix, we are going to take you through the process of deploying your webapp on PythonAnywhere, going from zero to deployed in about 10 minutes. PythonAnywhere is a favorite among the Python programming community, and it’s not hard to see why: it works exactly as you’d expect it to, has great support for Python (and Flask), and—best of all—you can get started hosting your webapp at no cost. Let’s check out PythonAnywhere.
Step 0: A Little Prep



At the moment, you have your webapp code on your computer in a folder called webapp, which contains the vsearch4web.py file and the static and templates folders (as shown below). To prepare all this stuff for deployment, create a ZIP archive file of everything in your webapp folder, and call the archive file webapp.zip:
[image: image with no caption]

In addition to webapp.zip, you also need to upload and install the vsearch module from Chapter 4. For now, all you need to do is locate the distribution file that you created back then. On our computer, the archive file is called vsearch-1.0.tar.gz and it’s stored in our mymodules/vsearch/dist folder (on Windows, the file is likely called vsearch-1.0.zip).
Note
Recall from Chapter 4 that Python’s “setuptools” module creates ZIPs on Windows, and .tar.gz files on everything else.

You don’t need to do anything with either archive file right now. Just make a note of where both archive files are on your computer so that they are easy to find when you upload them to PythonAnywhere. Feel free to grab a pencil and scribble down each archive file’s location here:
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Step 1: Sign Up for PythonAnywhere



This step couldn’t be any easier. Surf over to pythonanywhere.com, then click on the Pricing & signup link:
[image: image with no caption]

Click on the big, blue button to create a Beginner account, then fill in the details on the signup form:
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If all is well, the PythonAnywhere dashboard appears. Note: you are both registered and signed in at this point:
[image: image with no caption]


Step 2: Upload Your Files to the Cloud



Click on the Files tab to view the folders and files available to you:
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Use the Upload a file option to locate and upload the two archive files from Step 0:
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You’re now ready to extract and install these two uploaded archive files, and you’ll do that during Step 3. To get ready, click the Open a bash console here link at the top right of the above page. This opens up a terminal window in your browser window (on PythonAnywhere).

Step 3: Extract and Install Your Code



When you click the Open a bash console here link, PythonAnywhere responds by replacing the Files dashboard with a browser-based Linux console (command prompt). You’re going to issue a few commands to extract and install the vsearch module as well as your webapp’s code within this console. Begin by installing vsearch into Python as a “private module” (i.e., just for your use) using this command (be sure to use vsearch-1.0.zip if you’re on Windows):
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With the vsearch module successfully installed, it’s time to turn your attention to your webapp’s code, which has to be installed into the mysite folder (which already exists on your PythonAnywhere home folder). To do this, you need to issue two commands:
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Step 4: Create a Starter Webapp, 1 of 2



With Step 3 done, return to the PythonAnywhere dashboard and select the Web tab, where PythonAnywhere invites you to create a new starter webapp. You’ll do this, then swap out the starter’s webapp code for your own. Note that each Beginner account gets one webapp for free; if you want more, you’ll have to upgrade to a paid account. Luckily—for now—you only need the one, so let’s keep going by clicking Add a new web app:
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As you are using a free account, your webapp is going to run on the site name shown on the next screen. Click the Next button to proceed with PythonAnywhere’s suggested site name:
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Click Next to continue with this step.

Step 4: Create a Starter Webapp, 2 of 2



PythonAnywhere supports more than one Python web framework, so the next screen offers you a choice among the many supported systems. Pick Flask, then select the version of Flask and Python you wish to deploy to. As of this writing, Python 3.4 and Flask 0.10.1 are the most up-to-date versions supported by PythonAnywhere, so go with that combination unless a newer combination is offered (in which case, pick the newer one instead):
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You’re nearly there. The next screen offers to create a quickstart Flask webapp. Go ahead and do that now by accepting the values on this page and clicking on the Next button to continue:

Step 5: Configure Your Webapp



With Step 4 complete, you are presented with the Web dashboard. Don’t be tempted to click that big, green button just yet—you haven’t told PythonAnywhere about your code yet, so hold off on running anything for now. Instead, click in the long link to the right of the WSGI configuration file label:
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Clicking that long link loads your newly created Flask webapp’s configuration file into PythonAnywhere’s web-based text editor. At the end of Chapter 5, we told you that PythonAnywhere imports your webapp code before invoking app.run() for you. This is the file that supports that behavior. However, it needs to be told to reference your code, not the code in the starter app, so you need to edit the last line of this file (as shown below), and then click Save:
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Step 6: Take Your Cloud-Based Webapp for a Spin!



Be sure to save your changed configuration file, then return to the Web tab on the dashboard. It is now time to click on that big, tempting, green button. Go for it!
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After but a brief moment, your webapp appears in your browser, and it works exactly as it did when you ran it locally, only now anybody with an Internet connection and a web browser can use it too:
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And with that, you’re done. The webapp you developed in Chapter 5 has been deployed to PythonAnywhere’s cloud (in less than 10 minutes). There’s lots more to PythonAnywhere than what’s shown in this short appendix, so feel free to explore and experiment. At some point, remember to return the PythonAnywhere dashboard and log out. Note that, despite your logging out, your webapp keeps running in the cloud until you tell it otherwise. That’s pretty cool, isn’t it?

Appendix C. Top Ten Things we Didn’t Cover: There’s Always More to Learn



[image: image with no caption]

It was never our intention to try to cover everything.
This book’s goal was always to show you enough Python to get you up to speed as quickly as possible. There’s a lot more we could’ve covered, but didn’t. In this appendix, we discuss the top 10 things that—given another 600 pages or so—we would’ve eventually gotten around to. Not all of the 10 things will interest you, but quickly flip through them just in case we’ve hit on your sweet spot, or provided an answer to that nagging question. All the programming technologies in this appendix come baked in to Python and its interpreter.
1. What About Python 2?



As of this book’s publication date (late 2016) there are two mainstream flavors of Python in widespread use. You already know quite a bit about Python 3, as that’s the flavor you’ve used throughout this book.
All new language developments and enhancements are being applied to Python 3, which is on a 12- to 18-month minor release cycle. Release 3.6 is due before 2016 ends, and you can expect 3.7 to arrive late in 2017 or early in 2018.
Python 2 has been “stuck” at release 2.7 for some time now. This has to do with the fact that the Python core developers (the people who guide the development of Python) decided that Python 3 was the future, and that Python 2 should quietly go away. There were solid technical reasons for this approach, but no one really expected things to take so long. After all, Python 3—the future of the language—first appeared in late 2008.
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An entire book could be written on what’s happened since late 2008 until now. Suffice it to say, Python 2 stubbornly refused to go away. There was (and still is) a huge installed base of Python 2 code and developers, with some domains dragging their heels when it comes to upgrading. There’s a very simple reason for why this is: Python 3 introduced a handful of enhancements that broke backward compatibility. Put another way: there’s lots of Python 2 code that will not run unchanged in Python 3 (even though, at a first glance, it can be hard to tell Python 2 code from Python 3 code). Also, many programmers simply believed Python 2 was “good enough,” and didn’t upgrade.
Recently (over the last year), there’s been a sea change. The switching rate from 2 to 3 appears to be increasing. Some very popular third-party modules have released Python 3–compatible versions, and this is having a positive effect on Python 3 adoption. Additionally, the Python core developers keep adding extra goodness to Python 3, making it a more attractive programming language over time. The practice of “backporting” the cool new features from 3 to 2 has stopped with 2.7, and although bug and security fixes are still being applied, the Python core developers have announced that this activity will stop in 2020. The clock is ticking for Python 2.
Here’s the common advice offered when you’re trying to decide whether 3 or 2 is right for you:
If you’re starting a new project, use Python 3.


You need to resist the urge to create more legacy code in Python 2, especially if you’re starting with a blank slate. If you have to maintain some existing Python 2 code, what you know about 3 carries over: you’ll certainly be able to read the code and understand it (it’s still Python, regardless of the major version number). If there are technical reasons why the code has to remain running in Python 2, then so be it. If, however, the code can be ported to Python 3 without too much fuss, then we believe the gain is worth the pain, as Python 3 is the better language, and is the future.

2. Virtual Programming Environments



Let’s imagine you have two clients, one with Python code that relies on one version of a third-party module, and another that relies on a different version of the same third-party module for their code. And, of course, you’re the poor soul who has to maintain both projects’ code.
Doing so on one computer can be problematic, as the Python interpreter doesn’t support the installation of different versions of third-party modules.
That said, help is at hand thanks to Python’s notion of virtual environments.
A virtual environment lets you create a new, clean Python environment within which you can run your code. You can install third-party modules into one virtual environment without impacting another, and you can have as many virtual environments as you like on your computer, switching between them by activating the one you want to work on. As each virtual environment can maintain its own copy of whatever third-party modules you wish to install, you can use two different virtual environments, one for each of your client projects discussed above.
Before doing so, however, you have to make a choice: use the virtual environment technology, called venv, that ships with Python 3’s standard library, or install the virtualenv module from PyPI (which does the same thing as venv, but has more bells and whistles). It’s best if you make an informed choice.
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To learn more about venv, check out its documentation page:
https://docs.python.org/3/library/venv.html
To find out what virtualenv offers over and above venv, start here:
https://pypi.org/project/virtualenv/
Whether you use virtual environments for your projects is a personal choice. Some programmers swear by them, refusing to write any Python code unless it’s within a virtual environment. This may be a bit of an extreme stance, but to each their own.
We chose not to cover virtual environments in the main body of this book. We feel virtual environments are—if you need them—a total godsend, but we don’t yet believe every Python programmer needs to use one for everything they do.
We recommend you slowly back away from people who say that you aren’t a proper Python programmer unless you use virtualenv.

3. More on Object Orientation



If you’ve read through this entire book, by now you’ll (hopefully) appreciate what’s meant by this phrase: “In Python, everything’s an object.”
Python’s use of objects is great. It generally means that things work the way you expect them to. However, the fact that everything’s an object does not mean that everything has to belong to a class, especially when it comes to your code.
In this book, we didn’t learn how to create our own class until we needed one in order to create a custom context manager. Even then, we only learned as much as was needed, and nothing more. If you’ve come to Python from a programming language that insists all your code resides in a class (with Java being the classic example), the way we’ve gone about things in this book may be disconcerting. Don’t let this worry you, as Python is much less strict than Java (for instance) when it comes to how you go about writing your programs.
If you decide to create a bunch of functions to do the work you need to do, then have at it. If your brain thinks in a more functional way, Python can help here too with the comprehension syntax, tipping its hat to the world of functional programming. And if you can’t get away from the fact that your code needs to reside in a class, Python has full-featured object-oriented-programming syntax built right in.
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If you do end up spending a lot of time creating classes, check out the following:
	@staticmethod: A decorator that lets you create a static function within a class (which does not receive self as its first argument).

	@classmethod: A decorator that lets you create a class method that expects a class as its first object (usually referred to as cls), not self.

	@property: A decorator that allows you to redesignate and use a method as if it were an attribute.

	__slots__: A class directive that (when used) can greatly improve the memory efficiency of the objects created from your class (at the expense of some flexibility).



To learn more about any of these, consult the Python docs (https://docs.python.org/3/). Or check out some of our favorite Python books (discussed in the next appendix).

4. Formats for Strings and the Like



The recurring example application used in this book displayed its output in a web browser. This allowed us to defer any output formatting to HTML (specifically, we used the Jinja2 module included with Flask). In doing so, we sidestepped one area where Python shines: text-based string formatting.
Let’s say you have a string that needs to contain values that won’t be known until your code runs. You want to create a message (msg) that contains the values so you can perform some later processing (perhaps you’re going to print the message on screen, include the message within an HTML page you’re creating with Jinja2, or tweet the message to your 3 million followers). The values your code generates at runtime are in two variables: price (the price of the item in question) and tag (a catchy marketing tagline). You have a few options here:
	Build the message you need using concatenation (the + operator).

	Use old-style string formats (using the % syntax).

	Take advantage of every string’s format method to build your message.



Here’s a short >>> session showing each of these techniques in action (bearing in mind that you, having worked through this book, already concur with what the generated message is telling you):
[image: image with no caption]

Which of these techniques you use is a personal preference, although there’s a bit of a push on to encourage the use of the format method over the other two (see PEP 3101 at https://www.python.org/dev/peps/pep-3101/). You’ll find code in the wild that uses one technique over the other, and sometimes (and not at all helpfully) mixes all three. To learn more, start here:
https://docs.python.org/3/library/string.html#formatspec
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5. Getting Things Sorted



Python has wonderful built-in sorting capabilities. Some of the built-in data structures (lists, for example) contain sort methods that can be used to perform in-place ordering of your data. However, it is the sorted BIF that makes Python truly special (as this BIF works with any of the built-in data structures).
BIF is short for “built-in function.”


In the IDLE session below, we first define a small dictionary (product), which we then process with a succession of for loops. The sorted BIF is exploited to control the order in which each for loop receives the dictionary’s data. Follow along on your computer while you read the annotations:
[image: image with no caption]

Learn more about how to sort with Python from this wonderful HOWTO:
https://docs.python.org/3/howto/sorting.html#sortinghowto

6. More from the Standard Library



Python’s standard library is full of goodness. It’s always a worthy exercise to take 20 minutes every once in a while to review what’s available, starting here:
	https://docs.python.org/3/library/index.html



If what you need is in the standard library, don’t waste your precious time rewriting it. Use (and/or extend) what’s already available. In addition to the Python docs, Doug Hellmann has ported his popular Module of the Week material over to Python 3. Find Doug’s excellent material here:
	https://pymotw.com/3/



We’ve reviewed a few of our favorite standard library modules below. Note that we can’t stress enough how important it is to know what’s in the standard library, as well as what all the provided modules can do for you.
collections



This module provides importable data structures, over and above the built-in list, tuple, dictionary, and set. There’s lots to like in this module. Here’s an abbreviated list of what’s in collections:
	OrderedDict: A dictionary that maintains insertion order.

	Counter: A class that makes counting things almost too easy.

	ChainMap: Combines one or more dictionaries and makes them appear as one.
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itertools



You already know Python’s for loop is great, and when reworked as a comprehension, looping is crazy cool. This module, itertools, provides a large collection of tools for building custom iterations. This module has a lot to offer, but be sure to also check out product, permutations, and combinations (and once you do, sit back and thank your lucky stars you didn’t have to write any of that code).

functools



The functools library provides a collection of higher-order functions (functions that take function objects as arguments). Our favorite is partial, which lets you “freeze” argument values to an existing function, then invoke the function with a new name of your choosing. You won’t know what you’re missing until you try it.


7. Running Your Code Concurrently



In Chapter 11¾, you used a thread to solve a waiting problem. Threads are not the only game in town when it comes to running code concurrently within your programs, although, to be honest, threads are the most used and abused of all of the available techniques. In this book, we deliberately kept our use of threads as simple as possible.
There are other technologies available to you when you find yourself in a situation where your code has to do more than one thing at once. Not every program needs these types of services, but it is nice to know that Python has a bunch of choices in this area should the need arise.
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In addition to the threading module, here are some modules worth checking out (and we also refer you back one page to #6, as Doug Hellmann has some great posts on some of these modules):
	multiprocessing: This module allows you to spawn multiple Python processes, which—if you have more than one CPU core—can spread your computational load across many CPUs.

	asyncio: Lets you specify concurrency via the creation and specification of coroutines. This is a relatively new addition to Python 3, so—for many programmers—it’s a very new idea (and the jury is still out).

	concurrent.futures: Lets you manage and run a collection of tasks concurrently.



Which of these is right for you is a question you’ll be able to answer once you’ve tried each of them with some of your code.
New keywords: async and await



The async and await keywords were added in Python 3.5, and provide a standard way to create coroutines.
The async keyword can be used in front of the existing for, with, and def keywords (with the def usage receiving the most attention to date). The await keyword can be used in front of (almost) any other code. As of the end of 2016, async and await are very new, and Python programmers the world over are only just beginning to explore what they can do with them.
Geek Bits
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“GIL” stands for “Global Interpreter Lock”. The GIL is an internal mechanism used by the interpreter to ensure stability. Its continued use within the interpreter is the subject of much discussion and debate within the Python community.

The Python docs have been updated with information on these new keywords, but, for our money, you’ll find the best descriptions of their use (and the craziness that using them induces) by searching YouTube for anything on the topic by David Beazley. Be warned: David’s talks are always excellent, but do tend to lean toward the more advanced topics in the Python language ecosystem.
David’s talks on Python’s GIL are regarded as classics by many, and his books are great too; more on this in Appendix E.


8. GUIs w ith Tkinter (and Fun w ith Turtles)



Python comes with a complete library called tkinter (the Tk interface) for building cross-platform GUIs. You may not realize it, but you’ve been using an application from the very first chapter of this book that is built with tkinter: IDLE.
What’s neat about tkinter is that it comes preinstalled (and ready for use) with every Python installation that includes IDLE (i.e., nearly all of them). Despite this, tkinter doesn’t receive the use (and love) it deserves, as many believe it to be unnecessarily clunky (compared to some third-party alternatives). Nevertheless, and as IDLE demonstrates, it is possible to produce useful and usable programs with tkinter. (Did we mention that tkinter comes preinstalled and ready for use?)
One such usage is the turtle module (which is also part of the standard library). To quote the Python docs: Turtle graphics is a popular way for introducing programming to kids. It was part of the original Logo programming language developed by Wally Feurzig and Seymour Papert in 1966. Programmers (i.e., mainly kids, but fun for newbies, too) can use commands like left, right, pendown, penup, and so on to draw on a GUI canvas (provided by tkinter).
Here’s a small program, which has been adapted ever so slightly from the example that comes with the turtle docs:
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And when this small turtle program is executed, a thing of beauty is drawn and appears on screen:
[image: image with no caption]


9. It’s Not Over ’Til It’s Tested



This book has barely mentioned automated testing, aside from a passing nod to the py.test tool for checking conformance to PEP 8 (at the end of Chapter 4). This is not because we think automated testing isn’t important. We think automated testing is very important. It is such an important topic that entire books are dedicated to it.
That said, in this book, we avoided automated testing tools on purpose. This has nothing to do with how we feel about automated testing (it really is very important). However, when you are first learning to program in a new programming language, introducing automated testing can confuse more than it clarifies, as the creation of tests assumes a good understanding of the thing being tested, and if that “thing” happens to be a new programming language that you’re learning...well, you can see where we’re going with this, can’t you? It’s a bit like the chicken and the egg. Which comes first: learning to code, or learning how to test the code you’re learning?
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Of course, now that you’re a bona-fide Python programmer, you can take the time to understand how Python’s standard library makes it easy to test your code. There are two modules to look at (and consider):
	doctest: This module lets you embed your tests in your module’s docstrings, which isn’t as weird as it sounds and is very useful.

	unittest: You may have already used a “unittest” library with another programming language, and Python comes with its very own version (which works exactly as you’d expect it to).



The doctest module is adored by those who use it. The unittest module works like most other “unittest” libraries in other languages, and a lot of Python programmers complain that it’s not pythonic enough. This has led to the creation of the hugely popular py.test (which we talk more about in the next appendix).
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10. Debug, Debug, Debug



You’d be forgiven for thinking that the vast majority of Python programmers revert to adding print calls to their code when something goes wrong. And you wouldn’t be far off: it’s a popular debugging technique.
Another is experimenting at the >>> prompt, which—if you think about it—is very like a debugging session without the usual debugging chores of watching traces and setting up breakpoints. It is impossible to quantify how productive the >>> prompt makes Python programmers. All we know is this: if a future release of Python decides to remove the interactive prompt, things will get ugly.
You can learn all about traces and breakpoints by working through the “pdb” docs.


If you have code that’s not doing what you think it should, and the addition of print calls as well as experimenting at the >>> prompt have left you none the wiser, consider using Python’s included debugger: pdb.
It’s possible to run the pdb debugger directly from your operating system’s terminal window, using a command like this (where myprog.py is the program you need to fix):
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It’s also possible to interact with pdb from the >>> prompt, which is as close an instantiation of “the best of both worlds” as we think you’ll ever come across. The details of how this works, as well as a discussion of all the usual debugger commands (set a breakpoint, skip, run, etc.) are in the docs:
	https://docs.python.org/3/library/pdb.html



The pdb technology is not an “also ran,” nor was it an afterthought; it’s a wonderfully feature-full debugger for Python (and it comes built-in).
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Appendix D. Top Ten Projects not Covered: Even More Tools, Libraries, and Modules



[image: image with no caption]

We know what you’re thinking as you read this appendix’s title.
Why on Earth didn’t they make the title of the last appendix: The Top Twenty Things We Didn’t Cover? Why another 10? In the last appendix, we limited our discussion to stuff that comes baked in to Python (part of the language’s “batteries included”). In this appendix, we cast the net much further afield, discussing a whole host of technologies that are available to you because Python exists. There’s lots of good stuff here and—just like with the last appendix—a quick perusal won’t hurt you one single bit.
1. Alternatives to >>>



Throughout this book we’ve happily worked at Python’s built-in >>> prompt, either from within a terminal window or from within IDLE. In doing so, we hope we’ve demonstrated just how effective using the >>> prompt can be when you’re experimenting with ideas, exploring libraries, and trying out code.
There are lots of alternatives to the built-in >>> prompt, but the one that gets the most attention is called ipython, and if you find yourself wishing you could do more at the >>> prompt, ipython is worth a look. It is very popular with many Python programmers, but is especially popular within the scientific community.
To give you an idea of what ipython can do compared to the plain ol’ >>> prompt, consider this short interactive ipython session:
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Find out more about ipython at https://ipython.org.
As with all third-party modules, you can use “pip” to install both “ipython” and “ptpython”.


There are other >>> alternatives, but the only other one that’s a match (in our view) for what ipython has to offer is ptpython (more information can be found here: https://pypi.org/project/ptpython/). If you like working within a text-based terminal window, but are looking for something a bit more “full screen” than ipython, take a look at ptpython. You won’t be disappointed.
Note
Pssst! Since discovering “ptpython”, Paul has used it every day.


2. Alternatives to IDLE



We’re not afraid to state this: we have a soft spot for IDLE. We really like the fact that Python not only comes with a capable >>> prompt, but also ships with a passable cross-platform GUI-based editor and debugger. There are few other mainstream programming languages that provide anything similar as part of their default install.
Regrettably, IDLE gets a fair amount of flack in the Python community, as it stacks up poorly against some of the more capable “professional” offerings. We think this is an unfair comparison, as IDLE was never designed to compete in that space. IDLE’s main goal is to get new users up and going as quickly as possible, and it does this in spades. Consequently, we feel IDLE should be celebrated more in the Python community.
IDLE aside, if you need a more professional IDE, you have choices. The most popular in the Python space include:
	Eclipse: https://www.eclipse.org

	PyCharm: https://www.jetbrains.com/pycharm/

	WingWare: https://wingware.com



Eclipse is a completely open source technology, so won’t cost you more than the download. If you’re already an Eclipse fan, its support for Python is very good. But, if you aren’t currently using Eclipse, we wouldn’t recommend its use to you, due to the existence of PyCharm and WingWare.
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Both PyCharm and WingWare are commercial products, with “community versions” available for download at no cost (but with some restrictions). Unlike Eclipse, which targets many programming languages, both PyCharm and WingWare target Python programmers specifically and, like all IDEs, have great support for project work, links to source code management tools (like git), support for teams, links to the Python docs, and so on. We encourage you to try both, then make your choice.
If IDEs aren’t for you, fear not: all of the world’s major text editors offer excellent language support to Python programmers.
What does Paul use?



Paul’s text editor of choice is vim (Paul uses MacVim on his development machines). When working on Python projects, Paul supplements his use of vim with ptpython (when experimenting with code snippets), and he’s also a fan of IDLE. Paul uses git for local version control.
For what it’s worth, Paul doesn’t use a full-featured IDE, but his students love PyCharm. Paul also uses (and recommends) Jupyter Notebook, which is discussed next.


3. Jupyter Notebook: The Web-Based IDE



In item #1, we drew your attention to ipython (which is an excellent >>> alternative). From the same project team comes Jupyter Notebook (previously known as iPython Notebook).
Note
The next generation of Jupyter Notebook is called Jupyter Lab, and it was in “alpha” as work on this book was concluding. Keep an eye out for the Jupyter Lab project: it’s going to be something rather special.

Jupyter Notebook can be described as the power of ipython in an interactive web page (which goes by the generic name of “notebook”). What’s amazing about Jupyter Notebook is that your code is editable and runnable from within the notebook, and—if you feel the need—you can add text and graphics, too.
Here’s some code from Chapter 13 running within a Jupyter Notebook. Note how we’ve added textual descriptions to the notebook to indicate what’s going on:
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Learn more about Jupyter Notebook from its website (http://jupyter.org), and use pip to install it onto your computer, then start exploring. You will be glad you did. Jupyter Notebook is a killer Python application.

4. Doing Data Science



When it comes to Python adoption and usage, there’s one domain that continues to experience explosive growth: the world of data science.
This is not an accident. The tools available to data scientists using Python are world class (and the envy of many other programming communities). What’s great for non–data scientists is that the tools favored by the data folks have wide applicability outside the Big Data landscape.
Entire books have been (and continue to be) written about using Python within the data science space. Although you may think this advice biased, the books on this subject from O’Reilly Media are excellent (and plentiful). O’Reilly Media has made a business out of spotting where the technology industry is heading, then ensuring there’s plenty of great, high-quality learning material available to those wanting to learn more.
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Note
Note from Marketing: This means they got our memo. [image: ]

Here’s just a selection of some of the libraries and modules available to you if you do data science (or any other science calculations, for that matter). If data science isn’t your thing, check out this stuff anyway—there’s lots to like here:
	bokeh: A set of technologies for publishing interactive graphics on web pages.

	matplotlib/seaborn: A comprehensive set of graphing modules (which integrates with ipython and Jupyter Notebook).

	numpy: Among other things, allows you to efficiently store and manipulate multidimensional data. If you’re a fan of matrices, you’ll love numpy.

	scipy: A set of scientific modules optimized for numerical data analysis, which complements and expands upon what’s provided by numpy.

	pandas: If you are coming to Python from the R language, then you’ll feel right at home with pandas, which provides optimized analysis data structures and tools (and is built on top of numpy and matplotlib). The need to use pandas is what brings a lot of data folk to the community (and long may this continue). pandas is another killer Python application.

	scikit-learn: A set of machine learning algorithms and technologies implemented in Python.



Note: most of these libraries and modules are pip-installable.
The best place to start learning about the intersection of Python and data science is the PyData website: http://pydata.org. Click on Downloads, then marvel at what’s available (all as open source). Have fun!

5. Web Development Technologies



Python is very strong in the web space, but Flask (with Jinja2) isn’t the only game in town when it comes to building server-side webapps (even though Flask is a very popular choice, especially if your needs are modest).
The best-known technology for building webapps with Python is Django. It wasn’t used in this book due to the fact that (unlike Flask) you have to learn and understand quite a bit before you create your first Django webapp (so, for a book like this, which concentrates on teaching the basics of Python well, Django is a poor fit). That said, there’s a reason Django is so popular among Python programmers: it’s really, really good.
If you class yourself as a “web developer,” you should take the time to (at the very least) work through Django’s tutorial. In doing so, you’ll be better informed as to whether you’ll stick with Flask or move to Django.
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If you do move to Django, you’ll be in very good company: Django is such a large community within the wider Python community that it’s able to sustain its own conference: DjangoCon. To date, DjangoCon has occurred in the US, Europe, and Australia. Here are some links to learn more:
	Djanjo’s landing page (which has a link to the tutorial):
https://www.djangoproject.com

	DjangoCon US:
https://djangocon.us

	DjangoCon Europe:
https://djangocon.eu

	DjangoCon Australia:
http://djangocon.com.au



But wait, there’s more



As well as Flask and Django, there are other web frameworks (and we know we’ll neglect to mention somebody’s favorite). Those we hear the most about include: Pyramid, TurboGears, web2py, CherryPy, and Bottle. Find a more complete list on the Python wiki:
	https://wiki.python.org/moin/WebFrameworks





6. Working with Web Data



In Chapter 13, we briefly used the requests library to demonstrate just how cool our generator was (compared to its equivalent comprehension). Our decision to use requests was no accident. If you ask most Python developers working with the Web what their favorite PyPI module is, the majority responds with one word: “requests.”
PyPI: The Python Package Index lives at https://pypi.org/.


The requests module lets you work with HTTP and web services via a simple, yet powerful, Python API. Even if your day job doesn’t involve working directly with the Web, you’ll learn a lot just from looking at the code for requests (the entire requests project is regarded as a master class in how to do things the Python way).
Find out more about requests here:
	http://docs.python-requests.org/en/master/



Scrape that web data!



As the Web is primarily a text-based platform, Python has always worked well in that space, and the standard library has modules for working with JSON, HTML, XML, and the other similar text-based formats, as well as all the relevant Internet protocols. See the following sections of the Python docs for a list of modules that come with the standard library and are of most interest to web/Internet programmers:
	Internet Data Handling:
https://docs.python.org/3/library/netdata.html

	Structured Markup Processing Tools:
https://docs.python.org/3/library/markup.html

	Internet Protocols and Support:
https://docs.python.org/3/library/internet.html
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If you find yourself having to work with data that’s only available to you via a static web page, you’ll likely want to scrape that data (for a quick scraping primer, see https://en.wikipedia.org/wiki/Web_scraping). Python has two third-party modules that will save you lots of time:
	Beautiful Soup:
https://www.crummy.com/software/BeautifulSoup/

	Scrapy:
http://scrapy.org



Try both, see which one solves your problem best, and then get on with whatever else needs doing.


7. More Data Sources



To keep things as real as possible (while trying to keep it simple), we used MySQL as our database backend in this book. If you spend a lot of time working with SQL (regardless of the database vendor you favor), then stop whatever you’re doing and take two minutes to use pip to install sqlalchemy—it may be your best two-minute installation ever.
The sqlalchemy module is to SQL geeks what requests is to web geeks: indispensable. The SQL Alchemy project provides a high-level, Python-inspired set of technologies for working with tabular data (as stored in the likes of MySQL, PostgreSQL, Oracle, SQL Server, and so on). If you liked what we did with the DBcm module, you’re going to love SQL Alchemy, which bills itself as the database toolkit for Python.
Find out more about the project at:
	http://www.sqlalchemy.org



There’s more to querying data than SQL



Not all the data you’ll ever need is in an SQL database, so there will be times when SQL Alchemy won’t do. NoSQL database backends are now accepted as a valid addition to any data center, with MongoDB serving as the classic example as well as the most popular choice (even though there are many).
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If you end up working with data that’s being presented to you as JSON, or in a nontabular (yet structured) format, MongoDB (or something similar) may be just what you’re looking for. Find out more about MongoDB here:
	https://www.mongodb.com



And check out the Python support for programming MongoDB using the pymongo database driver from the PyMongo documentation page:
	https://api.mongodb.com/python/current/





8. Programming Tools



No matter how good you think your code is, bugs happen.
When they do, Python has lots to help you: the >>> prompt, the pdb debugger, IDLE, print statements, unittest, and doctest. When these options aren’t enough, there are some third-party modules that might help.
Sometimes, you’ll make a classic mistake that everyone else has made before you. Or perhaps you’ve forgotten to import some required module, and the problem doesn’t crop up until you’re showing off how great your code is to a room full of strangers (whoops).
To help avoid this type of thing, get PyLint, Python’s code analysis tool:
	https://www.pylint.org



PyLint takes your code and tells you what might be wrong with it before you run it for the first time.
If you use PyLint on your code before you run it in front of a room full of strangers, it may very well prevent blushing. PyLint might also hurt your feelings, as no one likes to be told their code is not up to scratch. But the pain is worth the gain (or maybe that should be: the pain is better than the public embarrassment).
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More help with testing, too



In Appendix C, #9, we discussed the built-in support Python provides for automated testing. There are other such tools, too, and you already know that py.test is one of them (as we used it earlier in this book to check our code for PEP 8 compliance).
Testing frameworks are like web frameworks: everyone has their favorite. That said, more Python programmers than not favor py.test, so we’d encourage you to take a closer look:
	http://doc.pytest.org/en/latest/





9. Kivy: Our Pick for “Coolest Project Ever”



One area where Python is not as strong as it could be is in the world of mobile touch devices. There are a lot of reasons why this is (which we aren’t going to get into here). Suffice it to say, at the time of publication, it is still a challenge to create an Android or iOS app with Python alone.
One project is attempting to make progress in this area: Kivy.
Kivy is a Python library that allows for the development of applications that use multitouch interfaces. Pop on over to the Kivy landing page to see what’s on offer:
	https://kivy.org



Once there, click on the Gallery link and sit back for a moment while the page loads. If a project grabs your eye, click on the graphic for more information and a demo. While you view the demo, keep the following in mind: everything you are looking at was coded with Python. The Blog link has some excellent material, too.
What’s really cool is that your Kivy user interface code is written once, then deployed on any supported platform unchanged.
If you are looking around for a Python project to contribute to, consider donating your time to Kivy: it’s a great project, has a great team working on it, and is technically challenging. If nothing else, you won’t be bored.
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10. Alternative Implementations



You already know from item #1 in Appendix C that there’s more than one Python language release (Python 2 and Python 3). This means that there’s at least two Python interpreters: one that runs Python 2 code, and one that runs Python 3 code (which is the one we’ve used throughout this book). When you download and install one of the Python interpreters from the Python website (like you did in Appendix A), the interpreter is referred to as the CPython reference implementation. CPython is the version of Python distributed by the Python core developers, and takes its name from the fact that it’s written in portable C code: it’s designed to be easily ported to other computing platforms. As you saw in Appendix A, you can download installers for Windows and Mac OS X, as well as find the interpreter preinstalled within your favorite Linux distribution. All of these interpreters are based on CPython.
Python is open source, so anyone is free to take CPython and change it in any way they wish. Developers can also take the Python language and implement their own interpreter for it in whichever programming language they wish, using whichever compiler techniques they like, running on whatever platform they’re using. Although doing all of this is not for the faint of heart, plenty of developers do this (some of them describe it as “fun”). Here are short descriptions and links to some of the more active projects:
	PyPy (pronounced “pie-pie”) is a experimental compiler testbed for Python 2 (with Python 3 support on the way). PyPy takes your Python code and runs it through a just-in-time compilation process, producing a final product that runs faster than CPython in many instances. Find out more here:
http://pypy.org

	IronPython is a version of Python 2 for the .NET platform:
http://ironpython.net

	Jython is a version of Python 2 that runs on Java’s JVM:
http://www.jython.org

	MicroPython is a port of Python 3 for use on the pyboard microcontroller, which is no bigger than your two thumbs side by side, and may well be the coolest little thing you’ve ever seen. Take a look:
http://micropython.org
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Despite all these alternative Python interpreters, the majority of Python programmers remain happy with CPython. Increasingly, more developers are choosing Python 3.

Appendix E. Getting Involved: The Python Community



[image: image with no caption]

Python is much more than a great programming language.
It’s a great community, too. The Python Community is welcoming, diverse, open, friendly, sharing, and giving. We’re just amazed that no one, to date, has thought to put that on a greeting card! Seriously, though, there’s more to programming in Python than the language. An entire ecosystem has grown up around Python, in the form of excellent books, blogs, websites, conferences, meetups, user groups, and personalities. In this appendix, we take a survey of the Python community and see what it has to offer. Don’t just sit around programming on your own: get involved!
BDFL: Benevolent Dictator for Life



Guido van Rossum is a Dutch programmer whose gift to the world is the Python programming language (which he started as a “hobby” in the last 1980s). The ongoing development and direction of the language is set by the Python core developers, of which Guido is but one (albeit a very important one). Guido’s title of Benevolent Dictator for Life is in recognition of the central role he continues to play in the day-to-day life of Python. If you see the letters BDFL in relation to Python, that’s a reference to Guido.
Guido is on the record as stating that the name “Python” is a nod (and a wink) toward the British television comedy troupe Monty Python’s Flying Circus, which helps explain the use of the name spam for many of the variables referred to in the Python docs.
Despite Guido’s leading role, he does not own Python: nobody does. However, the interests of the language are protected by the PSF.
PSF: The Python Sof t ware Foundation



The PSF is a nonprofit organization that looks after the interests of Python, and is run by a nominated/elected board of directors. The PSF promotes and sponsors the continued development of the language. This is from the PSF’s mission statement:
	The mission of the Python Software Foundation is to promote, protect, and advance the Python programming language, and to support and facilitate the growth of a diverse and international community of Python programmers.



Anyone can join the PSF and get involved. See the PSF website for details:
	https://www.python.org/psf/



	Have your say: join the PSF.



One of the PSF’s major activities is involvement in (and the underwriting of) the annual Python conference: PyCon.

PyCon: The Python Conference



Anyone can attend (and speak at) PyCon. In 2016, Portland, Oregon, hosted the conference, with thousands of Python developers in attendance (the previous two PyCons were held in Montreal, Canada). PyCon is the largest Python conference, but not the only one. You’ll find Python conferences across the globe, ranging in size from small, regional conferences (tens of attendees), through national conferences (hundreds of attendees), up to the likes of EuroPython (thousands of attendees).
Get involved: attend PyCon.


To see if there’s a PyCon near you, search for the word “PyCon” together with the name of your nearest city (or the country you live in). Chances are, you’ll be pleasantly surprised by what you find. Attending a local PyCon is a great way to meet and interact with like- minded developers. Many of the talks and sessions at the various PyCons are recorded: pop over to YouTube and type “PyCon” for an idea of what’s available to view.


A Tolerant Community: Respect for Diversit



Of all the programming conferences that exist today, PyCon was one of the first to introduce and insist on a Code of Conduct. You can read the 2016 Code of Conduct here:
	https://us.pycon.org/2016/about/code-of-conduct/



Such a development is a very good thing. More and more, the smaller regional PyCons are adopting the Code of Conduct, too, which is also very welcome. A community grows to be strong and inclusive when there are clear guidelines about what’s acceptable and what isn’t, and the Code of Conduct helps to make sure all the world’s PyCons are as welcoming as they can be.
In addition to striving to ensure everyone is welcome, a number of initiatives attempt to increase the representation of specific groups within the Python community, especially where—traditionally—such groups have been underrepresented. The best-known of these is PyLadies, which was established per their mission to help “more women become active participants and leaders in the Python open source community.” If you’re lucky, there’s a PyLadies “chapter” near you: find out by starting your search from the PyLadies website:
	http://www.pyladies.com



Just like the Python community, PyLadies started out small, but has very quickly grown to have global reach (which is truly inspirational).
Encourage and support diversity within the Python community.


Come for the language, stay for the community



Many programmers new to Python comment on how inclusive the Python community is. A lot of this attitude stems from Guido’s guiding hand and example: firm, yet benevolent. There are other leading lights, too, and plenty of inspirational stories.
It doesn’t get much more inspirational than Naomi Ceder’s talk at EuroPython (which was repeated at other regional conferences, including PyCon Ireland). Here’s a link to Naomi’s talk, which we encourage you to watch:
	https://www.youtube.com/watch?v=cCCiA-IlVco



Naomi’s talk surveys a life in Python, and discusses how the community supports diversity, and how there’s always more work for everyone to do.
One way to learn more about a community is to listen to some of the podcasts generated by its participants. We discuss two Python podcasts next.


Python Podcasts



There are podcasts on everything these days. Within the Python community, there are two we feel are well worth subscribing and listening to. Whether it’s something to listen to while driving, cycling, running, or chilling out, these podcasts are both deserving of your attention:
	Talk Python to Me: https://talkpython.fm

	Podcast.__init__: http://pythonpodcast.com
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Follow both of these podcasts on Twitter, tell your friends about them, and give the producers of these podcasts your full support. Both Talk Python To Me and Podcast.__init__ are produced by regular members of the Python community for the benefit of all of us (and not for profit).
Python Newsletters



If podcasts aren’t your thing, but you still want to keep up with what’s happening in the Python world, there are three weekly newsletters that can help:
	Pycoder’s Weekly: http://pycoders.com

	Python Weekly: http://www.pythonweekly.com

	Import Python: http://importpython.com/newsletter



These curated newsletters provide links to all types of material: blogs, vlogs, articles, books, videos, talks, new modules, and projects. And their weekly announcements arrive right to your email inbox. So, go ahead and sign up.
As well as a foundation, multiple conferences, subgroups like PyLadies, codes of conduct, recognition of diversity, podcasts, and newsletters, Python also has its very own notion of Zen.
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The Zen of Python



Many moons ago, Tim Peters (one of Python’s early leading lights) sat down and wondered: what is it that makes Python Python?
[image: image with no caption]

The answer came to Tim as The Zen of Python, which you can read by starting any version of the interpreter and typing the following incantation into the >>> prompt:
import this
We’ve done this for you, and shown the output of the above line of code in the screenshot at the bottom of this page. Be sure to read The Zen of Python at least once a month.
Many have tried to compress The Zen of Python into something a little easier to digest. None other than xkcd has given it a go. If you’re connected to the Internet, type this line of code into your >>> prompt to see (quite literally) how xkcd got on:
import antigravity
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Which Book Should I Read Next?
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Our Favorite Python Books



As Python has grown in popularity, the number of books devoted to the language has blossomed. Of all the books out there, there are two we regard as indispensable.
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Index



A note on the digital index
A link in an index entry is displayed as the section title in which that entry appears. Because some sections have multiple index markers, it is not unusual for an entry to have several links to the same section. Clicking on any link will take you directly to the place in the text in which the marker appears.
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from flask import Flask, session
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app = Flask(_ name_ )

@app. route ('/')
def hello() -> str:
return 'Hello from the simple webapp.'

@app.route (' /pagel")
€check_logged_in
def pagel() -> str:

return 'This is page 1.'

@app.route('/page2')
@check_logged_in
def page2() -> str:

return 'This is page 2.'

@app.route (' /page3')
@check_logged_in
def page3() -> str:

return 'This is page 3.'

@app. route ('/login')

def do_login() —> str:
session['logged in'] = True
return 'You are now logged in.'

@app. route (' /logout’)

def do_logout() -> str:
session.pop('logged in')
return 'You are now logged out.'

app.secret_key = 'YouWillNeverGuessMySecretKey'

if _name_ == '_main_':

app.run (debug=True)
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from datetime import datetime

odds = [1, 3, 5 7, 9,11, 13, 15, 17, 19,

This is a new
_ 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,

variable, called

“odds”, which is
assigned 3 list
odd numbers.

(Sl CE Oy Ly (0, 5L By B S 9

This is the list of
odd rumbers, enclosed

€ in square brackets,
This single statement
extends over three
lines, which is OK.
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Take the string and spl;
it into a list using the
> individuals = pythons.spLit('|') € gven delmito
>>> ing

And now ve
>>> individuals . ot
['Terry', 'John', 'Michael', 'Graham',6 'Eric'l ¢ are btk to o
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Our dicﬁonsvy

dietionaries
is hard to vead.
>>> people
{'Ford': {'Occupation': 'Researcher', 'Gender': 'Male’,
'Home Planet': 'Betelgeuse Seven', 'Name': 'Ford Prefect'},
'Trillian': {'Occupation': 'Mathematician', 'Gender':
'Female', 'Home Planet': 'Earth', 'Name': 'Tricia
McMillan'}, 'Robot': {'Occupation': 'Paranoid Android',
'Gender': 'Unknown', 'Home Planet' 'Unknown', 'Name':
'Marvin'}, 'Arthur': {'Occupation': 'Sandwich-Maker',
'Gender': 'Male', 'Home Planet': 'Earth', 'Name': 'Arthur
Dent'}}
>>>

>>> import pprint << Import the “pprint” module, then invoke

5> the “pprint” funttion to do the work.
>>> pprint.pprint (people) M
{'Arthur': {'Gender': 'Male’,

'"Home Planet': 'Earth',
'Name': 'Arthur Dent',

'Occupation': 'Sandwich-Maker'},
'"Ford': {'Gender': 'Male’, T"" output
'"Home Planet': 'Betelgeuse Seven', ;::ceh:m“
'Name': 'Ford Prefect', Note fhay:.wc
'Occupation': 'Researcher'}, still have five
'Robot': {'Gender': 'Unknown', < opening and five
'Home Planet': 'Unknown', :\,:LI:? TZ’V i
'Name': 'Marvin', tht—{ha:kiué
'Occupation': 'Paranoid Android'}, MPP"‘"V—\‘)‘ey
'Trillian': {'Gender': 'Female', are now so much
'Home Planet': 'Earth', easier 1o see
'Name': 'Tricia McMillan', (and count).

'Occupation': 'Mathematician'}}
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® 8 ® 112r001s000mevion  x

w

J(- > C 127.0.0.1:5000/viewlog

ImmutableMultiDict([(phrase’, 'hitch-hiker'), (letters', aiou’)])l127.0.0.1Mozilla/5.0 (Macintosh; Intel Mac OS X
10_11_2) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.106 Safari/537.361{'¢', i’}
ImmutableMultiDict([(phrase’, life, the universe, and everything), (letters', ‘aeiou)])127.0.0.1IMozilla/5.0 (Macintosh;
Intel Mac OS X 10_11_2) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.106 Safari/537.36/{'¢’, a', ',
i} ImmutableMultiDict([(phrase’, galaxy), Cleters', xyz)])1127.0.0.1IMozilla/5.0 (Macintosh; Intel Mac OS X 10_11_2)
AppleWebKit/537.36 (RHTML, like Gecko) Chrome/47.0.2526.106 Safari/537.361(x','y'}

heve than the autput
There's certainly a lot less data here oa_h el -

duced by the previous version of
.PsY:{:il a \ulo‘ 3 mess..and it's havd to piek out the four

ietes of logoed data (even vith all hose vertieal bavs 35
delmiters)
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Abter the two
lines of “pears’

tode vuns

frUits @
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If's not a case of
“much the same": it's
EXACTLY the same. If's the
same code; just reuse the

decorator, do_login, and
do_logout functions.

Ah hol Now that I can restrict
pages for *simple_webapp.py"
can do much the same thing for
*vsearchdweb.py", 100, right?
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List
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>>> fruits.setdefault('pears', 0) € \__ Iitialize (if needed).

>>> fruits['pears'] += 1
>>> fruits
{'bananas': 2, 'pears': les 10}

app.

lgeesib,
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gee <D ENE=N]

[[Markup(TmmutableMultiDict([(letters', aciou), (phrase’, 'hitch-hiker')])), Markup('127.0.0.1), Markup(Mozilla/5 0
(Macintosh; Intel Mac OS X 10_11_2) AppleWebKit/601.3.9 (KHTML, like Gecko) Version/9.0.2 Safari/601.3.9), Markup({'c',
i'}\n)], [Markup(TmmutableMultiDict([(letters', aciou), (phrase', life, the universe, and everything)])), Markup(127.0.0.1),
Markup('Mozilla/5.0 (Macintosh; Intel Mac OS X 10_11_2) AppleWebKit/601.3.9 (KHTML, like Gecko) Version/9.0.2
Safari/601.39'), Markup('{'¢’, u','a’, i'}\n')], [Markup( Immutable MultiDict([('letters', 'xyz), (phrase’, 'galaxy")])),
Markup('127.0.0.1'), Markup(Mozilla/5.0 (Macintosh; Intel Mac O X 10_11_2) AppleWebKit/601.3.9 (KHTML, like Gecko)
Version/9.0.2 Safari/601.3.9), Markup({'y', X An)]]

The vaw data is back

on the streen..or is it
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W‘I’:‘ /_\/ Python 3.5.1 Shell
vith no 555,

arquments >>> myfunc3 ()
>>> myfunc3(1, 2, 3) €— Works with a list
123
Works with a >>> myfunc3(a=10, b=20, c=30) <——— Works with
P L. a->10 b->20 c->30
j’"b'f“b°h _——> >>> myfunc3(1, 2, 3, a=10, b=20, c=30) keyword
a list i3.% arguments
and keyword a->10 b->20 c->30
arquments =
Ln: 68 Col:4
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o0
>>>

Pyihon 3,62 Shell

RESTART: /Users/paul/Dasktop/_NewBook/chll/try_exampless.py
Too e File e miasing. || e bl bt
L7 cord doesn't exist
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vovels = ['a’, 'e', 'i', ‘o', 'u']

word = input ("Provide a word to search for vowels:

"y

found = {}

found['a"] 0
found['e'] 0
found['i"] 0
found['o"] 0
found['u'] =0

for letter in word:
if letter in vowel:
found [letter]

s

This is the ¢ode for
! »
vowelst-py”, which
performed a frequeney
count. This code was
Coosely) based on
Vowels3.py”, which we

First saw in Chapter 2

—

for k, v in sorted(found.items()):
print (k, 'was found', v, 'time(s).
vowels = ['a’, 'e', 'i', 'o', 'u'l
In an attempt to word = input("Provide a word to search for vowels: ")
move the dictiona
vemave ) found = (}

initialization ode, we

eveated “vowelspy")

whith evashed with a——>
vuntime evor (due to

us failing to imitialize

the frequenty counts):

for letter in word:
if letter in vowels:
found[letter] += 1

for k,
print (k,

v in sorted(found.items()):
'was found', v,

'time(s).')

vowels = ['a', 'e', 'i', 'o', 'u'l

word = input("Provide a word to search for vowels:

"

found = {}
for letter in word:
if letter in vowels:
found.setdefault (letter,
found[letter] += 1

0)

for k, v in sorted(found.items()):

print(k, 'was found', v, 'time(s).')

“owelsb.py” Fixed the
vuntime ervor tharks to
he use of the “setdefault”
method, which s with
every dictionary (and assigns
walue isn't alveady seb).






OEBPS/figs/web/394fig02.png.jpg





OEBPS/figs/web/421fig01.png.jpg
O 00 mmaicmecwanoin
| €9 € L 12700 150000mchs T=

mysql.connector.errors.InterfaceError

mysal.connector.errors InterfaceError: 2003: Carft connect to MySQL server on '127.0.0.1:3306' (61
Connection refused)

There's no
il /Libraryrameworks Python.famewor[Versans (3.5 b python. 5 tepackages 132370, e
database, so 2000, 1m—call_
Your webapp return self.wsgi_app(environ, start_response)
erashes Pl “Tbcary Framewoks Pythonramewcrkersons/3.5/l/pyhons.5/sls-packages/ ask/sgp o, e

1991, mwsgi_app
response = self.nake_response(sel . handle_exception(e))

*/Ubrary Frameworks Python framework/Versions 3.5 bpythons. ste-packages 12sk 305 o', I
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T'm just some of the
Python 2 code that's out
there. There's lots and
lots of code like me.
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>>> ''.join (booklist[4:14]) S g, ot 4,
'Hitchhi ' i Hikehn
i iker word “Hitehhiker”.

>>> ''.join(booklist[13:3:-1])

'rekihhctiH'

(SI.u out the word “Hitehhiker”, but
do it in veverse order (e, batkward).





OEBPS/figs/web/223fig02.png.jpg
dapp.route('/searchd’, methods=['POST']) »
The “/seacehd”

URL mow
supports only the
POCT method.
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myfunc (10) One argument





OEBPS/figs/web/394fig01.png.jpg





OEBPS/figs/web/223fig03.png.jpg
This HTML
anippet is from —
“entryhtnl”-

action='/searchd'>
<table>

+and this Python
Gode is fvmhc

@app.route ('/searchd', (methods
def do_search() -> str:

POST']

Note how HTML

uses “method”

(singula\r), wheveas
4<— Flask uses

“methods” (plural).
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/— Sets start and end with a curly brace. N

>>> vowels = (PRI

>>> vowels
Cneck vk the ardevng. @', 'u', ta', 'iv, to'} \v\
['s changed from what was A

oviginally inserted, and the
Au?'i&agﬁ ave gone too. “::a m another by a
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B Python 3.4.3 Shell

Python 3.4.3 (v3.4.3:9b73£1c3e601, Feb 23 2015, 02:52:03)
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] om darwin
Type "copyright", "credits" or "licemse()" for more information.

>>> ===========s==s=====s============ RESTART =====s=s=========s==============

>>>

eems Dentt vorey i you e 2
Sop7 minuee mesns 8 LERIS 00 e hhrert messe Reod

on to learn why this i

T 7Cord

/L Pressing F5 while in the

edit vindow vurs your
Code, then displays the
vesulting ovtput in the
Python Shell
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Reeall that all the
exteptions inherit
From “Exception”.

Exception

StopIteration
Stophsynclteration
#4-- ArithmeticError

| +-- FloatingPointError
| +-- OverflowError
4-- ZeroDivisionError
AssertionError
AttributeError
BufferError

EOFError
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>>>
>>>
12
> >
42
>>>
s by A

import

random.

random.

random.

random
randint(1,60)
Note: different integers ave 5enera(:e;d
i 1,60) T onte more, as “vandint” veturns a diffevent
FaRcnEUs vandom integer each fime it's invoked
randint(1,60)
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The raw data

ImmutableMultiDict ([('phrase', 'galaxy'), ('letters', 'xyz')])[127.0.0.1|Mozilla/5.0 (Macintosh; Intel
Mac 08 X 10_11_2) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.106 Safari/537.361{'x', 'y'}
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This code
produtes
Hhis eveor

\

eoe Vowelss py - [Users/PaulDesicop NewSookich03/vowelss py (3.4.3)

vowels = ['a’, 'e’, 'i', ‘o', 'u']
word = input("Provide a word to search for vowels

found = {}
for letter in word:
if letter in vowels:
found[letter] += 1

for k, v in sorted(found.items()):
print(k, 'was found', v, 'time(s).’)

Python3.43 Shell

>>>

p>>

>>> ========s======================== RESTART ================================

Provide a word to search for vowels: hitchhiker
Traceback (most recent call last):
File "/Users/Paul/Desktop/_NewBook/ch03/vowels5.py", line 9, in <module>
found[letter] += 1
KeyError:

i
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T knew it—you're
starting with *Hello,
World!*, aren't you?
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Display the initial
state of the string ————
and list.

i 5 clcionof ok et
to transform and manipulate
the ik of abjects >

Display the
vesulkting state of ———2

‘the string and list.

This is
“panic.py”

phrase = "Don't panic!"

plist = list(phrase)

print (phrase)

print (plist)

for i in range(4):
plist.pop()

plist.pop(0)

plist.remove ("'")

plist.extend([plist.pop(), plist.pop()])

plist.insert(2, plist.pop(3))

new_phrase = ''.join(plist)

print (plist)
print (new_phrase)
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Open the log tile..

with open('vsearch.log') as log:
contents = log.readlines ()

return escape(''.join(contents))
.and vead all the

lines of log data
inko a list called
% ontents’.
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Seentabyesult o crilUpheane s, TECHCTARATile (MIACEaTH p aniou p1ilLed .l Tem il Ala 0
(Macintosh; Intel Mac OS5 X 10_11_2) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.10¢
Safari/537.361(’'e’, 'i'} InmitableMultiDict([(*phrase’, 'life, the universe, and

everything'), ('letters’, 'aeiou')])|127.0.0.1|Mozi11a/5.0 (Macintosh; Intel Mac OS X 10_11_2)
AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.106 Safari/537.361('e', ‘a’, 'u',

'i'} InmutableMultiDict([('phrase’, 'galaxy'), ('letters’, 'xyz')])1127.0.0.1IMozilla/5.0
(Macintosh; Intel Mac 05 X 10_11_2) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.10¢
Safari/537.361('x", 'y')

Can we Lake this (unveadable) vaw data--





OEBPS/figs/web/432fig03.png.jpg
ece Pyihon 362 Shel

>>>
| ======== RESTART: /Users/paul/Desktop/_NewBook/chll/try_examplesS.py ========

The data file is missing.

RESTART: /Users/paul/Desktop/_NewBook/chll/try_exampless.py

This is not allowed.
>>> [
======== RESTART: /Users/paul/Desktop/_NewBook/chll/try_exampless.py ========
Some other error occurred: [Errmo 21] Is a directory: 'myfile.txt!

>>>
Ln:23 Col:a

>>>

Some other
exteption has
oteurved. [n this
Ctase, what
thought was a file
is in fact a folder.
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key#t4

key#1

key#3

feyttz

Dicti
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import mysql.connector

class ConnectionError (Exception):
pass

class CredentialsError (Exception):

pass (/—\

class SQLError (Exception) :
pass

classes define your
two new exteplions

class UseDatabas
def _init__(self, configuration: dict):
self.config = configuration
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The vesult of
ealling “outer”
is assigned

4o a vavisble
called -

The “outer” function
is invoked.

Python 3.5.1 Shell

>>>
>>> i = outer()
This is outer, returning inmner.

) ) We cheek that 7" i
function'> & | fact, a bunction.

Ln: 115 Col:4

We invoke " and—vailal—the
o Lunttion's tode exetutes:
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We have not
spetified an

' chd ') HTTP method
@app. route (' /sear K/— =t

so Flask default:
to GET.
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Three individual

if today 'Sat'fr‘?a’y' : suites: one for
print ('Party!! Lhe 6% anathe

: == 'Sunday': <« 1T dnother
eli: today for the “elif”,

print ('Recover.')
else: and the final

print ('Work, work, work.') cateh—all for
the “else”.
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First, debermine the ——> time now = datetime.today()

. then extr:
turvent time-- right_this_minute = time_now.minute €-—— bract the

minute value
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Abker the “bananas”
tode vuns, the value
assotiated with
“ananas” has intreased

fruits @m——
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1) 127.00.1:5000/status

€ & C [1127.0.0.1:5000/status

You are NOT logged in.

The user of the Chrome browser (on the same
computer) is Knot¥* loaged im 35 your webapp
aimkains 3 sepavate topy of Chrome's session data.
This is exactly what we vant.
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from flask import Flask, render_template, request
from vsearch import searchdletters

app = Flask(_name_ )
def log_request(req: 'flask request', res: str) -> None:

with open('vsearch.log', 'a') as log:
print (req, res, file=log)

@app.route ('/search4', methods=['POST'])

def do_search() -> 'html': Her,
%, € A
phrase - request.form['phrase'] addit e the latest
letters = request.form['letters'] ons, which

title = 'Here are your results:' arrange 4o log each
results = str(searchdletters (phrase, letters)) web vequest £5 3 file
log_request (request, results) e ¢alled “wsearchlog”
return render_template ('results.html',

the_title=title,

the_phrase=phrase,

the_letters=letters,

the_results=results, )

@app.route('/')
@app.route (' /entry')
def entry page() -> 'html':
return render_template('entry.html',
the_title='Welcome to searchdletters on the web!')

if _name_ == '_main_':

app. run (debug=True)

You may have notited
that none of our webapp’
functions contain
tomments. This is a
deliberate omission on our
part (as there's only so
muth voom on these pages,
and something had o
give): Note that any code
You download from this
book's support website
always intludes comments.
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This is the

tode in the
“counthromby. class CountFromBy:

o Fie.

\ def _init_ (self, v: int=0,

self.val = v

int=1) -> None:

self.incr = i

def increase(self) -> None:

self.val += self.incr

def __repr_ (self) -> str:

return str(self.val)
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ece voweis3.py - /Users/PauDeskiop!. NewBoo/ch02ivowels3.py (3.4.3)

vowels = ['a', 'e', 'i', 'o', 'u']
N word = input("Provide a word to search for vowels: ")
This is “vowels3.py’, —> |£found = []

for letter in word:
vhich vepors & if letter in vowels:
the uique vowe if letter not in found:
found in 3 word- found.append (letter)
for vowel in found:
print (vowel)

L 111Cot 0
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Tsn't it clear it's time we
considered using classes
and objects as the correct
way to handle this type of
reuse?

Let's quickly cut
and paste that code,
then change it. Donel

T vote we put that
database-handling code
into its own function, then
call it as needed.
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Gapp.route('/pagel’)
def pagel() -> str:

This s the page—
return 'This is page 1.' € ———

specific functionality
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27001 6.0

Welcome to search4l a2
Use this form to submit a search

Phrase: _hitch-hiker Here are your results:

Letters:  aeiou You submitted the following data:

When you're ready, dlick this

Dol

o

Welcome to searchdletters on

Use this form to submit a search request:

Phrase: _life, the universe, and everything

Letters:  aeiou

When you're ready, click this button:

ool

The second —)

searth

Phrase: _hitch-hiker

Letters: aeiou

)1}

‘When "hitch-hiker” s search for "aeiou", the following results are returned:

o 27001

Here are your results:
You submitted the following data:

Phrase: life, the universe, and everything
Letters: aeiou

When “life, the universe, and everything® is search for "aiou?, the following
results are returned:
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The data £rom this

m element is available
Jn our webapp's code as
‘vequest formL‘phrase’T"

(5 extends 'base.htnl’ 5}

14 block body &1
<b2>({( the_title }}</n2>

<form method="BOST’
<table>

<pUse this form to submit a search -
<tr><td>Phrase: </ td><td><input Qane='phrass
width='60"></td></tx>
<tr>ctdsletters:</td><td><input
value="aeion’></td></tr>
</table>

<p>ihen you're ready, click this button:</p>
<p><input value='Do it!' type='SUBMIT'></p>
</form>

action="/searchd’>

wasti</p>
7pe-TEXT'

type="TEXT"

(+ endblock )

The data from this form

The HTML £emplate (in
the “enteyhtml” file)

clement s avallble in 0w vebap?
35 “vequest formCletters T

The vendered form

in our web browser
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apramically sk

and grou to any

size 4
B A with areays, soks
5 are numbered from
2er0 upward. these
s /‘ | are “index. values.”

i indiidual slots —
in the list 7

~

List
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127.0.0.1 - - [23/Nov/2015 21:55:59] "GET /entry HTTR/1.1" 200 -
127.0.0.1 - - [23/Nov/2015 21:55:59] "GET /static/hf.css HITP/1.1" 304 -
127.0.0.1 - - [23/Nov/2015 21:56:54] "POST /search4 HTTP/1.1" 405 -

Un-oh. Something has gone wrona,
and the sevver has generated a
client—ervor status code.
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Click heve:

o
iles i
bone ol
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name heve.

Click s bukton to
keep goind:
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OK. I think I'm
getting most of this.

But remind me...why am
T doing this again?

We're trying to
avoid copying and
pasting all that login-
status-checking code.
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JQ.O<> [a)

‘User value is currently set to: Chuck

Sure enouh, Sakari
confims that—as far
a5 it's conterned—the

Jalue of “user” is still
“Chuek”.
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python3 -m pip install vsearch-1.0.tar.gz --user <
—user” ensures

S anywhere

s consoe 2140185
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>>> person3['Home Planet']

'Betelgeuse Seven' Home Planet Betelgeuse Seven

/—\? Gender Male

>>> person3|['Name'] i e sheey

'Ford Prefect' Home Planet H Betelgeuse Seven
Octupation H Researther
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Nrite this def log_re
_request (req: 'flask_re:
_request', res: str) ->
—-> Non

funtkion's
suite heve.
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>>> if 'pears' not in fruits: bibialine G
fruits['pears'] = 0 € talizel needed).

>>> fruits['pears'] += 1 w[humcn{

>>> fruits
{'bananas': 2, 'pears': 1, 'apples': 10}
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Configuration for headfirst2e.pythonanywhere.com
(s Lompling but i Reload:

poNT et —— > [
bukkon just yet-

Tt

B

T o0

i v® Cliek this ik
instead.
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LX) tmpl_decorator.py - [Users/paul/Desktop/_NewBook/ch10jtmpl_decorator.py (3.5.1)

from functools import Wr:

def decorator_name (£unc) :
@wraps (func)
def wrapper (*args, **kwargs):
# 1. Code to execute BEFORE calling the decorated function.

# 2. Call the decorated function as required, returning its
#  results if needed.
return func(*args, **kwargs)

# 3. Code to execute INSTEAD of calling the decorated function.
return wrapper

Replace these
tomments with Your

new detorator
tode.
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from flask import Flask

app = Flask (_name_)

—

T ration o see: s i “simple_ebapp py”
return 'Hello from the simple webapp.' At this stage in this

book, You should have
e by v -
Bl tode and. understanding
what this webpp does

eapp.route (' /page2')
def page2() -> str:
return 'This is page 2.

eapp.route('/page3')
def page3() -> str:
return 'This is page 3.'

if _name == '_main_':
i Eireros e T mcer LS
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® | 1270015000 * \ S,

© o €[] 127.00.1:6000

Hello from the simple webapp. @98 Dioorsoomeget x|\
€ - c [ 1270015000081
1. When you first -
connett to the You are NOT logged in. {_,_\
webapp, the home ‘
page appears: E

aceess “/yagd"
vesults in vefusal,
3s You are not
logged in.

€ C | 127.00.1:5000/login

Youare now logged in.

® 58 ) Dizzoonsooomeger x|\ \i/
C | ) 127.0.0.1:5000/page 1 w|=

“This it 2
N oot Your browser is logged iny

You can see “/pagel”—sucess

3. Accessing “/login”
enables access ;5

vestricted URLs for
Your browser.

® 0 ® 1270015000000 x ||
€ - c [ 127.004:5000f0g0ut

You are now logged out.

/ta You log ot

from the webapp-

© 00 b ioorsooopme x|
€ - C|[]127.00:5000/page1
You are NOT logged in.

/\ 6. As you are no longer
logged in, you ean't see the

vestricted tontent on the
“/ragel” URL angmore.
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from flask import Flask, session
app = Flask(_name_)
This is app.secret_key = 'YouWillNeverGuess'

“aqick_sessionpy"

(-

@app.route ('/setuser/<user>')
def setuser(user: str) -> str:
session['user'] user

return 'User value set to: '

@app.route('/getuser')
def getuser() -> str:

if _name_ == '_main_':

app. run (debug=True)

return 'User value is currently set to: '

+ session['user']

+ session['user’']

from flask import session

the code to
from functools import wraps

def check_logged_in (func):
@wraps (func)
def wrapper (*args, **kwargs):
if 'logged_in' in session:
return func(*args, **kwargs)
return 'You are NOT logged in.'
return wrapper

el
I

This is “ghgzk",py”, which contains

this chaper’s

detorator: “theek_loaged_in".

This is “tmpl_decoratorpy’, which
is a handy decorator—treating
femplate for you 4o veuse as you
it

see

from functools import wraps

def decorator_name (func):
@wraps (func)

def wrapper (*args, **kwargs):

return wrapper

returning its

# 1. Code to execute BEFORE calling the decorated function.
# 2. call the decorated function as required,
#  results if needed.
return func(*args, **kwargs)
# 3.

Code to execute INSTEAD of calling the decorated function.
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~.uses the interacts with the

standard Python provided database alks to the
You write the DB-API, which... driver, which underlying database
P\{{:on :ﬁe You technology,
need, W \/ l
_ —
=
=] — _ _
=
—_— — —— -
g 1
Your code MysaL
Python’s The MySQL-
DB-API Connector/Python

Driver
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$ python3 vsearchdweb.py This is Flask’s way of {elling you that
+ Running on http://127.0.0.1:5000/ (Press CTRL:C to quit) Your webapp will automatically vestart if
* Restarting with stat Your tode changes. Also: don't worry if
* Debugger is active!

T Your debugaer pin eode is different from
¥ Debuggar pin coda.226:903:465 ours (thaf’s OK). We won't use his pin.
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The “in” operator if right this minute in odds:
thetks for print ("This minute seems a little odd.")
membership.
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app . run (debug=True) “=————— Switthes op debugging
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The data we need is
already in “contents”, so
let's convert that into a
list of lists.

I'm not so sure, as that
way we'll end up processing
the data twice: once when we

read it in, and then again when
we convert it.






OEBPS/figs/web/055fig05.png.jpg
Alist of
car_details = [ 'Toyota', 'RAVA', 2.2, 60807 ]

:Pczb

differing
type
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Kemember: this code
veturns a diffevent
message based on whether
o not the user’s browser

Gapp.route(/status’) is loaged in
We want to avoid def check_status() -> str:
le f R SN AN eGSR P
topying an¢ return 'You are currently logged in.

pasting this ‘°dU e ey e § ) S P
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Open the file

Assign

the file

stream 4o

a variable
with open('todos.txt') as tasks:

for chore in tasks: «— Perform some
"y

print (chore, end= Processing

one line at 3 Lime.
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Make sure

a working

understanding of

Pythor's “pdb” T
debugger is part.

of your toolkit.
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List
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/) 12700 1000ieuse x () & |
€ & C [ 127.00.1:5000/getuser | =

User value is currently set to: Alice
As expected,
Chrome still
thinks the value
“user” is
“Aliee”.
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@ © @ checker,py - [Users/paul/Desktop/_NewBook/ch10/checker.py (3.5.1)
from flask import session
from functools import wraps
def check_logged_in(func) :
@wraps (func)

def wrapper (*args, **kwargs)
if 'logged_in' in sessio:

return func(*args, **kwargs) v

return 'You are NOT logged in.'

return wrapper
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>>> es Ve & “
cape ('This is & <Request>') < ik ietinn

Mark: '"This i
rkup ('This is a &lt;Requesté&gt;’') HTML special
ehavatkers.
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o f’_\
._logged_in (fi s
dots he briek here, 35 it g

def wrapper( Kargs, ¥¥kwargs

supports any number and i

bype of avguments. Note if 'logged in' in sessior
how we invoke “fune” with T return func(

“‘?ame argmen{-,s s;wlizd return 'You are

4o “wrapper’, no matter return wrapper

what they are.
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@app.route ('/search4', methods=['POST'])
def do_search() -> str:
return str(searchdletters('life, the universe, and everything', ‘'eiru,!'))

No matter what we type
inko the HTML form, our
code is always going to use
Fhese havdtoded values.
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This is all fine and dandy...but
remind me: what was the point
of learning all this class stuff>
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Be sure @ © @ checker.py - [Users/paul/Desktop/_NewBook/ch10/checker.py (3.5.1)

M{"’ '"‘\",’_"%\_ > from flask import session }
session” From
Lhe “Plask” f£rom functools import wraps e/_\ '
module. Import the “wrgps”
def check_logged_in(func) : it oy
@ func) 5 ‘on (which
def wrappes (rargs, * itself 3 detovater)
if 'logged_in' in sion from the “Funttools”
return func(*args, **kwargs) module (i nétools’
Decorate the return 'You are NOT logged in.' module (which
“wrapper” funttion return wrapper is part of the
vith the “weaps” ! standard library).
decoratr iors sl 115 Coro

to pass “fune” as an
argument).
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All we have to do
is write a bunch more.

code to perform these
caleulations, right?
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>>> second.append (6)
>>> second
[1, 2, 3, 4, 5, 6] «—— Thisseems 0K, but i






OEBPS/figs/web/250fig02.png.jpg
Call the “lachn\uest" phrase = request.form['phrase']
Gunckion heve letters = request.form['letters']
title = 'Here are your results:
results = str(searchdletters (phrase, letters))
log_request(request, results)
return render_template('results.html',
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= sl
ITOaEE e =
e e e gt

B purnonanguhers

e rer———

Select 2 ython Web framework.

Select “Flask” for

webapp, then choose the
mast up—to-date Python/
Flak combination. o
e : 3
B pyinonanywhere [

goumces by r
Consoles \_km,

e S0,
[ess 1w — P — You don't need 4o
B pythananywhere [ cliek “Next” heve. As
S00n as you choose
e e the combinaton yo,
- e

want, this sereep
appears.
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>>> 1f 'bananas' in fruits: This time avound, the “bananas” key

fruits['bananas'] += 1 << does exist in the dittionary, so we

. intrement, its value by I. As before,
else:

. ¥ = i our use of “if” and in” together
fruits['bananas'] = stop a “KeyEvvor” exception from
erashing this code.
>>> fruits

{'bananas': 2, 'apples': 10}

R Wt iereased the

“bananas”
value by [.
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® © ® countfromby.py - Users/paul/Desktop|_NewBook/chO8/countfromby.py (3.5.1)

class CountFromBy:

This is the

Py’ s def _init_ (self, v: int=0, i: int=1) -> Nome:
with the code for e i

dunder ‘vepr” added ;

\ def increase(self) -> None:
self.val += self.incr

def _ repr__ (self) -> str:
Teturn str(self.val)

Ln: 13 Col:0

ece Python 3.5.1 Shell
>>> k = CountFromBy ()

The " abjeck > Z‘::e:)you "‘; to the object at

uses the elass’s s s o Prompt o in a call o

default values, —7 ;z :‘E‘Pmﬁ s the dunder “vepr” tode vuns.

which start 4 (\J

at O and are >>> print (k)

ineveased by |- 1 The V" object provides
il i = CountFromBy (100) an sttermative starting
100 < value, then increments
>>> 1.increase () by | eath time

g :;i print (1) “inevease” is talled.

e “n” obi

provdes ject 3> m = CountFronsy (100, 10)

alternative A

values for both —» J|>>> m.increase ()

defaults. >>>m
1o w»n
>>> n = CountFromBy (i=15) The “n” object uses a
;» n keyword argument 4o

-
>>> n.increase () E]::“t = stternative
>>> n intrement by
2 (but stars ot 0).
>>>
Ln: 33 Col: 4
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Yes, indeed..for a small
fee, we can certainly
manage the context within
which your code runs.
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This annotation may have thrown you a little. Retall that funcion

amnotations are meant to be vead by other programmers. They ave
dotumentation, not executable code: the Python intevpreter alvays
ignores them, so you can use any annotation destriptor you like.

str) -> Non

'flask_request', re:

def log_request (re

Use “with” to
open “ysearthlog .
in append mode:

This annotation uses
Pykhon's “None” value
4o indicate this function

has no veturn value.

Call the “print” BIF 4o ]

write the values of ‘veq” Note ““f"ﬁ sbream

and “ves” o the opened is ¢alled “log” in this
file o
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So...each browser
maintains its own copy of
the "user” value, right?
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s

8

a

‘User value set to: Chuck

Now that we've used Safari to
set a value For “user”, the webapp
happily vesponds with a message

Conkieming that “Chuck” has been
added o the “session” dictionary.
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No matker what ve type in
as the phrase, the vesults are

always the same:
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ch\\o«/

An object

Methods (shared with
all objects created from
the same class)

State
Attributes (*not* shared
> with other objects
created from the same

class)

Each object eveated feom
fhe same class tan attess
the elass’s methods (the
chared tode). However, each
objeck mainkais its o
topy of the atbributes
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vowels = ['a', 'e', 'i',
word = "Milliways"
for letter in word:
if letter in vowels:
print (Letter)

The first version of £he

vowels program that. diepl:
— Hll¥ e souels Found e
word “Milliays” Cintluding any

The “vowelsZpy program
added tode that use_;’i alist
4o avaid duplicates: This
program displays the list of
unioue vouels found in the
word “Millways”

duplicates).
vowels = ['a', 'e', 'i', 'o', 'u']
word "Milliways"

found = []
for letter in word:
if letter in vowels:
if letter not in found:
found. append (letter)
for vowel in found:
print (vowel)

vowels = ['a', 'e', 'i', 'o', 'u']

word = input ("Provide a word to search for vowels: ")

found = []
for letter in word:
if letter in vowels:
if letter not in found:
found. append (letter)
for vowel in found:
print (vowel)

The third (and £inal) version
the vowels program for

o s chapter, “ouelid

displays the unique vowels
found in a word enteved by

our user.

['s the best advice in {J‘\‘e ;n;v:rs::v:l?onv{

qel” This program, called “panic-py »
‘\::l:s aTs::rm‘; 2.‘(:3'-&..\5 this advice and,
using 3 bunch of list methods, transforms
Ehe sbring into another string that
desribes how the Head First editors
prefer their beer: “on tar”

phrase = "Don't panic!"
plist = list(phrase)
print (phrase)

print (plist)

for i in range(4):

plist.pop()
plist.pop(0)
plist.remove ("'")
plist.extend([plist.pop(), plist.pop()])
plist.insert(2, plist.pop(3))

new_phrase =
print (plist)
print (new_phrase)

"' join(plist)
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ece ‘odd.py - /Users/Paul/Deskiop! NewBookch01/odd py (34.3)

from datetime import datetime

odds = [1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
boct 41, 43, 45, 47, 49, 51, 53, 55, 57, 59 ]
Don't worry abow

what this code ——> right_this_minute = datetime.today().minute

does For now. Jus

ype it inko the if right_this_minute in odds:

cditing vindow print("This minute seems a little odd.")
Be sure to save it else:

as “oddpy’ before print("Not an odd minute.")

Continuing,

L 15/Cok: 0
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When they said: "wait,”
T'd o idea this is what
they had in mind...
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These functions really
hit the mark for me.

How do T go about using
and sharing them?

i






OEBPS/figs/web/287fig04.png.jpg
mysql> grant all on vs
earchlogbB.* to 'vsear: 1
ch' i1dentified by '
vsearchpasswd'

You can use a different
password if you like. Just
vemember to use Yours

as opposed 4o ours in the
examples that follow
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Ummm...let me just make a note of “going
out of scope” and “destroyed.” T'll need to
look both of those up later..or did I miss
something?
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The “inner”
Lunction is

defined vithin the —
entlosing funttion's
suite

def outer():
def inner():

print('This is inner.')

print('This is outer, invoking inner.')
inner ()

The “inner” funttion
is invoked from
S iclor”.
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List
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XX} Python 3.5.1 Shell

>>>

RESTART: /Users/paul/Desktop/_NewBook/chll/try_examples2.py

Traceback (most recent call last):
File "/Users/paul/Desktop/ NewBook/chll/try_examples2.py", line 3, in <module>

with open('myfile.txt') £

PermissionError: [Errno 13] Permission denied: 'myfile.txt'
>>>
>>>

RESTART: /Users/paul/Desktop/_NewBook/chll/try_examples3.py
not allowed.

Ln: 27 Col: 4

This is much better-
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Inevement ¢'s

>>> found['e'] += 1 < tount (onte more)
>>> found
(la': 0

'a': 0, 'u': 0, 'e': 2} &—
The dietionary
is updated
a9ain.
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s i Start by
from flask import Flask, session

K_/— -mrorb»g
“session”.
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This is the
console’s
eontinuation
symbol.

mysql>
->
->

MYSRL will automatieally

create table log ( o vandc data for these

id int auto_increment primary key,f\g‘ ields.

ts timestamp default current_timestamp,

phrase varchar(128) not null,

letters varchar(32) not null, These Fields will hold the
ip varchar(16) not null, <— data for cath vequest (as
browser_string varchar (256) not null, provided in the form data)

results varchar(64) not null );
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class CountFromBy: Don't do this, as these
def increase(self) -> None: caviables wont survive

val += incr e " onte the method ends
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@app.route('/getuser')
def getuser() -> str:
return 'User value is currently set to: ' + session['user']

if _name = '_main_'
app . run (debug=True)

s is the uskom vith all Flask apps, ve Pecessing the data n
control when “app.vun” exetutes using Sgession” is not havd. [£'s 3

this well-established Python idiom. dickionary lookup.
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That sounds like a plan T can
live with. The only question
T have is how do I know
whether something is true or
false?
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This is the version of “usearehweb.py”
et mikes your wsees v huebry

from flask import Flask, render_template, request, escape, session
from flask import copy_current_request_context

from vsearch import searchéletters

from DBcm import UseDatabase, ConnectionError, CredentialsError, SQLError
from checker import check logged_in

from time import sleep

app = Flask(_name_ )

app.configl'dbconfig'] = {'host': '127.0.0.1'

‘user': 'vsearch',
'password': 'vsearchpasswd',
‘database': 'vsearchlogDB', }
@app. route ('/login')
def do_login() -> str:
session['logged_in'] = True to
return 'You are now logged in.' |¥s probably a 5""j‘, idea
proteck, this “wikh” statenert
@app. route (*/logout') in muth the same vay as
def do_logout() -> str: Jou protected the “with R
session.pop('logged_in') L stement in “view_the_log

return 'You are now logged out.' {om he next page)
@app. route ('/search4’, methods=['POST'])
def do_search() —> 'html':

@copy_current_request_context
def log_request(req: 'flask request’, res: str) —> None:
sleep(l5) # This makes log_request really slow.
with UseDatabase (app.configl'dbconfig']) as cursor:
_soL insert into log
(phrase, letters, ip, browser_string, results)
values
(%5, ¥s, %5, %5, ¥S)"
cursor.execute (_SQL, (req.form['phrase'l,
req. form['letters'],
req.remote_addr,
req.user_agent.browser,

zes, ))
phrase = request.form['phrase'] .
letters = request.form('letters'] The vest of “do_seareh” is

title = 'Here are your results:' at the 4op of the next page. ——>
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>>>
The >>>
starting —> 0
value is O. 55>
>>>
>>>
>>>

Qa

c
c
c
c

Create another new objett, and a:
= CountFromBy() < [, object called “t”J e

.increase() < tointrement the value of the

.increase () |nvoke the “inevease’ method
.increase () tounter by one cath time.

3 € After the three calls bo the “increase” method,

the value of the objeet is now three
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A list of the
o o4 mombers

odds = [ 1, 3, 5, 7, 9,11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, 59)]

K The list ends with o

(aka. “the
::-:fég :l:c;\::vma Trom one 105 square bracket

another by a comma.

The list starts with an
opening square bratket.
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Lists are great, but T
sometimes need more
structure inmy life...
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>>> a
>>> b

CountFromBy ()
CountFromBy ()

} «— These look like funttion calls, don't they?

[ Create an object by appending parentheses to the ¢lass name,
+then assign the newly ereated object to a variable.
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Does “person[1]"
refer to gender or
occupation? I can

never remember!

Nare:Ford Prefect
Gender e

Octupstion Resanther

Hone Plnct Beklgue Seven
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from flask import Flask

app = Flask(__ name_ )
S 4 e R
instance of 2 @app.route('/") What's the deal here?

Flask object def hello() -> str:
and assign it o return 'Hello world from Flask!'
arr

app.run()
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And the really nice thing about
this is that this code takes the generic
*ProgrammingError” exception provided by
the MySQL Connector module and turns
it into two custom exceptions that have
specific meaning for our webapp.
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first @———3> 11“3[7__]@? [+ | <————@ second
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You do redlize youre
asking us o wait to deal
with code that waits?
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We stating that the

“w;:”! :vgume?xt is expected We are stating that the

4o be a sbring ’ﬁ funetion returns a set 4o
its caller.

def searchdvowels (word:str) -> set:
"""Return any vowels found in a supplied word."""
vowels = set('aeiou')
return vowels.intersection (set (word))
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return bool (found)

935 in the name of

o the data structure that
Al e o contains the resubts of
unction, and..

the vowels seavch.
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results = str(searchéletters (phrase, letters))
try:

log_request (request, results))
except Exception as err:

print ("***** Logging failed with this error:', str(err))
return render_template('results.html',

the_title=title,
the_phrase=phrase, \

the_letters=letters, This is the
the_results=results,) e
- vest of the
@app.route (/") “do_seareh’
@app. route (' /entry') Lunttion.

def entry page() -> 'html':
return render_template('entry.html’,
the_title='Welcome to search4letters on the web

@app. route (' /viewlog')
@echeck_logged_in
def view_the log() -> 'html':

try:
with UseDatabase (app.config['dbconfig']) as cursor:
_SQL = """select phrase, letters, ip, browser_string, results
£rom log™"

cursor .execute (_SQL)
contents = cursor.fetchall ()
# raise Exception("Some unknown exception.”)
titles = ('Phrase’, 'Letters', 'Remote_addr', 'User_agent', 'Results')
return render_template (*viewlog.html',
the_title='View Log',
the_row_titles=titles,
the_data=contents, )
except ConnectionError as err:
print ('Is your database switched on? Error
except CredentialsError as err:
print ("User-id/Password issues. Error:', str(err))
except SQLError as err:
print('Is your query correct? Error
except Exception as er:
print (*Something went wrong:', str(err))
return 'Error'

» str(err))

str(err))

app.secret_key = 'YouWillNeverGuessMySecretKey'

if _name = '_main_':

app. run (debug=True)
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Convert from 24-_

hour format 4,
h AM/PM format v

(*09:35': 'FREEPORT', (109:35AM" : 'Freeport’,
109:557: 'wEsT END', 09:55AM': "West End',
'10:45': 'TREASURE cav', 110:45AM': "Treasure Cay',
'11:45': 'ROCK SOUND', "11:45aM': 'Rock Sound',
'12:00": 'TREASURE Ccav', 112:008M': "Treasure Cay'
'17:00": 'FREEEORT', 105:008M': "Freeport',

*17:55': 'ROCK SOUND',
*19:00": 'WEST END'} "West End’ }

\\ﬁ Canvert from _/
UPPERCASE to

Titlecase.

"Rock Sound’,
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Everythi
is O. Y{ "9

>>> found
AT T -emo)/
= 0., :

>>> found['e'] l= found[' -
>>> found Lol LMTM ¢
ouns

('o': 0, 'i': 0, 'a': 0

$:0; 0, 'e': 1} (_\
The dickionary has been
updated. The value
assotiated with ¢’ has
been incremented.

found @—>

i
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T'he ordering of the
arguments isn't important
when keyword arguments
are used during invotation

searchdletters(letters='xyz', phrase='galaxy')

def searchdletters (phrase:str, letter:

tr='aeiou') -> set:
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Just_freeport = {}
for k, v in flights.items():

= 'FREEPORT':

ust_freeport [com

Just_freeport [convertZampm (k)] = v.title()

if v

The Pight data s oly comverted
and added o the ust_freeport”
itkionary i it velotes o the
Freeport destination
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ece Python 3.4.3 Shel
>>> RESTART
>>>

>>> help (searchdvowels)

Help on function searchdvowels in module _ main__:

rchdvowels (word:str) -> set < Notonly does “he]

" disl
Return any vowels found in a supplied word. the annotations, bf& il
R shows the docstving 4o
>>> |
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class CountFromBy:
def __init — .
__init__(self, v: int, i: int) -> None: P4 and 0
V" and V" as

self.val = v
/ > self.iner = i \_/ avauments bo dunder
def increase(self) -> None: it

Use the walues of V' and  S@LE.val += self.incr

" 4o itialize the lass's
stbributes (which are “setf-vl”
“od Sselbiner”, vespectively)
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Yikes! We've back to seeing
an ualy traceback message,
3s 2 “PermissionErvor” was
vaised.

e0e Python 3.5.1 Shell
>>>

s/paul /Desktop/_NewBook/chll/try_examples2.py
ng.

RESTART: /U:
mi

The data file
>>>

= RESTART: /Users/paul/Desktop/ NewBook/chll/try examples2.py
Traceback (most recent call last):
File "/Users/paul/Desktop/ NewBook/chll/try_examples2.py”, line 3, in <modul
with open('myfile.txt') as fh.
PermissionError: [Errno 13] Permission denied: 'myfile.txt'
>>>
>>> |

Ln: 24 Col:
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import mysql.connector

class ConnectionError (Exception) :
pass

class CredentialsError (Exception):
pass

class SQLError (Exception):
pass

class UseDatabase:
def _init_ (self, confi
self.configuration = config

def _enter_ (self) -> 'cursor':
try:
self.conn = mysql.connector.connect (**self.configuration)
self.cursor = self.conn.cursor ()
return self.cursor
except mysql.connector.errors.InterfaceError as err:
raise ConnectionError (err)
except mysgl.connector.errors.ProgrammingError as err:
raise CredentialsError (err)

def _exit_ (self, exc_type, exc_value, exc_traceback):

self.conn.commit ()

self.cursor.close ()

self.conn.close ()

if exc_type is mysql.connector.errors.ProgrammingError:
raise SQLError (exc_value)

elif exc_typ
raise exc_type (exc_value)

This is the
exception-
savvy
version of

“DBempy
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® © @ tryexamples3.py - [Users/paullDesktop/_NewBook/ch1 1/try._...

try:
ottt e
“FileNotFoundError | print (file_data)
exteptions, this tode also | except FileNotFoundError:
handles a “PermissionError - print('The data file is missing.')
except PermissionError:
N~——7 print('This is not allowed.')

Ln: 10 Col:0 The eode in the
T — Centept” sites
¢an do anything
For now, eath
displays a
iendly message.
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just_freeport2 = {convertlampm(k): v.title() fo: v ighs £ v == 'FREEFORT'}
£: s.items () if
(k) () for k, v in flight.
0 cor amy
eep

The flight data is only
converted and added

40 the “ust freeports”
dictionary i it velates ¢,
the Freeport destination.
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We are starting
with 3 steing.

phrase = "Don't panic!"

rf'b‘m::: |sp ———> Plist = list(phrase)
ving in 3

print (phrase) We display the strin
}’\—’— and the sk on serecn

print (plist)

Add your list
manipulation code
heve.
new_phrase oin(plist) .
We display the print (plist) \ This line Lakes the
transformed list and ————>

list and turns it
print (new_phrase) back into a string,

the new string on sereen-
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app = Flask(_name_)
Seed Flask’s eookie-genevation

Create 3 new

Flask webapp ‘PP-'G“_E&key = 'YouWillNeverGuess' tethnology with a seevet key. (Note

in the wsal vay - QL anystrmg il dotere Although,
like any other password You use, it

tould be hard £o quess)
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>>>

>>>
103
>>>
130
>>>
45

These four “Cow
&——— objeets maintain
attribute values,

mEmeBy"

theiv own





OEBPS/figs/web/159fig02.png.jpg
def searchdvowels (word) :

"Return any vowels found in a supplied word."

vowels = set('aeiou')

found = vowels.intersection (set(word))

return found o Return the vesults as Kce v:of:ca{id
data structure (3 set) 293in. "
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® © @ countfromby.py - Users/paul/Desktop/_NewBook/chO8/countfromby.py (3.5.1)

K_> class CountFromBy:

The latest
Press F5 to def _init_ (self, v: int, i: int) -> Nome: version of our
try out the Self.val = v “CountFromBy"
“Co«ntFramB self.incr = i elass.
elass in [DLE's

self) -> None: ‘\_/

+= self.incr

shell.

Ln:2 Col:0 I
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more_flights = {for k, v in flights.items()}
2. Herate through zuh_/\ Hetel Dot

's NO
o the keys and values there's
from the existing data colon here.
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The fivst Lime you van the code snippet, the
'ln{:::v\vrchr 5“1:;&:4 this ugly braceback.

L X X Python 3./;.1 Shell

>>>
========= RESTART: /Users/paul/Desktop//NewBook/chll/try examples.py =========

Traceback (most recent call last):
File "/Users/paul/Desktop/ NewBook/chll/try_examples.py", line 2, in <module>
with open('myfile.txt') as £
FileNotFoundError: [Errno 2] No such file or directory: 'myfile.txt'
>>>
>>>
======== RESTART: /Users/paul/Desktop/ NewBook/chll/try examples2.py ========

The data file is missing.

>>> |
The new version of the tode produtes
2 muth Priendlier messages tharks to
“hey” and “except’-
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class CountFromBy:
def _init (self) -> None:
pass
def increase (self) -> None:
self.val += self.incr

At the moment, this dunder
“init” doesn't do anythin
ST However, the use of “el}” 4 it
fiest argument is a BIG CLUE
that dunder “init” is a method.
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vsearch.py - /Users/PaulDeskiop/. NewBook/chO4/vsearch.py (3.4:3)

def searchdvowels (phras tr) -> s

"""Return any vowels found in a supplied phrase."""
vowels = set('aeiou')

return vowels.intersection (set (phrase))

def searchdletters

R charkby guimg your rew

funetion a name
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more_flights = {convertZampm(k): v.title() for k, v in flights.items()}

'L 3. Assotiate the converted key vith
its “titlecased” value (and mote the
uwse of the eolon heve).
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Tuple
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>>> 1 = 1ist() ST Use the “ist" BIF 4o

An‘* >>> 1 ::{me an emply list,
e — 5[] en assign some data.
list >>>1=[1,2,3]\_/
>>> 1
[, 2, 3]
Use the “diet” BIF to

€ debine an empy dictionary,

>>> d = dict()
>>> / Lhen assign some data 2
— )

’::L{::Ea{z\/ >>> d = { 'first': 1, 'second': 2, 'third': 3 }
>>> d
{*second’: 2. *thivd': 3 "Eizst': 1}
Use the “set”
>>> s = set() F—/—“uei.nezn:y&ﬁf e s
>>> s then assian s, ven though seks ave entlose
il‘"‘"“‘Y\é set () / N oisone data in turly brates, so too are
e, 2, 85 e L dictionaries. An empty

dietionary is alveady using

>>> s Ehe double eurly braces, so

@:2; 8) an empty sek has 4o be
vepresented as “set()”

>>> t = tuple() < Us the ‘bple’ BIF &
>>> t define an empty tuple,
0 f Ehen assig some data
>> t = (1, 2, 3) <

>>> t

Arempty (1, 2, 3)
e Y
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Python 3.5.1 Shell

>>> type(3)

<class '__main__.CountFromBy'>
>>>

>>> id(j)

4351320696
>>>

>>> hex(id(j))
'0x1035be278"
>>>

>>>

he output for

" is made up of

values produced
some

Python's BFs.

Ln: 21 Col: 4
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TN < The logged_in varisble could be wied %o

indicate whether a user of your webapp is
loaged in or not.

e = '_main_':

S oy B oo e
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Create a new

e jeet (called

5’ fromthe @@ Python 3.5.1 Shell

class..but when python 3.5.1 (v3.5.1:37a07cee5969, Dec 5 2015, 21:12:44)

You do this, 7.,.. [GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin
9et an evror! Type "copyright", "credits" or "license()" for more information.

>>>

RESTART: /Users/paul/Desktop/_NewBook/ch07/countfromby.py =====:

>>>
>>> g = CountFromBy ()
Traceback (most recent call last):
File "<pyshell#l>", line 1, in <module>
g = CountFromBy ()
TypeError: _ init_ () missing 2 required positional arguments: 'v' and 'i'
>>>
>>> |
Ln: 13 Col:4
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List
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Note: we've
updated the

Comment.

def search4vowels (word) : [
"""Return a boolean based on any vowels found."""
vowels = set('aeiou')
found = vowels.intersection (set(word))
return bool (found)
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The “word” variable
is now called “phrase”.

eoe vsearch,py - /Users/PaulDesktop/_NewBook/chO4/vsearch.py (3.4.3)

def searchdvowels (phrase:str) -> set: &
"""Return any vowels found in a supplied phrase."""
vowels = set('aeiou')
return vowels.intersection(set(phrase))
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T B his line of tode does NOT execute
e nin < when this eode is imported
app . run (debug="
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(109:35m0" ¢
"09:55aM ¢
"10:45m0'
RERPEN
"12:008u"
105:008M" ¢
"05:55mM" :
*07:008M" 1

at were values

/7 Luw keys.

*Freeport’,
'West End’
‘Treasure Cay', {*Freeport': ['09:35aM', '05:002M'1,

'Rock Sound', 'Rock Sound': ['11:452M', '05:55BM'],

‘Treasure Cay' ‘Treasure Cay': ['10:45AM', '12:008M'],

'Freeport’, 'West End': ['09:55AM’, '07:008M']}
"Rock Sound’,

‘West End’ }

What were k:F
become lists of values
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Tags: |

Where: [ ch01

Cancel

<

You are free to use
whatever name Yo
like For your program
but it's probably
best—i€ you've
folloving along—to
stick 4o the same

wame 3s us-
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>>> print (sys.version) Theve's a lot of information about

3.4.3 (v3.4.3:9b73f1c3e601, Feb 23 2015, 02:52:03) & the Python version we've vunning,
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] intluding that it's 3.4-3.
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from datetime import datetime

odds = [ 1, 3, 5 7, 9, 11,
21, 23, 25, 27, 29, 31,
41, 43, 45, 47, 49, 51,

right_this_minute

if right_this_minute in odds:

print ("This minute seems a little odd.")

else:
print ("Not an odd minute.

]

datetime.today () .minute

13, 15, 17, 18,
33, 35, 37, 39
, 35, 37, 39, W
53, 55, 57, 59 1 e started vith

< the “oddpy”
Program, then...

from datetime import datetime

. extended the code to

eveate “oddLpy’, which van

the “minute theeking ode

five times (thanks £o the use —— >
of Python's “for” loop):

import random
import time

odds = (1, 3, 5, 7, 9,11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, 59 ]

for i in range(5):
right_this_minute = datetime.today () .minute
if right_this_minute in odd
print ("This minute seems a little odd.")
else:
print ("Not an odd minute.")
wait_time = random.randint (1, 60)
time.sleep(wait_time)

word = "bottle

for beer_num in range (99, 0,
print (beer_num, word,
print (beer_num, word,
print ("Take one down
print ("Pass it around
if beer num == 1:

else:
new_num
if new num == 1:
word bottle”
print (new_num, word,
print ()

"of beer on the wall.
"of beer.")

print ("No more bottles of beer on the wall.

beer_num - 1

We eoncluded this
¢hapter with the Pyth
version of the Headyt -

& First classic “beer song”
And, yes, we know: it's
havd not 4o work on

::,':;f’g vithout singing

-1):

"of beer on the wall.")
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A tlass bundles together

behavior and state w

The class

Methods (a.k.a.

Be&.au’\i/ functions)

State
\_|_—> Attributes (ak.a.

variables)
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def searchdvowels (phrase

Two lines

of tode
betome
one.

d.

0 vsearch.py - AUsers/PaullDesktop/_ NewBook/ch0d/vsearch.py (3.4.3)

tr) -> set:

Return any vowels found in a supplied phrase."""
vowels = set('aeiou’)

return vowels.intersection(set (phrase))

£ searchdletters (phra: str, letters:str) -> set:
return set(letters).intersection (set(phrase))
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Despite the strange-looking name,

dunder “init” is a method like any
def _ init (self): other. Remember: you must pass
- \_/— “sel” as its First arqument.
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eoce Python 3.4.3 Shell
>>>

>>>
>>> searchdvowels ('hitch-hiker')
2 '

Each of these
unetion invocations

1y [ vorks as expecked,
>>> searchdvowels('life, the universe and everything') even e»ouan"m vesut
> naemuia vom the last one
S () i locks a little weird
set.()
>>>
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def log request(req: 'flask request', res: str) —-> None:

with UseDatabase (app.configl'dbconfig']) as cursor:
_soL "insert into log
(phrase, letters, ip, browser string, results)
values
/_\; (85, %s, %s, %s, ¥s)"""
cursor.execute (_SQL, (req.forn['phrase'l,
At s pant, the . req.form['letters'],
webapp “blocks” while req.remote_addr,
ks for the Seqiicer agent.browser,
backend database to res, ))

do its thing,
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£lightsz = ()
for k, v in flights.items(): )
£lights2 [convert2ampm (k)] = v.title() This ode conforms {o the

“comprehension pattern.”
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@app.route('/search4', methods=['POST'])
def do_search() —> 'html':
phrase = request.form['phrase']
letters = request.form['letters']

title = 'Here are your results:'
’ lts = st h4lett: oh , lette
Here's how you S;u s = str(search4letters (phrase, letters))

nly inv ke
Koobin tyimoke ~ ™1 0g_request (request, results)
“log_veaues except Exception as err:
print ("***** Logging failed with this error:',

str(err))
return render_template ('results.html’',
the_title=title,
the_phrase=phrase,

the_letters=letters,
the results=results,)
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Heve's the funttion from flask import Flask
ere
detorator, which—like all epp = FEagill_nane

detorators—is prefined
vith the @ symbol. 5 | gapp.route('/") ;___/_\

def hello() —> str: This is the URL.
return 'Hello world from Flask!'

app.run()
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|. Start with 3 new,

more_flights = {} &_/ emply dictionavy
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When running as a web
server, T pride myself in
responding quickly..and

forgetting fast. T'm stateless..





OEBPS/figs/web/059fig02.png.jpg
List
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— vasarch.py - /Users/Paul/Deskiop NewBook/chO4/vsearch.py 3.4:3)

def searchdvowels (phrase:str) -> set:
"""Return any vowels found in a supplied phrase."""
vowels = set('aeiou')
return vowels.intersection (set (phrase))

def searchdletters(phrase:str, letters:str) -> set
T peby e lst of avquments, and don't

et th colon (and the amotations, toc)

Did You notice how [DLE’s

editor has ant;
(that the next line of code needs to Efl.iifffj"
(and automaévully Positioned the eursor)?
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These comprehensions look hard to
understand. Tm pretty happy using a “for”
loop when I need to do something like this. Is
learning how to write comprehensions really
worth the effort>
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There's the
message

veturned from
the Flask web

server:

Hello world from Flask!
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Thisis the
“auitk_session Py
code

T~ Be sure 4o add

Session” Lo your
from flask import Flask, session list of imports

app = Flask(_name_)
Your seevet key
app.secret.Key = 'YouniliNeverouess'| «—— should be hard 4o

guess

@app.route ('/setuser/<user>') Manipulate
def setuser(user: str) -> str: the da

session['user'] = user L, ta in

return 'User value set to: ' + session['user'] e
vequived

@app.route('/getuser')
def getuser() -> str:
return 'User value is currently set to: ' + session['user']

if _name __main_
app . run (debug=True)
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>>>d = coum-_rmmsy(:loa)[_\_ When eveating this new
d object,

specify bhe starting

The >>>
starting —> 100 value.
value is 100 >>> d.increase () Invoke 4he “inerease” method
>>> d.increase() | <—— & increment the il
>>> d.increase() ‘% the tounter by one each Lime

>>> d

103 € Abker the three calls 4o the ‘incvease” method,
Lhe value of the “d” object is now 103
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/— Don't forget the colon
/>>>}ass CountFromBy :

Classes start
with the “class”
keyword.

pass

Heve’s the

m I
elass suite. The name of the tlass
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>>> e = CountF:
SE untFromBy (100, 10) < Specifies both the sty
" > 100 value as well as the a,,"t"?
o 55 cent shimenae(3) ointrenent by
atdl OOd, e.increase ()
and ends
Wit e Invoke the “inerease” method three
Limes vikhin 3 “for” loob, intrementing
fhe value of ‘¢ by 10 cath time

> 130
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0 R e et Lo

>>> len (£
7 LelConndlis, it (Gl
Y tonBiems has no dbiets
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Only one “print”
ﬁaﬂ instead of

four

def log_request(req: 'flask_request', res: str) -> None:
with open('vsearch.log', 'a') as log:
print (req.form, req.remote addr, req.user_agent, res, file=log, sep='|")
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We've using a vertical bar as

This is the rame = the delimiter
of the newly four_strings = line.split('|')
eveated list
R Use “split” 4o break the string into 2

isk of substrinas
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n e
| ® © @ try_exampless.py - [Users/paul/Desktop/_NewBook/ch1 try_examples5 py... c;::: :IT‘: )'l’"e bjceith
=all shown above, £his one
arvanges for the exception

“with open('myfile.txt') as £h: object o be assigned bo the

file data = fh.read() P
print(file_data) ere” variable.
except FileNotFoundError: e is A
print('The data file is missing.') The value of “ere 'S:.“d
wsed as part of the friendly

except PermissionError:
print('This is not allowed.')

except Exception as err:
print('Some other error occurred:', str(err))

message (as it's aluays @ good
Mior b vegork al extepkions)

Ln:12 Coi0 |





OEBPS/figs/web/267fig01.png.jpg
people| Ford' || Home Planet']

e P L extract the
Aceess Ford's data.

value assotiated with
the “Home Planet” key
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The [P addvess of

o it the remote machine
e form

ImmutableMultiDict ([ ('phrase’, 'galaxy'), ('letters', 'xyz')1)[127.0.0.1|Mozilla/5.0 (Macintosh; Intel
Mac 0S X 10_11_2) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.106 Safari/537.361('x', 'y')

/ The vesults
The web browser’s of the eall to

identity string “searchitletters”
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with open('myfile.txt') as fh:
file data = fh.read()
print (file_data)
except FileNotFoundErro:

print('The data file is missing.')
This tode works, but except PermissionError
doesn't veally tell print('This is not allowed.')
" except:
You muth when som print('Some other error occurred.')
unexpected exception |

oteurs.

Ln: 12 Col:0
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>>> person3 = {

You insert Your data

into a dietionary in
'Name': 'Ford Prefect', / one order...
'Gender': 'Male', _lout the interpreter

'Occupation': 'Researcher', uses another
'Home Planet': 'Betelgeuse Seven' } ordering,
>>> person3
{'Gender': 'Male', 'Name': 'Ford Prefect', 'Home Planet':

'Betelgeuse Seven', 'Occupation': 'Researcher'}
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Anone can use this web
address 4o intevact vith
Your webapp.

We're looking good for
input and output iy
the eloud.
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# list of

[ individual s{ringx

i L 'Graham', 'Eric'l]
* . 'John', 'Michael’,
>>> names = ['Terry',

>>> pythons = '|'.join(names) < The “joi

n triek” in action

>>> pythons A sivale string with cath string from the

i ic'e——w__«
'Terry|John|Michael |Graham|Eric'

names” list contatenated with the next.
and delimited by a vertical bor.
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Are you about to suggest that
the "log_request" code could
‘somehow run concurrently
with the webapp's code?
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Doesn't PEP 8 have
something to say about
this long line of code?
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Sapp.Eoutal " e og )
@check_logged_in
def view_the log() -> 'html':

tr
with UseDatabase (app.config['dbconfig']) as cursor:
_sqL = """select phrase, letters, ip, browser_string, results
Your webapp £rom log"”
‘blocks” heve, 5 cursor.execute (_SQL)
to0, while it 7 contents = cursor. fetchall ()
ol for 11 titles = ('Phrase’, 'Letters', 'Remote addr', 'User_agent', 'Results’)
databoe return render template ('viewlog.html',

the_title='View Log',
the_row_titles=titles,
the_data=contents, )
except ConnectionError as er:
we've vot showing all of the code

o ate,
S~ EZ?*&;” 1\1\5 log’. The exception—handling code

still qoes here.
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dbconfig = { 'host': '127.0.0.1',

Heve's the ‘user': 'vsearch',

setup tode 'password': 'vsearchpasswd',
from the ‘database': 'vsearchlogDB', }
‘log_veauest

Lunction N conn = mysql.connector.connect (**dbconfig)

cursor = conn.cursor ()

_SQL = """insert into log
(phrase, letters, ip, browser_string, results)
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>>> datetime.date.isof :
soformat (datetime.date. today()) & l0ddy's date 3s 3 sLng

1 2015-05-31 "
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def log request(req: 'flask_request',6 res: str) -> Non

with open('vsearch.log', 'a') as log: Eath of
print(req.form, file=log, end='|"') these “print”
print (req.remote_addr, file=log, end='|') Rstatm::gt
print (req.user_agent, file=log, veplaces the

print(res, file=log) default newline

with a vertical
bar-
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det outexry():
P def inner () :
The “imner’

print('This is inner.')
Sunetion is still A7

s turning inner.')
defined within print('This is outer, re!
Lo return inner
o

N The “vetun” stabement does not

invoke “inner”’; instead, it veburns

the “imner” funttion object to the
talling code.
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o = - & 5

Host, run, and code Python in the cloud! Stavthere
Get started for free. Our basic plan gives you access to machines with & ul Pylhon envicnmen! already

Instale. You can develop andiostyour wesite orany other code diecty from your bronser wihout having
o nstal sofare o manag your own sener

Need more power? Upgaded pians start at S4/month.
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As soon s T get done
here, my plan is to
decorate Dad's walls with
my dirty fingers...
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P suggested in Chapter
we always vecommend this
book when someone’s first
Jearning SRL (as well 35
wpdating previous knowledoe
Ehak wight be a bit vusty)
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Correct me if I'mwrong,
but is that not a lot like my

complex data structure from
the end of Chapter 3
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The
oviginal
function
eall

[mport the

vequived module

and tlass near the W
top of your code

from threading import Thread

t = Thread (target=execute_slowly, args=(glacial, plodding, leaden))

then treate a new “Thread” obj
which identifies the target fu:cJé:::’&

exetute a5 well as any argument valoes
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Add the
“for”

loop line

The “for”
loop's suite
is properly
indented:

. odd.py - [Users/paul/Desktop/_NewBook/ch01/odd.py (3.5.1)

from datetime import datetime

‘odds =11, 3, 5 7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, 59]

|for i in range(5):
right this_minute = datetime.today() .minute

if right_this_minute in odds:
print ("This minute seems a little odd.")
else:
‘ print ("Not an odd minute.")
|
| Ln: 15 Col:0
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Eath web vequest is written to its own line (which veve
word—wrapped in order to fit on Lhis page)
ImmutableMultiDict ([('letters', 'aeiou'), ('phrase', 'hitch-hiker')])|127.0.0.1|Mozilla/5.0
(Macintosh; Intel Mac OS X 10_11_2) AppleWebKit/601.3.9 (KHTML, like Gecko) Version/9.0.2
safari/€01.3.91{'e', 'i')
InmutableMultiDict ([('letters', 'aeiou'), ('phrase', 'life, the universe, and everything')]) |12
7.0.0.1|Mozilla/5.0 (Macintosh; Intel Mac OS X 10_11 2) AppleWebKit/601.3.9 (KHTML, like Gecko)
Version/9.0.2 Safari/601.3.9|{'e', 'u', 'a', 'i'}
InmutableMultiDict ([ ('letters’, 'xyz'), (‘phrase’, 'galaxy’)1X1)27.0.0.{Yozilla/s.0

(Macintosh; Intel Mac OS X 10_11_2) AppleWebKit/601.3.9 (KHTML,,like Gecko) Version/9.0.2
safari/601.3.§1)'y"s 'x')

K Did you spot. the vertical bars wsed 3 J Thave e thees

delimiters? There are theee bars, which web vequests, so we

deloitons see three lines
s ve e logged four pieces of data dota in the log File.
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| ® © @ try examplesd.py - /Users/paul/Desktop/ NewBook/ch1 1/tr... |

try:
with open('myfile.txt') as fh:

file data = fh.read()
print(file_data) . vides
except FileNotFoundError: This eode prot
print('The data file is mi: 431 a cateh-all
except PermissionError: exteption handler

Print('This is not allowed.')
except: @/
print('Some other error o:cnrud-')}
|

Ln: 12_Col: 0 '
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These ave the lines
of tode you need
4o chane

phrase = "Don't panic!"™

plist = list(phrase)

print (phrase)

print (plist)

for i in range(4):
plist.pop ()

plist.pop(0)

plist.remove

plist.extend([plist.pop(), plist.pop()1)

plist.insert(2, plist.pop(3))

new_phrase = ''.join (plist)

print (plist)

print (new_phrase)
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This looks
better

ece Python 3.5.2 Shell
>>>
======== RESTART: /Users/paul/Desktop/ NewBook/chll/try exjnples3.py ========

Traceback (most recent call last;

File "/Users/paul/Desktop/ NewBook/chll/try_examples3.p/y", line 3, in <modul
with open('myfile.txt') as fh:

IsADirectoryError: [Errmo 21] Is a directory: 'myfile.t/t'

>>>
======== RESTART: /Users/paul/Desktop/ NewBook/chll/t/y examplesd.py ========

Some other error occurred.
>>> |
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import mysql.connector Dunder “nit” accepts a

single dictionavy, which
we've talling “confia”.
class UseDatabase: [ 9 comty

def __init__(self, ) => None :

The value of the “config” argument o “one” annotati
5 asiped 4o an atbribute ealed - ﬂ\e;o\*"mz g“j";,:w s v
Aon{lgurafian Did you remember Camiives ue Cuich is rice to know), and
4o prefix the attribute vith “elf"? ;f"::.: Looninates the “def” line

-
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select count(*)

from log;

We've ¥not showing you
the answers heve. [

want 4o see them, you'l have
£o vun these queries Yourself

in the MYSAL console (see
&———————— Chapter 7 for  vefresh)
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OK. T get what's going on here. But
does this code not now hide the fact that
we just had an *IsADirectoryError"> Isn't
it important to know exactly which error
you've encountered?
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The vaw data

l

TIME, DESTINATION
09:35, FREEPORT
17:00, FREEPORT
09:55, WEST END
19:00,WEST END
10:45, TREASURE CAY
12:00, TREASURE CAY
11:45, ROCK SOUND
17:55, ROCK SOUND

Can you break each
line i two, using
the comma as the
delimiter?
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>>> datetime.date.today() .day

31
The component parts of

>>> datetime.date.today () .month omp P:

;5 ST today's date

>>> datetime.date.today () .year
2015
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It's easy to get at
the first and last
objects in any list.

>>> first = letters[0]
>>> last = letters[-1]
>>> first

D

>>> last

Xl
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The data as entered into
the HTML form a;n:ﬁ
o its own line. BTW: the
Il:v'nmtableﬁzulbbmt" is a
lask—specific version of
There's 3 ,gel;;am sfw Python's dictionary (and
e works in the same way).

ImmutableMultiDict ([('letters', 'aeiou'), ('phrase', 'hitch-hiker')])
127.0.0.1

Mozilla/5.0 (Macintosh; Intel Mac 0§ X 10_11 3) Safari/601.4.4

a5 dwti

ImmutableMultiDict ([('letters', 'aeiou'), ('phrase', 'life, the universe, and everything')])
127.0.0.1

Mozilla/5.0 (Macintosh; Intel Mac 0S X 10_11_3) ... Safari/601.4.4

{'a', 'e', "u'} The b
e browser
ImmutableMultiDict ([('letters', 'xyz'), ('phrase', 'galaxy')]) is identified
127.0.0.1 on its owm
Mozilla/5.0 (Macintosh; Intel Mac OS ¥ 10_11 3) ... Safari/601.4.4 line.

trx',

Al

The vesults of the call 4o “searthetters” ave
tlearly shown (each on its own line).
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Make sure
your dunder

“init”
matehes

ours.

N

® ® DBm.py - [Users/paul/Desktopl_NewBookich09)webapp/DBem.py (36.1)
import mysql.connector

class UseDatabas

def init_ (self, config: dict) -> None:
£.configuration = config

def _enter_ (self):
pass

def _exit (self):
pass

Ln: 14 Col:
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Buried in the middle of this
long list i the name of the
nétion we need
>>> dir (random)

BPF LOG4 NV_MAGICC CIP_BPF'
ONST', J'RECIP B
[Ran' do‘m" : % {randint') 'random', 'randrange' :
S " ’
:sam le' ; 'seed', 'setstate™, 'shuffle', 'triangular
P . .

i i iate']
'uniform' 'vonmisesvariate', 'weibullvaria:

'K_ This s an abridged

list. What you'l see.
on Your streen is much
loaes
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That's a long list
for such a short program!
So...what's the plan for the
rest of this chapter?
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ece Python 3.43 Shel

Python 3.4.3 (v3.4.3:9b73£1c3e601, Feb 23 2015, 02:52:03)

[6cC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin

Type "copyright”, "credits" or "license()" for more information

>>> = ======; ==== RESTART === ==
>>>

This minute seems a little odd.

>>> = —— === RESTART

>>>

Not an odd minute.

>>> |

L 10[Cok 4
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Dictionaries assotiate keys
with values, and (like lists) ean

dnanially shrink and grow o W

any size.
2 key#t4
Keys L7 keyi#l \
> N
\ ey#3 4 Vilues
key#2 /

Dictionary
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found @=—>

i

%

Thanks to the += operator,
the value assotiated with the
¢’ key has been incremented

onte move.
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>>> book = "The Hitchhiker' 1

s Guide to the
>>> booklist = list (book) °ree
>>> booklist

(B8 2 vy

Tuma  [1gr 'H', 'i', 't', 'e', 'h', 'h', 'i', 'k'
string e Ty U@, ull, Wit. v gl 0 W wgd g
ko Ol o g 3 ’ !
into 8 e', . YaY, v, VLR gk iR g
lst, then ‘ ! o x0T
display Note that the original string contained 3

the list. single quote eharacter- Python is smart

enoush 4o ot this, and survunds the
dingle quote thavacter vith dovble quotes.
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Complete the

“def” line s there
anything

class UseDatabase: missing

from heve?

import mysql.connector

def _init_ (self,

Save the tonfiguration
dickionary to an atribute.
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e thevte over the " >»3"for kv in found:

dictionary mh{hc"us\-a\ print (kv)
vay, using 3 “For” loop.
Heve, we've wing “kv” as
shorthand for “key/value
pair” (but cold’ve used
any variable ame).

The itevation worked, but
this isn't what we weve
expecting, Where have the
Lrequenty ounts gone?
This output is orly showing
the keys.-

oEwHoO
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t log_request(req:'flask request', res:str) -> None

with open('vsearch.log', 'a') as log:
print (req.form, file=log)

Loy eath data print (req.remote_addr, file=log)

ttem vith its — > ¢ print (req.user_agent, file=log)

own “peint” print (res, file=log)

skatement.
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Python 3.5.2 Shell

================ RESTART: Shell =====:

>>>
>>> import sys €———— Be sure to import the sys” module.
>>>

> m‘l /0 Dividing by zevo is ¥never¥ a good idea..and when your code
-—
except: divides by zero an exteplion otturs

err =
for @

xCARL00 € | eps extract and display the data assotizted
punt(-) € vith the turvently otturring exteption.

Here's the data assotiated with the

<class 'ZerobivisionError'>

division by zero @ exeption, whith confivms that we
:::alccbn:k object at 0x105b22188> have an issue with divide-| —by-zero.

{ Ln: 117 Col:4

|
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PR IMPOLT. CORTGT L.
>>> datetine date.today() | _————— Today's date
datetime.date (2015, 5, 31)
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>>> backwards = booklist[::-1]
>>> '' . join (backwards)

" i Y i i i
yxalaG eht ot ediuG s'rekihhctiH ehT Looks like gobbledegook,

doesn't 2 But it is actually
the original string reversed.
>>> every other = booklist[::2]
>>> ''.join(every_other)
"TeHthie' ud oteGlx"
I But “every_other” is a list made

(lekter) starting from the fiest
“siﬁrz: and “(‘:ha?" are defaulted

And this looks like gibberish!
up from every setond object
and aoing to the last. Note:
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The URL. expects +o

be provided with a
B f\/ value o assan to the
The valie of the L natusas/<usel “user” variable (you

“user” variable dst secoess (teas ate) > st see how this works in
il :
B e R i) 2 libde bid)

the “user” ke Fetum

in the “session”

dictionary,
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|- The “soundbite” eoe Python 3.5.1 Shell 2 A value s
funetion aceepts >>> ssigned o
asingle argument. 7 def soundbite (from outside) a vaviable
insider = 'James' J inside the
outsider = from outside unction,
3, The argument. print (from_outside, insider, outsider)
is assigned b\;l <\
another vaviable s. 5 ol
inside the function|>>> name = 'Bond' <£——— V:\'_.“;TC is assigned to g The
>>> soundbite (name) iable called “name” function's
Bond James Bond T~ b The “soundbite’ variables
7 After ———= >>> name Luntbion is invoked: ave used to
the funttion 'Bond' display a
displays the >>> insider message
soundbite, Traceback (most recent call last):
the value of Fi:!.. ‘_‘<pysh.11ﬁ29>", line 1, in <module>
“name” is still ineidex o . .
accessible NameError: name 'insider' is not defined
>>> outsider
Traceback (most recent call last):
8. But none of—> File "<pyshell#30>", line 1, in <module>
the vaviables used outsider : : .
thin the function NameError: name 'outsider' is not defined
O el >>> from outside
e aecestibic) Traceback (most recent call last):
AS_:'CY Z;‘:f e File "<pyshell#31>", line 1, in <module>
exist Wit from_outside
Lunttion's suite NameError: name 'from outside' is not defined
>>>
>>> |






OEBPS/figs/web/427fig01.png.jpg
Al the built—
in exteption:
inherit from
a elass called
“Exception”

Exception

StopIteration
StopAsyncIteration

+-- ArithmeticError

| +-- FloatingPointError
| +-- OverflowError

| +-- ZeroDivisionError
AssertionError
AttributeError
BufferError

EOFError

ImportError

LookupError

| +-- IndexError

| +-- KeyError

+-- MemoryError

+-- NameError

| +-- UnboundLocalError
+-- OSError

| +-- BlockingIOError

| +-- ChildProcessError
|
|

+-- ConnectionError
[ +-- BrokenPipeError
| | s

ConnectionAbortedError
ConnectionRefusedError
| [ +-- ConnectionResetError

| +-- FileExistsError

| +-- FileNotFoundError

| +-- InterruptedError

| +-- IsADirectoryError
|
|
|
|

+-- NotADirectoryError
+-- PermissionError
+-- ProcessLookupError
+-- TimeoutError

Heve’s the two
exteptions that our
¢ode turvently handles.
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(] Python 3.4.3 Shel

The string “Don't panic!” is transformed into
st Vs i Vi
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s Dor't worvy about these arguments for. nov
Add the def _exit_ (self, exc_type, exc_value, exc_trace) _
Leardown
tode here.

-
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ece Python 3.5.2 Shell

>>>

======== RESTART: /Users/paul/Desktop/ NewBook/chll/try examples3.py ========

Traceback (most recent call last):
File "/Users/paul/Desktop/ NewBook/chll/try_examples3.py", line 3, in <module>

with open('myfile.txt') as fh:
IsADirectoryError: [Errnmo 21] Is a directory: 'myfile.txt'
>>>

Another
exteplion

has oeturved.
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This is outer, invoking imner
This is inner.

The printed
messages appear in
the ovder: ‘outer’
Lirst dhen “inner”

-~
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When you call “start!, the funttion

C.otart() " asitisted vith the ‘¢’ thread i schedled
o oxetution by the “threading” module.
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@app.route('/search4', methods=['POST'])
def do_search() -> 'html':

phrase = request.form['phrase']

letters = request.form['letters']

title = 'Here are your results:'
Here's how you results = str(search4letters (phrase, letters))
curvently invoke Vi

T——>  log_request (request, results)

“log_vequest’ except Exception as er:
print ('***** Logging failed with this error:
str(err))
return render_template ('results.html',

the_title=title,
the_phrase=phrase,
the_letters=letters,
the results=results,)
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Task . The
“Jog_veauest’
Sunction is now
debined (nested)
inside the “do_
seareh” function.

@app.route('/search4', methods=['POST'])
def do_search() -> 'html': Task 2. The detorator has been

</- applied to “lon_vequest”.
@copy_current_request_context

def log_request(req: 'flask request', res: str) -> None:
sleep(l5) # This makes log_request really slow...
with UseDatabase (app.config['dbconfig']) as cursor:
_SQL = """insert into log
(phrase, letters, ip, browser_string, results)
values
(%5, %s, %5, %5, %5)"""
cursor.execute (_SQL, (req.form['phrase'l,
req.form['letters'],
req.remote_addr,
req.user_agent.browser,
res, ))

phrase = request.form['phrase']
letters = request.form['letters']

title = 'Here are your results:'
results = str(searchdletters (phrase, letters))
All of the try:
vest of this t = Thread (target=log_request, args=(request, results))
¢ode vemains > t.start()
unthanged except Exception as err:

print ('***** Logging failed with this error:', str(err))
return render_template('results.html',

the_title=title,

the_phrase=phrase,
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T'm just going to pencil you in for next
week, when T know you're going to ask me
o rewrite the "log_request” function. OK?
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This data would be
500000 much easier to
work with...if only Td
arranged it as a list.
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app.config['doconfig’] = {'host': '127.0.0.1',
‘user': 'vsearchwrong',
‘password’: 'vsearchpasswd’,
‘database’: 'vsearchlogDB', }

+++++ Logging failed with this error: 1045 (28000): Access denied for user 'vsearchwrong'e
{Tocalhost’ fusing passwords: P8}
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The set of vowels

The word “hello” is

f turned into a set

B@
H@

l«——@ set(word)

i = vowels.intersection (set(word))

'.—)EIB

e

The " set eansists of all
khe dbjetts in “vouels” that

ave also in “set(word)”
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All of this code

needs to be
Protected, too.

@app. route ('/viewlog')

echeck_logged_in

def view_the log() -> 'html':

with UseDatabase (app.config['dbconfig']) as cursor:
_SOL = """select phrase, letters, ip, browser_ string, results
from log"""

cursor.execute (_SQL)
contents = cursor.fetchall ()
titles = ('Phrase', 'Letters', 'Remote addr', 'User agent', 'Results’')
return render_template('viewlog.html',
the_title='View Log',
the row titles=titles,
the_data=contents, )
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Start
Python 3
a9ain.

vy to import

the module.

but this
time we Pc(:

an evvor!

Fil £ Vinow T

Change to another folder (in Lhis
we are moving fo our top-level foldery

i

mymodules$ cd

$ python3

Python 3.4.3 (v3.4.3:9b73flc3e601, Feb 23 2015,

[GCC 4.2.1 (Apple Inc. build 5666)

Type "help",

copyright", "credits" or "license"

>>> import vsearch
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ImportError:
>>> quit()

$

No module named 'vsearch'

case,

02:52:03)

(dot 3)] on darwin

for more information.
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We're
Flying now!
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I find a really strong cup of coffee (with
alittle something in it) helps me get my

head around most comprehensions. By the
way, do they work with sets and tuples?
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I. Start
with 3 new,

empty list.

4. View the
new list’s —>.

I- Start —7
with a new,

empty list.

4. View the
new list's

data

eoe Python 3.5.2 Shell

>>>
>>>

55> flight_times = [] K\/
55> for £t in flights.keys():

Elight, times. append (convert2ampm (££))

>>> print(£light_times)
[05:00BM’, '09:5:
'12:008M', '09:35AM']
>>>
>>> destinations
>>> for dest in flig
destinations

ppend (dest. title ()

>>> print(destinations)
['Freeport', End', 'Rock Sound', 'Treasure Cay',
"Rock Sound sure Cay', 'Freeport']

SAM', '11:45AM', '10:45AM', '07:002M',

05:55M",

1 —

'West End',

Ln: 154 Col: 4

2. Herate
Ehrough each of
the Flight, times.

3. Append the
converted data
Lo the new list

2. [tevate “
Ehrough each
the destinations

3. Arrznd the
converted dats
o the new list
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The new, /_\' /—\ i
iy enply figntsz = The existing dictionary

for k, v in flights.i i
dictionar: . ghts.items():
y £1ights2[convert2ampm(k)] = v.title()

Avequar The existing data is wsed
or loop 4o genevate keys and
protesses the \alues, which are inserted
existing data.

inko the new dickionary
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vowels = {'a', 'e', '1', , 'u'}
message = "Don't forget to pack your towel."

found = set ()
for v in vowels:

if v in message:

found.add (v)

The sebtomp follows
{he same patbern as

£he listeomp

L—~> found2 = { v for v in vowels if v in message }
'L Noke the e of eury brateshere /

35 this comprehension produtes 3 s¢
hen exetubed by the intevpreter
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= In this dictionary, the
An opening urly this dictionary, the values ave all
\::fm&'s string objects, so they are entlosed

cath dietionary- [ in quotes.

Ea .
{ ('"Name': 'Ford Prefect', oh key/ahe pair is

separated from th
‘Gender': 'Male’, /_l,yammm e
"Occupation': 'Researcher',

'Home Planet': 'Betelgeuse Seven' }
Each key is Siesreath A tlosing eurly
entlosed in A tolon assotiate brace ends each
Aty key vith its value.

dietionary.
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running sdist
running egg_info
creating vsearch.egg-info

creating dist
creating 'dist\vsearch-1.0.zip'
adding 'vsearch-1.0\PKG-INFO'

adding 'vsearch-1.0\README.txt'

and adding 'vsearch-1.0' to it

adding 'vsearch-1.0\vsearch.egg-info\top_level.txt'

removing 'vsearch-1.0' (and everything under it) (\

1€ you see this message,
Al s well. [£ yo gt
ervors, cheek that
You're vunning at least
Python 3.4, 3nd also
make sure your ety

Py’ file is identical 4y

P
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The interpreter
complains loudly if you
tyto thﬂnge a b‘rlc

>>> vowels2[2] = 'I'

Traceback (most recent call last):

File "<pyshell#16>", line 1, in <module>
vowels2[2] = 'I'

TypeError: 'tuple' object does not support item assignment

>>> vowels2

(! &', Yel', Yil, Yol 'uy)

N Nochangehere,as Luples

are immutable
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The original
“Vowels Py
tode

vowels = ['a', 'e', 'i', 'o',
word = "Milliways"
for letter in word:

if letter in vowels:

print (letter) } F—\l

This tode displays
the vowels in “word”
as they are found.
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When exeeuted

. directly by Python,
el e G Soint”

display output.
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.
€ C . 10015000t ‘

mysql.connector.errors.InterfaceError /_\
o561

s InterfaceError: 2003: Can't connect to MySQL server on '127.0.0,1:33

mysalconnector

Flle " LbraryFrameweris Fython ramework Versions 3. b/ pyihon. st-packages Mask/app o' ne 2000,

in_call
return self.wsgi_app(environ, start_response)
il LibraryFramewrks Fython ramework Versions 3.5 b/ pyhons. st-packages Mask/app o, ine 1991,
inwsgi_opp
response = self.nake_response(self.handle_exception(ed)
il LibrarFrameuris Fythoframework Versions 3.5 b/ pyhon. ste-packages sk app o ine 1567,

i nendle_exception

This exeeption
is vaised when
Your tode
can't find
the backend
database.
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There are the vesults

eom the call to
“searchtletters”-
Granted, this output

is nothing o get
extited about, but it
does prove that wsing
the “/seareht” URL
invokes the function
and veburns the
vesults.
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Change into the
folder and then type % $ cd mymodules

“pythond” o start —>
gf*“’:’ t‘:tt mymodules$ python3
e interp Python 3.4.3 (v3.4.3:9b73flc3e601, Feb 23 2015, 02:52:03)
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin
3 Type "help", "copyright", "credits" or "license" for more information.
h "‘*‘t the —y RN import vsearch
module >>> vsearch.searchdvowels ('hitch-hiker')
(e
R R @l >>> vsearch.searchdletters('galaxy', 'xyz')
¢tan use the Iz’ y'}
module’s >>> quit()

Funthions rymodntess

Exit the Python interpreter and veturn 4o your operating

system's command prompt
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-as well as the value

of “letters”. The [P addvess of the

:I: lﬁgh{:h: :aluc of tonguter that sibmitted he
o \/ \, form data s also logged.

ImmutableMultiDict ([('phrase', 'galaxy'), ('letters', 'xyz')])|127.0.0.1|Mozilla/5.0 (Macintosh; Intel
Mac 0S X 10_11_2) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.106 Safari/537.361{'x', 'y'}

' Last—buk ot least—the actual
e e lrg) s that veults produted by sarthing
destribes the web browser be; used. “ebbers” in ‘phrase’ ave also logged:
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for char in letters[:6]: letters[:6] .—)DD
g M| a nv i [3

print('\t', char)
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List
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This is 3 PEP
25T—¢ompliant. dotstving

def searchdvowels():
"npigplay any vowels found in an asked-for word."""
vowels = set('aeiou')
word = input('Provide a word to search for vowels: ')

found = vowels.intersection (set (word))
for vowel in found:
print (vowel)

We've heeded PEP

@'s advite on being
consistent. with the single
quote thavacter we use
4o survound our strings.
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This is.
“Clights”

£109:35":
109:55"

110:45°:

'11:45°

112:00":

117:00"

117:557:

119:00"

'FREEPORT' ,
'WEST END',
'TREASURE CAY',
'ROCK SOUND' ,
'TREASURE CAY',
'FREEPORT ' ,
'ROCK SOUND' ,
'WEST END'}

{105

00BM"
105:
"07:
109:
109:
'10:
r11:
"12:

55EM

35mM

asam

ooeM

o0BM"

s5AM"

asam:

'Freeport’,
"Rock Sound
'West End’,
'Freeport’,
'West End’,

“Flight<2”

‘Treasure Cay', <—/

"Rock Sound

"Treasure Cay'}

R The vaw data

bransformed.

)
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for char in letters[12:20]

print('\t'*3, char) letters[12:20] @——> @B v l a u : T i T
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from datetime import datetime
import pprint

Qef convert2ampm(time24: str) —> str:
return datetime.strptime (time24, 'SH:%M').strftime('3I:%Mip')

with open('buzzers.csv') as data:
ignore = data.readline()

Kﬂ flights = (}
for line in data:

Each of the “for” %, v = line.strip().splic(’,") </542o£ the “Sor” loop’s <.

\ eveded by £lignta(k] = v oy ok b Sor? aops siges
oy cedbo of 3 v e e s ol s
the :ﬂﬂ o rothee PPEint.pprine (flighta) ; he new data strueture,
byt el prines 5d o0 D e of s
(eg, a dictionary existing data,

flights2 = {}
for k, v in flights.items(): S/

f£lights2[convert2ampm(k)] = v.title()

BRSSP
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eoe ‘vsearohpy - AUsers/PaullDesktop/_NewBook/ch0d/vsearch.py (3.4.3)

def searchdvowels():
"nnDisplay any vowels found in an asked-for word."""
feve's our vowels = set('aeiou’)
mg’ma\ word = input('Provide a word to search for vowels:
funcion found = vowels.intersection (set(word))
for vowel in found:
print (vowel)

This line isn't
needed anymore.
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ls
[>I>:v°f’:,’ i, o, tu'] .
>>> vowels2

Parentheses
Tel, '3, Yo', 'u') & idiate toat
(Earrtall "

is is @ fuple.
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Assign the file

stream o 5
/\f V/. variable.
Open the file with open('todos.txt') as tasks:

for chore in tasks: Pevke
«— Pecform <o
print (chore, end=")3 ™me Protessing
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from flask import Flask
from vsearch import searchdletters

app = Flask(_name_ )
Gapp.route('/")
def hello() -> str:

return 'Hello world from Flask!'

@app. route ('/searchd’)

def do_search() -> str:
return str(searchdletters('life, the universe, and everything', 'eiru,!'))
app.run ()
_ from flask import Flask, render_template, request
Th’:s is “hello_flask. from vsearch import searchdletters
Py’ our first webapp
based on Flask (one of app = Flask(_ name_ )
E’yﬁhan’x mitro—web ;
vamework teth @app.route('/search4', methods=['POST'])
nologies). def do_search() -> 'html':
phrase = request.forn['phrase']
letters = request.form['letters']
. 5 title = 'Here are your results:'
This is “vsearchAwebpy’. results = str(searchdletters (phrase, letters))
This webapp exposed the return render_template('results.html',
funetionality provided by our the_title=title,
“seavehiletters’ function to —> the_phrase=phrase,
the World Wide Web. [n addition the_letters=letters,
4o Flask, this code exploited the_results=results,)
the JinjaZ template engine @app. route (*/')
@app.route('/entry')
def entry page() -> 'html':
@ » o return render_template('entry.html',
This is “dunder-py’) which the_title='Welcome to... web!')
helped us understand the very
handy “dunder name dunder main if _name_ == '_main_ ':
methanism. \ app. run (debug=True)
print ('We start off in:', _ name_ )

if _ name '_main__
print ('And end up in:', _ name )
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»>> tasks.close() & Wevedone solebs bidyur arter
ourselves by closing the file sbream
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Tuple
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Tuple
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The “dunder-py
vogram Andc—ill ?tmt('wa start off in:'
e 7 L e I iy T R ﬂ’g'ays the value
name .

{heee lines of it Print(And end up in:', _name_)

Displays the value
of * name_"

if i€ set bo

“ main__
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and turned it into

BEDB@ J this one.
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fake the SRL query.

>>> _SQL = ""“describe log"""
- >>> cursor.execute (_SQL) < ..then send it o the server..
lli{t‘{c essy, 2> Tes = cursor.fetchall() € ;d bhen access the vealts
T o ) ', 'NO', ‘PRI’ o aver,
{ [('id', 'int(11)', 'NO', 'PRI', Nome, 'auto_increment'), ('ts',
s a lis 'timestamp', 'NO', '', 'CURRENT TIMESTAMP', ''), ('phrase',
sl ivarchar(128) ', 'NO', ', None, ''), ('letters'  'varchar(32)',
"3 No', ', Nome, ''), ('ip', 'varchar(16)', 'NO', '', None, ''),
(IbPovERE BLELNG" | varehas (25610 MNOL, Bt NGRRY B1Y (IEeSOLESY,
'varchar(64) ', 'NO', '', None, '')1
v /—\ Take eath vow in the vesults.
>>> for row in res:
Each tuple print (row)

from the x___— and display it on its own line
list of

tuples is ('id', 'int(11)', 'NO', 'PRI', None, 'auto_increment')
rowenits | (1ts', 'timestamp', 'NO', '', 'CURRENT TIMESTAMP', '')
own line. ('phrase', 'varchar(128)', 'NO', '', None, '')
N9 ('letters', 'varchar(32)', 'No', '', None, '')
('ip', 'varchar(16)', 'NO', '', None, '')
('browser_string', 'varchar(256)', 'NO', '', None, '')
('results', 'varchar(64)', 'NO', '', None, '')

Look elosely.
[¥'s the
E

| id | int(11) | o ame data

| ts | timestamp | No g/

| phrase | varchar(128) | No

| letters | varchar(32) | NO

I ip | varchar(16) | No

| browser_string | varchar(256) | NO

| results | varchar(64) | NO
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The “panic.py”

2 3 3 R

o N with this list...
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Open the Kile

Assign
the file
stream to
a variable.
with open('todos.txt') as tasks:
for chore in tasks: e Pecloim
print (chore, end=' ')} (which is S{‘;’:tsz:ﬁszhﬁ
befori) ode as
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>>> import time & Ths el the hel®
>S5S mpork, the “time module
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for char in letters[-7:]: etters[-7:] T i m
i i o—> [ ()T ]
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f Run Python 3.

mymodules$ python3 setup.py sdist \

..and pass
Exmte the ctode “Sdly' as an

in “setup.py”. acqument.
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vsearchdweb.py

ZIP this folder ==
(and its contents) —
into an arthive hf.cse
called “webapp 23t

base.html! entry.html results.html
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webapp . zip

vsearch-1.0.tar.gz

&Thu is “Vsearch.zip” instead if

You're on Windows.
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T can see myself putting lists to lots
of uses in my Python programs. But is there
anything lists aren't good at?
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T can deploy my webapp to the
cloud in about 10 minutes?2l> T
don'+ believe it...
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paranoid android
letters =

"Marvin, the Paranoid Android"

list(paranoid_android)

8

o |l 2 3 K S b 17 9 lo 1l 12 13 14 15 b 17
letters .—)ME] v vl : I i L“_JL‘_IMEI v D
Retall that you can access any

S I S P P
neaative index. value We've orly 16 19 202 22 23 24 25 26 27 28
chowing some of thevegptie ——3> i -lo 9 € -1 b 5 4 3 2
index values here.
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Import the “setup”
Function from the ﬁ
‘setuptools” module. from setuptools import setup
The “ame” argument
identifies the distribution. [t's

setup ( / Common practice £o name the
name='vsearch', distribution after the module.
version='1.0",
This is an invotation of description='The Head First Python Search Tools',
the “setup” function ——> author='HF Python 2e',
We've spreading its author_email='hfpy2e@gmail.com',
arguments over wany url='headfirstlabs.com',
lines. py_modules=['vsearch'],

ey K lude in
15 alist of “py’ Files toind
T . For L camle e ol
Vave one: “vseaveh’
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>>> if 'u' not in found: This first invotation of “append”
found.append('u' e works, 35 “u” does not currently
exist within the “found” list (as
You saw on the previous Page, the
>>> found ) list eontained L', ¢, 7, ‘3’]}
['a, 'e', &% ve!, 'u']
>>> This next invotation of “append”
>>> if 'u' not in found:

does not exetute, as “u” alveady
found.append('u') K—_ exists in “found” so does not need
4o be added 39ain
>>> found
(UaL.: var;
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eoe vsearch.py - [Users/PaulDesktop/_NewBook/ch04/vsearch.py (3.4.3)

def searchdvowels():
"""Display any vowels found in an asked-for word."""
vowels = set('aeiou')
word = input("Provide a word to search for vowels: ")
found = vowels.intersection (set(word))

for vowel in found:
print(vowel)

[DLE's syntax-highlighting shows that we have
3 tonsistenty problem with our use of string
auotes. When do we use which style?
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if

T'he “app.run()"” line
name_ == '__main_': of ¢ode now only
"epp i (dabugerrue) g e vuns when exeeuted

divectly by Python.
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oue” You didn't ell “pop”
Before “pop” is talled, ——— [Il which idem bnl:jve,

we have a list with so it of
thwee objects. / last -&Tﬁﬂas{éc
>>> nums.pop ()

N The “pop” method
>>> nums veturns the vemoved
1, 2] object, which is vetlaimed
Abter the
“pop”, the list —_—
sheinks. (|
As before, “pop” This is an index value. Zevo
veburns the vemoved L~ _‘T\fweuds to the fivst object
object. Once again, >>> nums.pop (0) ™ the list (the mumber 1)
the object is 1
veelaimed by the ——= [I]
interpreter.
At this point, “mums” >>> nums
has been vedueed to —— [2] The et
3 single-item list. e “nums” list. has

shrunk to 3 simgle..
= et "
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eo0e beersong.py - (Users/Paul/Deskiop/ NewBook/chO'/beersong.py (3.4:3)

word = "bottles”

for beer_num in range(99, 0, -1):
print(beer_num, word, "of beer on the wall.")
print(beer_num, word, "of beer.")

print("Take one down.") Running this eode

print("Pass it around.") Produces this

if beer_num == 1: output in the
print("No more bottles of beer on the wall.") shell,

else:

new_num = beer_num - 1
if new_num == 1:
word = "bottle”
print (new_num, word, "of beer on the wall.")
print()

‘ eoe Python 3.4.3 Shel

3 bottles of beer on the wall.
3 bottles of beer.
Take one down.

Pass it around.
2 bottles of| beer on the wall.

2 bottles of beer on the wall.
2 bottles of beer.

Take one down.

Pass it around.

1 bottle of beer on the wall.

1 bottle of beer on the wall.

1 bottle of beer.

Take one down.

Pass it around.

No more bottles of beer on the wall.

>>>

Ln: 660[Cor: 12
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These dwo
statements
are aliays

oy ta be —>-.

Yhost's '127.0.0:1%;

'user': 'vsearch', The database connection
'password': 'vsearchpasswd', S tharacteristies ave very
'database': 'vsearchlogDB', } specific to what we've

doing here, but are
likely needed in other
Places, so should be

conn = mysql.connectox.camect(**dbco% veusable
cursor = conn.cursor ()

import mysql.connector

The same, so
¢an be veused.

These three
statements
are also
always the
same, so tan
be veused, +oo.

= """insert into log

(phrase, letters, ip, browser_string, results)

values

(%s, %s, ®s, %s, %s)"""
cursor.execute (_SQL, (req.form['phrase'l,
req.form['letters'],
req.remote_addr,
req.user_agent.browser,
res, ))

conn.commit ()
cursor.close ()
conn.close ()

This code is the veal “quts”
of what's going on imside the
Lunttion, and efn’t be (vcusz:i
eaningful way (s s
:a:nzﬁo s\:ct\}m 4o the job at
hand)
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>>> vowels[2] = 'I' '('_\
>>> vowels Assign an uppercase “[”

[*a', 'e', 'I', 'o', 'u'] o the third clement.
of the “ouels” [uf.
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127.0.0.1 - - [14/Jul/2016 10:54:32] "GET /favicon.ico HTTP/1.1" 404 -
“++++ Logging failed with this error: 2003: Can't connect to MySQL server on '127.0.0.1:3306"

{(51 Connection refused)
127.0.0.1 - - [14/Jul/2016 10:55:55] “POST /searchd HTTR/1.1" 200 -

) . by your cateh-all
This message is generated by ¥ Even though an

bapp user 9h an evvor otturved, th idn';
cm‘;hon—undlmg tode. The webapp u: erssh. n ather vy the S e wlccf:‘?(?bﬂd:):

doesn't see it webapp user isn't aware that, the logging failed).
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So now I'm ready to add data to
the table, right? My friend who's an

SQL expert says I can use a bunch of
manual INSERT statements to do that..
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e

data = [ 1, 2, 3, 4, 2, 6, 7, 8]

evens = [1
for num in data:
if not num % 2: ST These foue s of lop cade
evens . append (num) (uhich populste “evens’) betome

one line of tomprehension.

evens = L rum for num in data if not num % 2.1

data = [ 1, 'one', 2, 'two', 3, 'three', 4, 'four' ]
words = []
EOT mum i Ot A Pogin, this four—line loop
if isinstance(num, str): ( S isvevorked 35 2 one-
words . append (num) line comprehension.

words = [ mum for wum in data if isinstance(mum, str) J

data = list('So long and thanks for all the fish'.split())

title = 01 You shald find £his
for word in data: one the easiest of the
title.append (word.title()) ?I;")fn it contains ro
e

title = [ wordtitle) for word in data J
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heve's how the ‘nums” I
after all that extending from

previous Page

>>> nums.insert (0, 1)

>>> nums
T R The e ko “abject”) o inert

1, 2,3 41
The index of the object
4o insert *beforeX

@Z] @ T———Batk to where we started
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T've looked at an awful lot of Python
programs online, and many of them

contain a suite near the bottom that starts
with: if _ name_ == '_main_ ':
Would something like that help here?
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These four
lines of ¢ode
ave a suite

Indentation ‘J\ /& Indentation

level zevo

: . : This single line of
! eode is 3 suite.

|if today == 'Saturday
! print ('Party!") &/

‘ellﬁ today == 'Sunday':
\ :J.f condition == 'Headache': These single
|
H \print ('Recover, then rest.') lines of code
\else: are both

'
i

: : ‘print ('Rest."') tes
lelse: |

: Ilprin“t( 'Work, work, work.')
|

'

[
P This single line of code is

a site

level two

Indentation

level one
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11 12700.1:5000

Letters: _ testing
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eve *0dd.py - [Users/paul/Desktopl_NewBook/ch01/0dd.py (3.5.1)*

n datetime import datetime

odds = [1, 3, 5, 7, 9,11, 13, 15, 17, 19,

21, 23, 25, 27, 29, 31, 33, 35, 37,
41, 43, 45, 47, 49, 51, 53, 55, 57,

The Indent Region

ion from the
39, ormat menu
59] indents all of the
selected lines of
tode in one go.

Ln: 14 Col: 0
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/NountFromBy. increase (c)

The object (4o inerease)
[e!

The name of the ¢lass

within whith the method

The name of the method
s defined Spot the dot.
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2

—

ENote from marketing: his book
or anyone with 3 credit card.,
we'll aceept 3 cheek. doo]
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from tlask import Flask, render_ template, request
from vsearch import searchdletters

app = Flask(__name_ )

@app.route('/search4', methods=['POST'])
def do_search() -> 'html':
phrase = request.form['phrase']
letters = request.form['letters']
title = 'Here are your results:'
results = str(searchdletters (phrase, letters)
return render_template('results.html',
the_title=title,
the_phrase-phrase,
the letters=letters,
the_results=results,)

@app.route('/")
@app.route('/entry')
def entry page() -> 'html':
return render_template('entry.html’,
the_title='Welcome to
if _name_ == '_main_':
app. run (debug=True)

This is the
“vsearthdrweb.py” code
from Charter\é

v

)

searchdletters on the web!')
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def log_request(req: "flask request’, res: str) -> None:

dbconfig = { 'host': '127.0.0.1',
‘user': 'vsearch',

'password' : 'vsearchpasswd',
'database': 'vsearchlogDB',

import mysql.connector

conn = mysql.connector.connect (**dbconfig)

cursor = conn.cursor ()

Define the connettion
tharacteristies.

Y

[mport the driver, then
& establish a tonnection,

and then eveate a
tursor.

SQL = """insert into log Create  sbriny

- (phrase, letters, ip, browser_string, results) ¢ontaining the
values query You want
(%s, %s, %s, %s, %5)""" o use.

cursor.execute (_SQL, (req.form['phrase'],
req.form['letters'],
req.remote_addr,

req.user_agent.browser,

res, ))
L This is new: vather than store
Ehe entire browser string (stored
g g
~~ extratking The rame of the
T

the data is saved,
we've tidying up by
closing the tursor
and the connettion

cursor.execute (_SQL)
_SQL = """select * from log"""

< Exetute the query.

These magnets
weven't needed —

for row in cursor.fetchall():
print (row)
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' Well..just lookee here:
all of my state, and all of

_and it's all in the
one place. Fancy
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Add the threading code
you'd vse o eventually
exetute “log_vequest-

L.
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>>> letters[0:10:3]

>>> letters[3:]

>>> letters[:10]

>>> letters[::

All the letters

Every third letber up 4o (but not
e inchding) index lotabon 10

- Skip the first three letters,

hen give me everything el
‘ar, e, rir, e,

Al lekbers wp to (but

[ T e i ot intluding) index
e & 8T SRR '{Vlnocatmlo

int, te'] & Every setond letter
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List
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>>> for k in sorted(found) :
print(k, 'was found', \found[k], 'time(s).')

was found 0 time(s). s 2 small change to the oog'scads bk

a
e was found 2 time(s). it packs quite the punch. Look: the i

; . S t
L Wi LoGSE U Line(8) . / is sorted in 3, ¢, i, 0, u” order. i
o
u

was found 0 time(s).
was found 0 time(s).
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We've using “k” to vepresent
the key, and “GoundCy D" 1y
aceess the value.

>>> for k in found: {_\/

print(k, 'was found',6 found[k], 'time(s).')

o was found 0 time(s).

i was found 0 time(s). This is more like it. The keys and the

a was found 0 time(s). S uales are being processed by the locp and
u was found 0 time(s). displayed on streen

e was found 2 time(s).
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1 .
etters[start:stop: step] K—\ The square

bracket
notation is
extended to
work with
start, stop,
a5l clen:
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There's lots of

code to get vid of 4]/

vowels
word = input ("Provide a word to search for vowel
—fFoumred———ii—

—far letter in werdrT—

These five lines
B of list—processing

taan ek = - tode are veplated -
by a single line of
set code.

for vowel in found:

print (vowel)
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flight_times = []
for ft in flights.keys():

flight_times.append (convert2ampm (£t
ght_ ppend (; pm (£t) ) These do the

Fame thing¥

fts2 = [convert2ampm(ft) for ft in flights.keys()] ‘j
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The %s and %f
format specifiers are
as old as the hills...but,
hey. like me, they still
work.
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>>> import mysql.conne
» ctor
S [mport the dviver
Lor the database

you are using,
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ece vsearoh.py - /Users/PaulDesktop/. NewBook/ch04/vsearch.py (34.3)

def searchdvowels (phrase:str) ->
Return any vowels found in a supplied phrase."""
vowels = set('aeiou')

return vowels.intersection (set (phrase))

def searchdletters(phrase:str, letters:str) -> set:
"""Return a set of the 'letters' found in 'phrase'."""
return set(letters).intersection(set (phrase))

A dotstring

=
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class CountFromBy : Take the object’s
def increase(self) -> None: current valu: of “wal”
self.val += self.incr €—  and intvease it b
the value of “ner”





OEBPS/figs/web/365fig02.png.jpg
Tsr't that what variables are
for: remembering stuff in code?
Surely this is a no-brainer?
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I feel cheated..all that time wasted
learning about lists and dictionaries, and
the best solution to this vowels problem
all along was to use a set? Seriously?
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Cend the vesiits TETUTR set{letters).d
.intersection (set (]
phrase))

batk to the
calling tode
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c.increase () The name ot the method

The object. ~__ \\

Spot the dot
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That sounds straightforward to
me. A simple HTML form can ask for the
user's credentials, and then a boolean on
the server can be set to "True" or *False" as
needed, right?
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Tve looked at a bunch of Python
projects on GitHub, and most of them
use a with” statement when opening files,
What's the deal with that?





OEBPS/figs/web/300fig01.png
def log request(req: 'flask request', res: str)
"niLog details of the web request and the results."

dbconfig = { 'host': '127.0.0.1',
‘user': 'vsearch',
'password': 'vsearchpasswd',

‘database': 'vsearchlogDB', }
import mysql.connector
conn = mysql.connector.connect (**dbconfig)

cursor = conn.cursor ()
_SQL = """insert into log

(phrase, letters, ip, browser_string, results)

values
(s, %s, %s, %s, %s)"""
cursor.execute (_SQL, (req.form['phrase'l,
req.form['letters'],
req.remote_addr,
req.user_agent.browser,
res, ))
conn. commit ()
cursor.close ()
conn.close ()

Experienced Pythor
Programmers ma
well look at this
unetion’s tode and
let out a 9asp of
disapproval. You'l|
leaen why in a few
Pages’ Lime.
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from flask import Flask, render template, request

from vsearch import searchdletters

app = Flask(__name_ )
@app . route('/")
def hello() -> str:

return 'Hello world from Flask!'

@app.route('/searchd', methods=['POST'])
def do_search() -> 'html':
phrase = request.forn['phrase’]
letters request.form['letters’]
title = 'Here are your results:'

results = str(searchdletters (phrase, letters))

return render_template ('results.html',
the_title=title,

the phrase=phrase,
the_letters=letters,
the_results=results,)

@app.route (' /entry')
def entry page() -> 'html':

return render_template('entry.html',

This extra tomma looks a
litle stranae, but is perfectl

Fine (thou
syntax.

gh optional) Python

the_title='Welcome to searchdletters on the web!')

app . run (debug=True)
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There's nothing
vew heve. f list of —
vowels is eveated

>>> type (vowels)
<class 'list'>

{>>> vowels = [ 'a', 'e',
>>> vowels2 = ( 'a', 'e', 'i', 'o', 'u' ) <«

The “4ype” >>> type (vowels2) This tuple looks
built—in <class 'tuple'> .,'kz?#ﬁ' but
: isn't. Tuples ay
gmﬂfon veports surveunded by
€ type of any parentheses (not

object. square brackets)
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Change into the

[\/ “mymodules” folder.

o EdT_Vidov FelpRedrand #1

Start C:\Users\Head First> cd mymodules
Python3

C:\Users\Head First\mymodules> py -3
Python 3.4.3 (v3.4.3:9b73f1c3e601, Feb 24 2015, 22:43:06) [MSC
Import £he v.1600 32 bit (Intel)] on win32

P | Type "help", "copyright", "credits" or "license" for more information.
Rl >>> import vsearch

Use the >>> vsearch.searchdvowels ('hitch-hiker')

" (1ir, rer}

E"d:'“ = >>> vsearch.searchdletters('galaxy', 'xyz')

unttions. {'y', 'x'}
>>> quit()
C:\Users\Head First\mymodules>
sit the Python
intevpreber and veturn
o your operating
cystem's command prompt.
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On eath iteration,

thE variable

vefers o the This is +he li
eurvent object: i&yaéc o‘;i ®

for char in letters:
Print (ENCIE cha )
—_—

This block of code
exetutes on eath itevation.
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>>> cursor.close ()

€5 ahuays 3
True

& 9ood idea o
>>> conn.close () tidy up.
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Open the kil ——2 Tasks = openf todos.txt’)

for chore in tasks: Peck,
< Fertorm s
print (chore, end.="b} ome Protessing

tasks.close ()

1

Close the File.

assaping the
file stream
4o  variable
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everything = [ prices, temps, words, car_details ]

odds_and ends = [ [ 1, 2, 31, ['a', 'b', 'c' 1,
- [ 'One', 'Two', 'Three' ] ]

Don't worey if

these last two

examples are
reaking you

out. We won't

be working with

anything as omplex

as this until a later

chapter.
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Something's really not right
with this output. The keys are
being displayed, but not their

associated values. What gives?
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destinations = []
for dest in flights.values():
destinations.append (dest.title())

more dests = [dest.title() for dest in flights.values()]
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List
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key#t4

key#1

key#3

feyttz

Dicti
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| Our server is vunning on our local

3. The “password”
compeker, 50 we use the lecalhost [P ey s
address for “host- tovvett password
>>> dbconfig = 27.0.0.1', 4o use with our

'vsearch', user [D

'user
2 « » j password': 'vsearchpasswd', &/
- The “usearth” user [D

'database': 'vsearchlogDB', }
vom earlier in this thapter i

SRS f& & The database name—"vsearchlogDB” in
$ris caseis assigned 4o the “database” key

ost
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You alveady
knew this,
vight? ©

ese Python 3.5.2 Shell

>>>
>>>
>>>
>>>
>>>
>>>
‘At
>>>
>>>
>>>
‘At
>>>
>>>
>>>
‘At

>>> |

price = 49.99

tag = 'is a real barga:

msg = 'At ' + str(price) + ', Head First Python ' + tag
msg

49.99, Head First Python is a real bargain!'

msg = 'At $2.2f, Head First Python %s' % (price, tag)
msg
49.99, Head First Python is a real bargain!'

msg = 'At {}, Head First Python {}'.format(price, tag)
msg
49.99, Head First Python is a real bargain!' f
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This is the

“owels4-py”
Program.
vowels = ['a', 'e', 'i', 'o', 'u'l J
Create an empty word = input ("Provide a word to search for vowels: ")

dickionary.

Iritialize the value

assotiated with eath——>
of the keys (eath

vowel) to O.

Intrement the value
veferved 4o b
“foundletter]” by ane.

for letter in word:
for” | if letter in vowels:

e o
B e e s Cemnar)
mekhod, v need ﬁ
vaviables, "’ or il
the key and V" for print(a twas found',E ‘time(s).") :Tzéu;av;“:
the value gt ol

Eey j of data with
d the value

The key an cath iteration
ave used to ereate
eath outpuk message

These magnets m
weven't needed. >





OEBPS/figs/web/291fig02.png.jpg
>>> conn = mysql.connector.connect (**dbconfig)

SO N— _A Uhsssin the dictionary of
This eall establishes the ctonneetion chamct:r\{xbcs
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Phrase

ife, the universe, and everything

lightning in a bottle

testing the database-enabled
webapp
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)]

Your code

—_—
-

Python’s
DB-API

—_—
<

The MySQL-

_—
-

Connector/Python

Driver

MysQL





OEBPS/figs/web/025fig02.png.jpg
Tt looks like our “for"
loop experiments are about

to pay off. Are we done with
the first task?
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Perkorm a set intersection
on the set object made

from “letters’ with the
f' et oeek wade From

“phase”’
set (letters) .intersection (set (phrase)) Lt
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As with the other functions

class CountFromBy: LT s "°°‘";wc g; °Vld;5: value.
: ve
thods are just def increase(self) -> None: annotation for the
Methods 2 3
e bt 0 A ’L The fist avgumert 4o very method i ahays el
ave defined Wi

3nd its vale is supplied by the interpreter.
“def”.
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set
et (letters) « %na&ase{ object
om “letbers-
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v Pythons
Python 3.5.1 ...
Type "help", "copyright", "credits" or "license" for more information.
»>> import dunder i
Vo stace of ins dundor & Look ab this there’sarly 3 sngl I dirlajed
el b ), 3 *__vame, " b been st

“:Funder (uhich is the name of Ehe imported module)






OEBPS/figs/web/246fig02.png.jpg
ﬁ >>> for chore in tasks:=————— Qfa:,bxw
iable is

. s o print (chore) the file
“hore” asam o
oG ine  Put out the trash.
line in the file. The oubput shous the data b
= output shows the rom
'eed the cat. & Lhe “bodostxt” file. Note how the

. loop ends when we vun out of lines
File tax return. o vead.
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Open a file ~whih has this filename.

>>> tasks = open('todos.txt')

€ all is OK, “open” veturns
a file stream, which we've
assigned o this variable.
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oo Pyinon3.43 Shel

>>> ================================ RESTART ================================
>>>

Provide a word to search for vowels: Milliways

i

a
>>> ==========ms=ss==mmmssooo—eosooo RESTART ================ss=====sss==mm=e=
>>>

Provide a word to search for vowels: Hitch-hiker

i

e

>>> =====s=====sss==smmsss===mms=so== RESTART ==============ssss==sssss===ss===
>>>

Provide a word to search for vowels: Galaxy

a
>>> =======: ========s===== RESTART =====: = S—
>>>

Prov‘ida a word to search for vowels: Sky

>>>
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‘Foree” any tathed ——> >>> conn.commit ()
data o :Z writ{;h >>> _soL select * from log

Retrieve the
>>> cursor.execute (_SQL) < just-written
e bl >>> for row in cursor.fetchall(): data.

Heve's the “id” print (row)
value MySRL 1
aukomatically

1, datetime 3 Vogege We've abridged the
iamed o this a, ime.datetime (2016, 3, e, ) wdy i
= (2, datetime.datetime(2016, 3, ..., 'set()') Elgwu:‘:vaact
vow
L it on ¢

and here's what it £illed in for “Ls” (timestamp).
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>>> £ = CountFromBy (increment=15) Specifies the amaunt
moun

— 3» £ to increment by
" starts >>> for j in range(3): s ":_F"”' 3
at 0, and £.increase () & call “inerease
ends up at Lhree times.
4%. >>> £

Moo Soiier
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cursor.execute (_SQL, (req.form['phrase'],
req.form['letters'],
req.remote_addr,
req.user_agent.browser,

res, ))
conn. commit ()
cursor. close ()
conn.close () This is the

Leardown tode.
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ese 1DBem.py - [UsersipaulfDeskiopl_NewBook/chO/webapp/DBCm.py (3.6.1)*
import mysql.connector

class UseDatabase:

def __init_ (self, config: dict) -> None:
£.configuration = config

def _enter_(self) -> 'cursor’

o' nearly dore 1£ .conn = mysql.connector. connect (**self.configuration)
self.cursor = self.conn.cursor ()

0"0':’; t:d:ekitc return self.cursor

me

__exit_ (self):
pass

6 Coi:0
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This looks like 2 m

) for i in (x*3 for x in [1, 2, 3, 4, 51): A generator can

liskeonp, but isn't: print (i) be wsed anywhere

s a genevator. a listeomp is used,
and produes the
same vesults.
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/_e >>> import random
dentify the module >>> random.randint (0, 255)

o import, then 42
I\ invoke one of
the module’s

FPunetions.
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more dests = [for dest in flights.values()]

2. Hevate through cach % L Noke that
of the destinations there L NO
b
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>>> def searchdvowels():

o bt vowels = set('aeiou')

sizeibeced word = input("Provide a word to search for vowels: ")
at the shell found = vowels.intersection (set(word))

prompt. for vowel in found:

print (vowel)
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@app.route('/search4’, method:

def do_search() -> 'html':
phrase = request.form['phrase']
letters = request.form['letters']
title = 'Here are your results:'

results = str(searchdletters (phrase, letters))
try:

['POST'])

t.start ()
xcept Exception as err:
What happens print (' ***** Logging failed with this error
while this return render_template('results.html',
hwead takes the title=title,

b the phrase=phrase,
15 seconds the letters=letters,

the results=results,)

ﬁ t = Thread(target=log_request, args=(request, results))
e

str(err))

eveeute?
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l In this ehapter, we ave Contentrating
The funttion — on treat;
ge

ing and using functions (but

we e vepeating the entive diagram from

Chapter | in this instance Lo veming You
s part of 3 how funttions £it into the larger stheme
module

of things) We willtreste our oun modul
to0, but. are leaving the treation of
% libraries to other books

which comes as part of
bhe skandard lbrary.

T
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What's the deal with
using “self” within
the method's site?

class CountFromBy:
def increase(self) -> None:

self.val += self.incr ¢~
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more_dests





OEBPS/figs/web/f0491-01.png.jpg
2. ltevate through

eath of the
destinations = [] destinations.
I Start for dest in flights.values(): )
with a new, destinations.append(dest.title 3 4
jst. Ppend th
enly st i
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You don't have to
put your imports
at the top of your
tode, but it is
well_eskablished

tonvention amond

Python programmers
4o do so N

from datetime import datetime

odds = [ 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39,

T»““i"(m 41, 43, 45, 47, 49, 51, 53, 55, 57, 59 ]
loop iterates

0
%th J\) for 1 in range(5):
we tim !
Tight_this minute = datetime.today().minute

if right_this_minute in odds:

print ("This minute seems a little odd.") All of Lhis tode

else: is indented
The “vandint” funttion SEink("Not AR oA iUt — under the “for”
statement, as it

random.randint (1, 60)

vides a vandom .
P teaer that is asianed /it tine =
b o new vaviable called time slcep

“wait_time", which

is all part of the
“for” statement’s
suite. Remember
Python does not
use curly braces 4,
delimit suites; it

is then used in the call 4o eep” £ pause uses indentation

the m’s i
CX:::E‘: s exetution for a vandom mumber nstead
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c.increase()

CountFromBy . increase (c)
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|. Start with 3 new

more_dests = [] i
enphy list (and gve
K—/ i 2 name).
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Wait a minute...T thought one of Python's big
wins was that its code is easy to read. I find that
use of "self" anything but easy on the eye, and the
fact that it's part of classes (which must get a lot
of use) has me thinking: seriously?!?
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I'meither a set
or a dictionary
comprehension.

T'm a special
case.

I'malist
comprehension.

I coden. 1 { oode } (
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A list of the
o five vowels

>>> vowels = ['a', 'e', 'i', 'o', 'u'l
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i e b B ) Converti
>>> html.escape("This HIML fragment contains a <script>script</script> tag. "y
'This HTML fragment contains a &lt;scriptsgt;script&lt;/scriptsgt; tag.' —toand

>>> html.unescape ("I shearts; Python's lt;standard librarysgt;.") from HTML.

"I v Python's <standard library>. entoded text
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Let's tweak

the program o
vun this code 3
number of times

s

from datetime import datetime

odds = (1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, 59 ]

right_this_minute = datetime.today().minute

if right_this minute in odds:

print ("This minute seems a little odd.")

else:

print ("Not an odd minute.
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I don't get it. The "vowels3.py" program
works just fine..so why are you looking fo
fix something that isri* broken?





OEBPS/figs/web/016fig01.png
from datetime import datetime
odds = [ 1, 3, 5, 7, 9,11, 13, 15, 17,
21, 23, 25, 27, 29, 31, 33, 35, 37,

41, 43, 45, 47, 49, 51, 53, 55, 57,

right_this minute = datetime.today() .minute

13,
39,
59 ]

if right_this minute in odds: e—/—#w""‘ introduce

print ("This minute seems a little odd.

else:

print ("Not an odd minute

)

indented suites.
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Open a file. \ \/— F:::L has this

>>> todos = open('todos.txt', 'a')

R

-and open the file in “append-mode”

£ allis OK, “open” veturns
a ile stream, which we've
assigned to this variable.
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>>> todos.close() & We've done, so let’s tidy up after
ourselves by tlosing the File stream
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The fattory has been

“Pﬁvned with your
/ CountFromBy” ¢lass and is

veady to go.

Heve are your instantiated objects,
which are packaged to tontain the
<haved tode and their own data.

77,

I —>

The “§” obieet 7\
o) The “¢” object  The “d” object
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We print a message: Yy f\ o the file stream

>>> print('Put out the trash.', file=todos)
>>> print('Feed the cat.', file=todos)
>>> print ('Prepare tax return.', file=todos)
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Given the vord “hitehhiker’s here's the

Srequency tount we expeck bo see
A |
| -
5 |
0 - |
Vowels in the > ‘1

lefthand
eolumn \J\ K_,/

Frequency
counts in the
vighthand

PR —
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dbconfig = { ‘'host': '127.0.0.1°%,
‘user': 'vsearch',
Define your 'password': 'vsearchpasswd',

tonnettion 'database': 'vsearchlogDB', }
chavacteristits
import mysql.connector & |mport the database driver.
Establish a conn = mysql.connector . connect (**dbconfig)
tonnettion Psign 3 qery o 3
ond treste —— cursor = conn.cursor () sbeimg (note the five
2 tursor. placeholder arguments)

_soL ="

nsert into log
(phrase, letters, ip, browser_string, results)
values

(%s, ®s, %s, %s, %s)"""

cursor.execute(_SQL, ('galaxy', 'xyz', '127.0.0.1', 'Opera’, "{'x', 'y'}"))

(—> conn.commit ()

Serd the query to the server,

Forte the SQL = "nnselect * £rom log""" to provide values for eacl vemembering
- h

database arquments (s bl of the veauired

o write cursor.execute (_SQL)

your data

for row in cursor.fetchall():

i intes Rebrieve the (st written)

data from the table
displaying the ovtput vow

cursor.close () b
Y vow

©— Tidy up when you're
conn. close () doie
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>>> cursor =
conn.cursor () «— Create a tursor to send
commands to the server, and to

veteive results.
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We've keeping the “try’
statement. (or now).

.............. Thesd(target=leg_request, args=lrenuest, eslts)

T "ot e Estart) K et ke Hhe carler example, identify the
is ncharaed, %0 ve et b ncton o om gy any armends
& needs, and don't faraet to schedule your

aven't showing it heve.
4hread to vun.
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Take
a look

at this The last vequest was 3 suceess.
message.
127.0.0.1 - - [29/Jul/2016 19:43:31] "POST /search4 HTTP/1. 200 -
Exception in thread Thread-6
Traceback (most recent call last):
File "vaearchduweb.not.slow.with.threads.but.broken.py", line 42, in log_request
cursor.execute _SQL, (req.form['phrase'],

File "/Library/Frameworks/Python. framework/Versions/3.5/1ib/python3.5/site-packages/
werkzeug/local.py”, line 343, in _ getattr__

raise RuntineError (_request_ctx_err_mag)
RuntineError: Working outside of reguest context. € Whoops! fn uncsught eveeption

Lots () This typically means that you attempted to use functionality that needed
an active HITP zequest. Comsult the documentation on testing for

e information about how to avoid this problem.

trateback
mess39¢S During handling of the above exception, another exception occurred:
heve
Traceback (most recent call last):
File "/Library/Frameworks/Python. framework/Versions/3.5/1ib/python3.5/threading.py’
line 914, in bootstrap inner
self.run()

RantimeError: Working outside of request context. <— fAnd another one-yikes!

This typically means that you attempted to use functionality that needed
an active HTTP reguest. Consult the documentation on testing for
information about how to avoid this problem.
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oce vsearch.py - AUsers/Paul/Deskiop/_NewBook/ch04/vsearch.py (3.4.3)

def searchdvowels (phrase:str) -> set:
wniReturn any vowels found in a supplied phrase."""
vowels = set('aeiou')
return vowels.intersection (set (phrase))

def searchdletters(phrase:str, letters:str='aeiou') -> set:
"""Return a set of the 'letters' found in 'phrase'."""
return set(letters).intersection (set (phrase))

| ————
“usearthpy’ tontains functions in

3l making it 3 fully formed
module.
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id you vemember to et emer (sert)

ix all abtributes

This

T S (bte
tells users

—> ‘tursor’ : of this
e tom = s e somect kel configuration) (15
self.euwrsor = self.conn.tursor() 1‘ expeet o
e be veburned

Be sure fo vefer o From this

return  self eursor
“celf configuration” method.

Reburn bhe carsor. 7' heve as opposed o

“dbconfis”
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running sdist
running egg_info
creating vsearch.egg-info

running check
creating vsearch-1.0
creating vsearch-1.0/vsearch.egg-info

creating dist
Creating tar archive
removing 'vsearch-1.0’ (and everything under it)

The messages differ
slightly from those
Produced on Windows

You see this message,
ll s vell. [f ot (2
with Windows) doyble.-
check everything
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comprehension Combination displays
each of the list's values bripled-

55> for 1 in [x3 for x in [1,2,3,4,5]1:
print (i)

ese Python 3.5.2 Shell k This for loop and list

What ges Both > R TS But look at his. The parentheses

loops generate print(i) makes this look like a “tupl,
the same vesults. W Comprehension”—but ywuf,:w suth
: | a thing is impassible. Vet the loop

still produces the
Werdy e eFeited ot

Ln: 46 Col: 4
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sqarch.py - /Users/Paul/Deskiop/_ NewBook/ch04/vsearch.py (3.4.3)

def searchdvowels (word) :

E:ﬁt::t’; """Display any vowels found in a supplied word."""

e Yowels = set(lselonl) . . The call o the

bebucen the found = vowels. intersection (set (word)) Pt funebs i

paventheses. for vowel in found: gome (35 we den't
PEint(vonel) need that. lne of

| ¢ode anymore).

u‘:sﬁ:a
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Get all the
dsta ined >>> res = cursor.fetchall()

From MYSAL »>res <
Display the vesults

[('log',)]
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more_dests = [dest.title() for dest in flights.values()]

R 3. fprerd bhe comerked data 4 the new
i ithoet, acbualy ealling “append’
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>>> bool (0) £ a
o

>>> bool (0.0) 4

False

>>> bool('")

False #An empty string, an empty list, and
v5> ool (11} <—— an emply dictionary all evaluate to
eaiaa False.

>>> bool ({})

False

hon's “None” value is

>>> bool (None) <—— ') jways False.

False
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Assign the ﬂ >>> _SQL =

SRL auery >>> y Send the query in the
s vidble cursor.execute (_SQL) <___“s QL variable 4o MySGL

Tor exetution.

show tables
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Give Your kunction 3 nite)
deseiptive name.

Provide an o
| e SR e e
Start vith m/—\ Don't forget
“def” keyword >>> def searchdvowels(): <— "t colon
vowels = set('aeiou')
word = input("Provide a word to search for vowels: ")
/——ﬁ found = vowels.intersection (set(word))
The fives lines for vowel in found:
of tode from print (vowel)

the “vowelsTpy"
program, suitably

dented e i i the shel, remember o press the Enter key
indente

TWICE o tonfirm that the indented code has contluded:
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Does the fact that this happens mean I
can write "CountFromBy.increase(c)” in
my code and it'll work as if I'd written
“c.increase()"?
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key#t4

key#1

key#3

feyttz

Dicti
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What you write: What Python executes:

The
-
he class  The method object

[y /=

CountFromBy. increase (d)

d.increase ()

There's no need

o supply @

value or “self” The value of
“d” is assigned
4o “self” by the
inbevpreter.
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T guess if there's an "else”,
there must also be an "else if”,
or does Python spell it “elseif">





OEBPS/figs/web/275fig01.png.jpg
To ensure 3
consistent look

Ed Fl:ilé ’d;:s 4 2 (8 extends 'base.henl! %)
mplate inhevi

Lrom the same {% block body %}
base template
used throughout <h2>{{ the_title }}</h2>
bapp-
our yebary <table> The deseriptive
<tr> +itles (each
{% for row_title in the_row_titles %} within a <th>
<th>{{row_title}}</th> tag) get their
- own vou (the
The entive </tx> <t £28).
table aoes {% for log_row in the_data %} i
vitthin 3 ste2
<table> tag: {% for item in log_row %} Eath individual
<td>{(item})</Ed> (_\ item of logged
</tr£% endfor %} data is entlosed
(% endfor %) vithin a <td>
</table> tag, and each |

om the |

3
has its own <des
Lo

{% endblock %}
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et
g pe—m

<ol x
© woorso
v 0hom

After clcking on the “Do
" ko, Your web
browser waits.-and waiks.
and waits..and waits-
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We curvently
vetuen 3

sty
@app. route (' /viewlog') / wa:l"‘fa w(t}"
def view_the log() -> 'str browser.
contents = []
with open('vsearch.log') as log:
for line in log:
contents.append ([])
for item in line.split('|')
contents [-1] .append (escape (item))
return str(contents)
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1% you tey to inject SQL into
R + the web interface, it has no
' oo eeet (other than the expected

searthitletters” autput)
@ Creessgor e x
o - maorsope:
Here are your results:
T —
s x; row v
et s

‘When “x'; show tables ;" s search for "aciour, the following results are
returned:

Welcome to searchdletters on the web!

Use this form to submit a search reauest;

Phrase: x'; show tables ;

Letters: aeiou

When you're ready, ciick this button:

{'a', ‘e, '0'y

Any attempt to exploit XSS by Leeding JavaSeript
4o the webapp has o eblect

— —-
e The JaiaSeript o't exeeuted (bhakduly 4

5 c - izo0nsoo treated
w:bay;. Just like any other textual data sent to the

Welcome) to searchdletters on the web! LR T 2
Use this form to| sbmit a search request: e R e =

Phrase: | cscript type="text/javascript'>alert(Hello!</script>

Letters: aeiou Here are your results)
Wnen you'e ready, cick tis button: You submitted the following daa:
= | Phrase: | <script type="text/{fvascript'>alert('Hello!"); </script>

| Lett

When "<script type="text/javascript'>alert('Hellol);</script>" is search for
*aciou", the following resuls are returned:

8

W0y
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eoe marvin2.py - AUsers/Paul/Desktopy NewBook/ch02/marvin2.py (3.4:3)

paranoid_android = "Marvin, the Paranoid Android"
letters = list(paranoid_android)
for char in letters[:6]:
print('\t', char)
print()
for char in letters[-7: }
print('\t'*2, char)
print()
for char in letters[12:20]:
print('\t'*3, char)

A

The first loop iterates
over 3 slice of the Fivst
ix dbjects in the list

The second loop iterates over a
slice of £he last seven objects in
the lit. Note how “¥2"imserts Ty thivd (and final) loop itevates
o £ab characters before each  guer 3 slce From ithin the It
it ecking the chavackers that sell
" Ehe word “Parancid”. Note how
3 insevts three £ab chavacters
before cath printed object

Ao HAD P

AmOoB O HDY

>>>

L 118 Cok: 4
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This is the

module’s name:

“flask” vith 3
lowertase

from Elask mport Flask| _ __— | .
This is the

app = Flask(_name_)
@app. route (/")
def hello() -> str:

return 'Hello world from Flask!'

app.run()

¢lass name:
“Flask” with an
uppercase
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This is “wrl_utilspy”.

import requests

def gen_from_urls(urls: tuple) -> tuple:
for resp in (requests.get(url) for url in urls):
yield len(resp.content), resp.status_code, resp.url
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(880 <> D 127001 [ 6| a

Method Not Allowed

“The method is not allowed for the requested URL.
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Doris, T've got great news: the
latest Python installers are a
breeze to work with.
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Successfully installed Jinja2-2.8 MarkupSafe-0.23 Werkzeug-0.11 flask-0.10.1

i tsdangerous-0.24

AL the time of
writing, these are
the eurvent version
numbers assotiated
with these modules.
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>>> for ch in "Hal!":
print(ch)
" Python is smart enough o work aut that this
string should be itevated over one—chavacter
51 3 kime (and that's why ve used “eh” 35
the loop variable name here).
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fHeve's a word —_y
L sl >>> word = "Milliways"
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(% extends 'base.html' %)

fis it e ) \f As vith “entryhbml”, this

template also inhevids

<h2>{{ the_title }}</n2> Hrom the base, and also
Provides a veplacement for

<p>You submitted the following data:</p> the block oot

CGavie> called “body’.

<tro<td>phrase:</td><td>({ the_phrase }}</td></tr> ‘\/

<tr><td>Letters:</td><td>{{ the letters }}</td></tr>

</table>

<pithen "{{the phrase }}" is search for "({ the letters }}", the following
results are retumed:</p>\ N

3> thef‘es“ltsm_’__ Noke these additional argument values, which

(% endblock %} You need to provide values Sor prior to vendering,
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Adm‘monaryt"‘; dbconfaig = { 'host': '127.0.0.17",

. o b
/value paivings \/‘ user': 'vsearch',
ey e 'password': 'vsearchpasswd'

"database': 'vsearchlogDB', }
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Change the annotation to indicate

@app.route('/viewlog') J that HTML is being veturned
def view_the_log() -> 'html': (instead of a string)
contents = []
with open('vsearch.log') as log:
for line in log:
contents .append ([1)
for item in line.split('|'):
contents[-1] .append (escape (item))
(veate a——> titles = ('Form Data', 'Remote addr',

'User_agent', 'Results’')

tuple of return render_template('viewlog.html',

destriptive the_title='View Log', Call “vend. er_template”
titles the_row_titles=titles, '€ proiding values foy

the_data=contents,) cath of the template’s

arguments
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Phew! That's another
big lst...
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Name: Ford Prekect
| Some dota for

Gender: Male
Oceupationt Researeher |
fome Planet’ Bekelgeuse Seven j

{
|
|
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List
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This is
“hello_
flaskpy'-

from flask import Flask

app = Flask(_name_ ) 6\

@app.route ('/')
def hello() -> str: Type this code
return 'Hello world from Flask!' in exaetly as
shown heve...
we'll get to

app.run()
what it means in

a moment.
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Add

from flask import Flask, render_template, xaqueut‘_\/_\ “request” o
the list of

imports,
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Here’zv the v eoe urlutilspy - [Users/paul/Desktop/_NewBook/ch12/url_utls.py (3.5.2)
“aen_from_urls
aenevator function import requests

in the “wrl_utilspy def gen_from urls(urls: tuple) -> tuple:

module. \ for resp in (requests.get(url) for url in urls):

yield len(resp.content), resp.status_code, resp.url

Ln:8 Col:0
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Each line of

vesults appears,

after a short

pavse, as the data

is aenevated by —_{
the funetion

This dicteomp
associates the
URL with the
length of its
hndin5 page.

ene Python 3.5.2 Shell

>>>
>>>
>>> for resp_len, status, url in gen_from_urls (url
print (resp_len, '->', status, '->', url)
N Pass the tuple
31590 200 http://headfirstlab: / o URLs to
-> -> ://headfirstlabs.com,
78722 -> 200 -> http://www.oreilly.com/ the gener
128244 -> 200 -> https://twitter.com/ funckion.
>>>

>>> urls res = {url: size for size, _, url in gen_from urls(urls)}

>>>

>>> import pprint

>>>

>>> pprint.pprint (ur:

{'http://headfirstlabs.com/': 31590, The underscore tells the
"http://www.oreilly.com/': 78722, ¢eode 1o i :
'https://twitter.com/': 128244} HTTP :2""' the yielded

585 tus code value.

>>>

Pretty—printing the ‘url_ves” dietionary tonfivms
that. eyhj I:mgh function can be used within 3
dicteomp T el 35 within 3 “For” loop)

Ln: 271 Col: 0
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ThePython )

installer adds a
new group to your
All Programs list.

3 Games
ey

b Maintenance

Ui MariaDB 100 (64)

) MariaD 101 054)

U} Microsot Ofice 2013

Ul Microsot siveright

U Microsot Visual Sucio 212

Ui Notepade

1) Oracle W Vil Guest Addion:
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© wrorsoodny

[ a0ss000teny

27001 o

ST The phrase ontains all but one
of the letters posted to the

web sevver.

L 122001 5

)
\ Only the letter 'y appears

in the posted phrase.

27001 = -

i
\_J Remember: an empty set appears as “set",

<o this means none of the letters 'w) ') ‘o)
‘¢’ or ' appear in the phrase
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% python3 vsearchdweb.py
+ Restarting with stat

* Debugger is active!

* Debugger pin code: 228-903-465

The Flask debugger 127.0.0.1 - - [23/Nov/2015 22:39:11] "GET /entry HTTP/1.1" 200 -
has spotted the 127.0.0.1 - - [23/Nov/2015 22:39:11] "GET /static/hf.css HTTR/1.1" 200 -
127.0.0.1 - - [23/Nov/2015 22:17:58] "POST /searchd HTTP/1.1" 200 -

¢ode thanges, and
= * Detected change in 'vsearchdweb.py', reloadi
vestarted your - i i

A * Restarting with stat
webapp for you 7 + Demgger ia sctiver

Pretty handy, eh? Debugger pin code: 228-903-465
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@ © @ mytunc.py - /Users/pau/Desktopl_NewBook/ch10/myfunc.py (35.1) |

def myfunc(*args) :

for a in arg The “¥¥” Lells

i the funttion 4o

> expect keyword
print() ey éY

def myfune2 (**kwargs)
for k, v in kwargs.items(): } <\ Take each key
print(k, v, sep='->', end=' ') and value Pamn
Within {he Lunction, it ";:;::‘0 in the dll{lmara\/,
“waras” behaves | and display it on
just ke amy other sereen.
dietionary-

Ln: 13 Col: 0
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fdd to an existing i i
>>> found.append('a') < using t}.::‘:;,,‘:g ,:i:jdmbm
>>> len (found)
1 S The length of the list has now increased
he contents of the list

>>> found € Asking the shell to display
['a'] Sonbims the ek is ow park of the lt-
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#s methods ave functions,
s . . they support the use
def _ init (self, v: int=0, i: int=1) -> None: of -\i{cﬁault values for
self.val = v V arguments (although we've
self.incr = i seoring a B~ here for our
e use ot single—character
variable names: ‘" is the
value, whereas " is the
intrementing value).
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Python 3.5.1 Shell

We haven't specified values 4o ——
the object, so th use when initializin

'
e €lass provides the default, values
as specified in dunder “imit”,

»
>>> i.increas i d, with the “increase
> se () ‘_\_Thls all works as expected, wi

>>> i.val

eth “ival” ach time it's
od intremented “ival” by one €

; :vok:d» “nl'his is the default behavior-

>>>

>>>

Ln: 50 Col:4
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LX) Python 3.5.2 Shell
>>>
I Create 8 35> class mnmu\:lion:uox(sxc tion): 2. “pac”
Joss called Pasa o s Pybhon' enpy statement
new ¢l
“ConnettionErvor” L that exeates the emply class
oot nherts from (222
the “Exeeption’ >>> raise ConnectionError('Cannot connect... is it time to panic?')
elasc Traceback (most recent call last):
File "<pyshell#74>", line 1, in <module>
raise ConnectionError('Cannot connmect... is it time to panic?')
ConnectionError: Cannot connect... is it time to panic?
>>>
>>> o new
4. Cateh the >>> try: 3 K"i;’“i ol
“ i ,, raise ConnectionError('Whoops!') extepbion
c’"”"_{"’"g_"“ —4 |except ConnectionError as err: Segise”) vesults
£xeeption using print('Got:', str(err)) in 3 rateback
ry/except”. na
message:
Got: Whoops!
>>>
> |

Ln: 148 Col: 4

5. The “ConnettionErvor” was caught, alloving
2 o eustomize the evvor messase
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>>> g = CountFromBy ()

Traceback (most recent call last): f Yikes! Not go0d.

File "<pyshell#1>", line 1, in <module>
g = CountFromBy ()
TypeError: _ init_ () missing 2 required positional argument: 'v' and 'i'
>>>
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>>>
Don't panic!

['D', 'o', ' W g W
['o', 'n', ' ', 't', 'a', 'p']
on tap

>>>

>>>

Don't panic!

['D', 'o', 'n', min, gy, v,
(80 R T L P L BT K E L B
on tap

>>>

This is the
output

Produced by

“panie.py’...

P, 'a’ e, T
RESTART
'p', 'a', 'n' e, 1
'p', 'a', 'n' e, 1]

wheveas this
output i V“"*““d
by yamal w
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®  panicpy - sers/PauiliDeskiop/ NewBook/ch02/panic.py (343

“panic.py"
T Bl e = e paalt”

plist = list(phrase)
print (phrase)
print (plist)

for i in range(4):

. plist.pop()

‘Panic2py” plist.pop(0)
plist.remove("'")

plist.extend([plist.pop(), plist.pop()])
plist.insert(2, plist.pop(3))

ese o2l new_phrase = ''.join(plist)
print (plist)

phrase = "Don't panic!" rint (new_phrase)

plist = list(phrase) F

print (phrase) T

ik (plant) —

new_phrase = ''.join(plist[1:3])
new_phrase = new_phrase + ''.join([plist[5], plist[4], plist([7], plist([6]])

print (plist)
rint (new_phrase)
ese Pyhon 3.43 8hal
>>> ================================ RESTART =====—==—======—========e=
>>>

Don't panic!

The output produced
by runing the ‘parie.py'—>

program

€, ', ‘e, 'at, 'nt, ‘i, ‘e, '1']
=0

================s=s======== RESTART ==========s==s=s==========

>>>
Don't panicl

vunning the “panie2.py" >

The output produced by
program
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¢ Thisisdo_convertpy”.

from datetime import datetime
import pprint

def convert2ampm(time24: str) -> str:
return datetime.strptime(time24, '$H:3M').strftime ('$I:3Msp')

with open('buzzers.csv') as data:
ignore = data.readline()
flights = {}
for line in data:
k, v = line.strip().split(',")
flights[k] = v

pprint.pprint (£lights)
print ()

fts = {convert2ampm(k): v.title() for k, v in flights.items()}

pprint.pprint (fts)
print ()

when = (dest: [k for k, v in fts.items() if v == dest] for dest in

pprint.pprint (when)
print ()

set (fts.values ()}
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invalid syntax

As You tan no doubt
tell, IDLE isn't great
at stating what the
syntax evvor is. But
clck OK, and a large
ved block indicates
where [DLE thinks
the problem is.
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Does this look
Lamiliar?

conn = mysql.connector.connect (**dbconfig)
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prices = [1

The variable name is on the left of thc—J L and the “liteval list” i o

the vight. In this case, Lh
assignment operator-.. Nis-smrb; is ase, the
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Dekine your
tushom exteption. iMPOTt mysql.connector

NN

class UseDatabase:

def _init_ (self, config: dict) -> None:
self.configuration = config

def _enter_ (self) -> 'cursor':

self.conn = mysql.connector.connect (**self.configuration)
self.cursor = self.conn.cursor ()
return self.cursor

Add tode K—?
4o “vaise” @

“ConnnettionError

def _exit_ (self, exc_type, exc_value, exc_trace) -> None:
self.conn.commit ()
self.cursor.close ()
self.conn.close ()
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Youdp fret

fo import
“mysq conmettor”
anymore (as
“DBem” does
i ).
this Q& from DBem import UseDatabase, ConnettionEvror /\ Be sure 4o
A Ee N Rl TeRRECE R
import the
_— “ConnettionError”
the_row_titles=titles, hggert;on Feom
ComethionError  the_data=contents,) e
“Ch.;ng,:"{he first except, misqireonnestoT ETToRsEnterfaceieror as orr:
;ﬂlzt Eht&'nen{ print('Is your database switched on? Error:', str(err))
"Ccnnuﬁ::an . except Exception as err:
or

a5 opposed 4o an print ('Something went wrong:', str(err))
“InterfaceErvor”. return 'Error'
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Eath of the
headings goes
within 3 <th> £39-

e

Remote_addr User_agent Results
[mmutableMultiDiet(C('phrase’, 127001 Mozilla/5.0 (Matintosh; {e, 51
The entire ‘hiteh-hiker'), Cletters, ‘acion)])
table goes —>
within 3

Intel Mae 0S X 10_I1_2)
AppleebKit/537.36 (RHTML,

like Getko) Chrome/41.0.252)
10b Safari/53136

<table> tag,

Wt P e, =
Eath piece of

data goes within
a <bd> tag

Each vow in the
Lble goes within
a <be> tag.
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3 € 1270015000

Everything
looks OK Welcome to search4letters on the web!

here Use this form to submit a search request:

\9 Phrase:  Life, the Universe, and Everything

Letters: | aiou

When you're ready, click this button:

Dot

€ & © [ 127.00.15000/searche P

mysql.connector.errors.InterfaceError

mysql connector.errors IterfaceError. 2003: Can't connect to MySQL server on '127.0.0.1:3306' (61
Connection refused)

CrTrr——

Fle*Ubrary/Frameworks Python framewark Versions 3.5/ b/ pythons. site-packages sk app. ', ine 2000,
in—call_

bt when you elick

oo L

on the “Do it!” button,

T v R T 35855 ks s g8 e 191 the webapp erashes vith
e o T o T e, AT an “InterkaceBrror

FleLibrary Frameworks
n handle_exception

return self .wsgi_app(environ, start_response)

i frameworkVersions 3.5/ pythons. site-packages/fask/app.py . line 1567,
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[mport the tontext
from DBcm import UseDatabase < manager from the

, “Dengy’ He
f:::;éhe database dbconfig = { 'host': '127.0.0.1',
chavacterit j ihsects “veearchl,
istics. 'password': 'vsearchpasswd', The context
'database’: 'vsearchlogDB', }

manager veturns

a “tursor”.
r—? with UseDatabase (dbconfig) as cursor: <———

. 4 _SQL = ""Vinsert into log
The “UseDatabase " (phrase, letters, ip, browser_string, results)
tonbert manager expects e
thl::‘:“*"{‘“"iﬂ (%s, %s, %s, %s, %s) """
database connettion

vt cursor.execute (_SQL,
ehavactevistics.

(req.form[ 'phrase'],

req.form['letters'],
req.remote_addr,
req.user_agent .browser,
res, ))

This ¢ode stays
the same as before. —'
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This is the
eontext

manager Lnd:

in “DBempy

-

import mysql.connector

class UseDatabas!

def

def ¢

def ¢

init__(self, config: dict) -> None:

self.configuration = config

enter_ (self) -> 'cursor':
self.conn = mysql.connector.connect (**self.configuration)
self.cursor = self.conn.cursor ()

return self.cursor

exit__ (self, exc_type, exc_value, exc_trace) -> None:

self.conn.commit ()

self.cursor.close ()

self.conn.close () Now that yau've
seen “exe mf'o"

it should be clear
what these method

arguments refer 4o
exteption dats.
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when?2

when = (} —
for dest in set(fts.values()):

when [dest] [k for k, v in fts.items() if v dest] These do the
same Lhing®

{des:

Thefor ks woin Fte.itemsli 3£ »=— doct] For dast in sebifts.valuss{)l)}
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The Python 3 folder
£eom within the

Applications folder on
Mae 0S X.

< Python 35

== v
oLE Ucensarti  PythonD. tionhtml _Python Launcher

©

ReadMertt  Update S.ommand O

RIF SHeLL

In the Dotk, eliek the
Applications icon, and
then selett the Python
3 folder.
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Run Python 3

on Windows.

C:\Users\Head First\mymodules> py -3 setup.py sdist Q\

. and pass
Exetute the toge “dist” as an

in “setuppy”.. avqument.
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oo do_convert.py - [Users/paulDeskiop/_NewBook/ch12/do_convert.py (3.6.2)

from datetime import datetime
import pprint

def convert2ampm(time24: str) -> s

return datetime.strptime(time24, '®H:%M').strftime('%I:

M3p)

with open('buzzers.csv') as data
ignore = data.readline()
flights = {}
for line in data:
k, v = line.strip().split(',')
flights[k] = v

pprint.pprint (£lights)
print()

fts = (convert2ampm(k): v.title() for k, v in £lights.items()}

pprint.pprint (£ts)
print()
when = {dest: [k for k, v in fts.items() if v == dest] for dest in set(fts.values())}

pprint.pprint (when)

PeARE() eoe Python 3.5.2 Shell
/ch12/do_convert.py T
{109:35'7 'FREEPORT', Il Cord
109:55': 'WEST END',
'10:45': 'TREASURE CAY',
5': 'ROCK SOUND',
0': 'TREASURE CAY',
0': 'FREEPORT',
5': 'ROCK SOUND',
. The original, 0': 'WEST END'} 2. The vaw
vaw data, as e ‘Freeport', data, eopied and
vead in IYT‘ e : 'Rock Sound', translormed into
data kile 107:00PM': 'West End',
O 105i35me' | tEveeparer, < /P format
his is X0 109:55AM': 'West End', and Titleease.
'10:45AM': 'Treasure Cay', This is “Fs”.
'11:45AM': 'Rock Sound',
3 The It of flght '12:00PM': 'Treasure Cay'}
[ﬁ":s Per destination {'Freeport': ['05:00PM', '09:35AM'],
extrac: ‘Rock Sound': ['05:55PM', '11:45AM'],
“CLe) .,é;" “ﬂ" > | ‘Treasure Cay': ['10:45AM', '12:008H'],
- This is “whep”. 'West End': ['07:00PM', '09:55AM']} 2
>>>






OEBPS/figs/web/339fig02.png.jpg
|. When the ik
- s soon as dunder “init” exetutes, the

interpreter

entounters this interpreter call W,

it statement, A he vealt of cjl.‘:"f.fr enter” 4o enure that
3% begis by callng bak” arigle 0 T b signed do the
any dunder “int’ with open ('t .,

ssotisted vith the oriore it

eall o “oper Pprint (chore, end='')

3. When the “with? skabement ends, the interpreter call
o bomont manager's dunder “esit o tidy up-In tht

example, the interpreter ensuves that the opened File is
elased properly bekove continuing
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/;m , "two-and-a-half")

The first -

argument 4o i = v.. 3 4]

et indicstes [1, 2, 'two-and-a-half', 3, And there it is—the
the index £inal “wams” list, which

vile 4o imert, has Fie objects: fon
FbeforeX )2 ] Bommaamatt |3 (%) mimbers and ont. st
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Be cavehul: that’s
$ python3 -V & an UPPERCASE
3.5.2 W

How ¢ool is that? j
Our Linux has the

lstest Python 3

installed.
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[LXX ) Python 3.5.2 Shell |

>>> names = ()
>>>
>>> for m in ('John', 'Paul’, 'George', 'Ringo’):

names . append (n) T Teytodyamiealy

o the
Traceback (most recent call last): 2dd data
File "<pyshell#l7>", line 2, in <module> tuple.

names. append (n)
AttributeError: 'tuple' object has no attribute 'append’

You ean't append
= !\ to .
Ln 44 Coid uple, 35 it

immutable.
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o seavehletters on he Web!

from flask import Flask Welcome

from vsearch import searchdletters ;
Use s Form to submit  search request

Phease: !J’_///——l
Letters

Jve veady, tliek his buttont

When Yoo

app = Flask(_name_)

eapp.route('/')

def hello() -> str:

return 'Hello world from Flask!'

@app.route ('/searchd')
def do_search() -> str:
return str(searchdletters( ...

Here are your vesults:

app.run ()
You submitted the Folloving data:

Note: 4o make everything it,

we aven't showing the entive e il
line of code here e e
When “hiteh—p

iker” is searthed for “3gios”
the following vesults are r:himfr acion”,

fv)
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import mysql.connector

request(req: 'flask request', res: str) -> None:
"Log details of the web request and the results."""

def 1o

dbconfig = { 'host': '127.0.0.1',

luser': 'vsearch', This dictionar
'password': 'vsearchpasswd', <~ details the
'database': 'vsearchlogDB', } database onnection

This bit characteristies.

uses the conn = mysql.connector.connect (**dbconfig)

eredentisls  ——3 | cursor = conn.cursor ()

4o tonnett to

£he database, _SgL = "nninsert into log

then creates (phrase, letters, ip, browser_string, results)

a ewrsor. aliga

(%5, %s, %s, %s, ¥s)"""
cursor.execute (_SQL, (req.form['phrase'l,
req.form[ 'letters'],
req.remote_addr,
req.user_agent.browser,

Q—W

This is the code
that does the

res, )) attual work:
conn. commi t () Finally, thi it adds the
cursor. close () &mﬂﬁ: gl vequest data
conn.close () database comestion £ the ‘log”

database Lable.
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This is the name of
the standard |.§m,
rodule 4o inport the

reusable code from,

This is the

name

21, 23, 25, 27, 29, 31, 33, 35, 37, 39,

41, 43, 45, 47, 49, 51, 53, 55, 57, 59 ]
n . when we vant. you o pay particular
I s oy e we WM it Gt

attention to a line of eode,
Tike we did here).

of the

/ “omodule.
from datetime import dateti —

/—;7\[ 1, 3, s, 7, 9,11, 13, 15, 17, 19,

R:emlm. the
interpreter starts
2t the top of the
file and works dovr
tovard the bottom,
excuting cach lne

PMDN tode as
it goes.
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HE SO0 _STRCUAIL AL “ S ARE FEHUARE . TA5: ALE) . Te MUON
with UseDatabase (app.config[*dbconfig!])) as cursor:
_SOL = """insert into logwrong
(phrase, letters, ip, browser_string, results)
values
(%3, ¥s, ¥s, ¥s, ¥s)"""

R Paacana s gREEERS T e (12802]F Table "VeHarshTRoEn S ToGHTonG® dEeEnTE BRIt
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Assign the value “bottles” (a string) to a

word = "bottles" R
new variable ealled “word”.

for beer_num in range(99, 0, -1):

print (beer_num, word, "of beer on the wall.")

print (beer_num, word, "of beer.

print("Take one down.")

print("Pass it around.")

if beer_num =

print ("No more bottles of beer on the wall.")

else:

new_num = beer_num - 1

if new_num

word = "bottle"

print (new_num, word, "of beer on the wall.")

print()
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HOL 00 TOENEE S Euil:: - L aHE COGUEEL 5 TaBe BLE)L -8 Nekds,
raise Exception("Something awful just happened.")
with UseDatabase (app.config['dbconfig']) as cursor:

»+*+* Logging failed with this error: Something awful just happened.





OEBPS/figs/web/297fig01.png.jpg
del log _request(req: "1Ilask request’, res: str) -=> None:

Crikey! What
3 mess of
magnets. Can
You help?

l

-----

cursor = conn.cursor()
conn. commit ()

"select * from log"""

import mysql.connector

cursor.execute (_SQL,

(req. form[ 'phrase '],

req. f ' s
re; o dbconfig = { 'host': '127.0.0.1",
req.user _adas, ‘user': 'vsearch',

tgent. browses, 'password' : 'vsearchpasswd'

res, ))
'database': 'vsearchlogDB', }

"vinsert into log
(phrase, letters, ip, browser_string, results)

values
(%s, %s, %s, %s, %s)"""

cursor . execute (_SQL)

for row in cursor.fetchall():

print (xow)

conn = mysql.connector.connect (**dbconfig)
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Note: As this book hurtles
Loward its date vith

the printing press, the
vext vevsion of Python 3
(velease 34) is due vt As
this won't be until the end
of 2016 (3 meve handful of
weeks ¥after¥ this bock
publishes), we've showing 35
in these streenshots. Dont
worry abaut matehing the
version we have here. Go
ahead and download/imstall
the latest.

Install Python 3.5.2 (64-bit)

Select Install Now to install Python with default settings, or choose

The verbion mamber Customize to enable o disable features.

Tw’re '.nEh\hve, is & Install N

fouve in install Now

ﬁlk:,z :Ih.feg:’t ﬁ CAUsers\Paul Bary\AppData\Local\Programs\Pythor Pythons
worey, yours is the e et ad e ssoctions

\atest version and
installs in the same
# Customize installation

way. Choose location and festures.

This is veally
impor-tant:
be sure 4o
turn on this
option before
clicking on
“Install Now”
at this dialog
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A standard Mac

05 X imstallation o s Py -
protyam for e S

Pybhon 352 ard I i ckage it Pyon .52 oMo 05 X 108 o e

above. |§ you have

a more vetent
velease than what
we've showing
here, that’s Fime—
skl away!

Python for Mac 08 X consits o the Python programring anguags
Inerpreter, s s of pograms 10 sk easy acoess 01 fr Mg OS X
users nluiog an negratd development ervionent IDLE.

IMPORTANT: IDLE ard othr rograms usig he tknte grashicluser
Inertaco ool 169,70 pocif vorsons oftho To Tk patom.
Independent windoweg ook, Vis s pythan orgowniosd
MBCACd or cutont fomation on upperied and reconmendee
Vorsons of T for i versionof Py and Mac 05 X.

Gontinve

ﬁ

Just keep elicking
wntil it's installed.
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>>> for letter in word: < ke each letter in the word..

if letter in vowels: & 436 i s in the “vouels” st
print (letter) and if it is in the “vowels” i

N diplay the lekber on streen

i The output from this code confi
a €& of the vowels in the W(rxc“/moi'l‘l.:a';i".th ¢ entity

i
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By default, IDLE

won't vun eode that
Source Must Be Saved hasn't been saved.

\\2/ OK to Save? J
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Remember: we
set Ehis wser's

mysql -u vsearch -p vsearchlogDB <

“yseavehpasswd’
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This is wha{ our
0000

DBempy’ e ST

e m DLE — 8 import mysql.connector ke (B

At the moment,

ke hom

class UseDatabase:

3 single “mport”

statement, def _init_ (self):
tonether with pase

a class talled et
“UseDatabase” el
that contains

hwee “empty” def _exit_ (self):
methods.

pass
|

Ln: 14 _Col:0
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Gapp. route (' /viewlog')

@check_logged_in The vest of
def view_the_log() -> 'html': the function’s
try: code still goes
with UseDatabase (app.configl'dbconfig']) as cursor: in here

-

except mysql.connector.errors.InterfaceError as err:

print ('Is your database switched on? Error:', str(err))
except Exception as err:

print ('Something went wron

, str(err))

Add another “encert
statement to handle
a spetifie exception
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Your fivst—ever

“With” statement

(borrowed from
with open('todos.txt') as tasks: Chapter 4).

for chore in tasks: - )

P
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right_this_minute = datetime.today() .minute

if right_this minute in‘g_\—/ determine whether

print("This minute seems a little odd.") one thing is inside
another.

This “i” statement 7
sill evaluate to eithe

e or “Fals’






OEBPS/figs/web/288fig02.png.jpg





OEBPS/figs/web/441fig01.png.jpg
@app.route (' /viewlog')

@check_logged_in The vest of

def view_the_log() -> 'html': the funttion's
A""U‘“u try: Code goes
cateh-al with UseDatabase (app.config['dbconfig']) as cursor:  here.

exteption
handler e P

\ except Exception as err:
print ('Something went wrong:', str(err))





OEBPS/figs/web/xxxifig01.png.jpg
T wonder how
T can trick my brain
into remembering
this stuff...





OEBPS/figs/web/296fig01.png.jpg





OEBPS/figs/web/049fig01.png.jpg
All this talk of “objects” can
mean only one thing: Python is object-
oriented, right?






OEBPS/figs/web/f0520-01.png.jpg
I#'s been a blast having
you with us here on Lake
Python. Come back soon
and often. We love it when
you drop by.






OEBPS/figs/web/424fig01.png.jpg
Note how the entive tode
snippet is indented under
the “bry” statement

© © @ try examples2.py - Usersfpaul/Desktopl_NewBookch1...
® © @ try examples.py - [Users/paul/Desktop)\\ewBo...
try: L
with open('myfile.txt') as fh: with open('myfile.txt') as f£h:
file data = fh.read() file data = fh.read()
print(file_data) # print(file_data)
| except FileNotFoundError:
T God print('The data file is missing.')
The “extept” statement is | Ln:8 Col0 |
indened It e e ——
as its assotiated “ry’, This tode is indented
and has its own suite.

under the “extept” tlause
and only exetutes ¢ P
the “FileNotFoundBrvor
exteption is vaised:





OEBPS/figs/web/160fig02.png.jpg
o ﬂ
>>> searchd4vowels ('sky')

Funchion fo el s £hat

he word “sey” doesn't seeq)

conkain any vowels.. b
bt ook what ;
o w " Sz:?ﬁubon





OEBPS/figs/web/390fig06.png.jpg
(3.5.1)
® myfunc.py\. /Usersipaul/Deskiop_ NewBooklch10jmyfunc.py (

Think of “args” as 5 st
arguments, which ean
e protessed like an
other It (even though
it's a tuple).

Ln: 7 Col: 0

print()





OEBPS/figs/web/391fig01.png.jpg





OEBPS/figs/web/380fig02.png.jpg
Aecessing /| log'..." [} 127.0.0.1:5000/l0gin
Hly what
iozi;:tdv .,E iy c © 1220015000/0gin
The browser is You are now logged .
now logaed into

the webapp-





OEBPS/figs/web/397fig01.png.jpg
Put the decorator's

“def” line heve.

S g






OEBPS/figs/web/423fig02.png.jpg
When a vuntime evror
otturs, Pyﬁhm displa
a “braceback”, whigh |
details what vent
wrong, and where.

In this case, the
interpreter thinks the
Problem is on line 2.

— Python 3.5.1 Shell

RESTART: /Users/paul/Desktop/_NewBook/chll/try_examples.py
Traceback (most recent call last):
File "/Users/paul/Desktop/_NewBook/chll/try_examples.py", line 2, in <module>
with open('myfile.txt') as fh:
FileNotFoundError: [Errno 2] No such file or directory: 'myfile.txt'
>>>
>>>

Whoops!

:119 Col: 4

Despite being ualy to look
at, the traceback message is
sl





OEBPS/figs/web/193fig02.png.jpg
\_NewBook\chd4>py.test ——pep8 vsearch.py
test session starts s
— Python 3.5.0, pytest-2.8.7, py-1.4.31fpluggy-0.3.1
E:\_NewBook\ch@4, inifile:
pepB—1.8.6

[E:\_NewBook\ch@4>






OEBPS/figs/web/f0561-01.png.jpg
T'm open source and
written in C. You'll find
me everywhere!






OEBPS/figs/web/378fig02.png.jpg
Does the “logged_in”

key exist Wi
@app. route('/status') aig\/{..,,.a,y; the %ession’

def check_status() -> str:
ir ‘logged in in sessi

e £ yes, veturn

s message,

1£ no, vetuen
e Lhis message-

return Yo

return You are NOT logged in”





OEBPS/figs/web/389fig01.png.jpg





OEBPS/bk01-toc.html
Head First Python

Table of Contents
		Dedication

		Advance Praise for Head First Python, Second Edition		Praise for the first edition

		Praise for other Head First books

		Praise for other Head First books





		 

		Author of Head First Python, 2nd Edition

		How to use this Book: Intro		Who Is This Book For?		Who should probably back away from this book?





		We Know What You’re Thinking		We know what your brain is thinking





		Metacognition: Thinking About Thinking

		Here’s What WE Did:

		Here’s what YOU can do to bend your brain into submission

		Read Me, 1 of 2

		Read Me, 2 of 2

		The Technical Review Team

		Acknowledgments and Thanks





		O’Reilly Safari

		1. The Basics: Getting Started Quickly		Breaking with Tradition		Starting with a meatier example





		Jump Right In		Python’s IDLE is all you need to get going





		Understanding IDLE’s Windows

		What Happens Next...

		Press F5 to Run Your Code

		Code Runs Immediately

		Executing Code, One Statement at a Time		Let’s be the Python interpreter





		Functions + Modules = The Standard Library

		Batteries Included

		Data Structures Come Built-in		Python variables are dynamically assigned





		Invoking Methods Obtains Results		Invoking built-in module functionality





		Deciding When to Run Blocks of Code

		What Happened to My Curly Braces?		A colon introduces an indented suite of code





		What “else” Can You Have with “if”?

		Suites Can Contain Embedded Suites

		What We Already Know

		Extending Our Program to Do More		What we need to do:





		What’s the Best Approach to Solving This Problem?		Both approaches work with Python





		Returning to the Python Shell

		Experimenting at the Shell

		Iterating Over a Sequence of Objects

		Iterating a Specific Number of Times

		Applying the Outcome of Task #1 to Our Code

		Indent Suites with Format...Indent Region

		Arranging to Pause Execution

		Importation Confusion

		Generating Random Integers with Python

		Asking the Interpreter for Help

		Reviewing Our Experiments

		Updating What We Already Know

		A Few Lines of Code Do a Lot

		Coding a Serious Business Application		Dealing with all that beer...





		Python Code Is Easy to Read

		Is Indentation Driving You Crazy?		Getting back to the beer song code





		Asking the Interpreter for Help on a Function		Starting, stopping, and stepping





		Experimenting with Ranges

		Don’t Forget to Try the Beer Song Code		Wrapping up what you already know

		With all the beer gone, what’s next?





		Chapter 1’s Code





		2. List Data: Working with Ordered Data		Numbers, Strings...and Objects		Numbers

		Strings

		Objects





		“Everything Is an Object”		But...what does all this actually mean?





		Meet the Four Built-in Data Structures

		Ordered Collections Are Mutable/Immutable

		An Unordered Data Structure: Dictionary

		A Data Structure That Avoids Duplicates: Set		The 80/20 data structure rule of thumb





		A List Is an Ordered Collection of Objects		How to spot a list in code





		Creating Lists Literally

		Putting Lists to Work		Working with lists

		Is one object inside another? Check with “in”





		Use Your Editor When Working on More Than a Few Lines of Code		Don’t forget: press F5 to run your program





		“Growing” a List at Runtime

		Checking for Membership with “in”		Is the object “in” or “not in”?





		It’s Time to Update Our Code

		Removing Objects from a List

		Popping Objects Off a List

		Extending a List with Objects

		Inserting an Object into a List

		What About Using Square Brackets?

		What Happened to “plist”?

		Lists: What We Know

		What Looks Like a Copy, But Isn’t

		How to Copy a Data Structure

		Square Brackets Are Everywhere		Lists: Updating What We Already Know





		Lists Extend the Square Bracket Notation

		Lists Understand Start, Stop, and Step		You can put start, stop, and step inside square brackets





		List Slices in Action

		Starting and Stopping with Lists

		Stepping with Lists		Slices are everywhere





		Putting Slices to Work on Lists		Converting “Don’t panic!” to “on tap”





		Putting Slices to Work on Lists, Continued

		Which Is Better? It Depends...

		Slicing a List Is Nondestructive		So...which is better?





		Python’s “for” Loop Understands Lists		Understanding marvin.py’s code





		Python’s “for” Loop Understands Slices

		Marvin’s Slices in Detail

		Lists: Updating What We Know

		What’s Wrong with Lists?

		When Not to Use Lists

		Chapter 2’s Code, 1 of 2

		Chapter 2’s Code, 2 of 2





		3. Structured Data: Working with Structured Data		A Dictionary Stores Key/Value Pairs

		Make Dictionaries Easy to Read

		How to Spot a Dictionary in Code		What happened to the insertion order?





		Insertion Order Is NOT Maintained		Dictionaries understand square brackets





		Value Lookup with Square Brackets		Dictionary lookup is fast!





		Working with Dictionaries at Runtime

		Recap: Displaying Found Vowels (Lists)

		How Can a Dictionary Help Here?

		Selecting a Frequency Count Data Structure

		Updating a Frequency Counter

		Updating a Frequency Counter, v2.0

		Iterating Over a Dictionary

		Iterating Over Keys and Values

		Dictionaries: What We Already Know		Specifying the ordering of a dictionary on output





		Iterating Over a Dictionary with “items”

		Just How Dynamic Are Dictionaries?		Dictionary keys must be initialized





		Avoiding KeyErrors at Runtime

		Checking for Membership with “in”

		Ensuring Initialization Before Use

		Substituting “not in” for “in”

		Putting the “setdefault” Method to Work		Dictionaries: updating what we already know





		Aren’t Dictionaries (and Lists) Enough?

		Sets Don’t Allow Duplicates		Spotting sets in your code





		Creating Sets Efficiently		Creating sets from sequences





		Taking Advantage of Set Methods

		union Works by Combining Sets		What happened to the loop code?





		difference Tells You What’s Not Shared

		intersection Reports on Commonality

		Sets: What You Already Know		Using a set was the perfect choice here...





		Making the Case for Tuples		How to spot a tuple in code





		Tuples Are Immutable

		Watch Out for Single-Object Tuples

		Combining the Built-in Data Structures

		Storing a Table of Data

		A Dictionary Containing a Dictionary

		A Dictionary of Dictionaries (a.k.a. a Table)

		Pretty-Printing Complex Data Structures

		Visualizing Complex Data Structures

		Accessing a Complex Data Structure’s Data

		Data Is As Complex As You Make It

		Chapter 3’s Code, 1 of 2

		Chapter 3’s Code, 2 of 2





		4. Code Reuse: Functions and Modules		Reusing Code with Functions

		Introducing Functions

		What About Type Information?

		Naming a Chunk of Code with “def”

		Invoking Your Function		Edit your function in an editor, not at the prompt





		Use IDLE’s Editor to Make Changes

		What’s the Deal with All Those Strings?		Understanding the string quote characters





		Follow Best Practice As Per the PEPs

		Functions Can Accept Arguments

		Functions Return a Result

		Returning One Value

		Returning More Than One Value		What’s the deal with “set()”?





		Recalling the Built-in Data Structures

		Use Annotations to Improve Your Docs

		Why Use Function Annotations?

		Functions: What We Know Already

		Making a Generically Useful Function

		Creating Another Function, 1 of 3

		Creating Another Function, 2 of 3

		Creating Another Function, 3 of 3

		Specifying Default Values for Arguments

		Positional Versus Keyword Assignment

		Updating What We Know About Functions

		Functions Beget Modules		Creating modules couldn’t be easier, however...





		How Are Modules Found?

		Running Python from the Command Line

		Not Found Modules Produce ImportErrors

		ImportErrors Occur No Matter the Platform

		Getting a Module into Site-packages		Using “setuptools” to install into site-packages





		Creating the Required Setup Files

		Creating the Distribution File		Creating a distribution file on Windows





		Distribution Files on UNIX-like OSes

		Installing Packages with “pip”		Step 3 on Windows

		Step 3 on UNIX-like OSes





		Modules: What We Know Already		Giving your code away (a.k.a. sharing)





		Demonstrating Call-by-Value Semantics

		Demonstrating Call-by-Reference Semantics

		Can I Test for PEP 8 Compliance?

		Getting Ready to Check PEP 8 Compliance		Recalling our code

		Installing pytest and the pep8 plug-in





		Install the Testing Developer Tools

		How PEP 8–Compliant Is Our Code?

		Understanding the Failure Messages

		Confirming PEP 8 Compliance		Conformance to PEP 8 is a good thing





		Chapter 4’s Code





		5. Building a Webapp: Getting Real		Python: What You Already Know

		Let’s Build Something

		What Do We Want Our Webapp to Do?

		What Happens on the Web Server?		What do we need to get going?





		Let’s Install Flask		Install Flask from the command-line with pip





		How Does Flask Work?		Check that Flask is installed and working

		Run Flask from your OS command line





		Running Your Flask Webapp for the First Time

		Here’s What Happened (Line by Line)

		Creating a Flask Webapp Object

		Decorating a Function with a URL

		Running Your Webapp’s Behavior(s)

		Exposing Functionalit y to the Web

		Recall What We’re Trying to Build		Here’s the plan





		Building the HTML Form		But...what if you’re new to all this HTML stuff?

		Create the HTML, then send it to the browser





		Templates Relate to Web Pages

		Rendering Templates from Flask

		Displaying the Webapp’s HTML Form

		Preparing to Run the Template Code

		We’re Ready for a Test Run

		Understanding HTTP Status Codes

		Handling Posted Data

		Refining the Edit/Stop/Start/Test Cycle

		Accessing HTML Form Data with Flask

		Using Request Data in Your Webapp		Automatic Reloads





		Producing the Results As HTML

		Calculating the Data We Need

		Adding a Finishing Touch

		Redirect to Avoid Unwanted Errors

		Functions Can Have Multiple URLs

		Updating What We Know		Is that all there is to this chapter?





		Preparing Your Webapp for the Cloud

		Exploiting Dunder Name Dunder Main		Deploying to PythonAnywhere (well... almost)





		Chapter 5’s Code





		6. Storing and Manipulating Data: Where to Put Your Data		Doing Something with Your Webapp’s Data

		Python Supports Open, Process, Close

		Reading Data from an Existing File

		A Better Open, Process, Close: “with”		The “with” statement manages context

		Invoking the logging function





		A Quick Review		Take your webapp for a spin...

		Data is logged (behind the scenes)





		View the Log Through Your Webapp		Where to start when things go wrong with your output





		Examine the Raw Data with View Source

		It’s Time to Escape (Your Data)

		Viewing the Entire Log in Your Webapp

		Learning More About the Request Object		What’s all this, then?





		Logging Specific Web Request Attributes

		Log a Single Line of Delimited Data

		One Final Change to Our Logging Code

		From Raw Data to Readable Output

		Does This Remind You of Anything?

		Use a Dict of Dicts...or Something Else?		Take a closer look at the logged data





		What’s Joined Together Can Be Split Apart		Getting to a list of lists from a list of strings





		When Should the Conversion Occur?

		Processing Data: What We Already Know		Take a closer look at the output





		Generate Readable Output With HTML

		Embed Display Logic in Your Template

		Producing Readable Output with Jinja2

		The Current State of Our Webapp Code

		Asking Questions of Your Data

		Chapter 6’s Code





		7. Using a Database: Putting Python’s DB-API to Use		Database-Enabling Your Webapp

		Task 1: Install the MySQL Server

		Introducing Python’s DB-API

		Task 2: Install a MySQL Database Driver for Python

		Install MySQL-Connector/Python

		Task 3: Create Our Webapp’s Database and Tables

		Decide on a Structure for Your Log Data

		Confirm Your Table Is Ready for Data

		Task 4: Create Code to Work with Our Webapp’s Database and Tables

		Storing Data Is Only Half the Battle		This new function is a big change





		How Best to Reuse Your Database Code?

		Consider What You’re Trying to Reuse

		What About That Import?		Be careful when positioning your import statements





		Consider What You’re Trying to Do

		You’ve Seen This Pattern Before

		The Bad News Isn’t Really All That Bad

		Chapter 7’s Code





		8. A Little Bit of Class: Abstracting Behavior and State		Hooking into the “with” Statement

		An Object-Oriented Primer		A class bundles behavior and state

		Classes have methods and attributes





		Creating Objects from Classes

		Objects Share Behavior but Not State		Defining what we want CountFromBy to do





		Doing More with CountFromBy

		It’s Worth Repeating Ourselves: Objects Share Behavior but Not State

		Invoking a Method: Understand the Details

		Method Invocation: What Actually Happens

		Adding a Method to a Class

		Are You Serious About “self”?

		The Importance of “self”

		Coping with Scoping

		Prefix Your Attribute Names with “self”

		Initialize (Attribute) Values Before Use

		Dunder “init” Initializes Attributes

		Initializing Attributes with Dunder “init”		Pass any amount of argument data to dunder “init”

		What have we learned from this Test Drive?





		Understanding CountFromBy’s Representation

		Defining CountFromBy’s Representation

		Providing Sensible Defaults for CountFromBy

		Classes: What We Know

		Chapter 8’s Code





		9. The Context Management Protocol: Hooking into Python’s with Statement		What’s the Best Way to Share Our Webapp’s Database Code?

		Consider What You’re Trying to Do, Revisited		How best to create a context manager?





		Managing Context with Methods		Dunder “enter” performs setup

		Dunder “exit” does teardown

		(As you know) dunder “init” initializes





		You’ve Already Seen a Context Manager in Action		What’s required from you





		Create a New Context Manager Class

		Initialize the Class with the Database Config		Your context manager begins to take shape





		Perform Setup with Dunder “enter”		Don’t forget to prefix all attributes with “self”





		Perform Teardown with Dunder “exit”		Your context manager is re ady for testing

		There’s not much code here, is there?





		Reconsidering Your Webapp Code, 1 of 2

		Reconsidering Your Webapp Code, 2 of 2

		Recalling the “log_request” Function

		Amending the “log_request” Function

		Recalling the “view_the_log” Function

		It’s Not Just the Code That Changes

		Amending the “view_the_log” Function		Here’s the SQL query you’ll need

		It’s nearly time for one last Test Drive





		All That Remains...

		Answering the Data Questions		How many requests have been responded to?

		What’s the most common list of letters?





		Which IP addresses are the requests coming from?

		Which browser is being used the most?

		Chapter 9’s Code, 1 of 2

		Chapter 9’s Code, 2 of 2





		10. Function Decorators: Wrapping Functions		Your Webapp Is Working Well, But...		Only authenticated users gain access





		The Web Is Stateless		HTTP is to blame...





		Your Web Server (Not Your Computer) Runs Your Code

		It’s Time for a Bit of a Session

		Flask’s Session Technology Adds State

		Dictionary Lookup Retrieves State		Time for a Test Drive?





		Managing Logins with Sessions

		Let’s Do Login		Amend the webapp’s code to handle logins





		Let’s Do Logout and Status Checking		Amend the webapp’s code once more





		Why Not Check for False?

		Can We Now Restrict Access to URLs?

		Copy-and-Paste Is Rarely a Good Idea		Put shared code into its own function





		Creating a Function Helps, But...

		You’ve Been Using Decorators All Along

		Pass a Function to a Function		Functions can take a function as an argument





		Invoking a Passed Function

		Functions Can Be Nested Inside Functions		When would you ever use this?





		Return a Function from a Function

		Accepting a List of Arguments		Use * to accept an arbitrary list of arguments





		Processing a List of Arguments		* works on the way in, too





		Accepting a Dictionary of Arguments		Use ** to accept arbitrary keyword arguments





		Processing a Dictionary of Arguments		** works on the way in, too





		Accepting Any Number and Type of Function Arguments

		A Recipe for Creating a Function Decorator

		Recap: We Need to Restrict Access to Certain URLs

		Creating a Function Decorator		That’s almost too easy, isn’t it?

		Can you see why the nested function is called “wrapper”?





		The Final Step: Handling Arguments		We’re done...or are we?





		Your Decorator in All Its Glory

		Putting Your Decorator to Work

		The Beauty of Decorators

		Creating More Decorators

		Back to Restricting Access to /viewlog

		What’s Next?

		Chapter 10’s Code, 1 of 2

		Chapter 10’s Code, 2 of 2





		11. Exception Handling: What to Do When Things Go Wrong		Databases Aren’t Always Available

		Web Attacks Are a Real Pain

		Input-Output Is (Sometimes) Slow

		Your Function Calls Can Fail

		Considering the Identified Problems		1. Your database connection fails

		2. Your application is subjected to an attack

		3. Your code takes a long time to execute

		4. Your function call fails





		Always Try to Execute Error-Prone Code

		Catching an Error Is Not Enough		There can be more than one exception raised...





		try Once, but except Many Times

		A Lot of Things Can Go Wrong		The Catch-All Exception Handler





		Haven’t We Just Lost Something?

		Learning About Exceptions from “sys”

		The Catch-All Exception Handler, Revisited

		Getting Back to Our Webapp Code

		Silently Handling Exceptions

		Handling Other Database Errors

		Does “More Errors” Mean “More excepts”?

		Avoid Tightly Coupled Code

		The DBcm Module, Revisited

		Creating Custom Exceptions

		The empty class isn’t quite empty...

		What Else Can Go Wrong with “DBcm”?

		Creating More Custom Exceptions

		Are Your Database Credentials Correct?

		Handling SQLError Is Different

		Be Careful with Code Positioning

		Raising an SQLError

		A Quick Recap: Adding Robustness		What happens if something takes a long time?





		How to Deal with Wait? It Depends...

		Chapter 11’s Code, 1 of 3

		Chapter 11’s Code, 2 of 3

		Chapter 11’s Code, 3 of 3





		12. 11¾ A Little Bit of Threading: Dealing with Waiting		Waiting: What to Do?

		How Are You Querying Your Database?

		Database INSERTs and SELECTs Are Different

		Doing More Than One Thing at Once		Concurrent code: you have options





		Don’t Get Bummed Out: Use Threads

		First Things First: Don’t Panic

		Don’t Get Bummed Out: Flask Can Help

		Is Your Webapp Robust Now?

		Chapter 11¾’s Code, 1 of 2

		Chapter 11¾’s Code, 2 of 2





		13. Advanced Iteration: Looping Like Crazy		Bahamas Buzzers Have Places to Go

		Reading CSV Data As Lists

		Reading CSV Data As Dictionaries

		Let’s Back Up a Little Bit

		Stripping, Then Splitting, Your Raw Data

		Be Careful When Chaining Method Calls

		Transforming Data into the Format You Need

		Transforming into a Dictionary Of Lists		Think about the data wrangling that’s needed here...





		Let’s Do the Basic Conversions

		Did You Spot the Pattern in Your Code?

		Spotting the Pattern with Lists

		Converting Patterns into Comprehensions

		Take a Closer Look at the Comprehension

		What’s the Big Deal?		Comprehensions aren’t just for lists





		Specifying a Dictionary Comprehension

		Extend Comprehensions with Filters

		Recall What You Set Out to Do

		Deal with Complexity the Python Way

		Extract a Single Destination’s Flight Times

		Extract Flight Times for All Destinations

		That Feeling You Get...

		The Set Comprehension in Action

		How to Spot a Comprehension

		What About “Tuple Comprehensions”?

		Parentheses Around Code == Generator		Generators produce data items one at a time...





		Using a Listcomp to Process URLs

		Using a Generator to Process URLs

		Using a Generator: What Just Happened?

		Define What Your Function Needs to Do

		Yield to the Power of Generator Functions

		Tracing Your Generator Function, 1 of 2

		Tracing Your Generator Function, 2 of 2

		Concluding Remarks

		One Final Question

		Chapter 12’s Code

		It’s Time to Go…		You’re on your way!









		A. Installation: Installing Python		Install Python 3 on Windows		Download, then install





		Check Python 3 on Windows		It’s Python 3 on Windows, sort of...





		Add to Python 3 on Windows

		Install Python 3 on Mac OS X (macOS)		Using a package manager





		Check and Configure Python 3 on Mac OS X		The Python 3 folder on Mac OS X

		You’re ready to run on Mac OS X





		Install Python 3 on Linux





		B. Pythonanywhere: Deploying Your Webapp		Step 0: A Little Prep

		Step 1: Sign Up for PythonAnywhere

		Step 2: Upload Your Files to the Cloud

		Step 3: Extract and Install Your Code

		Step 4: Create a Starter Webapp, 1 of 2

		Step 4: Create a Starter Webapp, 2 of 2

		Step 5: Configure Your Webapp

		Step 6: Take Your Cloud-Based Webapp for a Spin!





		C. Top Ten Things we Didn’t Cover: There’s Always More to Learn		1. What About Python 2?

		2. Virtual Programming Environments

		3. More on Object Orientation

		4. Formats for Strings and the Like

		5. Getting Things Sorted

		6. More from the Standard Library		collections

		itertools

		functools





		7. Running Your Code Concurrently		New keywords: async and await





		8. GUIs w ith Tkinter (and Fun w ith Turtles)

		9. It’s Not Over ’Til It’s Tested

		10. Debug, Debug, Debug





		D. Top Ten Projects not Covered: Even More Tools, Libraries, and Modules		1. Alternatives to >>>

		2. Alternatives to IDLE		What does Paul use?





		3. Jupyter Notebook: The Web-Based IDE

		4. Doing Data Science

		5. Web Development Technologies		But wait, there’s more





		6. Working with Web Data		Scrape that web data!





		7. More Data Sources		There’s more to querying data than SQL





		8. Programming Tools		More help with testing, too





		9. Kivy: Our Pick for “Coolest Project Ever”

		10. Alternative Implementations





		E. Getting Involved: The Python Community		BDFL: Benevolent Dictator for Life		PSF: The Python Sof t ware Foundation

		PyCon: The Python Conference





		A Tolerant Community: Respect for Diversit		Come for the language, stay for the community





		Python Podcasts		Python Newsletters





		The Zen of Python

		Which Book Should I Read Next?

		Our Favorite Python Books





		Index

		About the Author

		Copyright






OEBPS/figs/web/194fig01.png.jpg
def

def

searchdvowels (phrase: str) -> set:
"""Returns the set of vowels found in 'phrase'.
return set('aeiou').intersection(set (phrase))

search4letters (phrase: str, letters: str='aeiou')
"""Returns the set of 'letters' found in 'phrase'.
return set(letters).intersection(set (phrase))

-> set:

This is the code
vom the “vsearch py”
module, whith ontains
our two functions:
“searthtvowels” and
“searehfetters”.

e

This is the “sebup-
W file, which
allowed vs to
furn our module
into an installable
distribution-

kﬂ

from setuptools import setup

setup (
name='"vsearch',
version="'1.0",
description='The Head First Python Search Tools',
author='HF Python 2e',
author_email='hfpy2e@gmail.con',
url='headfirstlabs.com',
py_modules=['vsearch'],

def double (arg) :
print ('Before: ', arg) And this is the “m »
arg = arg * 2 . . H
print ('After: ', arg) g:d"," vhich had Tom and
vah upset at each other.
S Thankhully, now that the
def change(arg: list): mystery is solved, they are
print ('Before: ', arg) back 4o being Programming
arg.append ('More data') buddies onte more. ©
print ('After: ', arg)






OEBPS/figs/web/195fig01.png.jpg
See? I told you getting
Python into your brain
wouldn't hurt a bit,






OEBPS/figs/web/390fig05.png.jpg
Many arguments Cwhich,
in this example, are 3]
40, 50, 60, 70) S mumbers, but pauls be
myfunc (10, 20, 30, 40, anything: numbers, strings
booleans, Jist.
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ql> create database vsearchlogDB; é/_\
mys:

Be sure £o terminte
€ath tommand You

enter into the
MYSQL eonsole with

3 semitolon.
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Tuples are like lists)

except once treated

they CANNOT
change. Tuples are
consbant: lsts:

2

1

Tuple

0
"\_wes use index.

wlues, too (st
Like lisks):
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if right_this minute in odds:

print ("This minute seems a little odd.")

See the tolon? —| else:

print ("Not an odd minute.")

Did you spot

Ehat the “else” is
winderted to align
with the 5672
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>>> help (random.randint)
ﬁ Help on method randint in module random:
Ask for help at
the > omPt rondint(a, b) method of random.Random instance

Return random integer in range [a, b], including
both end points.

and see the assotiated
dotumentation vight in the shel.
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The Code The State of plist

At this point in the code, p11 st does not yet exist. The
phrase = "Don't panic!" sccond line of code trangforms the phrase string into a
new list, which is assigned to the p1ist variable:

ShEsShaeanEs

Each time the for loop iterates, plist shrinks by one

the current state of the object until the last four objects arc gone:
variables (before we start

our manipulations). MBEUMUM e L‘_Jm
e 12 S I
plist.pop() — M[LJE]U&JDL"_J a ' ol
(I
o 1 1 3 & 5 & 1
The loop terminates, and plist has shrunk until eight
objects remain. It’s now time to get rid of some other

unwanted objects. Another call to pop removes the first
item on the list (which is at index number 0):

plist.pop(0) ——— > BE]DEDEIE]
LI T N

With the letter D popped off the front of the list, a call to
remove dispatches with the apostrophe:

rist s ———— > AFAEDEE
R R & e 8

plist = list (phrase)

6

print [phrase)} These ealls to “print” display
print (plist) 3
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&m “chetk_logaed_in” decorator takes
3 single avgument: he function object of
the decorated function.
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A snapshot of Kivy's
landing page form

201b shoving one of
their degloyments: 3
fully immersive touth

interface experiente

C | & mobmoritans ol
csene

Plane

[————

Kivy - Open source Python library for rapid development of applications
that make use of innovative user interfa

, such as multi-touch apps.
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I think someone’s a little
confused. T was told to "clean
up the lint"...but T think they
meant for me to use PyLint

+o clean up your code. What a
mess...if only you'd written a
py-test first, eh?
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The “apply”
funttion accepts
3 funttion object
as an argument.
The “object”
annotation helps
o tonfiem our
intention here
(and the use of
the argument.
name Fune”
is @ Lommon
tonvention):

def apply(func: object, value: object) -> object:

return func(value)

Ln:6 Col:0

Any value (of any

func.py - /Users/paul/Documents/func.py (3.5.1)
\‘ /—\ type) ean be passed

as the second
argument. Again, Lh
annotations 2:2 3{‘
what's allowed as an
argument type heve:
any object. G

The funttion (passed as an argument) is invoked, with the “value” passed
4o ik as its only avgument. The vesult of this funetion callis veturned

From the “apply” Function.
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T guess this is what
people mean by the term
*Python comes with batteries
included.” right?

| \
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IS SN ) -

def inner(): /_\
print('This is inner.') §
The “inner” function is

print('This is outer, returning inner.') nested inside “outer”.
return inner

All of 4his code
is in the “outer”
function's suite.

The “inner’” funttion object is veturned as the

vesult of invoking “outer”. Note the lack of

Eam\{hcscs after “imner”, as we've veburning a
unttion objeet. We are ¥not¥ invoking “imner”
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Two new,
URL

ro
@app.route('/logout') vtes

def do_logout() -> st:
session.pop ('logged_in')
return 'You are now logged out.'

@app.route('/status')
def check_status() -> str:
if 'logged in' in session:
return 'You are currently logged in.'
return 'You are NOT logged in.'

app.secret_key = 'YouWillNeverGuessMySecretKey'

if _name_ == '_main_':
i WO Difecme M
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I something wnexpected

happens, Your code
. Some unknown exception. T e

Something went wron
127.0.0.1 - - [25/Jul/2016 21:43:14] "GET /viewlog HTTP/1.1" 200 —
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Thirk of a set
as a collection

wnordered unioue
thems—ro duplieates \/

allowed.
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The interpreter just
dumps the data o the screen.
Any chance we can make this
more presentable?
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Hang on a second...Python supports two
importation mechanisms? Doesnit that get
kind of confusing?
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Use the “pop” n:thod 1o remove
Ehe ‘logged_in” key From the
@app.route ('/logout')

“session” diefionary.
def do_logout () —> str:

return
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® © @ try_examples.py - [Users/paul/Desktop/ NewBo...

with open('myfile.txt'
3 txt £n:
file date = fh.tem)l(:. )
print(file_data)

There's nothing weird or vonderful
img, on heve: the named file is
Gol: 0

opened, and its data is obtained and | —

+then displayed on sereen-
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def searchdvowels (word) :
"""Display any vowels found in a supplied word."""
vowels = set('aeiou')
found = vowels.intersection(set (word))
for vowel in found:
print (vowel) }

Wel ehange these o lines
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No, no...there’s no one
else here. They've all gone
o PyCon.
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(\ No arguments

myfunc ()
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Soup? Soupl Did
somebody mention soup?
And they said it was
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Wouldr't it be dreamy
if Python let me specify

default values? But T know
it's just a fantasy...
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No matter where
our data is—in an SQL
or NoSQL data store—

Python and its third-party
modules do the trick.
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Add the I
logout @app. route (' /logout')
tode here:

return

\idoilogout() -> str:

i you've forgotten how to
vemove a key from 5 dictionary,
type “dirldict)” at the >
Prompt for  list of available
dictionary methods.
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Here’s
what's

...:2:25: E231 missing whitespace after ':' €
Wrong

def searchdvowels(phrase:str) -> set:

“ Here's where
S
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>>> bool (1)
True

. A rumber that isn't 0 is 3l
222 Bool (Fl) b g s it's nq:{?‘/:a "

True

>>> bool (42) £ may be

True niny;man,
bt 1k i

>>> bool (0.0000000000000000000000000000001) <— s:,vn ‘mt o,

£EU6 soit's True

A nonempty string is

>>> bool ('Panic') < hays Teue

e A vonempty bult-in data
>>> bool ([42, 43, 44]) & strutture is True:
True

>>> bool({'a': 42, 'b':42})

True
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You know what you need to do: put
your head down, read the docs, and
work out the Python code you need
1o solve this problem. When you've
done this, you're ready to change
your program as needed...

That approach works, but T'm more
of an experimenter myself. I like to
try out small snippets of code before
T commit to making changes to my
working program. I'm happy to read
the docs, but like to experiment too.

Lawa
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Something
else went
wrong, and
Your webapp
erashes again,

.
«

® | Wrunimetron o seve o %\
€ |11 127.00.1:5000/searcha

builtins.RuntimeError

RuntimeError: No active exception to reraise

il Libary Frameworks/Pyhon rameworkVersions 3.5/l pythons. st packages sk app.py’, ine
2000, 1n __call.

return self.wsgi_appCenviron, start_response)
Fle “Library Frameworks /Pyihon rameworkVersions 3.5 lib/oythons. site-packages sk 00,5y’ ine

1991, Inwsgi_app.
response = self.nake_response(sel. handle_exception(e))

Fle LibraryFrameworks /Pyihon rameworkVersions .5 lib/pythons. site-packages sk 00,5y’ ine
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>>> booklist[0:3] € ———
., YRE. AT Select the first :
[, WhY; Wef] (letters) from aﬁ“ﬁ,ﬁ_""f‘*‘

>>> ''.join(booklist[0:3])

'The'
L Turn the selecked vange into a string (whieh
Jou learned how to do near the erd of the
>>> ''.join (bookli e “panic.py’ code). The second example seleets
oklist{=6:1) T lack v bjects from the list

'Galaxy'
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from flask import Flask

Heve's the decorator,
which—like all decorators— app = Flask(_name_)
is prefived with the @
s\fmba\» @app.route('/')
def hello() -> str:
return 'Hello world from Flask!'

app.run()
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Its a little havd

to vead, but all
the data is theve
>>> people
{'Ford': {'Occupation': 'Researcher', 'Gender': 'Male',
'Home Planet': 'Betelgeuse Seven', 'Name': 'Ford Prefect'},
'Trillian': {'Occupation': 'Mathematician', 'Gender':
'Female', 'Home Planet': 'Earth', 'Name': 'Tricia
McMillan'}, 'Robot': {'Occupation': 'Paranoid Android',
'Gender': 'Unknown', 'Home Planet': 'Unknown', 'Name':

'Marvin'}, 'Arthur': {'Occupation': 'Sandwich-Maker',
'Gender': 'Male', 'Home Planet': 'Earth', 'Name': 'Arthur
Dent'}}
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searchdletters('galaxy', 'xyz')

def searchdletters (phrase:str, letters:str='aeiou') -> set:
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PY -3 -m pip install pytest-pep8

&3 Administrate-

et Trious sustonizopy 3 - pip install pytese-
Collecting pytest-pepd
Dounloading pyt
Collecting pytest—cache
Dounloading pytest-cach
equirenent alveady saticf “upgrade to upgrade>: pytest>=2.4.2 in ci\pr|
gran £iles\python 3.5\1lib\site-packages Cfrom pytest-peps>
Collecting pep8> From putese-pept)
Dounloading pe: 7.0-py2 . py3-none-any.uhl C(41kB>
oay AR bR TR R R TR AIARRR | 5K 1 PAD
1lecting execnet>=1.1.devl (from pytest-cache->pytest-pept
Dounloading execnet 1 4.1-py2.py3 v.uhl’ CA0KB)
1007 4

Spytest pepd>
colorama in c:\progran)
Files\python 3.5\1ibNsi o £>=2.4.2->pytest—pepd>
ollecting apipkg>=i oxe: >pytest-cache->pytest-peps>
Dounloading apipky 1.4-py?.pyd none-an
installing collected packages: apipkg. e ytest-cache, pep8. pytest-pepd
Running setup.py install for pytestcac
Running setup.py install for pytest—pe
Fully installed apipkg-1.4 execne 1.7.8 pytest-cache-1.0 pyte

C:\Windows\s.
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-m pip install pytest

@ Administrator: Command Prompt

isrosoft Corporation. ALl rights reserved.

tend2>py -3 -n pip install pytest
ollecting pytest
Dounloading pytest-2.8.7-py2.pyd-none-any.uhl (1S1kB>
168> HERGRARERERRARARNRREREURERUNNN | 1S5KE 1.3MB/s
Collecting colorana (From pytest)
Dounloading colorana-8.3.6-py2.py3-none-any.uhl
fcollecting py><1.4.29 (From pytest>
Dounloading’ py=1.4.31-py2.py3-none-any.uhl <B1KB)
1007 HURERANARRRROAANRRARORURURNAGN: B6KE 131KkB s
Installing collected packages: colorama, py, pyte
uccessFully installed colorama-8.3.6 py-1.
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def search4vowels (word) :
"""Return any vowels found in a supplied word."""
vowels = set('aeiou')
return vowels.intersection (set(word))

Return the data without the use
of the unnetessary “Found” variable.
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T car't believe
they put thatina
Python book,
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Why go to all the trouble of creating a
one-line function? Isn't it better to just
copy and paste that line of code whenever
you need it?
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def searchd4letters (phrase:str, letters:str='aeiou') -> set:

A default value has been
assigned o the ‘letters”
argument and vill be used
whenever the talling tode
doesn't provide an alternate
.
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Is that it? You can't
finish of without giving me
some recommendation on

what I should read next.
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List
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Our funttion's

“def” line —_D
def searchdletters (phrase:str, letters:str='aeiou') -> se
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We mentioned David Beazley's work
n an cavlier appendin. [n his book,
David teams up with Brian K. Jores
£o dotument a wonderkul ellection —
of Python coding vecipes 1€ you

find yourself wondering how You

do something in Python, wonder no

move: look up the answer in Python

Cookbook.

1€ deep-

deep-dives are mor

;zl:?,, vca? f“s cxtc“:nr);:ol(

Dbt )
ll oot ond el e 5 betber
vhhon Programmer fon o
experience). ‘

Luciano Ramalho
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Python's lists undevstand

Tt ) DEms
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as well as negative index
N e ik e e






OEBPS/figs/web/076fig02.png.jpg
beersong.py - /Users/Paul/Desktop/_NewBook/chD e The eall

eoe
word = "bottles"” Eke:azat

for beer_num in range(99, 0, -1): e—/ar ” 4;“
print(beer_num, word, "of beer on! mg ::;F

“ " or

print(l:eer_nun, mrd,. of beer.") start, stop,

and step.
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This is one

way to

searchdletters (letters='xyz', phrase='galaxy')

invoke the

Lunttion

X

def search4letters (phrase:str, letters:str='aeiou')

This is
another
vy to
invoke 3
function

-> set:
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def search4vowels (phrase:str) -> set: This
"nwReturn any vowels found in a supplied phrase.""" code is in
vowels = set('aeiou') “vsearch, Py’
return vowels.intersection (set (phrase)) ~

def searchdletters (phrase:str, letters:str='aeiou') -> set:
""UReturn a set of the 'letters' found in 'phrase'."""
return set (letters).intersection (set (phrase))
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Add the
tode for the ———=
“/login’ URL-

£rom £lask dmpore Flaek, [EEE] € —

app = Flask(_name_) «

@app.route('/login')

def do_login() -> str:
session['logged in'] = True
return 'You are now logged in.'

app.secret_key = 'YouWillNeverGuessMySecretKey

if _name_ == '_main_':
app . run (debug=True)

Remember

£ import

‘session”

Set a value for this
webapp's seeret key
(which enables the
use of sessions)

e





OEBPS/figs/web/388fig01.png.jpg





OEBPS/figs/web/285fig01.png.jpg





OEBPS/figs/web/158fig03.png.jpg
>>> searchdvowels ('hitch-hiker')

wteH True
The “return’
statement (thanks / >>> searchdvowels ('galaxy')
to boo‘# gives vs —————> True S hapters, e ave
cither “Teue” or \ >>> search4vowels ('sky') ot clasing y
‘False' . s

Asin earlier
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eoe Python 34.3 Shell

>>> RESTART

>>> m L

>>> help(searchdletters) = the “help” BIF

Help on function searchdletters in module _ main_ : < . 4 how fo use
searchAletters”

searchdletters (phrase:str, letters:str) -> set

Return a set of the 'letters' found in 'phrase'.

>>> searchdletters('hitch-hiker', 'aeiou')

Trer, 'i'}

>>> searchdletters('galaxy', 'xyz') _y All of these

A examples

>>> searchdletters('life, the universe, and everything', 'o') Produce what

set() we expect them

>>> | to

L 781Col: &
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>>> search4letters('life, the universe, and everything')
These three {ra', 'e', 'i', 'u'}
Lunttion calls >>> search4letters('life, the universe, and everything',

'aeiou’)
all produte—29 {ra', te', 'i', 'u'}
the 1‘&’”‘ >>> search4vowels('life, the universe, and everything')
e {1ar, ter, 14Y, taty

I this invozation,
ve are calling
“searthvowels”, ot
“seavehHletters”
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\_NewBook\ch@4>py.test —pep8 vsearch.py
test session starts
pytest-2.8.7, py-1.4.31
ile:

FAILURES

Book\chB4\vsearch.py U291 trailing whit
Return any vowels found in a supplied phrase

\_NewBook\ch@4\usearch.py:?:1: E362 expected 2 blank lines, found 1
def searchdletters(phrase:str, lettersistr='aeiou’> -> set:

y:?:26: E231 missing whitespace after ’:’
lettersistr="aeiou’> —> set:

39: E231 nissing whitespace after
def searchdletters(phrase:str, lettersistr='aeiou’> -> set:

\_NewBook\ch@4>
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@ ® @ vsearchaweb.py - [Users/paul/Desktop/_NewBook/ch06/webapp/vsearchaweb.py (3.5.1)

from flask import Flask, render_template, request, escape
from vsearch import searchdletters

app = Flask(_name )

def log_request(req:'flask_request', res:str) -> None:
with open('vsearch.log’, 'a‘) as log

print (req.form, req.remote_addr, req.user agent, res, file=log, sep='|')

@app.route('/searchd’', methods=['POST'])
arch() -> 'html’

request. form[ 'phrase’]

request.form['letters']

Here are your results:'

results = str(searchdletters (phrase, letters))

log_request (request, results)

return render_template('results.html',
the_title=title,
the_phrase=phrase,
the_letters=letters,
the_results=results,)

@app.route('/')
@app.route('/entry’)
def entry page() -> 'html':
return render_template('entry.html',
the_title='Welcome to searchdletters on the web!')

@app. route('/viewlog')
def view_the log() -> 'html':
contents = []
with open('vsearch.log') as log:
for line in log:
contents. append ([])
for item in line.split('|"):
contents [-1] . append (escape (item))
titles = ('Form Data’, 'Remote_addr', 'User_agent', 'Results’)
return render_template ('viewlog.html',
the_title='View Log',
the_row_titles=titles,
the_data=contents, )

if _name_ = '_main_':
app. run (debug=True)

Ln: 2 Col: O
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>>> for num in range(S):

Head
Head
Head
Head
Head

print('Head First Rocks!')

First Rocks!

First We asked for a vange of five numbers,
First 4 so e iterated five Limes, which vesulfs
First 1 ¥ive messages. Remember: press Enter

First tuice £o vun Zode that has 3 suite,
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L Ehe “loaged in” key in

the “session dietionary to
eapp. route (' /login') Troe?
def do_login() -> str: /
sessionllogged_in'J = Teue

Return this message
€ to the aiting

browser-.

return
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o We need to add ‘session’ to the import line at the top of the cods

2]

Let's not
<— foroet to
do these.

0

We need o set a value for this webapp's secvet ke
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No matter

the number of
argquments provided, —>
“myfunt” does

the vight thing

(e, processes

its argquments, no
matker how many)-

oo Python 3.5.1 Shel

>
R Nhen provided ith ro arguments,
55> myfunc() myfunc” dots nothing.

>>> myfunc(10, 20, 30, 40, 50, 60, 70)
10 20 30 40 50 60 70
>>>

>>> myfunc(l, 'two', 3, 'four', 5, 'six', 7)
1 two 3 four 5 six 7
>>> |

Ln:37 Coia |

T—

You tan even mix and mateh the
Lpes of the values provided, and
“onyfune” still does the vight thing
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>>>

>>> import this
The Zen of Python, by Tim Peters

Beautiful is better than ugly.

Explicit is better than implicit.

Simple is better than complex.

Complex is better than complicated.

Flat is better than nested

Sparse is better than den:

Readability count:

Special cases aren't special enough to break the rules.

Although practicality beats purity.

Errors should never pass silently.

Unless explicitly silenced.

In the face of ambiguity, refuse the temptation to guess.

There should be one-- and preferably only one --obvious way to do it.
Although that way may not be obvious at first unless you're Dutch.
Now is better than never.

Although never is often better than *right* now.

If the implementation is hard to explain, it's a bad idea.

If the implementation is easy to explain, it may be a good idea.
Namespaces are one honking great idea -- let's do more of those!
>>>

Remember: vead this ¥at least* once a month-





OEBPS/figs/web/377fig02.png.jpg
Cheek it the “logged_in” key exists

@app. route (' /status') in the “session” dictionary, then
def check_status() -> str: veturn the appropriate message.
Put your stabus— i

thecking tode heve
return

e
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o &

View Log

Form Data

ImmutableMultiDict([('letters’,
aeiou’), (‘phrase’, "hitch-
hiker')])

ImmutableMultiDict([('letters’,
‘aeiou’), (‘phrase’, 'life, the
universe, and everything')])

ImmutableMultiDict([('letters’,
'xyz'), (‘phrase’, 'galaxy')])

Remote_addr User_agent

127.0.0.1

127.0.0.1

127.0.0.1

2
Safari/601.3.9

Results

Mozilla/5.0
(Macintosh; Intel

Mac OS X 10_11_2)
AppleWebKit/601.3.9 {
(KHTML, like Gecko)
Version/9.0.2
Safari/601.3.9

Mozilla/5.0
(Macintosh; Intel

Mac OS X 10_11_2) ¢
AppleWebKit/601.3.9 1
(KHTML, like Gecko) 2"
Version/9.0.2
Safari/601.3.9

Mozilla/5.0
(Macintosh; Intel
Mac0SX {0 11.2) (..
AppleWebKit/601.3.9 XV)
(KHTML, like Gecko)

Version/9.

’k Not only is £his

but
output veadable,
 looks good, +o0- @
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0351 shel

Providing no arguments

e v it an iz,
s >>> myfunc2 (a=10, b=20, c=30, d=40, e=50, £=60)

b->20 £->60 d->40 c->30 e->50 a->10

>>>

jecd 0

Lni 24 Coli 4
You tan provide any number of

keyword
avauments, and “myfunc2” does the vight thing.
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Code is read more.
than it's written...
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phrase = "Don't panic
plist = list(phrase)
print (phrase)
print (plist)

new_phrase = ''.join(plist([1:3])
new_phrase = new_phrase + ''.join([plist[5], plist[4], plist[7], plist([6]])

print (plist)
print (new_phrase)

When it comes 4o manipulating lists, sind

m isn't the only game in The
F;'t:'):s '3?\‘”06‘(3“ lh‘-ev:d the same end

ing Pythor's saare bracket notation
The shortest program in 4his ehapler,
iraingy’, demorstrated b el
paranoid_android = "Marvin" (:) :{Ff;y‘w ith Python's “for” loop.
letters = list(paranoid_android) |e—" ,ch" lon't tell Mavvin...f he hears
for char in letters: at his program is the shortest in
print ('\t', char) Ehis chapter, il make him even more
Parancid than he already is)
paranoid_android = "Marvin, the Paranoid Android"
B letters = list (paranoid_android)
The “marvinZ-py yfoe‘rﬂ"' for char in letters[:
showed off Python's square print ("\t', char)
bracket notation by using three ——2 | print()
) ack and displa for char in letters[-7:]:
sltes to exbract an i 1 print ('\t'*2, char)

Leagments from 2 list
letters.

print ()
for char in letters[12:20]:
print ('\t'*3, char)
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hange to another folder Gin this case,
ﬁ ve are moving to the top-evel folder).
Start . Fie Edt
ISRl C:\Users\Head First> cd \
again
] C:\>py -3
Python 3.4.3 (v3.4.3:9b73f1c3e601, Feb 24 2015, 22:43:06) [MSC
v.1600 32 bit (Intel)] on win32
Tey bo import Type "help", "copyright", "credits" or "license" for more information.
U] >>> import vsearch
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
/9 ImportError: No module named 'vsearch'
but this >>> quit()
time we ?gé

an error! Co\>
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from flask import Flask This code now resides
from vsearch import searchdletters in a file called

“earehtuebpy’”
app = Flask(_ name )

@app.route('/')
def hello() -> str:
return 'Hello world from Flask!'

@app. route (' /searchd')
def do_search() -> str:

return str(searchdletters('life, the universe, and everything',

app . run ()

'eiru,!'))
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List
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Remember: they both do with open('todos.txt') as tasks:

the some thing bt Pythen > for chore in tasks:

evs preker this code print (chore, end='")

tasks = open('todos.txt')
for chore in tasks:

print (chore, end='")
tasks.close ()

Heres the code we added o the

webapp o support loggi
reqests o 3 bont fio 0

def log_request(req: 'flask_request', res: str) -> None:
with open('vsearch.log', 'a') as log:
print (req.form, req.remote addr, req.user agent, res, file=log, sep='l|")

@app.route (' /viewlog')
def view_the_log() -> 'html':
contents 0
with open('vsearch.log') as log:
for line in log:
contents.append ([1)
for item in line.split('|'):
contents [-1] .append (escape (item) )
titles = ('Form Data', 'Remote_addr', 'User_agent', 'Results')
return render_template ('viewlog.html',
the_title='View Log',
the_row_titles=titles,
the_data=contents, }

) ina all the “vsearehwebpy”
We aven't sh:zua : new‘mu (Youl Sind

tode here,
O s woayam buo pages back)
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The most.
vetent
version of

our function
def searchd4vowels(word:str) -> set:
"""Return any vowels found in a supplied word."""

vowels = set('aeiou')
return vowels.intersection (set (word))
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Reciting the Zen of
Python helps me get in
the zone...
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tlask import Flask, render_template Add “vender template” o the
from as. i it

R lst of tethnologies imported
From the “Flask” module
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ese Python 3.5.1 Shell
>>>

>>> apply (print, 42) B\ke “apply” Funetion
“apply” 2 es any obj
The “apply >>> apply(id, 42) o ‘""y“‘ iae for Ineseh of thee
Sunttion vuns 3 4297539264 h example, rmten
bunth of BIFs —> < | >>> apply(type, 42) it takes itself as “value” & AFCSV e
against some <class 'int'> and eonfiems that it's 3 & 1rst argument o
vgl‘w (oo works 2> apply(len, ‘Marvin') function. gr{ly is ‘.:“'9“"’
he “fune
d). >>> apply (type, 1,
o et ST i argument, Ghowe)
>>>

Ln: 110 Col: 4
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vowels3.py - /Users/Paul/Deskton/_NewBook/ch02/vowels3. oy (3.4.9)

vowels = ['a', ‘e’, ‘i, 'e', ‘u']
/? word = input("Provide a word to search for vowels: ")

Here's our version found = []
of “vowels3.py” for letter in word:
with the “input” if letter in vowels:
edit applied- if letter not in found:
found.append(letter)
for vowel in found:
print(vowel)
And heve are our
test vuns 1 L 111Cot-0
T ——

° Python 3.4.3 Shell

>>> ================================ RESTART ================================
>>>

Provide a word to search for vowels: Milliways

1§

a
B T L L e ———
>>>

Provide a word to search for vowels: Hitch-hiker

>>> = ================== RESTART ==

Provide a word to search for vowels: Galaxy
a
>>>
>>>
Provide a word to search for vowels: Sky

>>> |

| [r:21Cot 4

======================= RESTART ======================s==s======
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The list is
protessed as 3

+ KX Python 3.5.1 Shell
single argumen T Alist of
on. >>> values = [1, 2, 3, 5, 7, 11] <—
4o the function Fed s by
>>> myfunc (values)
1, 2,35 7,11]
>>> — V{hen a list is prefixed with “*”
>>> myfunc (*values) it expands ¥ individusl
e s :e:ﬁ toa list of individual
>>> 3
>>> |

Ln: 15






OEBPS/figs/web/258fig02.png.jpg
® 8 ® ) 11270015000 mewon x|
€ © € [1127.00.1:5000}viewiog v

‘<Request hitpi/localhost:S000/scarchd [POST]> (i, ¢) <Request hitp:/localhost:5000/scarchd [POST> {1 '
'’} <Request hitp://localhost:5000/searchd’ [POST]> {a'}

lwmm_/ Qe mrerznan o« N

€ | [ view-source:127.0.0.1:5000)viewlog =

| $1e7Request 4439 http://Localhost 5000/ searchds#30; (POSTIagts (+#39; 54839, 4439704839}

Al the data % §1tiRequest 6#39ihttp://localhost:5000/acarchdss39; (POSTIGgt; (#39;14#39;, §#39;ee#3si,
4397008397, 4439720839

feom the log 5| 61¢;Request §#39;http://localhost:5000/searchs#39; (POSTIEt; (6#39;a4#39;)

File is now

appearing..

-and. the escaping is working, 4oo.
Aleho:é,u—fp be honst -ty
vequest data doesn't

reed doa docalt rely bl o
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T have a quick question before we
move on. T like the idea of writing
PEP 8 compliant code...s there any way
T can automatically check my code for
compliance?
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We saved all

of this eode
in 3 file called £rom datetime import datetime
“do_tomierkey S impore pprine

def convertZampm(time24: str) -> str:
return datetime.strptime(time24, '$H:®M').strftime ('%I:%M3p’)

with open('buzzers.csv') as data:
ignore = data.readline()

. flights = ()
The Mhens for line in data:

'vd‘:“’d "K‘:’ k, v = linc.strip().split(",")

each vou o flights[k] = v On cath iteration, th
the “Fight key ln ) i comerted
dictionary- pprint.pprint (flights) to AM/PM format,

print() then used as the new
P—— dldmur\/x key.

for k, v in Flights.ibemsO:
) ) e G 8 s
Slights2Leonsert2ampn(0] = vtitled e Tenis
pprint.pprint (£lights2) then assigned to the

converted key.
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Edit_Window Help _Checking our log DB

$ mysql -u vsearch -p vsearchlogDB
Enter password:

Welcome to MySQL monitor...

mysql> select * from 1
3= -
letters | browser_string | results

17| 2016-03-09 13:4 life, the uni ... ything
2 | 2016-03-09 13:42:07 | hitch-hiker
3 | 2016-03-09 13:42:15 | galaxy
4 | 2016-03-09 13:4 Ritch-hiker
e
rows in set (0.0 sec)

mysql> quit
Bye

The log data saved
3 database table
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Processing c:\users\...\dist\vsearch-1.0.zip
Installing collected packages: vsearch
Running setup.py install for vsearch

Successfully installed vsearch-1.0
N clcess
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= an e : s

B putnonanywhere St S e s

v e v o e P - T
cminl Plisicscmsend 1% This File contatns the SGI confirotion reqired <o serve w your

26w opicotton ot hetp://eyour-uscrmarcs pythonamabere.con
B puiroronywhere s 34 T¢ vorks by setting the variasle pplicarion o & WSGE randie of sanc

it peiied

v e vt o ey °H

T # This File cantatns the WSGI configuration reauired to serve up | © ¥ T belov has been auto-generated for your Flask project
B i e e nawirs o B B . The
34 T¢ vors by setting the variable opticerion f0 6 WSGT rendter| B {rOOre 1 “Cave”
it peied
C o 30 sy prosec drectory to the sy patn
¥ Tne belon s been auto-generates for your Flask progect 51 project hame - u'/hane/headfirstze/msite button

g 22 {F project_hone ot in sys.oth:
2 e proseet e+ sy etn

8 iwpor sys
5

S neod o call i€ “opplication” for NSGI to mrk

18 # 06t your project diractory to the sys.path
Joie el v s app o5 apication

51 project hane - u/rane eodFirstzesmte” o
12 1F project_home not in sys.path: |
53 syslpath - (project_hone] + sys.path

aPp bt necd <o call i€ “application” for NSCL to.

Change the last line of £his file )
&aa'z&mu your “vsearth’rweb’
module.
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According to this card, T get to
ask one last question. Is there any
downside to defining *log_request”
within "do_search">
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The Code The Stateof plist

This is what p11ist looks like as a result of the code on

the previous page executing:
I I 5
o 1 3 & s

The next line of code contains three method
invocatior wo calls to pop and one to extend. The
calls to pop happen first (from left to right):

plist.extend(([plist.pop(), plist.pop()]) D" U" ‘:]t D P
o 1 2 3

2

T

The call to extend takes the popped objects and adds
them to the end of plist. It can be uscful to think of
extend as shorthand for multiple calls to the append

Cnounn

All that’s left to do (to p1ist)is to swap the t character
at location 2 with the space character at index location 3.
The next line of code contains twe method invocations.

The first uses pop to extract the space character:

etist. insext (2, 1ist on 3)) ey O
PR

Torn “plist” back
into a string

Then the call to insert slots the space character into
the correct place (hefore index location 2):

T

Ta dal

new_phrase = ''.join(plist)
print (plist)
print (new_phrase)

%‘\Thesc calls 4o “print” display
the state of the variables
(after we've performed our
manipulations).
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This code has to
be amended to use
{he “UseDatabase” —>

context manaser.

from flask import Flask, render template, request, escape
from vsearch import searchdletters

import mysql.conmector < N;"F dg‘é
import “DBem”

app = Flask (_name_ ) here instead

def log _request(req: 'flask_request', res: str) -> None:
""'Log details of the web request and the results."""
dbconfig = {'host': '127.0.0.1',
'user': 'vsearch',
'password': 'vsearchpasswd',
'database': 'vsearchlogDB', }

conn = mysql.connector.connect (**dbconfig)
cursor = conn.cursor ()
_SQL = """insert into log
(phrase, letters, ip, browser_string, results)
values
(%5, %s, %s, %s, ¥s)"""
cursor.execute (_SQL, (req.form['phrase'l,
req.form[ 'letters'],
req.remote_addr,
req.user_agent.browser,
res, ))

conn. commit ()
cursor.close ()
conn.close ()
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from datetime import datetime
Define the import pprint
conversion funetion

def convertZampm(time24: stxr) -> str:
return datetime.strptime(time24, '$H:3M').strftime('3I:%Mip’)

P with open('buzzers.cav') as data:
ignore = data.readline ()
Grob the data flights = ()
From the file for line in data:
KT Hnestip0 splis )
ights(k] = v
Prebby-print the “fights” g,
Prior to performing 4 Colonivy

he eonversions.

pprint.pprint (flights)
print ()

ights2 = The new dictionary, alled
flights2 = (1 € upygut”, starks owt emply

M your S — >
loop heve

pprint.pprint (£lights2)

Pretby-print the “Rlights2.” detionary bo
ot nat the conversions ave working.
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The data from
“contents” is displayed
in the form. Note
how the form

data (‘phease” and
“letkers”) is presented

in 3 single eclumn.

o00viewlon

View Log

Form Data Remote_addr User_agent Results

ImmutableMultiDict([('letters',
‘aeiou’), (‘phrase’, *hitch- 127.0.0.1
hiker')])

ImmutableMultiDict([('letters’,

Mozilla/5.0

(Macintosh; Intel

Mac 0S X 10_11_2)
AppleWebKit/601.3.9 {'', I}
(KHTML, like Gecko)
Version/9.0.2

Safari/601.3.9

Mozilla/s.0
(Macintosh; Intel
Mac 0S X 10_11_2)
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Reeall the

exteption hieranhy
vom earlier.

Exception

StopIteration
StopasyncIteration
ArithmeticError
FloatingPointError
OverflowError
ZeroDivisionError
AssertionSrror
AttributeError
BufferError
EOFError
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first @————> [1 ]2 ][3 ][ 4] 5] <«———® secon
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Create a new list (an

3 d
>>> first = [1, 2, 3, 4, 5] < fve runber ohiecks 1o 13
>>> first

[1, 2, 3, 4, 5] S The “first” list’s five mumbers
>>> second = firsté\
>>> second “Copy” the existing list 40 &

[1, 2; 3, 4; 5] new one, called “second”-
2,3, 4,

The “second” list's five numbers
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>>>
>>>
>>>
>>>

Create a new, empt:
g i
names = [] / talled “names”. ey lit

names.append ('Michael') Add
names . append ('John') of t:::is;: &U\t o
st

names[-1] K
' John'
'ohn Aecess the last ibem in the “names” list
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127.0.0.1 - - [30/3ul/2016 20 "GET / HTTE/1.1" 200 -

127.0.0.1 - - [30/Jul/2016 20 "BOST /searchd HTTR/1.1" 200 -

127.0.0.1 - - [30/Jul/2016 20 "GET /login HTTR/1.1" 200 -

127.0.0.1 - - [30/Jul/2016 20 "GET /viewlog HTTE/1.1" 200 -

127.0.0.1 - - [30/3ul/2016 20 "GET /viewlog HTTE/1.1" 200 - )

No more seary vuntime exteptions. Al those 2005
mean all s vell with your webapp. And, I5 seconds
aFter you sbmit a new seavch, your webapp
eventually logs the details $o your batkend database
WITHOUT vequiving your webapp user bo wait. ©
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Note from Marketing
This is the book

we wholehear tedl
vecommend for quickly
9¢tting up to speed
with HTML . not
that we've biased or

anything. ©
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Use “estape” vfl{h
>>> escape ('This is a <Request>') €7 5 skring containing

; some spetial
Markup ('This is a slt;Request&gt'i) gy
The special

tharatters have
been escaped (e,
translated).
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OK. T'm convinced..T already know a bit
about Python. That said, what's the plan?
What are we going to do now?
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@app.route('/viewlog')

def view_the_log() -> str:
ere's our log with open ('vsearch.log') as log:
4ots (35 > contents = log.read()
return contents

shring).
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from datetime import datetime

def convertlampm(time24: str) -> str:
return datetime.strptime ) i
datetime.strptime (time24, '$H:3M').strftime('3I:%Mip’)

’\4— Given 3 time in Lo—hour format: (a5 3

shing), bhis method chain converts it
ko 3 skring in AM/PM format.
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This all looks
kinda messY.
But look
Closely: here's
the vesults
of one of
the searthes
we performed

sl DT GRS

[_class_','_delattr_,'_dict_,'_dir_','_doc_,'_enter_,'_eq_,'_exit_','_format_','_ge_
getatribute_,'_gt_\_hash_,'_init_,"_Je_',"_l_\,'_module_,"_ne !, _new_,"_reduce_'
"_reduce_ex_,'_r sctattr_,'_sizeof ,'_str_",'_subclasshook ', _weakref_,'_get_filc_stream',

get_stream_for_parsing,"_is_old_module’, _load_form_ data', _parse_content_type', _parsed_content_type
‘accept_charsets', 'accept_encodings', 'accept_languages', 'accept_mimetypes', ‘access_route', 'application’, ‘args',
‘authorization', 'base_url', 'blueprint', 'cache_control', 'charset', ‘close', 'content_encoding', 'content_length', 'content_mdS',
‘content_type', ‘cookies', data’,'date', dict_storage_class','disable_data_descriptor',‘encoding_errors', endpoint’, environ',
‘fles', 'form, 'form_data_parser_class', 'from_values', 'full_path', ‘get_data','get_json', 'headers', host’, host_url', if_match',
‘if_modified_since’,if_none_match',if_range', if_unmodified_since', nput_stream, is_multiprocess', is_multithread',
tis_run_once',is_secure' s _xhr’ json', lit_storage. clas', make._form_data_parser', max_content length',
‘max_form_memory_size', max_forwards', method', mimetype', mimetype_params', ‘module’, 'on_json_loading_failed',
‘parameter_storage_class' path, ‘pragmal, ‘query_string',‘range', referrer’, remote_add', ‘remote_user', routing_exception',
'scheme’, scnpl root, 'shatias! stream’ ‘t=eeted_hosts', url', 'url_charset’, 'url_root', ‘url_rule', 'uscr_agent',
) class_','_delattr','_dict_','
—getatiribute_','_gt_',"_hash_",'_]
' _reduce_','_reduce_ex_',' _repr_',' _setattr_,'_ 3

S bclasthook_ . weakrel__" _gotfle_sirean, . gotsrcam_for. parsng’ 5. 01 odule Toad_{orm._dta’,
"parse_content_type', _parsed_content_type', 'accept_charsets', 'accept_encodings', ‘accept_languages',
‘accept_mimetypes','access_route', application', ‘args', authorization', base_url', blueprint',cache_control', charset’,
‘close’, 'content_encoding', 'content_length', 'content_md5', 'content_type', 'cookies', 'data', 'date', 'dict_storage_class',
‘disable_data_descriptor’, ‘encoding_errors', 'endpoint’, ‘environ', files', form', 'form_data_parser_class', ‘from_values
'full_path', 'get_data!, 'get_json', 'headers', 'host', 'host_url', 'if_match', 'if_modified_since', if_none_match', 'if_range’,
‘if_unmodified_since', input_stream, is_multiprocess', is_multithread', is_run_once','is_secure', is_xhr’ json',
‘list_storage_class','make_form_data_parser, ‘max_content_length', ‘max_form_memory_size', 'max_forwards', method,
‘mimetype’, ‘mimetype_params', 'module','on_json_loading_failed','parameter_storage_class',‘path', ‘pragmal,

‘query_string, range','referrer’, ‘remote_addr', remote_user, 'routing_exception', 'scheme’, 'script_root', 'shallow', 'stream’,
‘trusted_hosts','url','url_charset’ 'ur le' ‘user_agent' 'values', 'view_args', 'want_form_data_parsed] {'u’,'i, e’
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When youpress FS £ @ k2 py - srs/PaDescop! NewBookch01/cck2py 8.4

v Hhis code

from datetime import datetime
\—7 import random

import time

odds = [1, 3, 5, 7, 9,11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, 59 ]

You should see output

Sl o b for i in range(5):

right_this_minute = datetime.today().minute

vemember that your if right_this_minute in odds:
output will differ, as print("This minute seems a little odd.")
Ehe vandom mumbers your else:

print("Not an odd minute.")
wait_time = random.randint(l, 60)
time.sleep(wait_time)

| T~ 19[Co1 0

° Python 343 Shel
e T, Y- ——
>>>

This minute seems a little odd.

This minute seems a little odd.

Not an odd minute.

Not an odd minute.

Not an odd minute.

>>>

Program generates most
likely von't mateh ours.

4 vy i o sce 3 ilferent lst of messages
,L/— D Y heve, Yos shld sce Fve messaes

Lhan those shown here
o hab's how many times the loop code vuns.
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Run Python 3 vith the
module Pip, and then aok
FiP to install the dentifieq
Compressed tar file.

/

i ch-1.0.tar.gz
t$ sudo python3 -m pip install vsear
.. /dis u

We ave using the
“Sudo” Command here
to ensure we install
with the corveet
Permissions.
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>>> t2 = ('Python'
o) /\
That brailing comma makes

all the difference, as it
Lells the interpreter that
Lhis is 2 tuple:
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Run Python 3 with the module
71 and then ask pip 4o et
bhe identified Z[P i,

=1.0.2ip
ip install vsearch:
ist> py -3 -m pip i

C:\Users\...\dis
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Seriously? Youre planning o handle
exceptions raised by "log_request” silently>
Tsn't that just another variant of ignoring
exceptions and hoping theyl go away?
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from flask import Flask, render_template, request, escape

Add to
@app.route('/viewlog') the import
def view_the log() -> str: list.

with open ('vsearch.log') as log:
contents = log.read() ca“"maku
roturn e £ on the
veturned
sbring
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(% extends 'base.html' %)

0, P ety ) \f This template inherits

Lrom the base, and
<h2>{{ the title }}</n2> provides 3 N‘,\;;g:.:;t or
<form method='POST' action='/searchd’> the blck called “bod
<table>
<p>Use this form to submit a search request:</p>
<tr><td>Phrase:</td><td><input name='phrase’ type='TEXT' width='60'></td></tr>
<tr><tdletters:</td><td><input name='letters’ type='TEXT' value='aeiou'></td></tr>
</table>
<p>When you're ready, click this button:</p>
<p><input value='Do it!' type='SUBMIT'></p>
</forn>

1% endblock %}
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1

etters on the Web!

Welcome o seavehit]

(¢ extends 'base.html' %)
{5 block body %

<h2>(( the_title ))</h2>

<form method="208T" action='/searchi'>
<table>

<p>Use this form to submit a search request:</p>
<tr><ta>Phrase:</td><td><input name='phrase’ type='TEXT'
width="60"></td></tr>

<tr>ctdbletters:</td><td><input name='letters’ type='TEXT'
value='aeiou’></td></tx>

</table>

<p>hen you're ready, click this button:</p>

<p><input value='Do it!' type='SUBMIT'></p>

</form>

1+ endblock 3}

Here are Your vesults:

You submitted the following dats:

Phrase: hiteh—hikey \
Lot aen SR T

— T

is searthed for “3eioy”, ‘

are veturned: f_J/ﬁ

'}g_,_/_

When “hiteh-hike,”
the following m::e,

{

(7

(¢ extends 'base.html’ %}
15 block body 1}
<h2>(( the_tit1d ))</h2>

<p>You submitted the following data:</p>
<table>

<tr>ctd>Phrase:</td><td>({ the_phrase })</td></tr>
<tr><ta>letters:</td><td>({ the_letters ))</td></tr>
</table>

<p>When "((the phrase }}" is search for "{{ the_letters }}",
the following Tesults are returned:</p>
<h3>(( the_results }}</h3>

{5 endblock )

b ,
{
!

Don't for.
9et the
additions| ngum:ix
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Bapp .Touce | fvi.anlog ) manaaer here,
def view_the log() -> 'html': Use your eontext mana

/ and don't forget the tursor

with

_SQL = """select phrase,
from log"""

letters, ip, browser_string, results

Send the query £o the server,

‘ ‘ ) then feteh the veaus

, , 'Remote_addr', 'User_agent’, 'Results’)
Which eolumn o - -
re
titles aFr return render_template('viewlog.html',
N'“';ﬂ 2 the_title='View Log',
here! the_row_titles=titles,

the data=contents,)
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All this talk of data structures
has me wondering if things can get
more complex. Specifically, can T
store a dictionary in a dictionary?
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Capp.route('/viewlog')

Geab each line of def view_the_log() -> 'html':

data from the file,
and then transform

e ot contents = []
it into a s

with open('vsearch.log') as log:
estaped items, whic

for line in log:
are appended to the contents .append ([1)
“eontents” list for item in line.split('|')

contents[-1] .append (escape (item))

titles = ('Form Data', 'Remote_addr', 'User_agent', 'Results’)
return render_template ('viewlog.html',

the_title='View Log',
The processed log the_row_titles=titles,

datais sent 4o the > the_data=contents,)

template for display,
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>>> type(t2)

<class 'tuple'> /— Pa{’x better: we now
>>> t2 ave a tuple.

('Python',)

’&/“ The intevpreter displays

{he single—objeet tuple

T4 Lhe braling comma.
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| Start with
a new, emply
dictionary-

2. Extract the unique
>>> when = {} 4 set of destinations
>>> for dest in set(fts.values()):
when[dest] = [k for k, v in fts.items() if v == dest]

>>> pprint.pprint (when) .
{'Freeport': ['09:35AM', '05:00PM'], Here it is: the
'Rock Sound': ['05:55PM', '11:45aM'], é—_d“‘ You need,
'Treasure Cay': ['10:45aM', '12:00BM'], in a dietionar

called “when”.

['07:00PM', '09:55AM']}

"West End'

3 Update the
‘when” dietiorary
with the flight

times.
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def log request(req:'flask request',6 res:str) -> None:

with open('vsearch.log', 'a‘) as log:
print (str(dir(req)), res, file=log)

—_———
’& We call “die” on “veq’, which produces  list, and then we
stringiy the list by passing the lst o “str”. The renltr

string is then saved to the log file along with the value 45 .
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t = ('Python')
i ot :Y This i not. what, e

i expected. We've ended
<class 'str S up with a string, What
>>> t

happened £o our uple?
'Python’'
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Gapp.route (' /viewlog’)
écheck_logged_in
def view_the_log() -> 'heml':
try:
with UseDatabase (app.cenfig['dbconfig"])
_sar = "

select phrase, letters, ip, browser_string, results

f£rom log""
cursor.execute (_SQL)
contents = cursor.fetchall ()
titles = ('Phrase’, 'Letters’, 'Remote_addr', 'User_agent', 'Results')
return render_template ('viewlog.html',
the_title='View Log’,
the_row_titles=titles,
the_data=contents,)
except ConnectionError as err:
print('Is your database switched on? Error:', str(err))

except CredentialsError as err:

print ('User-id/Password issues. Error
except Exception as err:

print (*Something went wrong
return 'Error’

. stz(erz))

str(err))

Add this code to “view_the_loy”
o cateh when Your code uses
the wrong username or password

witth MySQL-
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hpi1270015000owlog
(€)@ w
;/ iew-source:http:/[127.0.0.1:5000)viewlog € | Q Ssearch e 9

ki + 400

ahews - £ B5C News -
L EISCNews - G Gmai & Dive [ Caardar | | Coes #peP8 (A R Fask ‘
Sowuest [xttp://lecalbostis000/senschs’ (rOBTIS (10 01}
Setert ‘heps//ocaihostis0oo/semrens- (rostis (-2 © 0 N

Data sbout the veauest
object has been saved in the

log, but for some veason the
web browser is vefusing to
vender it on sereen
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We changed

the old
fimort” ——
statement

o this

wpdated one.

L} vsearch4web.py - /Users/paul/Desktop/_NewBook/ch09/webapp/vsearchaweb.py (3.5.1)
from flask import Flask, render_template, request, escape
from vsearch import searchdletters

We added the

from DBem import UseDatabase ¢tonnettion
¢haracteristics
app = Flask(_name_) dictionary to the
app.config['dbconfig'] = {'host': '127.0.0.1', webapp's tonf-gm»a{mn
‘user': 'vsearch',
‘password': 'vsearchpasswd',
*databa: 'vsearchlogDB', }

def log_request(req: 'flask request', res: str) -> None:
"""Iog details of the web request and the results."

with UseDatabase (app.configl'dbconfig']) as cursor:
_SQL = """insert into log
(phrase, letters, ip, browser_string, results)

We adjusted
the code 4o use
“UseDatabase”,
being suve o pass
in the database
configuration
From Sappon

values
(%s, s, 3s, %5, ¥s)"""
cursor.execute (_SQL, (req.form['phrase'],
req.form['letters'],
req.remote_addr,
req.user_agent.brow:
res, ))

Ln: 10 Cok:0
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This is what
the s’ Tt >
cuveently looks like:

it is a single-item

list.

S Provide a list of

extend([3, 41)  objecks fo append
>>> num:]~ o the existing list.
[2, 3,

We've extended this “nums”
Ia:e by taking each of the
.,»,JuL in the provided list
and appending its objects

Using an empty list here is

valid, i a little silly (a5 you're

dding no items 4o the end of
2 pums extend(ll) exiarbng lisb). IF you'd inskead
[2543); 4] called “sppend(C1)", an empty lst

would be added to the end of the

existing list, but—in this example—

sing “extend(TD” does nothing

s
Because the empy list used o ——>

extend the “nums” list contained
no objetts, nothing changes.
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Generally Available (GA) Releases

Connector/Python 2.1.3 ?‘.;,: eé,ﬂm

socapo: e Plathorm R
Independent”.

Platorm Independent (Achiectur Independent), Compressed TAR 212 a5 =
Arctive
Python
s vt o3 [ p—

Platform Independent (Architecture Independent), ZIP Archive. (@D} 75
Python

(mysalconnectorpython213.20)

MOS: 7104798 £04£7695207c8£95£916b5385 | Sgnature

@ e suggest that you use the MDS checksums and GnuPG signatures to verify the integrid\of the packages you download.

Dot worvy i your
o e diternt from
aurs: 35 long 35 s 3t
least +his version, allis 0K
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Processing ./vsearch-1.0.tar.gz
Installing collected packages: vsearch
Running setup.py install for vsearch
Successfully installed vsearch-1.0
N coress
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2>>> s = "I DID NOT MEAN TO SHOUT."

The “title” >>> print (s)
method veturns TIDID NOT MEANUTO. SHOUT.S T wnach it .
Ty e > P2 € = s eilen o o Fiedier

o >>> print (1)
datain™ I Did Not Mean To Shout. v-\_/
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def log_request(req:

'tlask request', res: str) -> None:

dbconfig = {'host': '127.0.0.1,
‘user': 'vsearch',

'password': 'vsearchpasswd',
‘database': 'vsearchlogDB', }

Let's move £his
dickionary ovt

of the funttion ——7

it ean be conn = mysql.connector.connect (**dbconfig)
- d with cursor = conn.cursor ()
Sh:;c Lunttions _SQL = """insert into log
h .c:-\wm (phrase, letters, ip, browser_string, results)
values

(¥s, %s, %5, %s, %s)
cursor.execute (_SQL, (req.form['phrase’l,
req.form['letters'],
req.remote_addr,
req.user_agent.browser,

res, ))
conn. commit ()

cursor.close ()
conn.close ()
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| € © € 1 127001s00echa

mysql.connector.errors.InterfaceError

i e
/> bl

7 2003; Can' connect to MySQL server on '127.0.0.1:3306' 61

Traceback (most ecer
This is not

hing You e Lraryrameworks ython ramework]Versions 1.5 pythan. S - packages ki pp o, Ine
something oo et
want your return self.sgi_appCenviron, start_response)
webapp users File*/Library/Frameworks/Python. framework/Versions/.5 b/ ythons. site-packages ssk/app.py’, ne
i 1991, wsgi-aop

response = self make_response(self. handle_exception(e))

il Lbray Frameworks Pchon.framewarkVersions 3.5/ ythons.sie-packages 145K/ 00,01’ ne

"
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e mystery.py - AUsers/Paul/Desktop/_NewBook/chod/mystery.py (3.5.0)

The is the def double(arg):

“:Z;t:\?W L print('Before: ', arg)

arg = arg * 2
print('After: ', arg)

Tom's
funetion

def change(arg):
print('Before: ', arg)
arg.append('More data')(e— Sarah's
print('After: ', arg) funetion
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ese Pyinon 3,62 Shell

o —

's/paul/Desktop/_NewBook/chll/try_exampl

| ===m== RESTART: /U
The data file is missing. Suetess! No

>

| ==—==-—= RESTART: /Users/paul/Desktop/ NewBook/chll/try_exampless.py exteptions

This is not allowed. ottur, so the
—-o=== RESTART: /Users/paul/Desktop/_NewBook/chill/try_exampless.py ===mmmm= “tey” suite vons

[Erzno 21] Ts a directory: 'myfile

Some other error occurred:
>>>

el :
4o completion:
RESTARE: /Users/paul/Desktop/_NewBook/ch1l/try_exampless.py

T ¥

>
{ Lni27 Coka
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>>> numbers = [ 42, 256, 16 ]
>>> change (numbers)
/\i Before: [42, 256, 16]

' data']

u:'...gkhesa'_rj After:  [42, 256, 16, 'More

list data as Tom, >>> numbers . , !
iiﬂrbﬂ::o;: [42, 256, 16, 'More data'] Lok whats hapeed!
-

N Thebim e arpmants

value has been ¢thanged in

Funttion the funckion 35 well 25 3t
the shell. This would secm
4o suapest that Python
Huntlions aleok fupport
call-by—refevence semantics
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with open('buzzers.csv') as data:
This is a classic use of ignoze = data.readline()
<for®, and 3 uagly PoRuY flights = (1

hon

ming idiom in P for line in data:
veeaered \/ k, v = line.strip().split(',")

FlSahERTEL = &
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Each logaed web

equest is the same
<Request 'http://localhost:5000/searchd’ [POSTI> ('i', 'e'}
<Request 'http://localhost:5000/searchd' [POST]> {'i', 'e'

<Request 'http://localhost:5000/searchd' [POST]> ('a'}

Eath logged
vesult is

diffevent.
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The header tells us 4o
expect two eohimns of data:

i resrrmmmen & i repesenting tines, he
09:35, FREEPORT er destinations.

17.00, FRepoR

P Thevetof bie

This is 2 standard CSV file 19:00,mes? END e TR ks

10:45, TREASURE CAY

ik e Fﬁt e 12:00, TREASURE caY b achal Fight
ader horm :

Jooks OK exce,for the fact 17155 mocm soomn

that everything's UPPERCASE

(which is 3 little “old sehool”.
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k We've vun three searthes sinte adding the

logging tode, and this looks like three sets
e But what's happened to the vespest
Gata? It appeavs o be missing from this

odkpu?l?
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[mport the
Function P2 Eromiginst Capont ascars
M>a> escape ('This is a Request') £ lse “exea
i
rkup('This is a Request') mehmf:a,

\ string.
No ¢thanae





OEBPS/figs/web/358fig01.png.jpg
So if I'm not going to use Python to
answer these questions, what should
T use instead? I learned a little bit

about databases and SQL while working
through Chapter 7—would SQL queries
be a good fit here?
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This is “vowelsT.py" from
the end of Chaytgy 3,

Take a set of J
vowels.. | vowels = set (*asiou’)

4 5 word,——>| Word = input ("Provide a word to search for vowels: '
and dwerd-T" 1 found = vowels.intersection (set (word))
~then perform for vowel in found: }
; . < Disglay any
an intevseetion. print (vowel) “WHZ
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Rather than veturning a message,
this ¢ode vedurns 3 boolean based on
whether or not the user’s browser 1

logged in.

return False
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We've theeking
if we ave ¥no

logged in

L%

@app.route('/pagel’) Call the “check_logged_in” funttion to

def pagel() -> str: 2
T2 mot chack logged_in(): determine the login status, then act attordingly
return 'You are NOT logged in.'
Eetuzn ‘Thie isipegeil This code only ever vuns

N the wser's browser s

logged in
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We've been talking about data structures
for ages...how much more of this is there?
Surely dictionaries—fogether with lists—
are all Tl need most of the time?
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vowsls7.py - /Users/PauiDesktop NewBoo/ch03/vowelsT.py (3.4.3)

Our latest code
vowels = set('aeiou’)

word = input("Provide a word to search for vowels: ")
found = vowels.intersection(set(word))
for vowel in found:

print (vowel)
|

eoce Python 3.4.3 Shell

>>> === —_— - —

>>>

Provide a word to search for vowels: hitch-hiker

e

i

e 7 2 ——

>>>

Provide a word to search for vowels: Galaxy

a

>>> mmsmmsEmzs=sssssEszssssssssssses RESTART Sesssssssssssessssssssssssssssss

>>>
Provide a word to search for vowels:
i

a

u

e

>>> ====s=s=ssssssssssssssssssssss==
>>>

Provide a word to search for vowels:
>>>

life, the universe, and everything

RESTART ================================

sky

L 23Cor 4

Everything is working as exrected
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import mysql.connector

class ConnectionError (Exception!

pass

class CredentialsError (Exception) : Here's vhere
pess you added in

class SQLError (Exception) : the “SRLEvror’
pass exception

class UseDatabase:
def _init_ (self, config: dict):
self.configuration = config
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ese vsearchawebpy - [Users/paul/Desktop/_NewBook/chOgjwebapp/vsearchaweb.py (3.5.1)

@app. route (' /viewlog')
def view_the_log() -> 'html':
"""Display the contents of the log file as a HTML table."""
(app.config['dbconfig']) as cursor:
lect phrase, letters, ip, browser_string, results
from log""
cursor . execute (_SQL)
contents sor.fetchall ()
titles = ('Phrase’, 'Letters', 'Remote_addr', 'User_agent', 'Results')
return render_template('viewlog.html',
the_title='View Log',
the_row_titles=titles,
the_data=contents,)

Ln:1 Col:0
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ene Python 35,1 Shell
>>>
>>> msg = "Hello from Head First Python 2e"
>>> id(msg)
4385961264
The “id” BIF veports the >>> def n.}x::); S
rint (ms:
wniaue object '\denb(:;:r :vr E el
2 ided to it «
any dbject provides >>> id(hello) The “type” BIF
\\—) 4389417984 veports on an
>>> type (msg) / b
<class 'str'> object’s type.
>>> type (hello)
e
>>> hello()

Hello from Head First Python 2e
>>>

Ln: 20 Col:4
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Python 3 43 Shel
RESTART —=========—=====================

S ————
>>>

Provide a word to search for vowels: hitch-hiker
e was found 1 time(s).

i was found 2 time(s).

>>> ================================ RESTART ==========
>>>

Provide a word to search for vowels: life, the universe, and everything
a was found 1 time(s).

e was found 6 time(s).

i was found 3 time(s).

u was found 1 time(s).

>>> |

T 23 Col 4

This is Iookmg 900d. Th
YeyBeror i g,
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The DBem.py - [Users/pauilDeskiop).NewBook/ch09/webapp/DBempy (3.5.1)
Lm\’lchd import mysql.connector

“UseDatabase”

context class UseDatabase:

maager lass.

8 self.configuration = config

def _ enter_ (self) -> 'cursor':
Self.conn = mysql.connector.connect (**self.configuration)
self.cursor = self.conn.cursor()
return self.cursor

def _exit_ (self, exc_type, exc_value, exc_trace) -> None:
self.conn.commit ()
self.cursor.close ()
self.conn.close ()

Ln:18_Col:0

Cveal” lass would include dotumentation but we've
B o b cod v o sace Lom s 1200
e boak's downloads ahways intlude comments
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his eode veturns a
diffevent. message based
on whether or not the

@app.route('/status') )
This is the def check_status() -> str: user’s browser is logged in
tode to copy if 'logged in' in session: e’—/
return 'You are currently logged in.'

and paste -7
i return 'You are NOT logged in.'
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sapp. route (' /pagel’) Chetk if the user's browser
def pagel() -> str: /—\ is loged in

if 'logged in' in session:
return 'This is page 1.'<€——— ..then do the page-specific funttionality
return 'You are NOT logged in.'

= Otherviise, inform the user
that they are not. logaed in.
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@app.route('/viewlog')

def view_the_log() -> 'html':
As a vesult of

Lask #| above, contents = []

this eode with open('vsearch.log') as log:

needs balnc\ for line in log:

veplaced contents.append ([])

for item in line.split('|'):
contents[-1] .append (escape (item))
it titles = ('Form Data', 'Remote_addr',6 'User_agent',6 'Results')

hsa ”\( oy return render_template('viewlog.html',
of tad s the title='View Log',
T"":‘:'z Seto the_row_titles=titles,
i

g the_data=contents,)
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s Den't worey about. these arguments for now.

def _exit_ (self, exc_type, exc_value, exc_trace] —> None

i T
The F.m::;l, m:: a{{nl::i) ) self.conncommit() . P.x ano{a{mn confirms that
are used 4o commit unsaved dats, y losel) his method has o veturn vilue;
a5 well s close the curson andl dlbeorion e " suth ammotations e apbrmal
comnettion. As alvays, vemember £ self.comnlosel)

. bt ave good practice.

prefix your attribute names vith
“self”. L J
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¢app.route('/searchd4', methods=['POST'])
def do_search() -> 'html
Extract the posted data; perform the search; return results."""
phrase = request.form['phrase’]
letters = request.form['letters’]
title = 'Here are your results:'
results = str(searchdletters (phrase, letters))
log_request(request, results)
return render_template ('results.html',

the_title=title,

the_phrase=phrase,

the_letters=letters,

the_results=results,)

eapp. route (/")
eapp. route (' /entry')
def entry page() -> 'html':
"inDisplay this webapp's HTML form."""
return render_template('entry.html',
the_title='Welcome to searchdletters on the web!')

¢app. route (' /viewlog')

def view_the log() -> 'html':
winDisplay the contents of the log file as a HTML table."""
contents = []

with open('vsearch.log') as log: This code needs to be amendeq
for line in log: <« touse the data i the
contents. append ([1) database via the “UseDstabase
for item in line.split('|'): context manager.

contents[-1] .append (escape (item))
titles = ('Form Data', 'Remote addr', 'User_agent', 'Results’)
return render_template('viewlog.html',
the_title='View Log',
the_row_titles=titles,
the_data=contents,)

if _name == '_main_':
g M o et GOy
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® © ® 1) 2700150008090t

® 1270.01:5000/logout

You are now logged out.

\ Recall hat aceessing “/logout”

vemoes the “logged_in” key from

Lhis browser’s “Session”, whith has
fhe ebfeet of simlating a logout
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We need to worry
about what happers
i somekhing goes
wrong ith iz
tode Jie, the Lo’de
wikhin the “with”
suike).

with UseDatabase (app.config['dbconfig']) as cursor:
_san = nsert into log

(phrase, letters, ip, browser_string,
values

(%5, %s, %s, %s, %s)
cursor.execute (_SQL, (req.form['phrase'l,
req.form['letters'],

req.remote_addr,

req.user_agent.browser,
res, ))

results)
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ece Python 3.4 Shel

Python 3.4.3 (v3.4.3:9b73f1c3e601, Feb 23 2015, 02:52:03)
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin

Type "copyright", "credit: "license()" for nformatio:
>>> = ====: ====== RESTART

>>>

This minute seems a little odd.

>>> P ——— ===== RESTART m=ss=mm====mmmssmms
>>>

Not an odd minute.

>>> |

T 100Cor €
S ————————————
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from os import getcwd

mport. the function - then inicke as

fom its module. where_am 1 = getowd() gz | reqired.
y - ey
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We have

i ' a brand
@app.route (' /viewlog') <— n:wYMnRL
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@Gapp.route('/viewlog')

This is all of the code def view_the log() -> str:
need to support the—> with open('vsearch.log') as log:
“Y/":Moau URL. contents = log.read()

return contents
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eoe beersong.py - [Users/Paul/Deskiop/. NewBook/ch0',

word = "bottles" ; This is new: the cal
for beer_num in range(99, 0, -1): &g 1 Vo’ takes
print(beer_num, word, "of beer on three arguments,
print (beer_num, word, " not one.

o "
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people @—> @—’ &

The “peaple”
dictionary-

tontains another dictionary _J
Cwhieh i the value assoeiates

vith the Ford” key)
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T'm just going to make a note of what's
going on here. Not only is my new code
shorter than what T had before, it's easier
for me to understand and read, too.
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© 0 ® ([ woonsocoas

< > € #F O 1220015000status v a

ﬁﬁ“;‘:gzi:t’:’ ‘You are NOT logged in.

whether the bv?ﬁ" \_{ -

¢ S ve only jus

i logged in o storked the webarp,

and this is your first

interaction with it, this
message confirms exact
what Youd expet: that
You are not logged in.
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@app. route (*/viewlog') This is the same line otf :E;d;
def view_the_log() -> 'html': / From the “log_vequest” function

wich  UseDatabaseapp.confialdbcontiaD) as cursor

_SQL = """select phrase, letters, ip, browser_string, results
from log"
Send the
eursor.exetute(_SQL) e query to the server, th
SR Fetih the et ot e
contents = tursorfetenall) igrment

of the fetthed data 4o “contents”.

return render_template ('viewlog.html',
the_title='View Log',
the_row_titles=titles,
the data=contents, )

Phrase’ , ‘Letters’  pemote addr', 'User_agent', 'Results')
Add n the e e _ _

tovvect
Column names-
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T've just had the most
wonderful idea: what i
T could make my loops
go faster
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vowels

'a’, ‘e

o T hce Ml TR
word = input ("Provide a word to search for vowels:
Detide whith code

magnet goes in cath >
of “the dashed-line

\oeations 4o ereate
“Vowels-py”

"

for letter in word:

if letter in vowels:

for in sorted(

print( , ‘'was found', , 'time(s).")

found = {}

found. items ()

Wheve do all these
g0? Be cavehul: not —y

3\l these magnets are found[letter]

needed E E
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Arthur’s data

>>> people['Arthur'] = { 'Name': 'Arthur Dent',
'Gender': 'Male’,
'Occupation': 'Sandwich-Maker',
'Home Planet': 'Earth' }

>>> people['Trillian'] = { 'Name': 'Tricia McMillan',

'Gender': 'Female', I’;‘:Di dff
'Occupation': 'Mathematician', with éhf ‘
'Home Planet': 'Earth' } “Trillan” key.

>>> people['Robot'] = { 'Name': 'Marvin',

'Gender': 'Unknown',

'Occupation': 'Paranoid Android',
'"Home Planet': 'Unknown' }

Marvin's data is assotiabed with —7

Lre “Rabot” key.
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sz )
“with”

>>> import csv
>>>

>>> with open('buz: csv') as data:

This looks bekter:
i i e L e et
rom
File has been SRR . hen vead
burned inbo a lis. (e ”ﬁﬁﬁﬁ ! B e
U 'WEST END'] at a time vith
'WEST END'] “esv.reader’

'TREASURE CAY']
'TREASURE CAY']
'ROCK SOUND']
'ROCK SOUND']

Ln:77 Col:4.
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We invoke the

“ibems” method
/_— on the “found”

B >>> for k, v in sorted(found.items()): iy
Thihf;":m\/; print(k, 'was found', v, 'time(s).')
me P
k two |
t::ia\:\:: “® a was found 0 time(s).
e was found 2 time(s).
5 % Same output
i was found 0 time(s). /< 35 before. but this code is 5o
o was found 0 time(s). much easier 4o reaq.
u was found 0 time(s).
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for letter in word:
if letter in vowels:
found.setdefault(letter, 0)

found[letter] += 1 A single line of code
——— can ofken make all

4he diffevente.
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® © ® function template.py - /Users/Paul/Deskiop/_ NewBook/ch04function template.py (3.4.3)

def a_descriptive_name (optional_arguments) :

"W"A documentation string."""
# Your function's code goes here.
# Your function's code goes here.

# Your function's code goes here. s theve

return optional_value anything
missing From
this function

template?
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User-id/Password issues. Error: 1045 (28000): Access denied for user 'vsearcherror'@'localhost’
(using password: YES)
127.0.0.1 - - [25/Jul/2016 16:29:37] "GET /viewlog HITP/1.1" 200 -

Now that your code knows all about

“CredentiasErvor’, you generate an exception-
setific evvor message
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is what you need o +:
into the command prompt, "

i £t Window Fielp_TrsaligPyReadline
Microsoft Windows [Version 6.1.7601]

Copyright (c) 2009 Microsoft Corporation. All rilghts reserved.
C:\Users\Head First>

C:\Users\Head First> pip install pyreadline
Downloading/unpacking pyreadline

Successfully installed pyreadline
Cleaning up...
C:\Users\Head First>

Yo'l see lots of K

messages here. ‘ ke s

i Trpge Bt mesae rommetked ko the
) wbernet before

issuing this Command.
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Read the entire file in

one 90" and assign it 4o 5
tents = log.read() < uariable (uhich ve've called
con: = .

Soandenli®
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(XX Python 3.4.3 Shell

Python 3.4.3 (v3.4.3:9b73f1c3e601, Feb 23 2015, 02:52:03)
[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin

Type "copyright", "credits" or "license()" for more information.

>>> mmmmsceemmseiesmmcseesmcceeoo= RESTART m=====sm=====s=m=e=mmm=smmm===
>>>

This minute
>>> mmmm==:
>>>

Not an odd minute. 1

>>> - "‘; ‘ﬂd‘il"ayx 3 message on streen as a vesult of this
>>> print(’ 0 tode me Y

Zj i (Caellc iemts) ement. exetuting (don't foraet £o press Enter).
>>>

>>> 21421 &———

ms a little odd.
= = = RESTART ==: = - - =

1£ you perform a caleulation, the shell displays the

42 vesulting value (after you press Enter)

::: ultimate_ answer = 21421 Assigring a value 4o a vaviable does not display the
>>> ultimate_answer } Javiable's value. You have to specifically ask the
s shell £o do so

>>> |

L 200Cot 4
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Take the list ok

ret: &
urn contents & lines in ‘tontents
and veturn them.
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# handy

function
template
The “def” line names )
he funttion and lists © © @ function template.py - [Users/Paul/Deskiop/_NewBook/ch04 function.template.py (3.4.3)
any arquments.

"> |def a_descriptive_name (optional_arguments) :
"W'A documentation string."""
# Your function's code goes here.
# Your function's code goes here.

The “deesring” # Your function's code goes here. t—\
deserbes e return optional_value Vour code goes
Hunction's purpose. — »;?1 }(: F?:;le
se single-
line comment

plateholders).
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>>> person3
Mk theshel  {'Gender': 'Male', 'Name': 'Ford Prefect', 'Home
to display the ~ Planet': 'Betelgeuse Seven', 'Occupation': 'Researcher'}

tents of the
by N ond there it is Al the

key/value pairs are shown.
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det check_logged_in({func):

1. Defi
e w7
Iou:.‘.hon-

€—2 and 3,
Add {he
Code you
want the
nested

Eou bt L ForcEon 4

to veturn the exetute.
nested function.
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What's wrong

...:3:56: W291 trailing whitespace
""'Return any vowels found in a supplied phrase."""

e

Where it's wrong
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These paths may be
diffevent on ylk

running install Computer. Don't worry
Not Installing C Extension about it if they are
running build

running build py

running install lib

running install_egg_info

Removing /Library/Frameworks/Bython. Eramework/Versions/3.5/1ib/python3 . 5/site-packages/
mysql_connector_python-2.1.3-py3.5.egg-info

Writing /Library/Frameworks/Python. framework/Versions/3.5/1ib/python3.5/site-packages/
mysql connector python-2.1.3-py3.5.egg-info
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Start with a new, empty dictionary.
= e

>>> people =
'"Ford Prefect',

>>> people['Ford'] = { 'Name':
" 'Gender': 'Male’,
The key is “Ford”, 'Occupation': 'Researcher’',
'"Home Planet': 'Betelgeuse Seven'

and the value is
another dictionary.
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o7 E302 expected 2 blank lines, found 1
def searchdletters(phrase:str, letters:str='aeiou') -> set:

L This issue presents at the start of line 7 Here's what's wrong
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Name Gender Occupation Home Planet

Ford Prefect Male Researcher Betelgeuse Seven
Avthur Dent Male Sandwich-Maker Earth

Tvicia MeMillan Female Mathematitian Earth

Marvin Unknown Parancid Andraid Unknown

person3 = { 'Name': 'Ford Prefect',
'Gender': 'Male’,
'Occupation': 'Researcher’,
'"Home Planet': 'Betelgeuse Seven' }
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self.conn.close()
if exc_type is mysql.connector.errors.ProgrammingError:
raise SQLError(exc_value)
elif exc_type:
raise exc_type (exc_value)

This “elif” vaises
S amy other exception

sk might octur
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16 a “ProgrammingErvor
otturs, raise an

“GQLErvor”

def _ exit_ (self, exc_type, exc value, exc traceback):
self.conn.commit ()
self.cursor.close ()
self.conn.close()
if exc_type is mysql.connector.errors.ProgrammingErro;
raise SQLError(exc_value)
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s expected, this output matches what we produted at
the bottom of the last page, so we've 900d {0 go.
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phrase = "Don’t panic:™

plist = list(phrase)
print (phrase)
print (plist)

We started by slicing out the
new_phrase = “join(plist1:3]) < vord “on from “plist”..

new_phease = new_phrase + *joim(Cplst[53, plistL4, phstLT), plistl7)

Ahen pitked out eath id'dlﬁonal l‘cttcv that

we reeded: space, ‘€', ‘") and 7"

print (plist)
print (new phrase)
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The first
o lines
vemain
unthanged-

\9 @app. route (' /viewlog')
def view_the log() -> 'str's

Add your new
tode here

The funttion
still vetwens ———— return str(contents)
a string.
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ImnutableMultiDict ([ ('phrase', 'galaxy'), ('letters', 'xyz')])1127.0.0.11Mozilla/5.0 (Macintosh; Intel
Mac 08 X 10_11_2) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/47.0.2526.106 Safari/537.361{'x', 'y'}

The log da\‘.a saved as
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def _ exit_ (self, exc_type, exc_value, exc_traceback):
self.conn.commit ()
self.cursor.close ()
SalE. confi closall

The three
exceplion
arguments are

veady for wae
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T wonder which of these
‘two programs—"panic.py"
or "panic2 py"—is better?
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A dietionary embedded
in a dietionary—note
the extra curly braces

': 'Male',
st pecpl(e'm:cupation‘ : 'Researcher’', :(;end‘e;ord Prefect'}}
{'Ford': Seven', 'Name'

': 'Betelgeuse
'Home Planet
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Import. the

context manager
class
the “DB‘m o
module file.
Python 3.5.1 Shell

;:; from DBem import UseDatabase

>>> dbconfig = {
Use the : b
e comnection

>>>
il charatteristi
i >>> with UseDatabase (dbconfig) as : e =
by _SQL = """show tables""" cumsers o
ok a':;h‘ zzloz,axecuha( SQL)

> ta = ot

5({ e cursor. fetchall ()
data back. >>> data

[('log’ )]

>>>

5> |

Ln: 45 Col: 4

The veburned data may look a little strange il you
vemonber that the “eursorfetzhall” call veburns 2 st of
bupls, with caeh buple corvesponding to 3 vov of vesults
on veburned from the database)
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7 unzip webapp.zip

—— then mov
Unpack your — mv webapp/* mysite < en move

the ¢ode into
webapy's
tode . i iy
0 corso 210185
You should i
Yt \

these. \? {
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= [
—
[fesio

B pyinanonyuhere
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You're going to
i eliek this link
u(::- th-& in 3 moment.
option
upload each
Your

arthive Filzx'\—/j

When you've done
uplqad?:u both
archive files
should appear on
the list of files iy
Your home folder.
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ese ‘odd.py - /Users/paul/Desktop/_NewBook/ch01/odd.py (3.5.1)

from datetime import datetime

odds = [1, 3, 5, 7, 9,11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, 59]

right_this_minute = datetime.today() .minute

if right_this_minute in odds:

print("This minute seems a little odd.") S_’ﬂ
els

print("Not an odd minute.") Thisis the

code we
Ln: 14 Co:0 want to

vepeat.
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The “vowelsd-py'—>
code

We van the tode three
Limes 4o see how well it
Geiborns:

ece vowelsd py - Nsers/PaulDesktop NewBook/ch02/vouelsd oy B.43)

vowels = ['a’, 'e’, . Mgk sgky
word = input("Provide a word to search for vowels: ")

found[ 'o']
found['u']

cocococo

for letter in word:
if letter in vowels:
found[letter] += 1

for k, v in sorted(found.items()):
print(k, 'was found', v, 'time(s).')
Pytron3.43 Snel

>>>

Provide a word to search for vowels: hitch-hiker
a was found 0 time(s).

e was found 1 time(s).
i was found 2 time(s).
© was found 0 time(s).
u was found 0 time(s).
>>> ============: S =

e —————————————————

>>>

>>>

Provide a word to search for vowels: sky
a was found 0 time(s).
e was found 0 time(s).
i was found 0 time(s).
o was found 0 time(s).
u was found 0 time(s).

Provide a word to search for vowels: life, the univarse, and everything
a was found 1 time(s).
e was found 6 time(s).
i was found 3 time(s).
© was found 0 time(s).
u was found 1 time(s).

S e EBTAIE ) s i) e e i i

These three “cuns”

& produce the output ve
expect them to.

T like where this is going.
But do I really need to

be told when a vowel isn't
found?
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You're not about to tell me that it
makes a difference where I put my
*exc_type" checking code, are you?
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This “with”
statement is
similar to the one
used with files ang
the “open” BF,
exeept that this
one works with 3

database instead.

'th‘(‘!seDatabase (dbconfig) as cursor:/—\
wi
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def  exit (self, exc type, exc value, exc_traceback):

/-% Self.conn.commit ()
self.cursor.close()

I You add tode in heve, self.conn.close () ;

o Tt code vases o g tade Habberk the e cisin e
an exception, the three L ol enres'_exit " dos s g
existing lines of tade 4 ore™ any passed-—in exception is deal{.

won'k be exetuted.
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4

The Internet

Step 4: The web server
sends the response
back over the Internet
to the waiting web
browser.

That's exactly what T
want. Thanks!

Step 5: The web
browser receives the
‘web response and
displays it on your
user’s screen.
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>>> for num in range (S
print ('Head First Rocks!')

Head First Rocks!

Head First Rocks! We asked for a vange of five mumbers,
Head First Rocks! & e iterated fie times, which
Head First Rocks! vesubts in five messages

Head First Rocks!
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import mysql.connector

def log_request (req:

K—ﬁ dbconfig = { 'host': '127.0.0.1°,
‘user': 'vsearch',
' d': 'vsearchpasswd'
o stabase passwor: o .
This is the d 'database': 'vsearchlogDB', }

)
de that curvently
o witim your web3FY

¢ conn = mysql.connector.connect (**dbconfig)
(i, the “log veres cursor = conn.cursor ()
funtkion)
_SQL = """insert into log
(phrase, letters, ip, browser_string, results)
values
(%s, %s, %s, %s, %s)"""

cursor. execute (_SQL,

'flask_request', res: str) -> Non
"""Log details of the web request and the results.

(req. form['phrase’],
req.form['letters'],
req.remote_addr,
req.user_agent.browser,

res, ))
conn. commit ()
cursor.close ()
conn.close ()
dbconfig = { 'host': '127.0.0.1",
‘user': 'vsearch',
‘password': 'vsearchpasswd’,
'database': 'vsearchlogDB', } This s the code that ve'
with UseDatabase (dbconfis : like to be able £o writ,
g) as cursor: in order to 4 e
_SOL = """insert into log o o the same
(phrase, letters, ip, browser_string, results) ' 3s our eurrent code
values Lreplating the suite in the
(2s, s, %s, ¥s, %s)"O" log_request” function).
cursor.execute (_SQL, (req.form('phrase'], But don’t ey £o vun Lhi
req.form['letters'], code yet, as it won't W“(
req.remoteiaddr;} without the “UseDa b
req.user agent.browser,
Ie‘:' e g tontext manager.
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>>> fruits

0 o This i all as expected. The value
>>> fruits['apples'] = 1 & is assotiated with the key, and
>>> fruits

here's no runtime ervor when x
the “in” operator o check for

' les': 10} use the “in” opey

(>>a>pp' apples' in fruits the key's existence

o u
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Underneath the “do_seaveh” function, but
S————— before the “apprun))” line, insert this line to
add a new URL 4o the webapp.

eapp . route (*/entry")
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>>> import time < The shell imports the “time” module, letting us
>>> time.sleep(5) invoke the “sleep” function.
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Provide the name of
@app. route (' /entry') the template to vender.
def entry_page() -> 'html':
return render_template('entry.html',
the_title='Welcome to searchdletters on the web!)

Add this funetion Provide 3 value to
divectly underneath he st it B
new “@app.route” fine. the_title” arqumen
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eoe Python 3.43 Shell

P —— Y, ———————
>>>
Provide a word to search for vowels: hitchhiker
Traceback (most recent call last):
File "/Users/Paul/Desktop/_NewBook/ch03/vowels5.py", line 9, in <module>
found[letter] += 1
KeyError: 'i'
p>>

L 111Gk 0

This can't
be good:






OEBPS/figs/web/115fig02.png.jpg
T wonder does the "in"
operator work with
dictionaries?
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feve are two

0‘ the cO\AY @ te (/! hd thods=['POST'])
app. route (*/searchd’, methods=['POST'
walues ve need o cearch() > str:
phrase request.form(['phrase’]
7 letters = request.form('letters’]
return str(searchdletters (phrase, letters))
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©® © @ mysterypy - /Users/PaulDesitop/. NewBook/ch04/mysterypy (35.0)

These two functions def double(arg):

ave similar. Each —\_) print('Before: ', arg) This function
fakes a single arg = arg * 2 bl e
avoument, displays it print('After: ', arg) walue passed in
on streen, maniplates

its value, and then def change(arg):

displays it on sereen print('Before: ', arg) This funetion
agamn arg.append('More data') 6 e— °PPendsa

print('After: ', arg) string to an
passed in lul

11
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class CountFromBy: Don't do this—it won't
def increase(self) -> None: do what you think it
RN iy should.
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b al of the m
T 7,

>>> dests set(fts.values())
then Leed f:%'"\? >>> print(dests)
%h;&? you the {'Freeport', 'West End', 'Rock Sound',
is
dka you need

'Treasure Cay'}

L Here are the four wnique

destination, which you
€n use s the new
dietionary's keys.
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This is the
“Gis” dictiorary

S s

r0s:
"10:
11
r12:
v0s:
v0s:
072

Destinations
become keys

“Freeport’,

S5’} twest End'
asau: 'Treasure Cay', Freeport's 109:35me’, 105:00mM'],
452M 'Rock Sound' "Rock Sound' '11:452M°', "05:55BM'],
00BU'|: 'Treasure Cay' ["10:4584%, '12:002M'],

‘Treasure Cay"
00Bu'): 'Freeport’, *09:55mM', '07:008M']}
"Rock Sound’,

1

'West End’
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®0® = pome % hppendix D x =

* C | @ localhost:8888/notebocks/Appendix%20D.ipynb#Playing-with-the-url_utils.py w| i
=~
ZJupyter AppendixD wssss a
Mo G Vew men  Col  kemel e 2 |Pwona ©
m o+ % & B 4 ¥ A B C Coe i @ | Cellfoobar

Playing with the code from url utils.py
Detine the <b>""gen_from urls"'</b> generator function:

In [17: import zequests

ef gen_from urla(uria: tuple) -> tuple:
for rosp in (roguosts.get(url) for url in urls):
vield len(resp.content), resp.status code, resp.url

Let's specify thres UL to work wh:
(213 urls = (‘hetps//jupysor.org/', 'http://ipython.org/', 'hstps//pydata.org/’)

Uss the generator function with a £ox loop:

In [27: for , mtacus, _ in gen from uris(uris):
ine (status)
200
200
200
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Sacrebleul They
dare to ask me how I know
my soup recipe's the best?l>

Why...I ran a quick pandas data
andlysis, then published it in a
Jupyter Notebook. Voila—now
everyone knows.
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e “det” line for the
“searehletters” function
which takes one, but, no
m0re than tuo, arguments

iou') -> set:
:str='aeiou')
:str, letters:s
letters (phrase:s
def search4
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Add this eode to
the ¢_enter_"
method to deal
with any login issues

\—>

def

try:
self.conn = mysql.connector.connect (**self.config)
self.cursor = self.conn.cursor ()
return self.cursor

except mysql.connector.errors.InterfaceError as err:
raise ConnectionError (err)

except mysql.connector.errors.ProgrammingError as err:
raise CredentialsError (err)

__exit__(self, exc_type, exc_value, exc_traceback):
self.conn.commit ()

self.cursor.close ()

self.conn.close ()
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words =

[ 'hello’,

'world' ]

\_/

Alist of
string objects
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>>> found = {}
>>> found
{(}

Curly braces on their own mean the
dietionary starts out empty.
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>>>
>>>
>>>
>>>
>>>
>>>

found['a
found['e
found['i
found['o
found['u
found

"l
£1
&l
"1
"1

{'o': 0, 'u':

0,

0
0
0
0
0

We've initialized all the
vowel tounts to O. Note
how insertion order is
not maintained (but
that doesn't matter

here).
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This is the “vowels5,

¢ode with the whahuhw
¢ode vemoved.

eoe VoweisS py - /Users/PaulDesktop. NewBookicha3hvowelss.oy @.4.3)

vowels = ['a’, 'e', 'i', 'o', 'u']
word = input(“Provide a word to search for vowels: ")

found = {}

for letter in word:
if letter in vowels:
found[letter] += 1

for k, v in sorted(found.items()):
print(k, 'was found', v, 'time(s).')
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his is
“results.
html”.

{% extends 'base.html' %}
{# block body %}
<h2>{{ the_title }}</h2>

<p>You submitted the following data:</p>

<table>

<tr><td>Phrase:</td><td>({{ the phrase }}</td></tr>
<tr><td>Letters:</td><td>{{ the_letters }}</td></tr>
</table>

<p>Wihen "{{the phrase }}" is search for "{{ the letters }}", the following
results are returned:</p>
<h3>{{ the_results }}</n3>

{8 endblock $}
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Use “Yield” to veturn
cach line of vesults
From the GET

response to the waiting

import requests lg;fw#of;ffﬂiff’:ﬁ

def gen_from urls(urls: tuple) -> tuple:
for resp in (requests.get(url) for url in urls):

yield len(resp.content), resp.status_code, resp.url
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Well, WingWare,
between the two of
us, we have the Python
IDE world covered.

Me. PyCharm j K

M. WingWave
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data

ti, 2, 3, 4, 5, 6, 7, 8]
evens = [] .
h )
for num in data: e  operator is Python's modulo
£ not 3 2: operator, whith vorks as follows: given
if not num : two mmbers, divide the Fivst b 2,
evens . append (num) sctond, then veburn the vomsirapr

data = [ 1, 'one', 2, 'two', 3, 'three', 4, 'four' ]
words = []

for num in data:
if isinstance(num, str): The “isinstance” BIF ¢!
words . append (num) vaviable vefers to an o

hecks 4o see whether 2
bject of 3 certain yre

data = list('So long and thanks for all the fish'.split())
title = []

for word in data:
title.append (word.title())
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class CountFromBy : L iiona:
def increase(self) ->
self.val += self.incr

This is much better, as “a”
and “ine” are mow assotiated

with the object thanks 4,
the use of Yol
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The thee yielded
pieces of data are
taken from the ‘vesy’
object veturned

by the “vequests”
library's “get” method

e A
yield len(resp.content), resp.status code, resp.
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Look at
all those
dunders!

e0e < ] © 127.001:5000/viewiog ¢ il =

[_class_','_delattr_','_dict_','_dir_','_doc_','_enter__ '_format__','_ge_
" getatribute_','_gt_',_hash_",'_j " _new_','_reduce_"
. ' setattr__,'_sizeof ','_str_','_s ','_weakref_, " get_file_stream',
get_stream_for_parsing’, _is_old_module’,"_load_form_data', _parse_content_type',"_parsed_content_type’,
‘accept_charsots''aceept_cncodings', ‘accept_languages', ‘accept_mimetypes', aceess_route', ‘application, args',
‘authorization', 'base_utl','blueprint’, ‘cache_control', ‘charset’, ‘close’, ‘content_encoding', ‘content_length', ‘content_md',
‘content_type', 'cookies', data’, 'date', dict_storage_class', disable_data_descriptor’,‘encoding_errors', 'endpoint’, 'environ',
‘files', 'form’,'form_data_parser._class',‘from_values', full_path','get_data', 'get_json', 'headers', host', host_url', if_match',
if_modified_since', if_none_match', if_range', if_unmodified_since', input_stream', 'is_multiprocess','is_multithread,
_run_once’, 'is_secure!,is_xhr’, json', list_storage_class', 'make_form_data_parser’, 'max_content_length',
‘max_form_memory_size', 'mu,fnrwms,'mzmﬂd‘.‘.mmmypex‘mimmype :_params','module’, 'on_json_loading failed',
-_addr, remote_user’, routing_exception’,

=
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I just type the
web address info my
browser's address bar
and press Enter...

browser converts
the user’s action
into a web request
and sendsittoa
server over the
Internet.

Step 1: Your user enters
aweb address, clicks
ahyperlink, or clicks a
button in her chosen
web browser.

T
4

The Internet

Server
Step 3: The web server
receives the web request
and has to decide what
to do next...
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All this talk of reuse is great...
but did you forget to consider
reusing that “import" statement?
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- list
v = line.split(',') e ok yro‘iut:;h‘t .
A tuple of K, v\_/ Coe bt pe
variables .
on the "

left
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This is a better place for any import statem
import mysql.connector <= (that i, cubide the furchors oite) i

def log_request(req: 'flask_request', res: str) -> None:

"Log details of the web request and the results.

‘host': '127.0.0.1',

'user': 'vsearch',
'password': 'vsearchpasswd',
'database': 'vsearchlogDB', } This is the setup eode,

which vuns before
the function does its
thing

conn = mysql.connector. connect (**dbconfig)
cursor = conn.cursor ()

This ode is what
the funetion
Kackuallyk does—
W logs 3 web —3
vequest to the
database.

nsert into log
(phrase, letters, ip, browser_string, results
values

(%s, %s, %s, %s, %s)"""
cursor.execute (_SQL, (req.form['phrase'],
req.form['letters'],
req.remote_addr,
req.user_agent.browser,
res, ))

This is the teardown tode, whith
i vuns abter Ehe Function has

done its thing.

conn.commit ()
cursor.close ()
conn.close (
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We used " as the loop iteration variable n

= - B evample, but ve couldve calld 1 just
> for i in [1, 2, 31: et vything, Haing said that, 0, Y

and K" are intredibly popular among mo

print (i)
programmers in this situation.
1
2 \— As this is 2 site,
TWICE 3Fter foplo necd to press the Enter k
Yoing in 8his code in ovder & toriinate
i

3
the statement and see it exetute.
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key#t4

key#1

key#3

feyttz

Dicti
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The “apples” key

«— is assotiated with
fruits @——>{ | apples  |@—>| 10

the value 10.
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Open the
file as

Create .:w.
emply dictionary
ot b

Disply the conterts —>
of the dictionary,

which looks  little
messed up until

the “pretby—
printing” libravry —>
produtes more
human—friendly

autpd

[X) Python 3.5.2 Shell

before flights = {}
/ for line in data:

k, v=line.split(', ) ¢ | lincat the commg,

>>>
>>> with open('buzze;
ignore = dat:

Peotess_J

flights[k] = v

eath line. LN Assign destinati
>>> flights o Llight Lime.
{'12:00': 'TREASURE CAY\n', '09:35': 'FREEPORT\n', '
17:00': 'FREEPORT\n', '19:00': 'WEST END\n', '17:55'
"ROCK SOUND\n', 'l 5': 'TREASURE CAY\n', '09:55'
: 'WEST END\n', '11: 'ROCK SOUND\n'}
>>>
>>> import pprint
>>> pprint.pprint (£1ights)
{'09:35': 'FREEPORT\n', —
109 WEST END\n', The inlusion
‘10 TREASURE CAY\n', of the newline
11 'ROCK SOUND\n', havacker looks
112:00': 'TREASURE cAY\n', &— Chr3
'17:00': 'FREEPORT\n', a liktle strange,

: 'ROCK SOUND\n',
: 'WEST END\n'}

doesn't #2

(]
L 466 Coii4

Bresk apart the

which veturns o
values: the key
(Flight time) 3pd
value (destination).
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s aluays, Windows
users need to use

“py =3 instead of
python3 -m pdb myprog.py “Fythord” (Thatis
space, then mins 3),
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Youll need o get used
to veading those one-line
Comprehensions. That said,

Python programmers are
; increasingly writing longer
s voeitle()
. = {convert2ampm (k) : J
just_freeportd

_ Comprehensions over multiple lines
for k, v in flights.items() (50 you'll see this syntax, too).
if v == 'FREEPORT'}
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No matter the job at hand,

the most important thing T

do is to make sure I'm using
the right tools.
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1€ you tey to execute

code that vefers to
wninitialized variabl \
>>> val += incr
Traceback (most recent call last):

; File "<pyshell#1>", line 1, in <module> i
Lthtllmr = val += incr As “al” is undefined,
i NameError: name 'val' is not defined € e interpreter
vefuses Lo vun the
Assignavale to s 5oy va1 = o line of ¢ode

“al”, then ey again--
>>> val += incr
ol tre Traceback (most recent call last):

interpreter —> Fx‘l;:l :Eyi::il"3> , line 1, in <module> Ae e is
complains again/ y . : g undefined, the

NameError: name 'incr' is not defined &——— inteepreter corbinacs

Asignavaleto o555 sner = 1 o vefuse o vun the

“imex”; and try again... line of code
>>> val += iner
~and it worked

Ehis time. T~ >>> val

1 #s both “al” and “inev”
;» iner €— are initialized), thel m;":i:wlﬁ;;’;; 3?::
1 their values without vaising 3 NameEvror.
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g = That's a lowerease
" for “flask’”

c:\> py -3 -m pip install flask
\ e s

ctommand on

Windows.
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Use this

tommand on Mac
(_/ 0S X and Linux.
$ sudo -H python3 -m pip install flask

\ Note: case is
important heve.
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Dekine the
tustom mevt-on

as an “empty’
elass that import mysql.connector
inherits from
“Exeeption’- tlass Ca.».ectionEww(Emy{:i ):
pass
class UseDatabase:
def _init_ (self, config: dict) -> None: W b sid,
Self.configuration = config Within the “DBempy
vefer 4o the backend
def _enter (self) -> 'cursor': da{»abasz—xwuh exteptions
by theiv £l name.
A new {ry/ self.conn = mysql.connector.connect (**self.configuration)
extept” self.cursor = self.conn.cursor ()
onstrutt return self.cursor
protects the ———27)  exeept mysql.comnector.ervors.InberfaceErvor as err:
database -

connettion tode:

ConnettionErvor(,
def _exit_ (self, exc_type,
self.conn.commit ()
self.cursor.close ()
JO P . -

) Raise the custom
S exeephion

exc_value, exc_trace) -> Nome:
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We still need
to define the
connettion
chavackevisties

The “do
tode” from
the last.
Page vemains
unchanged

{ 'host': '127.0.0.1",
‘user': ‘'vsearch',
'password': 'vsearchpasswd',
‘database': 'vsearchlogDB', }

dbconfig This “With” statement

works with databases

35 opfosed to disk fils,
and veturns 3 cursor for
us o work with

with UseDatabase (dbconfig) as cursor: <— ‘

_SQL = """insert into log
(phrase, letters, ip, browser_string, results)
values

(s, %s, %s, %S, %s)"""
cursor.execute (_SQL, (req.form['phrase'],

req.form['letters'],

req.remote_addr,

req.user_agent.browser,

res, )) Don't try o vun s
code, 3s You've yet. £,
weite the “UseDatabase”
context manager-
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Be sure 4o
import, your
new exteption

from DBcm import UseDatabase, ConnectionError, CredemtialsBrror <J
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{
Here ave Your vesults:

The veslts veburned
by “seavehletters

e shown, £oo.

The \/ bmi ‘
;“:g {:‘d ou submitted the «collowing data: |
ethoed \ Phi |
b { vase hitehohikep '
Letters:  aciow J’
When “hiteh—hiker” is s |
¢ earthed for “3eio,” |
he ollowing vesults are \rd:uineﬂ?v - |
{ e $_/_j’\
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fruits @

apples l__]
e Gty

<—— Before the “bananas”
tode vuns (again)
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Add

“vcd»’ttf"
1o the list
from flask import Flask, render_template, request, redirect of imports
from vsearch import searchdletters
app = Flask(_name_) Adjust the annotation to more clearly indicate what's

being veturned by this function. Recall that HTTI
@app.route('/") status eodes in the 300-399 vange ave rcd}mz{i:ns,

def hello() -> '302': and 302 is what Flask s
. o ends back to [*
return redirect ('/entry') “vedivect” is imvoked, Your browser when

The vest of -
the tode ——) Call Flask's “vedireet” funttion

vesidins £ insbruct the browser to
unchaged vessk an alternative URL: Gn
Lhis case, “Ventry’):
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s
* Restarting with stat ;_\_/ webapp veloads
* Debugger is active!
+ Debugger pin code: 228-303-465 One veauest, one
127.0.0.1 - - [24/Nov/2015 16:59:10] "GET / HTTP/1.1" 200 - %ygs?qnsc That's move
ke it. ®
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Set this
to the
folder
x,w've
wing

Python 3.6.2 Shell

>>; T"he “read” method
5> import os slurps wp all

>>> os.chdir('/Users/paul/buzzdata’) anaTu{hPm ';:( ﬂi‘h %
>>> e

>>> with open('buz: csv') as raw_data: File in one 90.

print (rav_

IME , DESTINATION
5, FREEPORT

0, FREEPORT

5, WEST END
0,WEST END

5, TREASURE CAY
0, TREASURE CAY
5,ROCK SOUND
5, ROCK SOUND

rEEERoRon

>>>

.read())

The vaw

<«— CSV data
£rom the
File.

Ln:59 Col:4
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[mport your

enevator
i""‘ﬁ“" Define a
_\ tuleof
from url_utils import gen_from urls [— URLs.

urls = ('http://talkpython.fm', 'http://pythonpodcast.com', 'http://python.org')

for resp_len, status, url, in gen_from urls(urls):
print (resp_len, '->', statas, '->', url)
e your ggnerater
Luntkion as part of 3
e oo
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>>> random.randint(1,60)

27

> i < Fyad

34» random. randint (1, 60) ¥ You're following alons, wht you'l

4 . :‘{: on 7ourbx‘.‘,veen will vary, as the
random. randint (1 oesess rebumed by randint”

i nt(1,60) sorated ovdomy] T

‘L Becouse you inporked he “vanden’” module wing “imfort vandon’, you
e Nomember 4o prefix the call to “vandint” vith the module rame
and 3 dot. So it’s “random. vandint()” and not “vandint()".
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feve ave the

Irom tlask import Flask, render_ template, request
from vsearch import searchdletters

app = Flask(_name_ )

@app.route('/")

def hello() -> str:
return 'Hello world from Flask!' Decide which code
magnet goes in each
@app.route('/searchd', methods=['POST']) of ‘the dashed-line
def do_search() -> : locations.

phrase = request.form|'phrase']
letters = request.form['letters']

return

@app. route ('/entry')
def entry page() -> 'html':
return render_template('entry.html',
the_title='Welcome to searchdletters on the web

app. run (debug=True)

str(searchdletters (phrase, letters))

o) D O

have o work

with

render_template('results

'Here are your results
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Don't you dare flip on over to the
next page before you've thought about
how you'd use Python's automated
testing tools o check the correctness
of the code you write.
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Import the £unction

from url_utils import gen_from_urls rom Your module.

urls = ('http://headfirstlabs.com’, 'http://oreilly.com’, 'http://twitter.com')

Define

fugleof  for resp lem, status, url in gen from urls(urls):
URLs print (resp_len, status, url)

Call £he funttion
Prtess the data o cath iteration

of the “For” loop-
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Abter

import requests ; i
importing

def gen_from urls(urls: tuple) -> tuple: < »ezmg,
define your

new funetion.
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import requests

Add in your “For’
def gen_from urls(urls: tuple) —-> tuple: loop line with e
for resp in (requests.get(url) for url in urls): —_ genevator
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TIME, DESTINATION
09:35, FREEPORT
17:00, FREEBORT
09:55, WEST END
15:00, VEST END
10:45, TREASURE CAY

11:45,ROCK SOND
17:55,ROCK SOMND

L ran

data
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ece & paul— Python: Usersjpaul — ipython — 7919
3:36 on tyso01

(acBook-Pro-6:~ pauls {oython |

Python 3.5.2 (v3.5.2:4def2a2901a5, Jun 26 2016, 10:47125)

Type "copyright®, "credits" or "license" for more information.

With “ythor” Toytion 5110/ — An|sahaced Iateractive Pythont
installed, start it 2 =3 Introduction and overview of IPython's features.
at Your operating Squickref -> Quick reference.

help -> Bython's own help systen.
object?  -> Details about ‘object’, use ‘object??’ for extra details.

system's tommand line-
[In [1]: nums = (1, 2, 3]
(tn (2]: squares = (n*n for n in nuns]

[1n (3): squares
out(3]: (1, 4, 9]

m (4): I

You ¢an easily tell whith output e ———
oes with which input (tharks
B bered Prompts)
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s on the ch!.‘

Weleome to seavehletter
s ) |
has a title 3 -
a"; sone / Use this form o submit 3 searth rcv\uzsb |
destriptive —
et bt
Phrase: h :z“u, Ci
| another all
Letters: w | the Teberst 1
S
: 5 ity
When you've veadys cliek this button' | e default).
|

/\ Clicking on this butkon
sends the wser's data to
our warking web server.
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Great. Orly 450
more dull, dry,
boring pages.

« rain tinks
s kv

i) \
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This is the addvess
where your webapp

http://127.0.0.1:5000/ < is vunning Entec
is vunning, En
it exattly as

<hown here.
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T'ma little confused. You keep telling me that
lists are "just like arrays in other programming
languages,” but you've yet to say anything about the

square bracket notation I use with arrays in my other
favorite programming language. What gives?
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>>> vowels = {
>>> vowels
{lely tuly taly il tol})

These two lines of code
do the same thing: both

a5i9n 3 new set object 4o
3 variable

>>> vowels2 = set('aeeiouu') \_/

>>> vowels2
(e’ 'u', 'ar, , 'o'}
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@app.route('/searchd', methods=['POST'])
def do_search() -> 'html':
phrase = request.form['phrase']
letters = request.form['letters']
title = 'Here are your results
{ohrase, letters))
equest (request, results) <« % What happens

returi— femnlate i this eall fails?
the_title;
the_phrase=phrase,
the_letters=letters,

the_results=results,)
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results = str(searchéletters (phrase, letters))

try:
t = Thread (target=log_request, args=(request, results))
t.start()

except Exception as err:

print ("***** Logging failed with this error:', str(err))
return render_template ('results.html’,
the_title=title,
the_phrase=phrase,
the_letters=letters,
the_results=results,) This is the
@app.zroute (/") “m{ of {hﬁ
@app. route (' /entry’) do_search
def entry_page() -> 'html': funttion
return render_template ('entry.html’,
the_title='Welcome to searchdletters on the web!')

@app. route (' /viewlog')
@echeck_logged_in
def view_the log() -> 'html':

try:
with UseDatabase (app.config['dbconfig']) as cursor:
_saL "select phrase, letters, ip, browser_string, results
from log"""

cursor.execute (_SQL)
contents = cursor. fetchall ()
# raise Exception("Some unknown exception.”)
titles = ('Phrase’, 'Letters', 'Remote_addr', 'User_agent', 'Results')
return render_template ('viewlog.html',
the_titl

except ConnectionError as err:

print ('Is your database switched on? Error:', str(err))
except CredentialsError as err:

print ('User-id/Password issues. Error:', str(err))
except SQLError as err:

print ("Is your query correct? Error
except Exception as er:

str (err))

print ('Something went wrong:', str(err))
return 'Error’
app.secret_key = 'YouWillNeverGuessMySecretKey'

if _name = '_main_':

app. run (debug=True)
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——
>>> u = vowels.union (set (word))

The “urion” method combines
one set with another, which
is then assigned 4o a new
variable ¢alled “u” (which is
anotheyr set).

Python converts the value
in “word” into 2 set. of
letter objects (removing an

duplieates as it does so).
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The seb of vouels

T'he word “hello” is turned
into a set, which vesults
in duplicate letters being

removed

Og@ L&

l€——@ set(word)

e o
|
e B@mE @

Bgd

The " set consists of 3l
the unique objects From
both sebs
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for resp len, status, url, in gen from urls(urls):

def gen_from urls(urls: tuple) -> tuple:

for resp in (requests.get(url) for url in urls

yield len(resp.content),

resp.status_code,

L N

resp.url

The ealling eade’s “for”
lop comainiatis

with the generator
\cuntbons “for” loop.
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I You see this

message, all is well

* Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)
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A © warssons : )

Welcome to searchd4letters on t|

Use this form to submit a search request: Here are your results:
Phrase: | This s a test of the posting capabity

Letters:

aeiou

When you're ready, elick this button:
When “This is a test of the posting capablty” s search for "aelou”, the following

oot results are retumed:
4 Lo, e, o'y
. < [© 0o a0y
-
o<>im w001 " r
Welcome to search4letters
Use this form to submit a search request: Here are your results:
Phrase: e, the universe, and everything You submitted the following data:
Letters: xyz Phrase: ife the universe, and everything

Letters: xyz
When you're ready, click this button:
‘When *lfe, the universe, and everything" is search for “xyz", the following resuts are

oo returned:
. <> © wnatsoosieny v
° < 001 c 0 v
Welcome to search4l
Use this form to submit a search requ Here are your results:
Phrase: _fitch-hiker You submitted the follawing data:
Letters: mnopa Phrase: hitch-hiker

Letters: mnopa
When you're ready, clck this button:

When *hitch-hiker* s search for *mnopa, the following results are returned:
set()

Dot

We've looking good £
input and outpud mo =i





OEBPS/figs/web/014fig01.png.jpg
from datetime import datetime

Heve's another

vaviable being odds = [ 1, 3, 5 7, 9 11, 13, 15, 17, 19,
eveated and 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
assigned  value- 41, 43, 45, 47, 49, 51, 53, 55, 57, 59 ]

kﬂ right_this minute = datetime.today () .minute

N

print ("This minute seems a little odd

if right_this minute in odds: This call generates

a value to assign o
the variable.

else:

print ("Not an odd minute.
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This is the latest and greatest
L version of “searchtbuehpy”

from flask import Flask, render_template, request, escape, session
from flask import copy_current_request_context
from vsearch import searchéletters

from DBcm import UseDatabase, ConnectionError, CredentialsError, SQLError
from checker import check logged_in

from threading import Thread
from time import sleep

app = Flask(_name_ )

app.configl'dbconfig'] = {'host': '127.0.0.1'

'user': 'vsearch',
'password': 'vsearchpasswd',
'database': 'vsearchlogDB', }

@app. route ('/login')

def do_login() -> str:
session['logged_in'] = True
return 'You are now logged in.'

@app. route (*/logout')

def do_logout() -> str:
session.pop('logged_in')
return 'You are now logged out.'

@app. route ('/search4’, methods=['POST'])
def do_search() -> 'html':

@copy_current_request_context
def log_request(req: 'flask request’, res: str) —> None:
sleep(l5) # This makes log_request really slow.
with UseDatabase (app.configl'dbconfig']) as cursor:
_soL "insert into log
(phrase, letters, ip, browser_string, results)
values
(%5, ¥s, %5, %5, ¥S)"
cursor.execute (_SQL, (req.form['phrase'l,
req. form['letters'],
req.remote_addr,
req.user_agent.browser,

res, ))
phrase = request.form['phrase’] ;
letters = request.form['letters'] The vest of “do_search is

title = 'Here are your results:' at the top of the next Page.
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You weve to add your list
manipulation eode heve.

This is what we came

up with—don't worey if
jours is very diffevent

Foom oo Theves

phrase = "Don't panic!"
more than one vay o - )

pecform the neeessavy plist = list(phrase)
Lransformations using the print (phrase)

list meﬂwd\\% print (plist)

P pops
last four objects Panc

}
“plist”. No more “wiel”.

.. Find, then remove, th h
) < from the list ¢ afostrophe

/ plistextend(Cplist pop0), pliskpopO

ot ’c:com :\;Jx*;y* plistinsert(2, plistpop(3))

 en i

Sivst. popping eath object new_phrase oin(plist)

from the list, then using ) 25

e ppred ciels s ebiS{og shesadi ,

exterd the list. This 1s 2 - This line of ¢ode pops the space from the
i ot tede ek yeul lst, then insevts it back inko the lick ot
need 4o think about Yor 3

index loation 2. Just like the last line of
Lod;,‘; the pop oteurs *First¥, before the
insert happens. And, ber:
Lhar‘tﬁ\—s’ yol Ind, remembey: spaces are

little bit. Kz\i point: the
pops oceur Kfirst¥ Gin
+he order shown), then
4he extend happens.





OEBPS/figs/web/f0480-01.png.jpg
Using “¢sv.DictReader” is a
srle chang, but it makes 3 big
é erente. What vas lines of
lists Uast time) ave now fines of

ese Python 3.6.2 Shell dictionaries.

>>>

55>

>>> with open ('buzze: csv') as data:

for line in csv.DiktReader (data):
print(line)

09:35, FREEFORT
The /(_\ 0, FREEFORT
{'DESTINATION': 'FREEFOR! DE': 109:351) 5, WEST END

Vef* " | { DESTINATION': 'FREEPORT', 'TIME': '17:00'} 0. WEST END
('DESTINATION': 'WEST END', 'TIME': '09:55'}

('DESTINATION': 'WEST END', 'TIME': '19:00'} D TR SRR CRY
('DESTINATION': 'TREASURE CAY', 'TIME 0, TREASURE CAY
{'DESTINATION': 'TREASURE CAY', 'TIME': '12:00'} 5, ROCK. SOUND
('DESTINATION': 'ROCK SOUND', 'TIME': '11:45') 5, ROCK SOUND
{'DESTINATION': 'ROCK SOUND', 'TIME': 'l

TIME, DESTINATION

oY I

355
s

Ul coito | Recdl e

. W — A— vaw data in

the Fie looks

The vales like this
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What weve values

/7 betome keys

(*09:35aM": 'Fresport’,

109:55M': 'West End’

"10:452u': ‘Treasure Cay', (Freeporc': ['09:35aM', '05:00mM'],

"11:45AM": 'Rock Sound', ‘Rock Sound': ['11:45AM', '05:55BM'],

'12:008M': 'Treasure Cay' ‘Treasure Cay's ['10:45A’, '12:00M'],

105:008M": "Fresport’, ‘West End': ['09:55AM', '07:008M']}
105:558M' s 'Rock Sound’,

"07:00BM': 'West End’ }

What were ke
betome lists oF values.
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What was four lines of
¢ode is now one, thanks £o
Your use of 3 listzom.

>>> wests2 = [k for k, v in fts.items() if v = 'West End']

»>> print (vests2)
ed ['09:55AM', '07:00PM']

[t also works

Henes bie: oo

data you need.
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dests = set(fts.values()) &—— ¢ nifue
At =
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-

Tom invokes
the “dovble”
Funttion
Bheee times: —>
onte with an
inbeaer value,
Ehen vith 3
shringy and
Linally with

alist

>>> num = 10
>>> double (num)
Before: 10

After: 20 Eath invoeation tonfirms
e N that the value passed
10 in 35 an argument is

>>> saying = 'Hello ' changed within the

>>> double (saying) ’c::iéff:viﬂ?;:ﬁe
Before: Hello shell vemains unthanged.

After: Hello Hello / That is,: the funetion
>>> saying arguments appear £
“Hellont tw\‘oz- o call-by—value
>>> numbers = [ 42, 256, 16 ] semanties.

>>> double (numbers)
Before: [42, 256, 16]
After: [42, 256, 16, 42, 256, 16]
>>> numbers
[42, 256, 16]
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ese Python 3,52 Shel

- RESTARE: /Gsexs/paul/Desktop/_New3ook/<hil/sey_sxanpless.py =eemeeme
e
e amerass s oSS A e AR g s Jou ean't
Errmlenility R

>
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from flask import Flask
app = Flask(_ name_)
@app. route (/")

def hello() -> str:
return 'Hello world from Flas

app.run() F’—\
Asks the

webapp
to start

Yunning
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You're trying to
trick me, aren't you?

These error messages
are the same!
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import mysql.connector

class ConnectionError (Exception):

pass
This code
class UseDatabase: ¢an vaise 3 ’
def _ init_ (self, config: dict): “onavim'"ﬁe““""’
self.configuration = config

exeeption
def _enter_ (self) -> 'cursor':
try:
self.conn = mysql.connector.connect (**self.configuration)
self.cursor = self.conn.cursor ()
return self.cursor
except mysql.connector.errors.InterfaceError as err:
raise ConnectionError (err)
def _exit__ (self, exc_type, exc_value, exc_traceback):
self.conn.commit ()
self.cursor.close ()
self.conn.close ()

Bt what about exteptions that occur
within the “with suite? These happen
¥abterk the *_enter_ " method ends
bt ¥belore The *_exit_" method
skarts.
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>>> if 'bananas' in fruits:
fruits['bananas'] += 1
else: We check to see if the “bananas” key

Eruits['bananas'] = 1 < bhe dcbirary and 2 i, e
initialize its value 4o |. Critically, ve

>>> fruits aveid any possibility of a “KeyErvor”.

{'bananas': 1, 'apples': 10}
R Weveet the “bananas” value 4o |
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The unique
L debunes
>>> for dest in set(fts.values()):
print(dest, '->', [k for k, v in fts.items() if v

Treasure Cay -> ['10:45AM', '12:00PM']
West End -> ['07:00BM', '09:55aM']
Rock Sound -> ['05:55PM', '11:45aM']
Freeport -> ['09:35AM', '05:00PM']

The flight
dest]) i the
destination
veferved to by
the turvent value
of “dest’”
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We saved our C:\webapp> py -3 hello_flask.py

tode in a folder J =

called “webapy” N Asks the Pythor
interpreter b

run the code in
“hello_flask py.”

$ python3 hello_flask.py
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Before the
its @ > @_) Io S “bananas” ¢ode vuns
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from flask import Flask, render template, request
from vsearch import searchdletters

SR =ilaskl _pans ) Chang the annotation to
Qapp.route (/") indicate that this function
def hello() -> str: now veturns HTM'?' "“:M
return 'Hello world from Flask!' plain—text string (as in )
previous vevsion of Ehis code
@app.route('/searchd’, methodsz_[ﬁy
def do_search() ->:
a Python phrase = request.form['phrase']
C;::t,'cz Laliycd letters = request.form['letters'] and Sstion &
¢ string o “4itle”.

R NN
—

[ )[rere ome your zomwivs &
H str(searchdletters (phrase, letters))

and assign
Create another return | render_template ('results.html', the vesults
Python variable = of the call &0

1o “vesults”

the_letters=letters,
the_title=title,
the_results=results,

N Each Python variable
is assigned 4o its
¢orresponding ‘)”937-
argument. [n this

Render the “resuttshtnl”
Lemplate. Remember: this
template expects four

avaument values

Z‘,::i%; 9}{ the closing parenthesis _] vay, data from
@app. route (" /entry") ¢ Tunction cal fl";i:fi”?fi’f
ek . = ©
def entry page() -> 'html': template

return render_template ('entry.html',
the_title='Welcome to searchdletters on the web!')

app. run (debug=True)
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Hang on a second. You said "IDLE asks
Python to run the code”..but isn't Python the
programming language and IDLE the IDE? If so,
what's actually doing the running here2l>
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The flight times

ave tonverted from

/\’ 24hour format,

4o AW/PM formst,
(109:35': *rmeszoRT’, ("09:35me': ‘ereeport’,
‘09555 mmsT END', ‘09:5sme': 'West End’,
“10:45': TREASURE caY', '10:45me': 'Dreasuze Cay,
“11:45': ‘Rock somND', ‘11:4Sme’s 'Rock Sound’,
112000 TREASURE CaY', 112:00m': 'Treasuze Cay'
117:00: “emezoRT, LRI —
117:55': ‘Rock. somND", 105:55m': "Rock Sound’,
'19:00": 'WEST END'} "07:00PM': 'West End' }

The destinations
are comverted

Srom UPPERCASE
4o Titletase.
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{"09:35AM": 'Freeport’,

(709:552u"3) "West End",

"1 "Treasure Cay

Yoo s oy "Rock Sound',
hese keys in 3 list
of values

r12: "Treasure Cay'
"0s: "Freeport’,
"Rock Sound’,

"West End’ }
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eoe owols3.py - MUsers/Paul/Dosktopy. NowBookich02/vowsis3.oy 8.43)

vowels = ['a', 'e', 'i', 'o', 'u']
word = input("Provide a word to search for vowels: ")
found = []
for letter in word:
if letter in vowels:
if letter not in found:
for vowel uf::::é:m“ua“er) We rever allow duplcates
print (vowel) in the “Found” list

|
v ilCoto |

This is “vowels3py"s
whith veports on
Lhe uniaue vowels ——>
Sound in a word
This tode uses a list
as its primavy data
strutture.
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XX Python 3.5.2 Shell

data:

csv')

ignore = data.readline()
flights {1 The
for line in data:
, v = line.split(",') .steip() this wih""‘
flights[k] = v e '“M"d
in
E Hlipped from
The "‘W‘b::d Traceback (most recent call last): »/':2
is mot. happy: File "<pyshell#194>", line 5, in <module> H;w)”‘“td
ceashes with an > split(',") e
“hbiribubeBreor’ list’ object has no attribute 'strip’

Ln: 607 Col:4
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vowels @——>]

Bg@

The set
<~

ontains the
Five letter
objects.
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line.split(',").strip()

When You string methods
together like this, its caled
3 “method thain”
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Use your pentil to
thow the thanges  TTOM DBCM import UseDatabase

ke bo this 1TPOTE mysql.connector

yovd

tode now that the s

“ConnettionErvor the_row_titles=titles,
exception exists. the_data=contents,)

k_ﬁ except mysql.connector.errors.InterfaceError as err:
print('Is your database switched on? Error:', str(err))
except Exception as err:

print ('Something went wrong:', str(err))

PN SR OV
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Do you

need o
import
anything? from flask import Flask
app = Flask(_name_)
@app.route('/")
def hello() -> str:
return 'Hello world from Flask!'
Add i 2
setond ﬁ
decorator

. Add Lode for
: the “do_s seaveh”
app.run () £ ik heve.
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from flask import Flask

This is just 3 vegular app = Flask(_name_)

Python function

whith, when invoked, @app. route('/")

veburns 3 steing o N\ def hello() -> str:

its caller (note the return 'Hello world from Flask!'
> str’ annotation).

app.run()
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1 sut-‘uamm o

in fts.itens( : L Extract e keys
e, in fea.items(): €0
e ety o i e e b i
3. Filter the data \/\ wests . append (k) jondey
on destination \ . pppnd e sk
West End"”. >>> print (wests) b e
[709:55aM", 07:008M"] ol sy

[t vorked! Here's A

the data you need:
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The set of vowels

The word “hello” is

r_ turned into a set.

Om@
B@

€«—@ set(word)

d = vowels.difference (set(word))

|

d @—>

O@
]

The “d” set eonsists of
all the objects in “vowels”
that avent in “set(word)”.
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>>> person3['Home Planet']
Provide the key 'Betelgeuse Seven'
bebucen the sauare — The data value

v -
brackets S>> person3['Name'] ::S;‘;aﬁ.:i :-tx the

'Ford Prefect' u
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Thisis “4ry_evamplery”

7

try:
with open('myfile.txt') as fh:
file_data = fh.read()
print (file_data)
except FileNotFoundError:
print ('The data file is missing.
except PermissionError:
print('This is not allowed.
except Exception as err:

)

print ('Some other error occurred:

str(err))
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>>> tine.strftime("3A 3p")  We've now worked out that it's five minutes to midnight

'Sunday PM'eC_ " on Sunday evening...time for bed, perhaps?
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key#t4

key#1

key#3

feyttz

Dicti
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The single ¢ode state,
ment, which
you need to type in (£l
o e of 6 Eber e

>>> print('Hello Mum!')
Hello Mum!
—_—

The shell prompt

The output vesulting from executing
the single tode statement, which is

<hown in blue in your shell
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That URL

does not
exist: 404
* Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)
127.0.0.1 - - [23/Nov/2015 20:15:46] "GET / HTTP/1.1" 200 -
127.0.0.1 - - [23/Nov/2015 21:30:26] "GET /doesthiswork.html HTTP/1.1" 404 -
N The messa

9¢s You see may differ sliahh
Den't let hiwoneq o " gkl
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[mport the module You need, then actess the atbribute
>>> import sys of interest. [£ looks like we are vunning “darwin”,
Zan e PIARORR ey o hieh i the:Mac 06 X kevnel name.

‘darwin'
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The third (and final)
searth
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Sto % python3 hello_flask.py
?the  « Running on htp://127.0.0.1:5000/ (Press CTRL+C to quit)

webapp. 127.0.0.1 - - [23/Nov/2015 2 46] "GET / HTTP/1.1" 200 -
127.0.0.1 - - [23/Nov/2015 21:30:26] "GET /doesthiswork.html HTTP/1.1" 404 -
e

then ~— > § python3 hello_flask.py
vestart it * Running on http://127.0.0.1:5000/ (Press CTRL4C to quit) <—— We are up and
unning again,
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Is your query correct? Error: 1146 (4250
2 Error: 2): Table 'vsearchlogdb.logerror ¥
1377001 = » (25/9u1/2016 21:36:25] "GET /vieulog KITE/1.1n 200 - dossate et

No more generic ‘ProgrammingErvor” exteptions from
MESRL Cometkor, as your Cusbom exteption—handiing cade
Cobihis Ehese cvvars vow
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You need to

import the

“seavchlebters”

funttion from the

“yseareh” module

before you call it from flask import Flask

app = Flask(_name_)

. The “do_searth”
@app.route('/") funttion invokes
def hello() -> str: « i

return 'Hello world from Flask!' searehflebierss
then veturns any

vesults as a string

A setond
decorator sets
up the “/searthd” —) Bapproutel /scach")
v def do_: search() -
) vd:um stv(:emhﬂ'ieﬂzm(‘h&, the w universe, a»d evev‘f(:hms, ‘eivu!))

app.run ()
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key#t4

key#1

key#3

feyttz

Dicti
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Add this code
into the “view_
the_log” function
within Your
“useavthrwebpy
webapp:

~7

except ConnectionError as err:

print ('Is your database switched on? Error
except CredentialsError as err:

print ('User-id/Password issues. Error:', str(err))
except SQLError as err:

print('Is your query correct? Error:
except Exception as err:

print ('Something went wrong:', str(err))
return 'Error'

, str(err))

s str(err))
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Ah hal
Something
happened

* Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)
127.0.0.1 - - [23/Nov/2015 20:15:46] "GET / HTTP/1.1" 21/
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# sorted list of
wnique letters
>>> u_list = sorted(list(u))
>>> u_list
L D B O T P e
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Python 3.5.2 Shell

>>>

>>>

>>> with open('buzze:

>>> pprint.pprint (£lights)

data:

csv')
1ine ()

ignore = data.
flights = ()
for line in data:

k, v = line.strip().split(',")

flights(k] = v /

This Code strips the
line, then splts i, 4o
d produce the data in
the format vequived.

You may not have
SP’HM:Z this, but the
:;d: ;F the n,:; in

¢ dictionary diffeven
from w&f’l the dm{
file. This happens becawse
dittionaries do NOT
mai r;hm insertion order.
Don't worry about, this

for now.

TIME, DESTINATION
09:35, FREERORT
17:00, FREERORT
09:55, WEST END
19:00, WEST END
10:45, TREASURE CAY
12:00, TREASURE CAY
11:45,ROCK SOUND
17:55 ROCE SOUND
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Heve is one
block of eode
Note: the tode
is indented

right_this minute = datetime

if right_this_minute in odds:

print ("This minute seems
else:

print ("Not an odd minute

.today () .minute The “Print” function
displays 3 message on
standird outpud (e,
a little odd. yooserecn).

) R_/

S

And here is another block of tode.
Note: it's indented, too-
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The flight times
$or the ‘West
End’ destination

wests2 = [k for k, v in fts.items() if v — 'West End'] H/
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j 105a13da0>
bject at Ox
i CountFromBy ol
<_main__.

Don't worey if
have 3 di(&ymtym
value heve. Al will
betome elear before
the end of this
Page.
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v python3 vsearchdweb.py

* Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)
* Restarting with fsevents reloader

* Debugger is active!

* Debugger pin code: 184-855-980

S Yo ek i and v

waiting 4o hear fom 3 b,
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def __repr (self) -> str:
Teturn str(self.val) ke
“selfval’, tuen it
into a string, and
then veturn it
o this method's

ealler.
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def _init_(self, v: int, i: int) -> None
self.val = v d
self.inor = i R Thewdm of the
dundier “nit” method
expetks o argument

values 4o be provided
every dime it is invoked
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The “for” |, i
Y | free 4o f loop contains a
Dim'; b W“y‘fﬁkulaffm Sk be 2:(:69'»(7, which, for eseh of
- [ at least three. e uR,L‘ in “urls”, gets the
sure £o define website's landing Page.

Python 3.5.2 Shell

>>> urls = ('http://headfirstlabs.com', 'http://oreilly.com’', 'http://twitter.com')

>>> for resp in [requests.get(url) for url in urls]:
print(len(resp.content), '->', resp.status_code, '->', resp.url)

31590 -> 200 -> http://headfirstlabs.com/
78722 -> 200 -> http://www.oreilly.com/
128244 -> 200 -> https://twitter.com/ [

>>>'|
Ln:106 Col:4 |

Wikh eath vesponse vetcived,
display the sze the( :
Nothing wei vetued landing page Gin
avipe iy enderul bee. The o the HTTP

is exaetly what's expected. ende, and the URL used.
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Hang on a second. All this
indentation is driving me crazy.
Surely that's the catch?
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>>> help (range)

Help on class range in module builtins: The “vange” function
¢an be invoked in one

of buc
class range (object) © vays
| range(stop) -> range object
| range(start, stop[, step]) -> range object
|
| Return a sequence of numbers from start to stop by step.

,Q This looks like it will give vs

what we need heve.
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def check_logged in(func):

What do you def wrapper( ):
need o add to if 'logged_in' in session:

the “wrapper” return func(
funttion's
signature?

return 'You are NOT logged in.'
return wrapper
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o o—| D
| —

After the “bananas’

tode vuns.
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222 import time
>>> time.strftime ("H:8M") %
123:55" Good heavens! s that the time





OEBPS/figs/web/028fig04.png.jpg
This is the number of
==y [ s e g o
Name the module >>> time.sleep (5
fivst (before >>> S

the period)
Specify the function you want
1o invoke (after the peviod).





OEBPS/figs/web/436fig01.png.jpg
@app.route ('/search4', methods=['POST'])

def

This is the
eabeh-all

C,

do_search() -> 'html':

phrase = request.form('phrase']

letters = request.form['letters']

title = 'Here are your results:'

results = str(searchdletters (phrase, letters))

The eall 45 1 2
log_request

mored inf the mity meotited

with 3 new “bry” statement,

by {_//
log_vequest(reauest, vesults)

extept Exception as evv:
print( K ¥ KKK Logging Lailed with this evror!, strlerr))

return render_template ('results.html',

the_title=title, "
the_phrase=phrase, When a runtime error oteurs, ¢ is
the letters=letters, message is displayed on streen tor
the_results=results, ) Lhe admin only. Your user sees

nothing.
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>>> import os
>>> os.getewd ()
 /Users/HeadFirst/CodeExamples '

«————— Import the module, then invoke the
functionality you need.
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XX} dd.py - [Users/paul/Desktop]_NewBook/chO1/odd.py (3.5.1)

datetime im datetime

odds = [1, 3, 5, 7, 9,11, 13, 15, 17, 19,

21, 23, 25, 27, 29, 31, 33, 35, 37, 39, Use Your mouse
41, 43, 45, 47, 49, 51, 53, 55, 57, 59] 1o select the
lines of code
want to
indent-

Ln: 14 Col: 0
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+ Debugger pin code: 184-855-980

127.0.0.1 - - [14/Jul/2016 10:54:31] "GET / HTTP/1.1" 200 -
127.0.0.1 - - [14/Jul/2016 10:54:31] "GET /static/hf.css HTTP/1.1" 200 -
127.0.0.1 - - [14/Jul/2016 10:54:32] "GET /favicon.ico HTTP/1.1" 404 -
. ebay
These 2005 w.@.(m that T webapp BTW: Don't vorry sbout thie ,
is up and vunning and sevving up defined 3 “Faviconice” e £ O%...ve haven't
). All is aood at this point i onico” file for our webar
home page)- All i (o it gets veported as ot found whe yi';,

browser asks for it).
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sther method
L‘k’?l ::{Zeo Lhis one has to
ke into atcount. ’chat‘“ﬁ:z
i ter always pro
:t‘am« the Eirs{

Srqument.

def __repr__(self) -> str:

L

This lets users of 4his
method know that this
Function intends £o veburr
3 string. Remember: using
annotations in your code
is optional, but helpful.
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from flask import Flask, session
from checker import check_logged_in
app = Flask(__name_ )

@app.route ('/")
def hello() -> str:
return 'Hello from the simple webapp.'

@app. route (' /pagel’)
@check_logged_in
def pagel() -> str:

return 'This is page 1.'

@app. route (' /page2')
@check logged in
def page2() -> str:

return 'This is page 2.'

APPly a decorator 4o an
existing function using
the @ syntax.

@app.route (' /page3')
@check_logged_in

def page3() -> str:
return 'This is page 3.'

@app. route ('/login')

def do_login() -> str:
session['logged in'] = True
return 'You are now logged in.'

@app. route (' /logout’)
def do_logout() -> str:
session.pop ('logged_in')
return 'You are now logged out.'

app.secret_key = 'YouWillNeverGuess...'

if _name__ '_main__':

app. run (debug=True)

Don't forget to apply these
highliohted edits £o your
webapp KbeforeX continuing
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import mysql.connector

This is the class UseDatabase:
tontext
manager code def __init__ (self, config: dict) -> None:
in “DBempy” Self.configuration = config
\ def _enter_ (self) -> 'cursor':
Self.conn = mysql.connector.connect (**self.configuration)

self.cursor = self.conn.cursor()
return self.cursor

def _exit_ (self, exc_type, exc_value, exc_trace) —> None:
Self.conn. commit ()
self.cursor.close ()

This is the first self.conn.close ()

wal of the

webapp tode ",

Seanendruco ey -y

from flask import Flask, render template, request, escape
from vsearch import searchdletters

from DBem import UseDatabase

app = Flask(_name_ )

app.config['dbconfig'] = {'host': '127.0.0.1'

'user': 'vsearch',
'password': 'vsearchpasswd',
‘database': 'vsearchlogDB', }

def log_request(req: 'flask_request', res: str) -> None:

with UseDatabase (app.config['dbconfig']) as cursor:
_SQL = """insert into log
(phrase, letters, ip, browser_string, results)
values

(85, s, ¥s, %5, $5)"
cursor.execute (_SQL, (req.form['phrase'l,
req.form['letters'],
req.remote_addr,
req.user_agent.browser,
res, ))
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REIL|

Head First

Python

endly Guide

Model data as

lists, tuples,
Load important Python sgts_, and "
concepts directly into dictionaries
your brain
g Objects? |
. b Decorators?
in a pickle: G tora?
use DB-APL enerators?

instead They’re all here. @&

3] Groate a modern

‘webapp with Flask W
Share your code
‘with modules

=

E
Paul Barry
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This is
“Vowels2py' ———>

kit
an empty list-

vowels = ['a', 'e',
word = "Milliways"
found = []
for letter in word:
if letter in vowels:
if letter not in found:

found. append (letter)
for vowel in found:

print (vowel)

Sl

o

second one gets 4o vun, and
vowels found in “wor,

st “for” loop terminates,

this
it displays the

Include the eode that
detides whether 1o
update the list of

ind vowels.
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The funetion’s eode is
now in an [DLE edit
window, and has been

[ saved as “vsearch py”
eoe

vsearch py - Asers/PaullDeskiop/. NewBook/ch04/vsearch.py (3.4

def search4vowels():
vowels = set('aeiou’)
word = input("Provide a word to search for vowels: ")

found = vowels.intersection(set(word))
for vowel in found:
print (vowel)

L 8]Col: 0

R 1§ [DLE displa

s an evor
when you mﬁfs, don't
panil Rebuen o your edit
vindow and chetk that your
tode is the exatt same 3
S« then try 303
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eoe vsearch.py - /Users/Paul/Deskiop/. NewBook/chO4/vsearch.py (3.43)

The turvent def searchdvowels (word):
“searehfrvowels "nuDisplay any vowels found in a supplied word."""
tode vowels = set('aeiou')
L—?‘ found = vowels.intersection (set (word))
for vowel in found:
print (vowel)
|
ene Python 3.4.3 Shell

>>> ================================ RESTART ================================
>>>
>>> searchdvowels()
Traceback (most recent call last):

File "<pyshell#3>", line 1, in <module>

searchd4vowels()

TypeError: search4vowels() missing 1 required positional argument: 'word'
>>> search4vowels('hitch-hiker')
e
£
>>> search4vowels('hitch-hiker', 'galaxy')
Traceback (most recent call last):

File "<pyshell#5>", line 1, in <modul
archd4vowels('hitch-hiker', 'galaxy')

TypeError: search4vowels() takes 1 positional argument but 2 were given
>>>

Although we've invoked Ehe “searchvowels” funttion theee 4
nction three times in this Test Drive, the onh
Z:cmi.ny vas the one that passed in a sinale, stringed argument. The other tw‘o ca.r:d""rlul"l“fff;fféil
¢ evvor messages produted by the interpreter to learn why cach of the incorrect talls Faled.
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eve Python 3.5.1 Shell

>>> | Cre.

>>> session = dict() — dvﬂ:f:ai "zw,’, emply )
>>> Y alled “session’
>>> if session['logged in']:

print{'Found it.!) &2 MIT'"V to theek for the e*ls"{u’n’u ofa
logaed_in" value using an “if” statement.
Traceback (most recent call last): Whoops! The “logged_in” key doesn't
s line 1, in <module> b g exist yel, so we get 3 "Kcygrvov". and
our tode has erashed as a vesult.
>>> if 'logged_in' in session: However, if we thetk for :m&v&f using
print("Found it.') € —— L «¥ . tode doesn't trash (there’s no
“YeyBrror) even though the key has o vlue
>>> session'logged in'] = True S | ,{’s sssign 3 value to the “logged_in” key.
>>>

>>> if 'logged in' in session:

print(TFound it.') & Chetking for existente with “in” still works,
although this time avound we get a positive

vesult (as the key exists and has a value).

Found it.
>>> £ wpr
> if session['logged in']: o — Checking vith an ‘" statement. vorls too
e (now that the key has a value assotiated
with it). However, if the key is vemoved from
e the dietionary (using the “pop” method) Ehis
= code is once again vulnerable to “KeyError”.

Ln: 115 Col: 4
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“selk” is an

alias 4o the
object.

An object

Methods (shared with
all objects created from
the same class)

Attributes (*not* shared

‘with other objects
created from the same
class)
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dapp.route('/searchd4', methods
def do_search() -> 'html’
phrase = request.form['phrase']
letters = request.form['letters']
title = 'Here are your results:' This line of tode needs
results = str(searchdletters (phrase, letters)) o be protected in
log_request (request, results) < ease it fails (raising a
return render_template('results.html', runtime evror).
the_title=title,
the_phrase=phrase,
the_letters=letters,
the results=results,)

["POST'])
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This is the second half of the
webapp code in “searchihueh py”.

Gapp. route ('/searché', methods=['POST'])
def do_search() -> 'html
phrase = request.form['phrase']
letters = request.form['letters']
title = 'Here are your result:
results = str(search4letters (phrase, letters))

log_request (request, results)

return render_template('results.html',
the_title=title,
the_phras
the_letter:
the_results=results,)

@app. route (/')
@app. route (' /entry')
def entry page() -> 'html':
return render_template ('entry.html',
the_title='Welcome to searchdletters on the web!')

€app. route (' /viewlog')

def view_the_log() -> 'html':
with UseDatabase (app.config['dbconfig']) as cursor:
_SQL = """select phrase, letters, ip, browser_string, results
from log"""

cursor.execute (_SQL)
contents = cursor. fetchall ()
titles = ('Phrase’, 'Letters', 'Remote_addr', 'User_agent', 'Results')
return render_template ('viewlog.html',
the_title='View Log',
the_row_titles=titles,
ontents, )

if _name _
app . run (debug:
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>>> saying = "Don't panic!" Create a list of letters.

>>> letters = list(saying)
>>> letters

['D', 'o', 'n', Ww, ver, 0 v, tpr ovav oapnongnorgr,
>>> letters[0]
D
>>> letters([3] [ S~ Using positive index values counts
" from left 4o vight..
>>> letters[6]
'p'

>>> letters[-1]

R

>>> letters[-3] ) <& heveas negative index values
4 count: vight 4o left

>>> letters[-6]
.
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>>> third.append(/)

The “thivd” list >>> third
hasgrown —— [1, 2, 3, 4, 5, 6, 7]
one objec >>> second

[1, 2,3, 4,5, 6l &

Muth better. The existing
list is unehanged

first @——> DEE 5 | b | <€———@ second

= That's more like it—the
§ new object is only added 4o
the “third” list, not o the
~ other two lists (“First” and

“cotond™).
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That code really is easy
to read. But what's the
catch?
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Your list example code © 0 @ vowels.py - MUsers/Paul/Deskiop/_ NewBookich02/vowels py (3.4.3)
saved as “vowelspy” inside
an [DLE edit window. vowels = ['a’, 'e', 'i', 'e', 'u']
\ word = "Milliways"
for letter in word:
if letter in vowels:
print (letter)

|
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o catpblang Xport Yachl.imo

Detide which code
magpet goes in €ath
of the dashed-line
lotations.

odds = [ 1, 3, 5 7, 9,11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57, 59 ]

right_this_minute = datetime.today().minute

if right_this_minute in odds:

print ("This minute seems a little odd
else:

print ("Not an odd minute

wait_time =

Where do
T
o

for i in range(5): ' random.randint (1, 60) '
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Our file

manager = S:::
displays the —2 1> e =
Lumh{ 5 11.Jan 2016, 19:59. =
contents of o

i Toda, 1629 pynon.ca e (\ oo i
Tolder. “vsearch log”

file.

114 s, 3633 08 ol
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Open the
log file for

. veading,
with open('vsearch.log') as log:
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Take a look at this
login code, guys. I think
it's pretty clear what I
need to do...
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Add the
new tode
heve.

\\d_e;do_loqin() -> str:

return

@app. route ('/login')
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And we have 3 brand
new funttion, which

— (ateording o the
annotation) veturns 3
s

def view_the log() -> str:
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Before the new

vow is added >>> person3
{'Name': 'Ford Prefect', 'Gender': 'Male’,
'"Home Planet': 'Betelgeuse Seven',
'Occupation': 'Researcher'}

Gender Male

Name H Ford Prefect
Before ———>
Home Planet Hsehlgeue&em
Oceupation H Researther

Assign an object. (;
>>> parson3l'age'l = 33 <—— LI e
of data to the dietionary.

>>> person3
{'Name': 'Ford Prefect', 'Gender': 'Male’,

'Age': 33, 'Home Planet': 'Betelgeuse Seven',
'Occupation': 'Researcher'} Alter the -
vow is added
Gender Male
Heve's the new
o0 daka Name H Ford Prefect
337 i assotisted —— P 5 L At

vith “Pge”
Home Planet H Betelgeuse Seven
Oteupation H Reseavther
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I can't believe how many square
brackets are on that last page..yet
T still haven't seen how they can be
used to select and access data in my
Python list.
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No “TypeErvor” this time

Python 3.5.1 Shell

>>>

>>> h = CountFromBy (100, 10)
,—> »>>hval
o 100 !
fou tan >>> h.incr ioking the i 3
= /—\ Invoking the “incvease” method
attess the 10 does what you expect it 4o do. [t

Jalue of the  >>> h.increase()

W Shets 3> hival u':m'?f"‘(" “hal” by the amount in
K 110 \_/ iner”.
abbributes >>> h

<_main__.CountFromBy object at 0x105al3da0>

Ln: 37 Col: 4

abably expecting to see ‘110" displayed heve,
Z:“{:;::; go{:"zhis (rather cryptic) message instead:
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dapp.route ('/search4', methods=["'POST'])
def do_search() -> 'html’'

phrase = request.form['phrase']

letters = request.form['letters' Don't forget o call
title = 'Here are your results:' Yo w\mt" as par

results = str(searchdletters(phrase, letters)) TEhe tode you 2dd

return render_template('results.html',
the title=title,
the_phrase=phrase,
the letters=letters,
the results=results,)
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Yes, yes...your data is
safely stored. In fact, I'm
writing down everything as
we speak.
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word = "bottles"

for beer_num in range(99, 0, -1):

print (beer_num, word, "of beer on the wall.")

print (beer_num, word, "of beer.")

print ("Take one down.")

print ("Pass it around.")

if beer_num ==

print ("No more bottles of beer on the wall.")

else:

new_num = beer_num - 1

if new_mum == 1:

word = "bottle"

print (new_num, word, "of beer on the wall.")

print ()

Assign the value “bottles” (a string) to a
new variable ealled “word”.

Loop a spetified number of Limes, from
99 down o none. lAse “beer_num” as the
! itevati
The four calls £o the print function
display the eurvent ite
lyvies, “99 bottles of beer on the wall. 99
bottles of beer. Take one down. Pass it
around.”, and o on vith eath iteration

Chetk to see if we are on the last
passed-around beer...

And i€ we ave, end the song lyvics
oum.,.

Remenber the mumber of the next beer i
anather variable ullzd ‘new_num”.

I£ we've abowt, 4o drink o lack beer..

Change the value of the “word” variable
so the last lines of the Iyie make serse

Comylcéc Ehis iberation's song lyvics.

At the end of Hhis ibevakion, prink 2
blank line. When all the iterations are
lete, teeminate th

variable.
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-and heve’
foding Pt it

|

tolumn

data..

Name: Ford Prefett
Gender: Male m
Octupationt Researther
Yrome Planets Bekeloeuse Seven

Theve ave
ulbiple vows of
Luo—tolumned

| data on this

1 napkin.
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You vequest the
HTML form,

and your browser
also vequests the
skylesheet

127.0.0.1 - - [23/Nov/2015 21:55:59] "GET /entry HTTP/1.1" 200 -
127.0.0.1 - - [23/Nov/2015 21:55:59] "GET /static/hf.css HTTP/1.1" 304 -
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This window pops
up first, Think of Q‘f‘" You select.
it as the “Fivst by “New Fi..,

f 5 vindow,
indow Sppears
v Think of ge 11 e
J Second windoy,, ”
] Python 3.4.3 Shell
Python 3.4.3 (v3.4.3:9b73f1c3e601, Feb 23 2015, 02:52:03)

[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin
Type "copyright", "credits" or "license()" for more information.
>>>

eoe Unitted
|

Gharking [DLE, then
ehoosing “File..—New
File..” vesults in two

windows appearing on

sveen

n1/Cor0] |
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The key

The name of m ‘L [— The associated data value

the dickionary. 7 person3 = { 'Name': '

(Recall that ve Conder! 'F?;:lPII:efect ',
met “personl” : e,

and “pevson?” 3t 'Ocecupation':

p ot 'Home P1 'Researcher’,
he end of the anet:: "Betel
ast, ehapter) N geuse Seven'

Key Ne Ve
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What's Python? A nonvenomous
snake? A late 1960s comedy troupe?
A programming language? Gosh! It's
all of these things!

‘Somebody's obviously spent
far too many days af sea...
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° tisample.py - [Users/paul/Documents|tksample.py (3.5.2)

from turtle import *

As well 2s shoving “burtle” in

ekion, bhis small program T T

begin_£il1()

also dmom{rahT 5&;: use 4
of Python's “while” loop an while True:
brz:le wisbement. They work —_—7 forvard (200)
evaetly 35 yald expect them 1% he (poat)) < 1t
4o, but don't see v;,zﬂv\y as muth e

: Py
attion as the ‘for loop and i
Comprehensiors. hod_

Ln: 13 Col:0
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The “environ”
attribute
tontains lots
i

>>> os.environ
‘environ({'XPC_FLAGS': 'Ox0', 'HOME': '/Users/HeadFirst', 'TMPDIR': '/var/
folders/18/t93gmhc546b7b2cngfhz10100000gn/T/", ... 'PYTHONPATH': '/Applicatior
Python 3.4/IDLE.app/Contents/Resources', ... 'SHELL': '/bin/bash', 'USER':
'HeadFirst'}) "

>>> os.geteny ('HOME') m f:: attzs a specifically named
A ae b s bt (oom the dabs conbainedin

“envivon”) using “geteny’,
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object

Uik





OEBPS/figs/web/055fig03.png.jpg
100.0, 45.3 ]
0, 212.0, 0.0, 81.6,
temps = [ 32.0,

Objeets (in this case,
some £loats) are
separated by commas
and survounded by
square brackets—it's
a list.
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We know You tan do bether
than this, so why not give
“turtle” a try?
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You saved your
tode, so Flask
veloaded your
webapp-

7.
127.0.0
7.

Detected change in 'vsearchdweb.py', reloading
Restarting with stat
Debugger is active!

Debugger pin code: 228-903-465

0.0.1 - - [24/Nov/2015 16
.1 - - [24/Nov/2015 16
0.0.1 - - [24/Nov/2015 16:

N vequest is made for the
“Ventey” URL, and it is
served up immediately. Note
the 200 status code (and
vemember from earlier in

this chapter that codes in
the 200-299 range are
success messages: the server
has veceived, understood, and
Protessed the client’s vequest),

3] "GET /entry HTTP/1.1" 200 -
3] "GET / HTTP/1.1" 302 -

:44] "GET /entry HTTP/1.1" 200 -})

When a veauest is made for the */” URL, our webapp

Fivst vesponds ith the 302 vedivection and then the

web browser sends ano

ther vequest for the “/entry” URL,

which is suecessfully sevved up by our webapp (again, note

Lhe 200 status code).
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J Import any vequived libraries.
import requests

urls = ('http://headfirstlabs.com’, 'http://oreilly.com’, 'http://twitter.com')

for resp in (requests.get(url) for url in urls):
print (len(resp.content), '->', resp.status_code,

r->', resp.url)

Define a tuple 7
of URLs Protess the The gaertor (enerber:
genevated data. \ooks like a listeomp, but i

auvrounded by paventheses)
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Hey, donit look at me...

I didn't put that there.
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SEOM LAAGE ANBOTL, LN, DANGOT VOnDLELGe, Tequodt

from vsearch import searchdletters /\ We ro longer need to import.

app = Flask(_ name_ ) “vedivect”, so we've vemoved #
Seom this import line.
@app.route('/searchd’, methods=
def do_search() -> "html':
phrase = request.form['phrase']
letters = request.form['letters']
title = 'Here are your result:
results str(searchdletters (phrase, letters))
return render_template('results.html',

'POST'])

The “hello” the_title=title,
Sunthion the_phrase=phrase,
o b the letters=letters,
* " the_results=results,)
removel “ »
s e manE (/) «  The “entry_page” funttion now

@app.route (' /entry')
def entry page() -> 'html':
return render_template('entry.html',
the_title='Welcome to searchdletters on the web!')

has two URLs associated with it.

[ - N -
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>>> found.append('e')

>>> found.append ('i') L\ @&——— More runtime
>>> found.append('o') additions
>>> len (found)

4
4
>>> found } o Onee again e use the shell 4o

confiem all is in order
['a', 'e', 'i' 'o']
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This is
standard
WTMLS
mavkup.

This is a JinjaZ divecti .
<!doctype html> joL divective, which
indicates that a value will be provided
<htmt> Prior 40 vendering (think of this 35 an
<head> [ argument to the Lemplate).

<title>{{ the_title }}</title>

<link rel="stylesheet" href="static/hf.css" />

</head>
This stylesheet. defines
<body> the look and feel of 4l
(% block body %} the web pages
= e tives indicate that
These JinjaZ divectives i
i#Rendbloc ) a blotk ey il be w\zs{t{:d
</body> here prior 4o vendering, and is to be
</html>

wiided by any pase that inherits
om this one-

This is the
base template





OEBPS/figs/web/151fig02.png.jpg
A dotstring has been |
added 4o the function's
code, which (briefly)
destxibes the purpose
of this Function-

eoe vsearch.py - /Users/PaulDesktop/_NewBook/ch04/vsearch.py (3.4.3)

def searchdvowels():

"""Display any vowels found in an asked-for word."""
vowels = set('aeiou')

word = input("Provide a word to search for vowels:
found = vowels.intersection (set(word))

for vowel in found:
print(vowel)






OEBPS/figs/web/299fig01.png.jpg
03 in to

the MySQL

console This query asks to see all the data in the “lo’
table (your actual data will likely differ)

Fie Edi Window Felp Chiecking our 163 08

$ mysql -u vsearch -p vsearchlogdB
Enter password:

Welcome to MySQL monitor

el
- .
1 | 2016-03-09 13:40:46 | life, the uni ... ything |
2 | 2016-03-09 13:42:07 | hitch-hiker |
3 | 2016-03-0 13:42:15 | galaxy I
2 | 2016-03-09 13:43:07 | Ritch-hiker I

5
I
|
|
I
4 rows in set (0.0 sec)

mysql> quit
Bye

Don't forget 4o quit. the Remember: we've only storing the browser name:

console when You've done.
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‘insert into log
(phrase, letters, ip, browser_string, results)

values

('hitch-hiker', 'aeiou', '127.0.0.1', 'Firefox', "{'e', 'i'}m)nnn

>>> cursor.execute (_SQL)

When composing

>>> _SQL = """insert into log 7{”;* query, use DB
(phrase, letters, ip, browser_string, results) | placeholders
values instead of actual

(3s, %s, %s, %s, %s)""" data values

>>> cursor.execute( SQL, ('hitch-hiker', 'xyz', '127.0.0.1', 'Safari', 'set()'))
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While out walking,
Paul pauses to
distuss the corveet
pronuntiation of the
word “{u{le” with his
ecing vibe

Torgsef

)

Deirdre’s usual
veattion. ©
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eoe Python 3.5.2 Shell
>>> for resp in (requests.get(url) for url in urls):
print(len(resp.content), '->', resp.status_code, '->', resp.url)

31590 -> 200 -> http://headfirstlabs.com/
78722 -> 200 -> http://www.oreilly.com/

1252‘11 257200 <> nttps://twitter.com/ < The thivd, and Final, URL's vesponse
>>>

Ln: 156 _Col: 4
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<title>{{ the_title }}</title>
<link rel="stylesheet" href="static/hf.css" />

The £ oo
</head> he “hi.ess

ile needs

o exist (in

the “static”
Paldi)
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soe beersong.py - AUsers/Paul/Deskiop/. NewBook/chO ru.

T — The ¢all 4o “vange’
for beer_num in range(99, 0, -1): &g ke three
print (beer_num, word, "of beer on arquments: start,
print (beer_num, word, "of beer.") stop, and step
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key#t4

key#1

key#3
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Dicti
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This part is done. The ‘e

{:z html” template
produces an approximation

this form for us.

|
searthletters on the Web! |

Weleome to 1

2 seath veauest;

Use this Form o sibrit

Phase: —
Sl el

When you've veadys elick this button®

|

Here are Your vesults:

You submitted the Hollowing data:

Phrase:
Letters:

hiteh—hiker

aeiou

When “hitth-hiker” is searched Hor “aciou,

the following vesults are retuned:

€]

This part vemains 4o be
done. At the moment,
we've only displaying £he
vesults as vaw data,
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>>> range (5) < This is how we used “vange” in owr Kivst program.

range (0, 5)

o> 15t (SR 5<)_)/ Feeding the output from “vange” bo “list” produces a lisk
[0 5528, &)

>>> list(range (5, 10))e——— We tan adjust the START and STOP values for “vange”

(5, 6, 7, 8, 9
v idat {zangaitl, b, 2‘)()kl£ualwross\|zlthad)ustehe STEP vale

[0, 2, 4, 6, 8]

>>> list(range (10, 0, -2)) Thinas get veally i
ings ge veally intevesting wh djust

[10, 8, 6, 4, 2] N rangexdintilonbyug)b?gih?g%; 3alue-&e

>>> list(range(10, 0, 2)) &« P en't stop ou from being sily. I€ your START

[l Y J.ff".? :.55« {hanmr STOP value, and STEP s positive

o g2k back nathing (i i case, am empty s

>>> list(range (99, 0, -1))
[99, 98, 97, 96, 95, 94, 93, 92, ... 5, 4, 3, 2, 1]
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key#t4

key#1

key#3

feyttz
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You do redlize there's only
one of me, right? Yet you

expect me to perform and
understand multiple computing
tasks at once?l2l>
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from flask import Flask, render_template
from vsearch import searchdletters

app = Flask(_name_)

We've leaving the vest
(o oF this code as is for.

now.

@app.route('/")
def hello() -> str:
return 'Hello world from Flask!'

@app.route('/searchd’)
def do_search() -> str:
return str(searchdletters('life, the universe, and everything', 'eiru,!'))

@app.route('/entry')
def entry page() -> 'html'
return render_template ('entry.html',
the_title='Welcome to searchdletters on the web!')

app.run()
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So..does this
mean T should always
use a generator over a
listcomp>
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Keys
N\ (— Value
Gender Male
Name Ford Prefect
Home Planet Betelgeuse Seven
The “pevson3” variable LM__}_)‘_K_"__]
s esearcher

vefeventes the entive

(% person3 @=—————>>

dickionary, which is
made up of a collection
of key/value paivs.
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found @——3>

All the values
are initially
set t0 0.

B
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del

def

searchavowels (phrase: str) => set:

wnrReturn any vowels found in a supplied phrase.
vowels = set ('aeiou') The PEP 8—tompliant.
return vowels.intersection(set (phrase)) version of “vsearch, Py’

'aeiou') -> set:

searchdletters (phrase: str, letters: st
""MBeturn a set of the 'letters' found in 'phrase'.
return set (letters).intersection(set (phrase))
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This is going to be
painful, as T've never
used MySQL before...
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from datetime import datetime | o usage of “import”

Z:.M,; in the named
netion to your program
You tan then invoke it
vithout, wsing the dot.—
notation syntax.
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Note from M,

OF il the. M;svckfha:
books..in all the
world...£his is the one

we brought to the bam
ch J\?wc when we

first learned MySRL.

Cmuw this is 3 bos

‘bout the SRL auery
lamaaoge, it wses the
MySL database
mavagement system for
30 ks examples. Despite
ks ane, its a skl great

leavning vesouree.
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Would it not be better to
use a set here? Isn't aset a
better choice when you're

trying o avoid duplicates?
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= This file contains our webapp’s
—{ < tode shown at. the bottom of
webapp = the last page).
= vsearchdweb.py
/ Here's the styplesmt (in
s flder contais : its very own Folder).
all of our webapp’ =D
Files i | static |} = 4_/
. hf.css
All of our application's m = = =
Lemplates are stored here ———— g = =
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ece *Python 3.5.2 Shell*
>>3
>>>

>>> for resp in (requests.get(url) for url in urls):
print(len(resp.content), '->', resp.status_code, '->', resp.url)

31590 -> 200 -> http://headfirstiabs.con/ & The first URL's vesponse
I

Ln: 153
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*Python 3.5.2 Shell*

An important ehange: veplace

22 the square brackets with
>>> Paventheses.
>>>

>>> for resp in (requests.get(url) for url in urls):
print(len(resp.content), '->', resp.status_code, '->', resp.url)

Ln: 161 Col: 1
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* Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)
127.0.0.1 - - [23/Nov/2015 21:51:38] "GET / HTTP/1.1" 200 -
127.0.0.1 - - [23/Nov/2015 21:51:48] "GET /searchd HTTP/1.1" 200 -

ped e /\ Start up your new code (uhich i
$ python3 vsearchdweb.py

in the “vsearchweb py” file).
Stop the  * Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)
webapp

again. ’\\ The new tode is up

and vunning, and
waiting to sevvice
veauests
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*Python 3.5.2 Shel*

>>>
>>> for resp in (requests.get(url) for url in urls):

print (len(resp.content) ,

>', resp.status_code, '->', resp.url)

31590 -> 200 -> http://headfirstlabs.com/
78722 -> 200 -> htt;

/www.oreilly.com/ Thisecent MRE S vespovse

Ln: 154 _Col: 0






