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What will you learn from this book?

Ever wished you could learn how to program from a book? If you have
no previous programming experience, you might be wondering where
to start. Head First Programming introduces the core concepts of writing
computer programs—variables, decisions, loops, functions, and
objects—which apply regardless of the programming language, but
uses concrete examples and exercises in the dynamic and versatile
Python language to apply and reinforce these concepts.

Learn the basic tools to start writing the programs that interest you,
not the generic software someone else thinks you should have, and get
a better understanding of what software can (and cannot) do. When
you're finished, you'll have the necessary foundation to apply to what-
ever language or software project you need or want to learn.
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We think your time is too valuable to waste struggling with new con-

cepts. Using the latest research in cognitive science and learning
theory to craft a multi-sensory learning experience, Head First
Programming uses a visually rich format designed for the way your brain
works, not a text-heavy approach that puts you to sleep.
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using an iterative
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Advance Praise for Head First Programming

“Head First Programming does a great job teaching programming using an iterative process. Add a little,
explain a little, make the program a little better. This is how programming works in the real world
and Head First Programming makes use of that in a teaching forum. I recommend this book to anyone
who wants to start dabbling in programming but doesn’t know where to start. I'd also recommend this
book to anyone not necessarily new to programming, but curious about Python. It’s a great intro to
programming in general and programming Python specifically.”

— Jeremy Jones, Coauthor of Python for Unix and Linux System Administration

“David Griffiths and Paul Barry have crafted the latest gem in the Head First series. Do you use a
computer, but are tired of always using someone else’s software? Is there something you wish your
computer would do but wasn’t programmed for? In Head First Programming, you’ll learn how to write
code and make your computer do things your way.”

— Bill Mietelski, Software Engineer

“Head First Programming provides a unique approach to a complex subject. The early chapters make
excellent use of metaphors to introduce basic programming concepts used as a foundation for the rest
of the book. This book has everything, from web development to graphical user interfaces and game
programming.”

— Doug Hellmann, Senior Software Engineer, Racemi

‘A good introduction to programming using one of the best languages around, Head First Programming
uses a unique combination of visuals, puzzles, and exercises to teach programming in a way that is
approachable and fun.”

— Ted Leung, Principal Software Engineer, Sun Microsystems



Praise for other Head First books

“Kathy and Bert’s Head First fava 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
Furst fava 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 practi-
cal development strategies—gets my brain going without having to slog through a bunch of tired, stale
professor-speak.”

— Travis Kalanick, Founder of Scour and Red Swoosh
Member of the MIT TR100

“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 1s 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 non-programmers 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 trés ‘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 co-author 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 1s 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 O Head First HTML with CSS & XHTMIL—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 ‘Buehler... Buehler... Buehler...’ 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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We dedicate this book to the first person who looked at a computer
and then asked the question, “I wonder how I make it do ths... ?”

And to those that made programming complex enough that people
need a book like ours to learn it.

David: To Dawn. The smartest person I know.

Paul: This one’s dedicated to my father, Jim Barry, who, 25 years
ago—when I needed a push—pushed me toward computing. That
was a good push.



the

Authors of Head First Programwming

Paul Barry recently worked out that he has

been programming for close to a quarter century, a
fact that came as a bit of a shock. In that time, Paul
has programmed in lots of different programming
languages, lived and worked in two countries on two
continents, got married, had three kids (well... his wife
Deirdre actually /ad them, but Paul did play his part),
completed a B.Sc. and M.Sc. in Computing, written
two other books, written a bunch of technical articles
for Linux Journal, and managed not to lose his hair... a
situation that, sadly, may in fact be changing.

When Paul first saw Head First HTML with CSS &
XHTML, he loved it so much he knew immediately that
the Head First approach would be a great way to teach
programming. He is only too delighted, together with
David, to create this book in an attempt to prove his
hunch correct.

Paul’s day job is working as a lecturer at The Institute
of Technology, Carlow in Ireland. As part of the
Department of Computing & Networking, Paul gets
to spend his day exploring, learning, and teaching
cool programming technologies, which is his idea of
fun (and further proof that Paul probably needs to get
out more). Paul hopes his students think the stuff he
teaches is fun, too.

viii

David Griffiths began programming at age 12,
when he saw a documentary on the work of Seymour

Papert. At age 15, he wrote an implementation of
Papert’s computer language LOGO. After studying
Pure Mathematics at University, he began writing code
for computers and magazine articles for humans. He’s
worked as an agile coach, a developer, and a garage
attendant, but not in that order. He can write code in
over 10 languages and prose in just one, and when not
writing, coding, or coaching, he spends much of his
spare time travelling with his lovely wife—and fellow
Head First author—Dawn.

Before writing Head First Programming, he wrote another
book called Head First Rails, which is an excellent read
and would make a thoughtful gift for any close friend or
family member.

You can follow him on Twitter at:

http://twitter.com/dgriffiths



table of contents

Table of Contents (Summary)

Intro xxiil
1 Starting to Code: Finding Your Way 1
2 Textual Data: Every String Has Its Place 37
3 Functions: Let’s Get Organized 77
4 Data Files and Arrays: Sort It Out 113
5 Hashes and Databases: Putting Data in Its Place 145
6 Modular Programming: Keeping Things Straight 177
7 Building a Graphical User Interface: Going All Gooey 215
8 GUIs and Data: Data Entry Widgets 257
8%2  Exceptions and Message Boxes: Get the Message? 293
9 Graphical Interface Elements: Selecting the Right Tool 313
10 Custom Widgets and Classes: With an Object in Mind 349
i Leftovers: The Top Ten Things (We Didn’t Cover) 385

Table of Contents (the rea] thing)

Intro

Your brain on Programming. Here you are trying to learn something,
while here your brain is doing you a favor by making sure the learning doesn't stick.
Your brain’s thinking, “Better leave room for more important things, like which wild
animals to avoid and whether naked snowboarding is a bad idea” So how do you

trick your brain into thinking that your life depends on knowing Programming?

Who is this book for? XXiv
We know what you’re thinking XXV
Metacognition xxvil
Bend your brain into submission xxix
Read me XXX
The technical review team xxxil
Acknowledgments xxxiil



table of contents

starting to code
Finding your way

Writing programs gives you the power to control your PC.
Almost everyone knows how to use a computer, but few people take the next step and
learn how to control it. If you use other people’s software, you will always be limited by
what other people think you want to do. Write your own programs and the only limit will
be your own imagination. Programming will make you more creative, it will make you
think more precisely, and it will teach you to analyze and solve problems logically.

Do you want to be programmed or be the programmer?

Programming lets you do more 2
So how do you run your code? 5
Create a new program file 6
Prepare and run your code 7
A program is more than a list of commands 12
Codeville: Your program is like a network of roads 13
Branches are code intersections 14
if/ else branches 15
The Python code needs interconnecting paths 20
Python uses indents to connect paths 21
Loops let you run the same piece of code over and over again 28
Python’s while loop 29
Your Programming Toolbox 35
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textual data
Every string has its place

Imagine trying to communicate without words.

All programs process data, and one of the most important types of data is text. In this
chapter, you'll work through the basics of textual data. You'll automatically search
text and get back exactly what you're looking for. Along the way, you'll pick up key
programming concepts such as methods and how you can use them to bend your

data to your will. And finally, you'll instantly power up your programs with the help of

library code.
Your new gig at Starbuzz Coffee 38
Here’s the current Starbuzz code 39
The cost is embedded in the HTML 41
A string is a series of characters 41
Find characters inside the text 42
But how do you get at more than one character? 43
The String Exposed 48
Beans’R’Us is rewarding loyal customers 50
Searching is complex 59
Python data is smart 54
Strings and numbers are different 64
The program has overloaded the Beans’R’Us Server 67
Time... if only you had more of it 68
You're already using library code 69
Order is restored 74
Your Programming Toolbox 75
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functions
Let's get organized

As programs grow, the code often becomes more complex.
And complex code can be hard to read, and even harder to maintain. One way of
managing this complexity is to create functions. Functions are snippets of code
that you use as needed from within your program. They allow you to separate out
common actions, and this means that they make your code easier to read and
easier to maintain. In this chapter, you'll discover how a little function knowledge

can make your coding life a whole lot easier.

Starbuzz is out of beans! 78
What does the new program need to do? 79
Don’t duplicate your code... 81
Reuse code with functions 82
Always get things in the right order 84
Return data with the return command 87
Use the Web, Luke 93
The function always sends the same message 94
Use parameters to avoid duplicating functions 96
Someone decided to mess with your code 102
T The rest of the program can’t see the password variable 104
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When you leave a function, its variables get thrown away 106
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data Yiles and arrays
Sort it out

As your programs develop, so do your data handling needs.
And when you have lots of data to work with, using an individual variable for each piece
of data gets really old, really quickly. So programmers employ some rather awesome
containers (known as data structures) to help them work with lots of data. More times
than not, all that data comes from a file stored on a hard disk. So, how can you work

with data in your files? Turns out it's a breeze.

Surf’s up in Codeville 114
Find the highest score in the results file 115
Iterate through the file with the open, for, close pattern 116
The file contains more than numbers... 120
Split each line as you read it 121
The split() method cuts the string 122
But you need more than one top score 126
Keeping track of 3 scores makes the code more complex 127
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Your Programming Toolbox 144
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hashes and databases
Putting data in its place

Arrays aren’t the only show in town when it comes to data.
Programming languages come with other data-arranging goodies too, and our
chosen tool, Python, is no exception. In this chapter, you'll associate values

with names using a data structure commonly called the hash (better known as
dictionary to Python-folk). And when it comes to working with stored data, you'll
read data from an external database system as well as from regular text-based
files. All the world’s awash with data, so turn the page and start applying your ever-

expanding programming skills to some cool data-processing tasks.

Who won the surfing contest? 146
Associate the name with the score 150
Associate a key with a value using a hash 153
Iterate hash data with for 154
The data isn’t sorted 158
When data gets complex 160
Return a data structure from a function 164
Here’s your new board! 168
Meanwhile, down at the studio... 169

The code remains the same; it’s the function that changes

TVN’s data is on the money!

Your Programming Toolbox
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modular programming
Keeping things straight

The code that you write will make its way into many programs.
And, although sharing is good, you need to be careful. One programmer might take
your code and use it in an unexpected way, while another might change it without even
letting you know. You might want to use one function in all your programs and, over
time, that function’s code might change to suit your needs. Smart programmers take

advantage of modular programming techniques to keep their workload manageable.

Head First Health Club is upgrading some systems 178
The program needs to create a transaction file 179
Use strings to format strings 180
The Format String Exposed 186
A late night email ruins your day 187
$50,000... for a donut?! 188
Only the sales from your program were rejected 189
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TVN Game Show

building a graphical user interface
Going all gooey

Your coding skills are great and getting better all the time.

It's just a shame your programs are not that nice to look at. Displaying prompts
and messages on a text-based console is all well and good, but it's so 1970s,
isn't it? Add some green text on a black background and your retro look will be

complete. There has to be a better way to communicate with your users than

the console, and there is: using a graphical user interface or GUI (pronounced

“gooey”). Sounds cool, but complex, and it can be. But, don't fret; learning a trick or

two will have your code all graphical in no time. Let's get all gooey (sorry, GUI) in

this chapter.

When you are ready. click on the buttons!

Wrong! 2

Head First TVN now produces game shows
pygame is cross platform

pygame Exposed

0...2... 1... 9... blast off!

tkinter gives you the event loop for free
tkinter is packed with options

The GUI works, but doesn’t do anything
Connect code to your button events

The GUI program’s now ready for a screentest
But TVN is still not happy

Label it
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guis and data
Data entry widgets

GUIs don’t just process events. They also handle data.

Almost all GUI applications need to read user data, and choosing the right widgets can
change your interface from data entry hell to user heaven. Widgets can accept plain
text, or just present a menu of options. There are lots of different widgets out there,
which means there are lots of choices, too. And, of course, making the right choice can

make all the difference. It's time to take your GUI program to the next level.

Head-Ex needs a new delivery system 258
They’ve already designed the interface 259
Read data from the GUI 260
The Entry and Text widgets let you enter text data into your GUI 261
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exceptions and message boxes

Get the message?

Sometimes things just go wrong. You just need to handle i
There will always be things beyond your control. Networks will fail. Files will

disappear. Smart coders learn how to deal with those kinds of errors and make

their programs recover gracefully. The best software keeps the user informed

t.

about the bad things that happen and what should be done to recover. By learning

how to use exceptions and message boxes, you can take your software to the

next level of reliability and quality.

What’s that smell?

Someone changed the file permissions

When it couldn’t write to the file, the program threw an exception
Catch the exception

Watch for exceptions with try/except

There’s an issue with the exception handler

A message box demands attention

Creating message boxes in Python
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graph‘ical interface elements
Selecting the right tool

It’s easy to make your programs more effective for your users.

And when it comes to GUI applications, there’s a world of difference between a working

interface and one that’s both useful and effective. Selecting the right tool for the

right job is a skill that comes with experience, and the best way to get that experience

is to use the tools available to you. In this chapter, you'll continue to expand your

GUI application building skills. There’s a bunch of truly useful widgets waiting to be

experienced. So, turn the page and let's get going.

Time to mix it up

The music just kept on playing...

Not all events are generated by button clicks
Capturing the protocol event isn’t enough
Two buttons, or not two buttons? That is the question...
The checkbox is an on/off, flip/flop toggle
Working with checkboxes in tkinter

Pump up the volume!

Model a slider on a scale

Use pygame to set the volume

Use tkinter for everything else

The DJ is over the moon!
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custom Widgets and classes
With an object in mind

Requirements can be complex, but programs don’t have
to be.

By using object orientation, you can give your programs great power without
writing lots of extra code. Keep reading, and you'll create custom widgets that do
exactly what you want and give you the power to take your programming skills

to the next level.
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You’ve come a long way.

But learning how to program is an activity that never stops. The more you code, the
more you'll need to learn new ways to do certain things. You'll need to master new
tools and new techniques, too. There’s just not enough room in this book to show you
everything you might possibly need to know. So, here’s our list of the top ten things we
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how to use this

Who is this book for?

If you can answer “yes” to all of these:

o Do you wish you had the know-how to control your
computer and make it do new things?

h esa little

e Do you want to learn how to program, so you can create 0¥, 2"’&; J; aécuin ou gotta
the next big thing in software, make a small fortune, and «— far—ketehed. ’ '\Ih’c?
retire to your own private island? start somewhere, Vight:

e 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.

Who should probably back away from this book?

If you can answer “yes” to any of these:

o Are you a seasoned programmer? Do you already know
how to program?

e Are you looking for a quick introduction or reference book
to Python?

e Would you rather have your toenails pulled out by 15
screaming monkeys than learn something new? Do you
believe a programming 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.

[Note from mavketing: this book

is ;pov anyone with a evedit cavd...
we'll aceept a theek, too.]

XXiv



We know what youre thinking

“How can #us be a serious Programming 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.

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?
Great. Only 464

more dull, dry,
boring pages.

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. \/our \J‘fa::; workh
You're studying. Getting ready for an exam. Or trying to learn some tough ~ TH|S " °

technical topic your boss thinks will take a week, ten days at the most. <avInYy \

Just one problem. Your brain’s trying to do you a big favor. It’s trying to
make sure that this obviously non-important 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 1s, and how little I'm registering on the
emotional Richter scale right now, I really do want you to keep this
stuff around.”
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how to use this

We think of a “Head First’ reader as a learner.

So what does it take to learn something? First, you have to getit, then make sure
you don’t forgetit. 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. Inrecent 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, ora 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 | 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 “l 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.
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Metacognition: thinking about thinking

If you really want to learn, and you want to learn more quickly and more

I wonder how
I can trick my brain
into remembering
this stuff...

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 laught to learn.

But we assume that if you’re holding this book, you really want to learn how 0o
to program 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 #s
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 fee/ 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. ..
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how to use this

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 «s worth a thousand words. And when text and pictures work
together, we embedded the text i the pictures because your brain works more effectively
when the text is withuin 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

1s 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-do-able, because that’s what most people prefer.

We used mudtiple 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 cxercises, and by asking 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 rght 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, etc., because, well, because you’re a person.
And your brain pays more attention to people than it does to things.
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Cut this out and stiek it

s’ 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 s 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 a/ule learning can increase the learning

Read the “There are No Dumb Questions”
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 g/ 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.

o

7

Here’s what YOU can do fo bend
your brain into subwission

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.

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: writing
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.
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how to use this

Read Me

This 1s 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 is not Head First Python.

We use release 3 of the Python programming language throughout this book, but this

fact alone does not make this book Head First Python. We chose Python because it’s a great
programming language to start with and it’s also a great programming language to grow
with. In fact, Python might be the only programming language you’ll ever need to learn
and use (although your employer might think otherwise). Of course, you have to start with
something, and we can think of no better programming language to use than Python when
first learning how to program. That said, this book isn’t designed to teach you Python;

it’s designed to teach you programming, so most of the things we show you are designed to
hightlight the programming concept, not the Python feature.

You need to install Python 3 on your computer.

To run the programs in this book, you need to download and install Python 3 on your
computer. This isn’t as hard as it sounds. Pop on over to the Python download site and
select the option that fits best with the computer you are using. Just be sure to select release
3 of Python, not release 2: http: / /www.python.org/download.

We begin by teaching some basic programming concepts, then we
start putting programming to work for you right away.

We cover the fundamentals of programming in Chapter 1. That way, by the time you
make it all the way to Chapter 2, you are creating programs that actually do something
real, useful, and—gulp!—fun. We are guessing you’ll be amazed by how much you can do
with less than a dozen lines of code in Chapter 2. The rest of the book then builds on your
programming skills turning you from programming newbie to coding ninja master in no time.
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The activities are NOT optional.

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.

We've placed a lot of the code examples on the Web so you can copy and paste them as
needed. You'll find them at two locations:

http:/ /www.headfirstlabs.com/books/hfprog/| and

http:/ /programming.itcarlow.ie|

The Brain Power exercises don’t have answers.

For some of them, there is no right answer, and for others, part of the learning
experience of the Brain Power activities is for you to decide if and when your answers
are right. In some of the Brain Power exercises, you will find hints to point you in the
right direction.
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Technical Reviewers:

Doug Hellmann is a Senior Software Engineer

at Racemi and former Editor in Chief for Python
Magazine. He has been programming in Python since
version 1.4 and prior to Python worked mostly with C
on a variety of Unix and non-Unix platforms. He has
worked on projects ranging from mapping to medical
news publishing, with a little banking thrown in for
good measure. Doug spends his spare time working on
several open source projects; reading science fiction,
history, and biographies; and writing the Python Module
of the Week blog series.

Jeremy Jones is the coauthor of Python for Unix and
Linux System Administration and has been actively using
Python since 2001. He has been a developer, system
administrator, quality assurance engineer, and tech
support analyst. They all have their rewards and
challenges, but his most challenging and rewarding job
has been husband and father.
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Ted Leung

Ted Leung has been programming in Python since
2002 and is currently a Principal Software Engineer

at Sun Microsystems. He has a Bachelor of Science
degree in Mathematics from the Massachusetts Institute
of Technology and a Master’s of Science degree in
computer science from Brown University. Ted’s weblog
1s available at http://www.sauria.com/blog

Bill Mietelski has been an Information Technology
geek for over 20 years. He’s currently a Software
Engineer at a leading national academic medical center
in the Chicagoland area, working on statistical research
studies. When he’s not at the office or tied to a computer,
you’ll find him at a golf course chasing a little white ball.
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Safari offers a solution that’s better than e-books. It’s a virtual library that lets you
casily search thousands of top tech books, cut and paste code samples, download
chapters, and find quick answers when you need the most accurate, current
information. Try it for free at http://safari.oreilly.com.
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1 starting to code

*
* Finding your way

I wish “sweet cheeks" here
would finish with the polishing.
T've got to re-bore the cam

shaft and reprogram the EMS
for Saturday's drift race.

Writing programs gives you the power to control your PC.
Almost everyone knows how to use a computer, but few people take the next step and
learn how to control it. If you use other people’s software, you will always be limited by
what other people think you want to do. Write your own programs and the only limit will be
your own imagination. Programming will make you more creative, it will make you think
more precisely, and it will teach you to analyze and solve problems logically.

Do you want to be programmed or be the programmer?

this is a new chapter



take control of your computer

Programwming lets you do more

You’ve got problems to solve and work to do, but your existing software
doesn’t quite cut it. Even with all those programs on your computer,
you still need to do something different, something specific to you.

If only I could
program Twitter...

How do T get
my website to do
what I want?

Whaddaya mean, that's
not the way the website
was programmed?!?

Man, I'm sooooo fed
up with the “same old,
same old" games.

You want to do more with your computer. You want to take control.

Learning to program gives you the power to create and solve.
Learning to program puts you in charge.

But, how does programming work?

Let’s look at a simple game written in Python.

2 Chapter 1



code

_ .-gﬁarpen your penci

print(*"'Welcome!™)

guess = int(Q)
if guess ==

print("You win!'™)
else:

print("You lose!")

print(*'Game over!™)

g = input('Guess the number:

"

This code is a guessing-game program. Study it carefully, and
opposite each line of code in the program, write down what you
think the code does. If you're not sure what a particular line of
code does, don’t worry, but try to guess anyway. One line has
already been entered to get you started:

This eode is written in
velease 3 of the Python
.ongramming Ianguagc, whi¢h
1s used ‘l:h\roughou'(: this book.



guessing

_ .-g-,&arpen your pencil

& &Iutmn This code is a guessing-game program. You were to write down
what you think the code does.

Don'{: worry if Your answers are
4I‘F£CYCH£ from ours. I£ {:hcy are N
similar, then everything is OK. Disyla\/ a.weltome message.

print(*"Welcomel')

g = input(“Cuess the number: ™) Ask the user to input a guess.

guess = int(g) Convert the input. to a number.

IT guess == 5: Was the quessed number equal to 57
print(*You win!™) TCIH')“"SC"'“\/°"W"‘I" ............

else: Otherwise.. ...
print(*You losel™) bell the user “You losel” .

print('Game over!')

But what are g and guess?

You might be wondering what g and guess are in the code. They are
called variables and they’re used to keep track of data in the computer’s
memory.

The Va’ue e .(: .
A saviaole be known a: (‘;:_Cd wil Be careful with
= signs in code.

Yo Watch it [oaremming

g = input('Guess the number:

/—> guess = Int(Q)
\

languages use =

signs for different
purposes. In most languages
(including Python), a double
equals (==) is a test for equality.
. ) : It means, “are these two things
calls it “guess - . equal?” In contrast, a single

: equal (=) is an instruction

(known as assignment) that
means “set the value to.”

faf Vah‘able

ber—
. a{:cs a num
This tre the 5,\,3\\;6 and

version

A variable is really just a label for data. So if the user inputs “3” at the
keyboard, then guess will be set to the number 3, and whenever the
computer reads guess, it will read it as the value 3.

4



code

So how do you run your code?

There are two things that you will need to run the guessing-game
program: an editor and an interpreter.

The editor saves the code you write into a file on your hard disk. The
code (sometimes called the source code) is just text, and it can be
written and read by humans.

The edito
will s
Source ¢ode into ‘:"}f:‘

Ty

Thc sourée Codc

But computers can’t process text meant for humans, at least not very well.
That’s why we need a tool to translate the human-friendly source code
into the binary s and Os that computers do understand. That’s what an
mterpreter does. In this book, an interpreter called Python is used.

Hmmm... looks
like a guessing
game...

The P Ython

interprete,

@ python [l
L8 > |usior
alall

The intevpreter franslates

/E— the text of the sourte j
tode into language {ha£ the
tomputer tan understa

So we need an editor and a Python interpreter. Fortunately, Python 3
comes with a built-in application called IDLE, which does both jobs and
more. IDLE enables you to write and edit Python code, it translates this
code into binary form, and finally, it runs the Python 3 program. Because
of this, IDLE is known as an Integrated Development Environment.

Let's see these steps in action.



open the shell

Create a new program file

When you first start IDLE, it displays a window called the Python Shell.
Select the New Window option from the Python Shell Fi e menu,
which creates a new edit window for you. Input your program code as text
into this edit window and you’ll be on your way.

This is [DLE's
P\I{;hon Shell.
L Python Shell = I TEr T
File Edit Shell Debug DQptions Windows Helg
, Feb 17 2009, 15:15:57 | .
New Window  Clrl+N ' This is an [DLE
g:m“_ Clrl+0 its™ or "license()" for more information. Cdl‘l: Window.
Brcent Files : Lion
Opon Modide... Alt+M menu opTUO

ThC N,Cw W\V\dO‘N

Class Browser — Alt+C Les an edit window:

Eath Browser tred
Save Clri+5 | | *untitled* nid b bl
:::g;wh 3:'; Eile Edt Farmat Run Optisns Windows Help
print(-“Welcome!™)
Print Window  Cirl#Pfl g = inpul | "Guess Lhe number: ™)
guesa - int{g)
Close AR+FEAY |1 guens == f: \ The Pyﬂ\oh Program is color—
Exit Ctri+0) print(”You wini") toded within IDLE’s edit
SR wi T :
print("You loaal®) . "\dzw This colo\r—wdms
print{“Game over!®) Is reterved ‘ﬁo as “SYV\'EaX

highlighting.” Be sure o enter
the ¢ode in EXACTLY as it
appears heve. Don't forget

those “ eharacters.

*

Do this! —
w This is how [DLE looks on our com\?u{:cr. T}\ings
might look a little diffevent on yours. Don't

Go ahead and open a new IDLE edit worry: the [DLE menu system and dllDLE E .
window and type in the code from page 3. behavior should be Jd:c same, vegardless o
operating system you've using:
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starting to code

Prepare and run your code

The next step is to prepare your program code for execution. To do this
B P Drepare’y prog: ’ N: you ChoosC Fi,c = Gav
select File — Save from the menu to save your program code to a file. from the me e
. m
Choose an appropriate name for your program. K your code b :uj(: '),l:u €an save

Directory:  [Documents =il=1

P_)’{:hon Program
l’C'\amcs uSua”

end with « F)'”'

\? Fie e gasme ] S I

Files of fype:  Python and text files (py.~pyw.*tatl — |  Cancel

Click the Save button to

ereat -
Python programs are usually saved in files that end with . py, so let’s call ¢ and save the file.

this program game . py.

It doesn’t really matter to IDLE which directory you save the file in. Some
coders like to create special directories for each new programming project.
But for now, just save the code in some directory that’s easy to remember.

Now, let’s see what happens when we run the program.

] game.py - [Documeants/gama.py A4 FH ERE
Eile Edit Fgrmat Run  Ophtions  Windows Heldp

| print( "Wolcome!
g = inpul("Gues Python Shell
gucoa - int{g) [n the |DLE edit window,

[ guess == 5: Check Module All+X / « ! menu a“d
pEInt{"You gun Module  ES 0 to Jc‘\:c o dule”
thoose “Run Module.

print|[“You loaci"™)
pr J'.:|:|L|: "Game overl”)

you are here » 7



test drive

— TesTt DRIVe

To run the program, you need to make sure that the edit window for

the game . py program code is selected. Each time you run (or rerun)
the program, you need to click on the IDLE edit window and choose
the Run Module option from the Run menu. The word module is
a name that IDLE uses to refer to your program code.

Here’s what happens when you run the code:

- Python Shell
Eile Edit Shell Debug Options Windows

athn You run Your tode within IDLE,
hY messages appear within the Pyth
Shell, not within the edit wim;owfl‘E -
IDLE au{:oma{:ically makes the shell the
Cu\rrcn{:l\/ selected window the instant

Your P\rogram vuns.

Help

I'ython J.0.1 [(r30l:69536, Fcb 17 2009, 15:115:37)
[6CC 4.3.2] on 1inux?

FEEY —— RESTART s

Type ~copyright®, "credits” or "license()” tor more intormatiocn.

e ]

Wel come |

You loas!
Game over!
> RESTART

Gueze the number: 3 &\
A couple of intorveet guesses.

I

Welcome!

Guess the number: §
You loac!

Game ower!

ITEIL el St e i e B HESTART
o
Welcome !

~-and then the torvect
Guesa Lhe numbweErc: 5 e’_\

; answey.
You winl

Games over!
w33 |

Congratulations! The program works.

Each time you run the code, it displays a “Welcome!” message,
accepts input from the keyboard, and then tells us whether or not
we guessed the right answer. That means the program is accepting
input, it’s processing the data, and then it generates output.

8 Chapter 1




Q: I've never heard of Python. Is it
popular?

A: Python is used in lots of cool places.
Google, Industrial Light & Magic, YouTube,
and NASA (to name a few) all use Python.
We think they know what they're doing.

Q; So, when I'm done with this
book I'll throw Python away and use
something else, like C# or Java?

A: Only if you want to. Python might be
the only programming language you'll ever
need. But, yes, if you want to learn another
programming language, you can take
everything you learn about programming in
this book and apply it to any other language
with the minimum of effort.

» But a buddy of mine told me |
should learn Java or C#. Why are you
not using either of these programming
languages in this book?

A: Both Java and C# are great
programming technologies, but they can be
difficult to learn, especially when you are
just starting out. This is not the case with
Python. And, anyway, this is a book that's
designed to teach you how to program, and
using Python as your first programming
language will help us to do just that.

« There seems to be many different
versions of Python. Which should | use?

A: There are two main releases of
Python: 2 and 3. This book is based on
release 3 of the language. Python 3 is the
future of the language; any new features
are guaranteed to be added to release 3
of the language, not release 2. Of course,
like all releases, Python 3 remains a free
download, which makes it a no-brainer
when decidiing if you can afford to use it.

therejare no
Dumb Questions

» Will Python run on my phone, just
like Java?

A: That really depends on your phone.
Python is designed to run on lots of
different technologies and operating
systems. Running your own code on your
own phone is a very specific requirement,
and Java has that pretty well covered at
the moment. As a programming technology,
Java was initially designed to run on very
small devices, so it is no big surprise that
it is a strong and popular choice when it
comes to telephony.

Q. Why is the Python IDE called
IDLE?

A: It's partly because it sounds like IDE,
but we suspect that it has more to do with
Eric Idle, one of the founding members of
the Monty Python’s Flying Circus comedy
group.

» Come again?!? Monty Python’s
Flying what?

A: Circus. Yes, we know: sounds silly,
doesn't it? And, believe us, it is. It's funny,
too. The creator of Python, Guido van
Rossum, is a hig Monthy Python fan and
reportedly watched the show’s reruns
while he designed Python. You'll find lots
of references to Monty Python folklore in
the Python community. Dead parrots are a
particular favorite.

Q- What does int(g) mean?

A: It tells Python to interpret the user’s
input as a number rather than a letter.
Within programming languages, the number
5 is different than the letter ‘5",

code

Q_: So what if we'd left it out?

A: The computer would have treated the
input entered by the user of the program as
a letter. If you ask the computer if a letter

is equal to a number, it gets confused and
tells you it isn't.

Q: Why’s that?

A: Because if the computer thinks that
two pieces of information are of different
“types,” it assumes that there's no way they
can be equal.

Q: So what if | had not typed a
number when | was asked for a guess?
What if I'd just entered my name or
something?

A: The code would have crashed with an
error. In fact, Python will complain that the

program crashed with a “ValueError” (more
on these error messages later in the book).



give a hint

I don't get it. How am I
supposed to guess the winning
number? All the program tells
me is that my guess is right or
wrong. Come on, give me some
help herel

The program needs to do more.

One of Your users

- game.py - [Documents/game.py
Eile Edit Fgrmat Run Options Windows

print("Welcomal")
g = ItII.EJ!:Il.:"GIII‘Hh Lhe number: ")
gquess = int(q]
f guens == S:
print("You winl"™)

We need this program
to display messages that

are move informative.

print{"You losel™}
print | "Game owver!™}

10 Chapter 1

At the moment, the guessing game tells the user whether his
guess 1s right or wrong, but nothing more than that. It might
be more helpful if the program displayed more informative
messages, such as whether the guess is higher or lower than
the correct answer. That would help the user to hone in on the
right answer the next time the program is run.

We can do this by changing the code. But in what way?



code

_ .-g-,&arpen your pencl

You need to decide what messages should be displayed to the

user. Below is a table showing some typical values the user might
enter. What do you think the message should say?

Program Modification

Q@RA\N
PTAWEWR

Think about the original code. You will need to use
more than just print() commands to provide

more informative feedback. What else will you
need?

11



code

| -g;&l\ﬁrpen your penci

"N &,Iutmn You needed to decide what messages should be displayed to the
: user. Below is a table showing some typical values the user might
enter. What did you think the message should say?

Program Modification

A program is more than a list of commands

You could create a program that was simply a list of commands. But you
almost never will. This is because a simple list of commands can only be Print(), ;
run in one direction. It’s just like driving down a straight piece of road: are ex a‘ '"'P"{O; and int()
there’s really only one way of doing it. hat yo;‘f:: h ;Ommands
€ady seen.

; print
'.prlnt'l (*Come
(""Howdy!') again!™)

i f\
ity

N [

But programs need to be much smarter than that.

12



starting to code

Codeville: Your prograwm is like a network
of roads

Programs need to do different things under different circumstances. In

the game, the code displays “You win!” if the user guesses the number
correctly, and “You lose!” if not. This means that all programs, even really
simple programs, typically have multiple paths through them.

every program that are like
voad intevsections.

The computer yuns the
Commands that it £inds
on the "Pa'l:h" it takes
{:hrough the code.

There are many roads (or
paths) 'l:h\rough the ¢ode.

A path refers to the set of instructions that the computer will actually
follow (or execute). Your code is like a street network, with lots of sections
of code connected together just like the streets in a city. When you drive
through a city, you make decisions as to which streets you drive down by
turning left or right at different intersections. It’s the same for a program.
It also needs to make decisions from time to time as to which path to take,
but for your code, it is not like driving along a road, it’s executing a particular

path.
Let’s look in more detail at how a program decides
which path to take.

you are here » 13



fork in the road

Branches are code intersections

Driving down a street is easy. You need to make a decision only when
you get to an intersection. It’s the same for your program. When a
program has a list of commands, it can blindly execute them one after
another. But sometimes, your program needs to make a decision. Does
it run this piece of code or that piece of code?

These decision points are called branches, and they are the road
intersections in your code.

l\ Branthes ave like voad
“ intersettions.

Your program makes a decision using a branch condition. A branch
condition has the value true or false. If the branch condition is true, it
runs the code on the true branch. And if the branch condition is false, it
runs the code on the false branch.

The tomputer will fake this path i£ the )
The branth branth tondition is true—that is, “guess
Lond'\{’,'\on- " cﬂ\ual 4o 5.

0 The true path..

v

2

Puter will Lake this path if The false path.

Thc Com

i'ls:hc“ bransb ondition s falsc"(:ha‘(:
) Quess” i somcfhing other than 5

14 Chapter 1



starting to code

if/else branches

We’ve already seen a branch in the Python game program:

if guess == 5:
print(*You win!™)
else:
print("*You lose!™)

print(‘'Game over!'™)

Python, like many languages, has 1 f/else branches. In our example,
the branch condition is the I guess == 5 piece of code. This is a
test for equality and it will result in the value true or false.

The code on the true path is indented, and given after the if line. The
code on the false path is indented, and given after the else line: The true path

These tommands vun only

if they ave on the path
{he program takes. The false path

print
("You win!™)

l l print
("'Game over!™)

print

("You lose!™)

You need to amend the game program to give more informative messages
to the user.

But what will the paths in the program look like?

you are here » 15



start your

mmm&mﬂh& PI935
Construction Kit

The countdown’s started on the Codeville Grand Prix. The
cars have arrived, they’re warming their tires on the grid,
and the race is about to start. Can you assemble the track
so that it displays the right feedback message? Note that
you might not need all the pieces of track.

Number entered Feedback message
3 Too low
5 You win!
7 Too high
8 Too high

The vate
start line is ) -
fixed heve.

9202099999999

16



code

2022009209099

mm T The vate
e 2 RN

223323333323333233333D33D3>33>DDD.

17



finish

mmmmmﬂh& PIIIIIIIIIIIIIDDI3DDDD
Construction Kit Solution

The countdown’s started on the Codeville Grand Prix. The
cars have arrived, they’re warming their tires on the grid,
and the race is about to start. Were you able to assemble
the track so that it displays the right feedback message?

Number entered Feedback message
3 Too low
5 You win!
7 Too high
8 Too high print

('You win!™)

PD3333333333333333333333333D>DD

18



code

2022009209999

22333333333333333D333333D33>D>D).

19



connect branches

The Python code needs
interconnecting paths

The solution’s mapped out, and now we know that the program code will
need to have paths that match this:

print
(""You win!'™")

print
("Too low™)

But isn’t there a problem here? In the design there are many wnterconnecting
paths, but so far, we have only written code that contains just one branch:

if guess ==
print(*'You win!')
else:
print('You lose!™)

In the new code, we will need to connect two branches together. We need the
second branch to appear on the false path of the first.

We need to tonnett
&— these two Fa‘{:hs
together

So how do you connect branches together in Python?

20 Chapter 1



code

Python uses indents to connect paths

The code inside the 1T and else statements is indented. This isn’t just
to make the code pretty. In Python, indents matter. Let’s consider a
different piece of example code: something that will decide if you can
drive downtown. Python uses indents to connect a sequence of commands
together to form paths.

Tve INDENT; 41 pyyy,

| he Commands e in the

n that
| 3 same path
This is the if fue' > 3-
TRI/(E Ya{h ! print(nlt-s OK")
; print('You can drive downtown.')
else:
| print('Sorry')
3 jrint("You don"t have enough fuel')
brini("What's next?')

k This tommand is not on the

FALSE \?a{‘)\ betause it is not
indented. So it will always vun.

This is the
FALSE path.

So how do you connect branches together? You simply indent the Ly -ccoooooe .

second branch in by one more level. Indents matter

in Python.
The fiest W€ \)Vé“c\‘ | y
iF fuel > 3- WﬂtCl’l if' Be c_arefulhow _
a printC"It's OK™) : : you:ndeptcodeln
print("You can drive downtown.') P Python; if you don't
. else: . indent your code correctly, your
Th.s setond if braneh ___>»if money > 10: ¢ code might do something wildly
s co:nec{cd to the | print('You should buy some gas.™) : different from what you expect.
Lalse ath of the § else: :
fust if branch. 5, Print("You better stay at home.")
iprid (""What"s next?')
Notice the extrs
"‘dCh'(‘.A'l:ion.

You should now have enough information to go fix the code, but
before we do that, let’s take a look at how IDLE helps you indent
code.

21



idle time

IDLE .ata glance

You’ll be using IDLE to enter all of the Python code in this book, so it’s
worth taking a little time to familiarize yourself with a few of its features.

Even though IDLE looks like a simple editor, it’s actually packed full
of smarts that will make Python programming much easier and faster
for you. It’s worth spending some time exploring IDLE’s menus and help
system, but for now here’s a few kandy hints to help you feel at home.

You tan than |

«» 9e the wa he Help menu not only
When You type a mﬁ(\i\ _IDL uses eolors gnd Y T'wccs ;o\; help about

nit ENTER, P\[{hon wi o mdcn{:ing by c'ickih9 on the IDLE, but it also lets you
au{pma‘bﬂany and tovvrettly OP'l:iOhs menu (on the Mae vead the built—in P\[‘H'\Oh

indent the next line for you L called Preferences). dotumentation.

File Edit Format Jlun Options Windows

Before You £ pe in “else:”, make
sure you hit BACKSPACE +o

move the indent back one level.

LE
CEs £ Yyou press TAB, [DLE
& SPA A — tonverts it into SPACE

tharacters.

22 Chapter 1



code

Poo] Puzzle

Your task is to take the Python code
fragments from the pool and place
them into the blank lines in the
game. You may not use the same
code fragment more than once, and
you won't need to use all the code
fragments. Your goal is to complete
the guessing game program.

Hint: Don't forget to indent.

print("Welcome!')
g = Input('Guess the number: ')
guess = int(g)

Note: each code

fragment from the
pool can be used only EE
once!

print(You tose!™) Print(Gape overi)
2 ir X

int™ else:  jf guess == > Juess > 5:

You win! else.

printC else:

print(Too 1ow")
if gUeSS <= b:

i
—

e

23



indent

Poo] Puzzle Jolution

Your task was to take the Python code
fragments from the pool and place
them into the blank lines in the
game. You could not use the same
code fragment more than once,
and you didn't need to use all
the code fragments. Your goal
was to complete the guessing game
program.

p
\7

Hint: Don't forget to indent.

print(*"Welcome!')

g = input(*'Guess the number: ') Did you vemember

to indent Your
if guess == 5: tode deep enough?

print('You win!')

guess = int(g)

else:

if guess > 5;

%mscodC\s print(""Too high"
P\\\ dﬂ‘ «\;\\C .................................. .g .. ) .....................................................................
\ndu&ﬁégik e else:
else .Yav ¢ Yavlt .................... s e
- L G PN T00 RO e

This piece of tode
vrom the ‘Fi\rs{: version
‘H'\is Froay-am IS no
'ongcv needed.

5:

if guess =%

24



starting to code

TasT Drive

So, what happens if you run the new version of the program?

Let’s try a few tests. Remember, you will need to switch back to the
program window for each run and choose Run module from the menu.

Python Shell
File Edit Shell Debug Options Windows

Python 3.0.1 (r301:69556, Feb 17 2009, 15:15:537)
[GCOC 4.3.2] on linux2
Type "copyright®, "credits" or "license()" for more information.

I === —_— ==—==—==—==—=—=== RESTART =——==——=—=—=———=—————=———=—==——=—q

>

HWelrome!
Guess the number: 3 Looks like the Fivest guess was +o0

Yo - Luy low, so we need to try again.
Game over!

= ============== RESTART
e

Welcome! Now the quess is oo hiah.
4 / 9 o hig

Guess the number:
Too high

Game over!

e ======= RESTART
-

Welcome!
Guess the number: 5 I -suecess! We've quessed the

Cowel.{: answer.

Let's have another 90, and...

You win!
Game over!
> |

The program works! But, are the users any happier?

you are here » 25



another guess

26

Chapter 1

Why do I have to keep

You meah I only get one

rerunning the program?

The users still don't like it.

The program works, and now generates extra feedback, but
there’s a problem. If the users want to have another guess, they
have to run the program again. They really want the program
to keep asking them for another guess until they finally get the
correct answer.

Can you see what the problem is?

How do we get the computer to do something repeatedly? Should
we just make a copy of the code and paste it at the end of the file?
That would make sure the user is asked twice. But what if they
need to make 3 guesses? Or 4 guesses? Or 10,000 guesses?
What about the case where the guess is correct?

The guessing game program needs to be able to
run some code repeatedly.



starting to code

Wouldn't it be dreamy if

there were a way to get a piece
of code to run several times?
But I guess it's just a fantasy...

you are here » 27



loop around

Loops let you run the same piece
of code over and over again

Programs often need to keep running the same piece of code
many times. In addition to branches, programming languages also
provide loops.

Loops are a little like branches. Just like branches, loops have a
condition (the loop condition) that is either true or false. Also,
like the 1T part of branches, if the loop condition is true, then
a loop will run a given piece of code. For a branch, this code is
called the body. For a loop, it’s called the loop body.

answer =
input(“'Are
» we there?™)

Tne \
thcn the program first veathes
he loop, it eheeks the value

j{')?c ,ooP tondition bc"‘o\rc
detldmg what {6 do next.

answer=""no"’

At the end of the loop, the program

will 9o back to fhe start o(:. the loop
and theek the tondition again--

The big difference between a loop and a branch is how many
times it runs the code associated with it. A branch will run its code
only once. But a loop will run the loop body, then check the loop
condition again and, if it’s still true, it will run the loop body again.
And again. And again. In fact, it will keep running the loop body
until the loop condition becomes false.

28 Chapter 1

print
('we’re
therel™)




starting to code

Python’s while loop

Programming languages have lots of different ways of creating loops,
but one of the simplest ways in Python is to use a while loop. Here’s
an example:

e e The loop body is 4
T st ime The loop ¢ongit; J'c:.deﬁjccd code folloving
e \‘>answer = ""no"’ ndrtion ¢ “while” Jine.
while answer == '‘no":
answer = input('‘Are we there? ™) e~
print(*We"re there!') The loop body is just one line of tode

in this example, but the loop body ean

. . L . lines of code. It might even
This is what the loop looks like when you write it as a Python while loop. t’:(,l':::\/brlgnlihcs and other loops.

The code keeps asking the question “Are we there?” until the user types
something other than NO. This is what it looks like when it runs:

[ Python Shell O Ax
Eile Edit Shell Debug Options Windows Help
I'ython J.0.1 [(r30l:69536, Fcb 17 2009, 15:115:37) ]
[GEC 4.3.2] on 1inux2

Type ~copyright”, "credits” or "license()” tor more intormation.

e ==== RESTART e TSRO E ST TR

e e e |

Are we there? no

Are wa thera? no

Are we there? no

hre we thera? no

Are we there? yesa, at laat!]
We'ra therel

|

As soon as we £ i

pe SOn\c‘l‘,h
other than “no),l the looF "
bod\/ ends.

lLn: 17 |Cal: 4

Did you notice that you had to set the value of the answer variable to
something sensible before you started the loop? This is important, because
if the answer variable doesn’t already have the value no, the loop
condition would have been false and the code in the loop body would
never have run at all.

Bear that in mind. It might be useful in this next exercise...

you are here »
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Long Exercise

Now, it's time to apply your programming mojo. Be warned: this exercise is kind of tricky.
You need to rewrite your game program so it keeps running until the user guesses the
correct answer. You will need to use all of the things you've learned in this chapter. You will
need to work out the conditions for each of the branches and loops that are required.

Remember: the program needs to keep asking the user for an answer while the current
guess is wrong.

Hint: If you need to test that two things have different values, use the != operator.

ThlS is “Ehc “nof
cﬂlual fo" oPera‘Eov.

W e YOUT D
.',:dc heve: <

30



code

/= =\ Reany Bake
| . | (BJDQ

If you add these two lines of code to the top of your program:
from random import randint
secret = randint(l1, 10)

The secret variable will be set to a random number between 1 and 10. Modify your
program from the facing page so that instead of the answer always being 5, it will
instead use a random number from 1 to 10 as the answer.

Weite £he next vevsion of your

program heve. This version 0 \(f:ur o
progyram uses the value of the 'seere

vaviable as the Lol ANSN O . e,

31



new game

Lon¥ ExerciSe

SoLution

You needed to rewrite your game program so it keeps running until the user guesses the
correct answer. You needed to use all of the things you've learned in this chapter. You
needed to work out the conditions for each of the branches and loops that are required.

Hint: If you need to test that two things have different values, use the != operator.

ATtk ion
sek the O . ) Y like this. The important thing is that
Did Yo “\:\\C“A :ga\f\i alue {.; make sw it works in the same way when You vun it.
some sensioie e 2'\‘(5{3 et
ke \oof ¥
RrintCWeleomel™) e
_ouess = O

WC hCCd {:o k e
while the 5uc::P running > while guess I= 5

is wrong.

{ is i ted, whith
£ this tode is inden
Pv‘:\caons s all inside the loop bod\,-

This part of the program is very
similavr 4o what You had before.

Chapter 1



code

/= =\ Reapy Baxe

If you add these two lines of code to the top of your program:
from random import randint
secret = randint(1, 10)

The secret variable will be set to a random number between 1 and 10. You were to

modify your program from the facing page so that instead of the answer always being
5, it will instead use a random number from 1 to 10 as the answer.

Meve ave the tve 7 from vandom import, vandint

X th
lines that eveate the -\ setvet = vandint(l, 10)

Yahdom “umbc\’. .........................................................................................................

QUESS = O e

ﬁ.w.bi!c. guess IZsetrels e

Now, inskead of cheeking if the’ 9 = input(‘Guess the mumbev: ")
i:iw:;:dz;w:u:tff ﬁi?fi . S:cld ...... quess = nE(0) e

in the “setvet” vaviable.
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test drive

— TasTt DRrive

So, what happens when you run the new version of your program?

- Python Shall bl b LR
Eile Edit Shell Debug Options Windows Help

DPython 3.0.1 (r301:69556, Fcb 17 2009, 15:15:57)

[GCC 4.3.2] on linuxd

Typc "copyright", "credita" or "licenoec()"™ for more informaticn.

e RESTART ===

s

Welcome! The program kECYS as:(i“?) for
Guess Lhe pumber: 3 ano{;hcr S\ACSS or as OY\S as YOU
Too Low / keep getting the answer wrono.

Guexa Lhe nombwer: 9

Too high

Guesn Lhe numbwrc: 4§ . d m
ana The tovvett answer is now 3 rando
Gueas Lhe number: 7 numbcv‘ 8nd |£ S"\Olﬁld bc dI-C‘FCY'CV\{',
Too Low £ ¢ach time You ?la\/ the game.

Gursx Lhe numbwer: &

You win!

Game over ! \ The F‘mﬂ‘fam S‘bOPS when

e | You 9et the answer right.

ILn: 18|Cal: 4

This game's pretty cool.
No matter how many

times I play it, I still have
to think to get the right
answer!

Your users love the program.

And you created it all yourself. By carefully analyzing the problem,
deciding what the feedback needed to be, and working out the intricate
looping and branching logic, you've created something that really rocks.

Well done. You’re on your way to becoming a real code
jockey.
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code

You’ve got Chapter 1 under your
belt. Let’s look back at what
you’ve learned so far.

\
mmin TOO\S :

E‘\;:?:js are m?{cd from tode skatements *ng{:hoh 780’5
tommands do Lhings: it/else branches
branthes detide Things: * * while loops
loops vepeat. Thing® ' *= assignment. oper-gtoy.

% Conditiondls help you detide i¥ *== equality operatoy
something i Trve of False e i"“’l"a“{:)' operator
% Pesiopment ceks 3 name 10 3 value: ¥ > greater than operator

2 Savidble’
e s vai print() displays 4 message on sereen

* X
/ input() 9ets and returns user input

* .
int() conveyts tharacters 4, numbeys

* .
randint() Produtes 3 random numbey-

35







2 textual data

*
Every string +
* has Its place

T keep shix - hic! - honest T e Al
working men. They taught me all T
knew - hicl Their names are What..
and Why and... Gus... and - hic! -
Jim, and Bob, and Lou.

Imagine trying to communicate without words.

All programs process data, and one of the most important types of data is text. In this

chapter, you'll work through the basics of textual data. You'll automatically search

text and get back exactly what you're looking for. Along the way, you'll pick up key
programming concepts such as methods and how you can use them to bend your data
to your will. And finally, you'll instantly power up your programs with the help of library
code.

this is a new chapter

37



bean counter

Your new gig at Starbuzz Coffee

Starbuzz Coffee has made a name for itself as the fastest growing
coffee shop around. If you’ve seen one on your local corner, look
across the street; you’ll see another one.

The Starbuzz CEO is always on the lookout for ways to boost profits,
and he’s come up with a great idea. He wants a program that will
show him the current price of coffee beans so that his buyers can
make informed decisions about when to buy.

I had a programmer do some
work for me, but they're not
answering their phone. They've
disappeared! Think you can take
over? I'll let you have the code
they've already come up with.

The Skavbuzz CEO ™
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textual

Here’s the current Starbuzz code

The previous programmer has already made a head start on
the code, and we can use this as a basis. Here’s the existing
Python code, but what does it do?

Heve's the Vro%ram tode
n its current

orm.

import urllib.request "
N r—us-biz/prices-html D

" : ans-
urllib.request-urlopen( http://www.be

Pt page-read()-decode("utf8")

text

I

print(text)

.@?wxx\u
PQWEWR

Take a good look at the existing Starbuzz code. What do you think it
actually does?
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test drive

—TesT DRIVe

Type the code into IDLE, save the program, and run it.

B getcoffeeprice.py - fhome/barryp/HeadFirstProg/chapter2/code/g + - 0 X
Eile Edit Fgrmat Bun Ophons Windows Hedp
import urllib.reguaast

page = urllib.requaat.urlepen{"http://bcanos-r-us.biz/pricco.html™})
Lexl = page.read|).decode|"ul[8")

Heve's the program A Ik'“'“'-IlExLJ
tode as en eved
into |DLE L] Pythen shell

Eile Edit Shell Debug Options Windows

Python 4.0.1 [rdvl:6¥556, Feb 17 200%, 15:13:57)

[CC 4.3.2] on linux?
Type "copyright", "credits” or "license| )" tor more intormation.
I e e e e e e RESTART -

<html><hecad><title*Welcome to the Beans'R'Us Pricing Page</title>
<link rel-"stylesheet™ type-"text/ces” href-"beansrus.ces" />
</head><body>

<h2»Welcome to the Beans'R'Us Pricing Pagec</hi>

<p>Currcnt price of coffce becano = <atrong*>85.49</otrong></p>
<p>Price walid for 13 minutes from 19:42 on Wednesday 27/03/2009.</p>
</body></html>

When exetuted, em

the program
produtes this.

W »
aw
The code you’ve been left goes to the prices page on the This looks like 3 .ﬂ‘“"_‘k z\fe Eorma‘h
Beans’R’Us website to get the current price of coffee HTML Lext, which is :
beans. But instead of giving just the cost, it gives you all used 1o ereate web pages:

of the HTML text used to create the web page itself.

Hey, that's not right! I only
need to see the current
price of coffee beans, not all
that other stuff. Think you
can give me just the cost?
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The cost is embedded in the HTML

Take a closer look at the results of the program. The current price
of beans is right in the middle of the output:

] Python Shell
Eile Edit Shell Debug Options  Windows

textual data

Python J.0.1 [(r3Ql:6%5536, Feb 17 2009, 13:113:57)
[GCC 4.3.2] on 1inux?
Type "copyright", "credits” or "license()” tor more intormation.

<html><head><title>*Welcome to the Beans'R'Us Pricing Page</title>
<link rel-"stylesheet™ type-"text/ces” href-"beansrus.cas” /[»
</head><body>

<h2sWelcome to the Beans'R'Us Pricing Pageciz=

<p>Currcnt pricc of coffec beans - <atrong($5.49Y/strong></p>
<p>Price valid for 13 minutes from 19:42 on w=faesday 27/03/2009.</p>
</body></html> te You need

This is the HTML tode This s kh:{;vf:"rom\l{'fm paoe:
vom the price web Page. to extrd

>

The Starbuzz CEO would find it a lot easier if you could extract
the price of beans and just display that, rather than have to look
for it in the HTML. But how do you do that?

A string is a series of characters

The output of the Starbuzz program is an example of a string.
In other words, it’s a series of characters like this:

B e e ———eem RESTART e e

< g)(m) (1 [>] (=] (b [e)la)[d] (2] [<)[E) (1)

Somewhere within the string is the price of coffee beans. To
retrieve just the price, all you need to do is go to the right bit

of the string, retrieve the characters that give the price, and You only need these few eharacters.

display just those characters. But how?

<Jslle]lzllolnllg)=

<JI

you are here »
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offset values

Find characters inside the text

The computer keeps track of individual characters by using two pieces
of information: the start of the string and the offset of an individual
character. The offset is fow far the individual character is from the start of
the string,

Wc.av-c at the start of the
string and, as we have moved

<) (g)(m) (1] [>] (s (b [e)la)[d] (2] [<) (2] (1)

The first character in a string has an offset of 0, because it is zero
characters from the start. The second character has an offset of 1, and
so on:

0ffset of 2
0fset of |

J— .
# pA\ 0 g
r W

FAinERREEREREEEEEE
| Z 3 & 5 b 7 8 9 lo ] 1z 13 &

—> 0
O-F-psc{;
values As we skart ounting from O, the
ofbset values ave always one less
han their attual ?osi{jon-
than RcmAembcr: the ‘Fi\rs{; tharacfcr
has index 0, so we are “off
The offset value is always 1 less than the position. Python lets you read a single b)’ one” when ve ‘FCVYing toa
character from a string by providing the offset value in square brackets individual tharactey. "

after the variable name. Because the offset value is used to find a character,

it is called the index of the character:
</lallellallal =] =] le] 1]
£ 1 § 8

|

<) 10 (¢ lm] [L][>

[5]3xa3 \ |

[e]3xa3
[t]3xas
[glixaz | /)
Ci]ax
[gl3xa
[B]3xa3

[e]3x2
[1]3xa
[2]3xa

[t1]3x

[21]3%a3

[e1]3%a3

[¥1]3%23

[@T]3xa
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But how do you get at more than
one character?

For Starbuzz, you don’t just need a single character. You need to extract
the price from the string of HTML, and the price is made up of several
characters.

You need to extract a smaller substring from a bigger string. A substring
is a sequence of characters contained within another string. Specifying
substrings in Python is a little like reading single characters from a string,

This will veaqd the smalley

except that you provide two index values within the square brackets: subs{:\rins fro th t
: ™ the entire
ﬂ K-\Q s{rmg tontained within “”

ou provide @ single index -
la(:(:z,cr g\:vva:‘ab\c name, Yyou s[14] s[138:147]
get 3 sinale thavatter: s

1€ you provide two index. values, you index up to

\roup of ehavatters Lrom the .(:i‘rs{:
(but not including) +he setond index.

_ r;;-,&arpen your pencil
i Let’s work out what each of the following substring specifications

mean. Imagine the variable s is set to the string below. Your job
is to determine what each of the substrings provide.

s[5:9]

s[10:12]

SLI321B]
Write down wha
and p”

represent heve.

B [u (&) [ (Blle) ) [e] 4] (s) W [a)[1)[d][o] (2]

{; you '{:hlhk uan
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here is waldo

B ;».&arpm your pencil

X solutlun Imagine the variable s is set to the string below. Your job was to
determine what each of the substrings provide.

:
8

s[5:9] hexe) e e
~—9 minus 5 = 4 thavatters __—7
s[10:12] S T e
\ 12 minus 10 = 2 chavaeters J
s[13:18] “Waldo”

\ |8 minus 13 =9 ¢thavatters /

MP to, but not im‘,luding.

In general, if you specify a substring using s[a:b], then:

ais the index of the fivst, chavacter. bis . the index after the last chavacter

o

i e ey L S DT W The second
EL_I]_SJ]__JLVH|E.”LHC1“O P index value is
a |l A | s |& 7, |8 . after the last
“—Jﬁf\——J Watch 1t! character in
sti3:e] : the substring
tEvcn though index 18 . This is even though the
is mentioned in the : first index value is the start
substring specification, ©  character of the substring.
it's not intluded in the
extracted substring.
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harpen your pencil

You need to update the program to extract the price starting at
the 235th character of the string. The price is four characters long.
2254k Store the price substring in a variable called price. Write the
Rcmc"‘b“: fd\i\‘c dkrimd has new version of the program here:
thavacter

nder value :

import urllib.request

- - - - - - )
q t.ur |Ope“ htt bea“s r-us b'Z/p‘ ices ht |
U‘l“b re ues ( p //WV\NV

e page- read(Q) - decode(“utf8")

text

1o

print (text)

HCY‘C'S fhc ﬂuykchf
version of {he tode.
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extract the price

— Mr r pencil
.&afm yanIEfiun

You needed to update the program to extract the price starting at
the 235th character of the string. The price is four characters long
and stored in a variable called price.

Now, instead of printing i St e

“£::l£):h(£hc Cy\‘l‘jV‘C ch ;[-_;Z s;bj:vzliga—]mc'udcs Charat;tcrs a'& ithXCS 2-34", 2—35)
page), you are just o 4;\: =l Note how you've specified the whstring
printing “price (the © index values, separated by the “” tharacker
extratted substring).

23
wsed i,: ‘ Ctozd Index val,e
ety STring sppe: [-
e R e
< 1s the HTML fext This is the fivst chargc er er b b oo
’l\’\u; .\55 wp to the pice: in the vequired substring, ed.
eadin

x \/ at index 7,/34:

B A [ F

[5zz]1%a3 l N\ |

[9zz]3%23 I{J} Iﬂs\
[2z2]3%93 ‘-f
[bezlixea I;_r_l<g—)
[gez]axoy I. |
[9gz]3xa3 I',[: ~
[2ez]3xa3 Iu:l
[8€2]3x23 l N §<;-\
[6Ez]3%23 H

[gzz]1*a3 H I

[62z]3xa3
[ecz]3xa3
[1£2]3xa
[2e2]3xe
[eg2]3xe

Heve it is: the substring to
extract and the turvent
yr'u‘,c o(: t,ou:cc-
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—TYesTt Drive

Type the code into IDLE, save the program (choose a name for
the program that is meaningful to you), and run it.

B getcoffeeprice?. py - fhome/barryp/HeadFirstProg/chapterZfcodejget + - O X
Eile Edit Format Run Options Windows Help

import urllib.rcgucot

page = urllib.reguest.urlopen{"http://www.bcans-r-us.biz/prices.html™})
text = page.read|().decode("utfl™)

price = text[234:230]
print({price)

Python Shell
Eile Edit Shell Debug Options Windows

e

Python J.0.1 [rd0l:e69536, Feb 17 009, 15:15:37)
[GCC 4.3.2] on linux?

> RESTART

Type "copyright®, "credite" or "licenee()" tor more intormation.

5145 <~
2] And theve it is: the turvent price of tokfee
from the BeansRUs web page-

That looks a lot cleaner. Now, instead of displaying the entire
HTML text of the web page, you've cut it down to just the
piece of the string (the substring) that you need.

That's great. It's exactly
what I need! You have no
idea how much time and money
this is going to save me...
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string

48

datatype.

Head First: String, it’s so good of you to find the
time to speak to us.

String: Please, the honor is mine. Sit. Sit. Make
yourself at home. Did you eat yet?

Head First: I'm fine, thank you. String, where
should I begin? You are known the world over for
your work. In your time you’ve carried the works of
Shakespeare, Geothe...

String: Dan Brown.

Head First: ...all the great works of literature. And
even mundane things like names and addresses. Tell
me, how did you become so popular?

String: It’s a question of character. Well, characters.
See, before I existed, computer systems used to
record text one character at a time.

Head First: That must have been rather
inconvenient.

String: Inconvenient? It was a royal pain in the
tuchis.

Head First: Quite.

String: Without me, handling text was like riding a
pedal cycle without a saddle.

Head First: In what way?

String: It was possible to get somewhere, but the
journey was kind of stressful.

Head First: You simplify things.

String: Certainly. I simplify. Instead of keeping
track of a hundred, or a thousand, or a million
letters, you just need keep an eye on one thing. Me!

The String ‘Exposed
This week’s interview:

We ask the String what it’s like
being the world’s most eligible

Head First: That’s a good point.

String: I like to think of myself as a front. An agent,
you might say, for all the characters I work with.

Head First: People deal with you, so they don’t
have to deal with individual characters in memory:.

String: Exactly. I'm an organizer. I keep an eye on
the day to day business of the letters. If I need to be
shorter or longer, I arrange for the characters to be

made available.

Head First: Tell me about your substrings.

String: Ah, my substrings. Like chips off the old
block. That a humble datatype should be so blessed!

Head First: A tissue?

String: Bless you. <blows nose>. Those boys are
so close to me. Here’s a photo. Can you see the
resemblance?

Head First: Why he looks just like...

String: Ah, you guessed! Yes, my character
sequence from 137 to 149. Exactly. Just like his old
man. But shorter. Little more hair.

Head First: Your substrings are strings as well.

String: Certainly. Strings just like me. And they, I
hope, should one day be able to produce their own
substrings as well.

Head First: Yet some people are confused by your
indexing.

String: What can I say? I started with nothing!
Head First: String, thank you.

String: A pleasure. Are you sure you ate?



Q,: So, | can put any web address into
this code and grab the associated web
page from the Internet?

A: Yes, feel free to try it out for yourself.

Q; Don’t I need a web browser to
view web pages?

A: Yes, to view a web page in all its

formatted glory—with embedded pictures,
music, videos and the like—a web browser
is a must-have. However, if all you want to

see is the “raw” HTML, a browser is overkill.

Q: What does the import line of code
do?

A: It gives the program the ability to talk
to the Internet. The
urllib.request code comes as
standard with Python 3.

%BUI.I.ET POINTS

You can download the HTML of a L]
web page as a textual string.

for short).

substrings.

®  Astring is a sequence of characters.

m  Strings within strings are called

thereqare no
Dumb Questions

Q} And | guess that call to urlopen()
goes and gets the web page?

A: That's right! The provided web
address (or “URL" to use the proper web-
speak) is fetched from the Internet and
returned by the call to ur lopen().
In this code, the fetched web page is
assigned to the page variable.

Q} And the urllib.request bit?

A: That just tells the program to use the
ur lopen() function that comes as
standard with Python 3's Internet page—
reading technology. We'll have more to say

about urllib.requestin allittle bit.

For now, just think how lucky we all are not
to have to write code to fetch web pages
from the Internet.

textual

Q,: | get that the call to read() actually
reads the web page from the page
variable, but what'’s that decode(“utf8”)
thing?

A: When the web page is fetched from
the Internet, it is in a “raw” textual format.
This format can be a little hard for humans
to read. The call to decode () converts
the raw web page into something that looks
a little easier on the eye.

To see what we mean, try removing the

call to decode () from the program and
running the code again. Looks a little weird,
doesn't it? (Don't forget to put the call to
decode () back in before continuing.)

= The first index value is the location of

. —
You can access individual characters the first character of the substring.

in a string using an offset.

= The second index value is the
location after the last character of the
substring (up to, but not including).

= The offset is known as the index
value of the character (or just index

m  Subtract the second index from
the first to work out how long the
substring should be.

Substrings are specified using
two index values—for example:
text[10:20].
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change

Beans'R'Us is rewarding loyal customers

The CEO just got great news from the beans supplier.

The supplier is so happy
about all the business we're giving
them that they are going to make
us members of their loyalty discount
program. They say it should be a
simple fix. Can you look into it?

The supplier actually maintains two prices: one for regular customers
and one for loyalty program customers. The different prices are published on
different web pages:

Regular tustomers et

their prices “"\"_? http://www.beans-r-us.biz/prices.html

\ram
l;::’;,\ﬁv‘j;? http://www._beans-r-us.biz/prices-loyalty.html

Lheir prices heve. -

That means you need to change the web page address in the code:

import urllib.request

page = urllib.request.urlopen("http://www.beans-r-us.biz/prices-loyalty.html')
text = page.read().decode(*'utf8™)
/t This is 'U‘\C new
price = text[234:238] addvess.
print(price)

Let’s run it to make sure everything works OK.
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textual data

— TasTt DRIve

This time when you run it, this happens...

- Python Shall =
Eile Edit Shell Debug Options Windows

Python 3.0.1 [r301:69336, Feb 17 2009, 15:13:37)

[8CC 4.3.2] on linux?

Type ~“copyright”, "credits" or "license()” for more information.
pEeS RESTART sosssssssssnessssssssssnsssmssss

)

be
“‘I:nl K» What's going on hevel

The program is no longer displaying a price. So what happened?

The price moved

The web page for loyalty customers is much more dynamic that the old
web page. The page for regular customers always displays the price in a
substring beginning at index 234. That’s not true for the loyalty program
web page. The price on that page can be almost anywhere. All you know
for sure is that the price follows the substring >$:

g \d
The prite tou
aYYcaY‘ N\{WHERE

in the string

_ _ " N
s)lt)lz)lo)lnllgl =] (8] 5] 14] 8] =] )

All \w
/ You know is that the price
ollows these two thavacteys.

You need to search for the price string.

you are here » 51



searching for substrings

Searching is complex

You already know how to find a substring, so you could run through the

entire web page and check each two characters to see if they match >§,
like this:

We could searth ’chrlgugh {:.hc
whole string for “>5”, looking

at 2 thavatters at a time. /'d/

HEELEEEERERRED
HEEDREEEERERRED
HEEEREEEEEEHE
SEE-

A

|
A

ol (nllg]l=] =5 []4] 8] [<][/

)
We've ‘Found “>ls'”//§

So these next &

thavatters must be

the price, \"'5“{3?
You could do it this way... but should you?

There’s a lot to worry about. Which two characters are you currently
comparing? Where in the string are you right now? What if “>$" isn’t
found? Searching for substrings in strings is a little more complex than it
first appears...

But if you don’t want to write code to search the
string, what else could you do?
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Wouldn't it be dreamy if there were
a simple way to search a string for a
substring? But I suppose that's just a
fantasy...

you are here » 53



sSmart

Python data is smart

The more code you write, the more you will find that you need to do the
same kind of things to the data in your variables all the time. To prevent
you from having to create the same code over and over, programming
languages provide built-in functionality to help you avoid writing
unnecessary code. Python data is smart: it can do things.

Let’s look at an example.

Imagine you have a piece of text in a variable that you want to display in
uppercase (all CAPITAL letters):

msg = ""Monster truck rally. 4pm. Monday."

You could write code that read through each character in the string and
printed out the matching uppercase letter. But if you’re programming in a
language like Python, you can do this:

The dot "‘ci;:s d »
« ™ o0 on « » .
@\l t::c'&;d vaviable: upper()” is a string method.

print(msg-.upper())

Here's what gets
displayed, the value of
the “msq” variable in

UPPERCASE.

MONSTER TRUCK RALLY. 4PM. MONDAY. <

But what does msg.upper() mean?

Well, msg is the string containing our piece of text. The .upper() that
follows it is called a string method. A method is just an instruction for the
string. When you call msg . upper (), you are telling the string to give
you an UPPERCASE version of its data.

But is there a string method that can help you search
for a substring within a string object?
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T WHAT'S MY PURPQSE™T
4 -+

textual

6 +

These are some of the many built-in string methods that come with
Python. Match each method to what it does. We’ve done one for you

already.

Method

text.endswith("jpg")

text.upper():

text.lower():

text.replace("tomorrow", "Tuesday"):

text.strip():

text.find("python"):

text.startswith("<HTML>")

What the method does

Return a copy of the string with all occurrences of one
substring replaced by another.

Return a copy of the string converted to lowercase.

Return the value True if the string has the given
substring at the beginning.

Return the value True if the string has the given
substring at the end.

Return the first index value when the given substring is
found.

Return a copy of the string with the leading and
trailing whitespace removed.

Return a copy of the string converted to uppercase.

_ -g{h&[‘-Fﬂﬂ your penci

Which of the above methods do you need to use to locate the
price substring within the Beans'R'Us web page?
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find,

v. CF .

T WHAT'S MY PURPQSE™T
' 4 SQ\LLUT\QN

These are some of the many built-in string methods that come with
Python. You were to match each method to what it does.

Method What the method does

Return a copy of the string with all occurrences of one
substring replaced by another.

text.endswith("jpg")

text.upper(): .
PP Return a copy of the string converted to lowercase.

Return the value True if the string has the given
substring at the beginning.

text.lower():

Return the value True if the string has the given
substring at the end.

text.replace("tomorrow", "Tuesday"):

Return the first index value when the given substring is
found.

text.strip():

Return a copy of the string with the leading and
trailing whitespace removed.

text.find("python"):

textstartswith("<HTML>") Return a copy of the string converted to uppercase.

L {iharpen your penci
Y sglut[un Which of the above methods do you need to use to locate the
price substring within the Beans'R'Us web page?

The “find()” method
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You need to update your price-grabbing program so that it extracts the four-character substring

that follows the occurence of the “>$" characters. Write the new version of your code in the
space provided.

Hints: Don't forget that the Find() method finds the starting position of a substring. Once
you've found “>$", use Python’s addition operator to calculate where in the string you want to
extract the substring. The addition operator is the “+" symbol.

Searth for Jc\nai?:—characjccr [ yiif:;‘:::ﬁ;c
¢ombination. ’Ookin3 for.
YV Irs
coffee beans = <strong>$5.49</
strong></p><p>Price valid for
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finding the deal

. You needed to update your price-grabbing program so that it extracts the four-character
RC‘SQ substring that follows the occurence of the “>$” characters.

Ly'ﬁOH Hints: Don't forget that the Fi nd()_ method finds the starting position_ ofa sub_string. Once
you've found “>$’, use Python’s addition operator to calculate where in the string you want to
extract the substring. The addition operator is the “+” symbol.

ThIS Codc
hasn‘f
Changcd.

Sear¢h CC°'7 Ehe index loahion e
of the S tombination.

This is the addition o\?c\ra{wr‘

The start of the actug rvite o I O
is another 2 index Positions
along the string, while the end
of the price is another 4.

B e L R R o e

With the start and end index
Did You remember 4o lotations known, it's easy to
print out the price s\?cc'nc\/ the substring vequived.
onte you'd found it2
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— Test DRrive

OK, so your program should now be able to find the price, no matter
where it appears in the page.

M getcolfeepriced.py - /home/barryp/HeadFirstProg/chapter2/code/getcoffeapric * -

Eile Edit Format Aun Qpltions  Windows Help
i
* urllib.request
page = urllib.reqguest.urlopen|{"http://vww . beans-r-us.biz/prices-loyalty html®)

Eaxt = page.read|).decoda " urktET)

Vcrsion 2 O‘F

YOVV‘ Proaram

where = text.find|"=5")

start_vfl price = where + 2
end_of_price = atart_of price + 4

price = text[starti_of price:end_of price]

print(price)
Python Shell

Eile Edit Shell Debug Options Windows Help

Python 3.0.1 (r30l:69336, Feb 17 2009, 13:15:37)

[6CC 4.3.2] on linux2

Type "copyright”, "credits" or "license()" for more information.
by REETART

e

2.49
—7

wo |

The price
extratted feom
fhe lavger string
of HTML

It works! By adding very little extra code, you have made the program
much smarter and more useful.

That was quick! We're
back to saving money
once more. Now,

there's just one thing...

you are here » 59



frugality feature

T forgot to say that I
only need to know the
price when it's $4.74 or
lower. I don't want it to
bug me when it isn't.

The new version of the program works, but
now there’'s a design issue.

The Starbuzz CEO wants to know when the price of

the beans falls below $4.74. The program needs to keep
checking the Beans’R’Us website until that happens. It’s
time to restructure the program to add in this new feature.

Let’'s add a loop to the program that stops
when the price of coffee is right.
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255 | Code Magnets

Sl S .

The program code to add the feature is sitting on the fridge door.
Your job is to arrange the magnets so that the program loops until
the price falls to $4.74 or lower.

————

price = 99.99
l import urllib._request '

where = text.find(“>$7)

‘ print C'Buy!™) .
while price > 4.74:

page = urllib.request.urlopen("http://www.beans-r-us.biz/prices.html')

e Tt = 13 i + 4
nd_oO price start_O price
_ot_ _
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o5\ Code Magnets Solution
g

The program code to add the feature was sitting on the fridge door.

You were asked to arrange the magnets so that the program loops
until the price falls to $4.74 or lower.
—————

import urllib.request I
price = 99.99 .
while price > 4.74: .

page = urllib.request.urlopen("http://www.beans-r-us.biz/prices.html™)

Did you text = page.read().decode("'utfs8™)
vemember

to 'mdth{’,

fhese lines? where = text.find(“>$")

They ave

inside the start_of price = where + 2

loop-

end_of_price = start_of price + 4

price = text[start_of _price:end_of price]

| print ("'Buy!") .

Q' This line s\\ou\dn’lcl

be indented; 35 s
outside Lhe loop
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Enter the new version of the program code into an IDLE edit window and

run it.

B getcoffeepriced.py - theme/barryp/HeadFirstProg/chapter2/code/getcoffeepriced.py *

price = 55%.9%
» price = 4.74:
page = urlliu.request.urlapen["n"n:f!www.beans—r—us.bl:;ﬁ:Leuﬂ—lealty.h::L b
text = page.read{ | .decode|"ullBE")

where = text.find( ">5"}

atart of_price = whe
end of_price = start

price = text[start o

print ("Buy!")

=

Eile Edit Shell Debug Options Windows

Here’s your

File Edit Format HRun Qptions Windows Help Program code
1 urllib. request ; ‘EYFCd Ih‘l‘p
| IDLE.

Pythen 3.0.1 (r3¢l:69336, Feb 17 2009, 13:13:37)
[GEC 4.3.2) on linuxd
Type "copyright", "credite” or "license()” for more informatcion.

e azszazessas REETART ssosssnmmmm

>

Bu‘l’, w\\a{:’s H‘-‘S?'

7

File "/Documents/getcoffeepriced.py™,; line 3, in <module>
while price > 4.74:
TypeErrar: unorderabls typea: akr() > float()
>33 |

It looks like something’s gone wrong with the program. What does
TypeError mean? What’s happened?

RANN

‘POWEWR

Look at the error message in detail. Try to identify which line in the code

caused t
think the

he crash and guess what a TypeError might be. Why do you
code crashed?
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Strings and numbers are different

The program crashed because it tried to compare a string with
a number, which is something that doesn’t make a lot of sense
to a computer program. When a piece of data is classified as a
string or a number, this refers to more than just the contents of the
variable. We are also referring to its datatype. If two pieces of
data are different types, we can’t compare them to each other.

You're just
not my type.

Q!A”

Think back to the previous chapter. You’ve seen this problem before,
back when you were working on the guessing game program:

«_ »

This vaviable will be 9" is 3 s {:Hha
st(; {',o 3 V\\m\\)cr

W

verks the 9
whith is then

guess = INt(g)  The int() funttion con
skring inbo an intesews
ass'\gncd to “‘5“555 :

In the guessing-game program, you needed to convert the user’s guess
into an integer (a whole number) by using the int() function.
But coffee bean prices aren’t whole numbers, because they contain
numbers after a decimal point. They are floating point numbers
or floats, and to convert a string to a float, you need to use a
function other than int(). You need to use Float():

float("4. 9R9 ) Like int(), but works with numbers

that tontain 3 detimal Vo'm{‘,-
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— Tast DRIve

This should be a pretty quick fix. If you use the Float() function to
convert the price substring, you should then be able to compare the
price to 4.74:

B getcoffeepriced.py - theme/barryp/HeadFirstProg/chapter2/code/getcoffecpriced.py +
File Edit Formal Run Oplions  Windows Heslp

bl urllib. request
price - 99.99

whilec price > 4.74:
page - urllib.request.urlopen|"http://www.beans-r-us.biz/prices-loyalty.html")
text = page.read{).decode{"utfi")

where = LexL.Lind{*=3")

Thc Frosram runs
with no problems

this Lime.

start of price - where + 2
end of price = start of price + 4

price - float(text[start of price:end of price])

print ("buyi")
I

Python Shell
Eile Edit Shell Debug Options Windows

Python 3.0.1 (r301:69556,
[GCC 4.3.2] on linux2
Type “"copyright", "credita® or "license{)" for more information.

] ==z======= ============ RESTART ====ss==szszsssoss=szs===

;e

Feb 17 200%, 15:15:57)

Ruy!

The u\:daiccd tode-

v |

That’s much better. Your program now waits patiently until the
price falls to the right level and only then does it tell the CEO that
the time 1s right to buy a fresh batch of coffee beans.

This is great! Now I can get on with
the rest of my day and I only hear
when the price of beans drops to the
right level. This'll save millions! T'll tell
every outlet fo use it worldwide.
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THE DEPARTMENT OF WEBLAND SECURITY

{ Wy 37YOU DON'T NEED
| || To KNOW WHEREWE ARE (BUT WE KNOW
l"\_”/ ' WHERE YOU LIVE)

WASHINGTON‘ D.C.

From: The Department of webland Security

secret service - Corporate enforcement unit

To Whom 1t May concern:

A recent investigation into an apparent Distributed penial
of Service (DDoS) attack on the www.beans—r—us.biz domain
showed that much of the traffic originated from machines
located in various Sstarbuzz outlets from around the world.
The number of web transactions (which reached a peak of
several hundred thousand requests worldwide) resulted in
a crash of the Beans"R"Us servers, resulting in a

significant loss of pusiness-

In accordance with the powers invested in this office

py the United States Attorney ceneral, we are alerting the
developer of the very dim view we take of this kind of
thing- In short:

we"re watching Yyou. Bud. Cconsider yourself on notice-

Yours faithfully,

W

Head of internet Affairs

ed-
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The program has overloaded
the Beans’R’Us Server

It looks like there’s a problem with the program. It’s sending so many
requests that it overwhelmed the Beans’R’Us website. So why did that

happen? Let’s look at the code and see: Here’s the ¢od
€ s the tode

import urllib.request :J; .fdcum,,ﬂy
has.

price = 99.99

while price > 4.74: /
page = urllib._request._urlopen(*'http://www._.beans-r-us.biz/prices._html')
text = page.read().decode("'utf8™)
where = text.find(“>$")
start_of _price = where + 2
end_of price = start_of price + 4
price = float(text[start_of price:end_of price])

print ("Buy!")

If the value of price isn’t low enough (if
it’s more than 4.74), the program goes back
to the top of the loop immediately and sends
another request.

With the code written this way, the program
will generate thousands of requests per
hour. Multiply that by all the Starbuzz
outlets around the world, and you can start
to see the scale of the problem:

You need to delay the pricing
requests. But how?

L \‘:: Thc Bcans )R) MS
server cant tope

with all the vco\ucs{:&
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Time... if only you had wore of it

Just when you’re feeling completely lost, you get a phone call
from the Starbuzz coder who wrote the original version of
the program:

ZzzkzzkkvKKk...
Sorry, dude... vwzzz...
Heavy snow... ffzzkk... Phone

connection... pzzzkkkvkk.... T think
you need the.... vzzzkkkk.... time
library!

It seems that she can’t get back because of a storm in the
mountains. But she does make a suggestion. You need to regulate
how often you make a request of the Beans’R’Us web server. One
way to do this is to use the time library. This will apparently
make it possible to send requests every /5 minutes or so, which
should help to lighten the load.

There’s just one thing: what’s a library?
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You're already using library code

Look at the first line of the original code:

(\T}.is says that we a1, .

‘ import urllib.request 'ffl"aufﬁ.ﬁsfe;:iﬁlff ‘h/
V‘y.

The import line tells Python that you intend to use some library code
called urllib.request. A library is a bunch of prewritten code that
you can use in your own programs. In this case, the urllib.request
code accesses data on the Web. This is a library that comes as standard with
Python.

The ur] Hl).re%uest code

urlopen()

To see how the code is used, look at this line:

urllib. request./urlopen("http://- .

)

page =

Qi

\ EVCV\I \.\bV‘aY'\I Loy\'ba\ns ﬁ urlcleanup()

Lib\ra\r\/ name. Lunttions £hat You tan

. \ram-
use in \Iou‘r own YY‘OS

The code that follows the = sign is calling a function in urllib.
request called urlopen(). Notice how we say we want the code:
urllib.request, followed by a “.”, then the name of the function.

‘<Iibrary—name> '|. '

urlretrieve()

<function-name>

But how will the time library help us? Let’s see...
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2.ong Exercise

These are some of the functions provided by Python’s built-in time library:

Python Library Documentation: time

time.clockQ
The current time in seconds, given as a floating
point number.

time.daylightQ

This returns O if you are not currently in
Daylight Savings Time.

time.gmtimeQ
Tells you current UTC date and time (not affected
by the timezone) -

time.localtimeQ
Tells you the current local time (is affected by
your timezone) -

time.sleep(secs)
Don’t do anything for the specified number of
seconds.

time.timeQ
Tells you the number of seconds since January 1st,
1970.

time.timezone(Q
Tells you the number of hours difference between
your timezone and the UTC timezone (London) -

You need to use one of these functions to help you fix your code

But which one? Draw a circle around the function you think you might need




textual

With the appropriate function identified, amend the code to control how often the request for
the web page is sent to the server. The Beans’R'Us webmaster has been in touch to say that
their web-based pricing information is updated every 15 minutes. Fill in the blanks in the code
as indicated by the dashed lines.

Hints: 15 minutes equates to 15 multiplied by 60 seconds, which is 900 seconds. Also: to use
the functionality provided by a library, remember to import it first.

import urllib.request

price = 99.99
while price > 4.74:
page = urllib.request_urlopen('http://www_beans-r-us.biz/prices._html'™)
text = page.read().decode("'utf8™)
where = text.find(">$")
start_of price = where + 2
end_of _price = start_of price + 4
price = float(text[start of price:end of price])
print ('Buy!™)

7




time

This looks
like the best
funtkion o use:

Lon® Exercise
oLutioN

These are some of the functions provided by Python's built-in time library:

Python Library Documentation: time

time.clockQ
The current time in seconds, given as a floating
point number.

time.daylightQ
This returns O if you are not currently in
Daylight Savings Time.

time.gmtimeQ
Tells you current UTC date and time (not affected
by the timezone)-

time.localtimeQ
Tells you the current local time (is affected by
your =imezone).

.sleep(secs)
pon’t do anyt
seconds -

time.timeQ
Tells you the number of seconds since January 1st,
1970.

h\ng for the specified number of

time.timezone(Q
Tells you the number of hours difference between
your timezone and the UTC timezone (London) .

You need to use one of these functions to help you fix your code

But which one? You were to d i
: , raw a i
P aheed circle around the function you thought you
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lm‘?o‘f‘t
of the

rog‘fa"‘ atceess

‘(:un{,ﬁona\i{:\l that the \ib‘rav\,

Yro\l\dc&

import urllib.request

mport time
price = 99.99 ,‘_fc the Jofacihlcacs of the time
ibrav
while price > 4.74: 15 min)tlr(:cs Eifief:crfrffim o
timesleep(900) et

print ("'Buy!™)

With the appropriate function identified, you were to amend the code to control how often the
request for the web page is sent to the server. The Beans’R'Us webmaster has been in touch
to say that their web-based pricing information is updated every 15 minutes.You were to fill in
the blanks in the code as indicated by the dashed lines.

Hints: 15 minutes equates to 15 multiplied by 60 seconds, which is 900 seconds. Also: to use
the functionality provided by a library, remember to import it first.

the library at the top
program. This gjves the _
4o all the built—in

page = urllib.request.urlopen('http://www.beans-r-us.biz/prices.html'")
text = page.read() .decode("'utf8™)

where = text.find(">$")

start_of price = where + 2

end_of _price = start_of price + 4

price = float(text[start of price:end _of price])
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coffee all around

Order is restored

Starbuzz Coffee is off the blacklist, because their price-checking
programs no longer kill the Beans’R’Us web server. The nice
people at Webland Security have, rather quietly, gone away.

Coffee beans get ordered when the price is right!

I love the taste of
this coffee, and T just
love the cost of those
beans!

74  Chapter 2
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. Your Programwming Toolbox

You’'ve got Chapter 2 under your

belt. Let’s look back at what you’ve
learned in this chapter:

Prosvamm.mg TOO\S ‘

¥ Shrings ave sequentes of individual chavatters. d
inde*-
* | dividual steing thavatters ave vefevented by in
“ .
% |ndex values are offsets that start from u\: »
% Methods \wov‘\dc vaviables with built—in Lunttionality
etho

i I Y \{ 3"\"\"\ \‘b‘ av \es A ov‘de a CO“CC{‘,\OV\ OE \f C\a
v ve- bu‘\{ Lodc ar \d E W\L{‘,\OHS-

%* As well as having a value, data in vaviables also have 3 l
S W
“da‘ta t\lve'"

PY'l:hOh Tbo,s
% Number is 3 data Type
% String is 3 data tyre:

¥ sC4T  access
which is 3 S“:Y'ihs
/ ¥ sCb:]27 _

acless g sub—ct-: N e
to, but not i"C'udihs) Su S{:\rmg within £he S’év'ihg “ (s

the 5¢h thavacter of the variable

s,

¥*s.Lind0) method for ‘Ca‘fﬂhlng S‘(:V'ings
* S'“PPCV‘() m
UPPERCAG ethod for Converting s{;n,,as i
* float() converts sh:
known as “Floate” S‘l:v-mﬁs to detimg) Point numbeyes
* 4+ addi'l:ior\ OPCV'a'bOV'
* s greater {han operator
* urlli

: b.!rctlucrﬁ Iibrary for {:alking to the Web
time Iibrary for working with dates/Lime

chere v 75







3 Yunctions

*
+ Let’s get organized_*

@starbuzzceo Waiting
patiently for milk...

As programs grow, the code often becomes more complex.

And complex code can be hard to read, and even harder to maintain. One way of
managing this complexity is to create functions. Functions are snippets of code that

you use as needed from within your program. They allow you to separate out common
actions, and this means that they make your code easier to read and easier to maintain.
In this chapter, you'll discover how a little function knowledge can make your coding life

awhole lot easier.
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emergency option

Starbuzz is out of beans!

The Starbuzz buyers love the program you created in the
last chapter. Thanks to your efforts, the Starbuzz CEO
is only buying coffee beans when the price drops below
$4.74, and his organization is saving money as a result.

But, now there’s a problem: some Starbuzz outlets have
run out of beans.

We have a worldwide crisis! We've
run out of coffee beans in some of our
stores, and we've lost some customers, too.
My buyers are only buying coffee when
the cost is low, but if we run short on
coffee supplies, I'll pay any price.

When the coffee beans start to run low in an outlet,
the Starbuzz baristas need to be able to send an
emergency order to the CEO. The outlets need
some way of immediately requesting the purchase of
coffee beans at the current price, regardless of what
that price is. They also need the option of waiting for
the best price, too, just like in the current program.

The program needs an extra option.
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What does the new program need to do?

The new program for Starbuzz needs to give the user two options.

The first option is to watch and wait for the price of coffee beans to drop.
If the user chooses this option, the program should run exactly as it did
before.

The second option is for the user to place an emergency order. If the user
chooses this option, the program should immediately display the current
price from the supplier’s website.

_ -{{hﬁ[’_F‘Eﬂ your pencil

Here's the existing code for Starbuzz. You need to modify the program
to add an emergency report feature that will immediately report the
current price. Which parts of the code can you reuse to generate the
emergency report? Grab your pencil and circle the part of the code you
think you might reuse. Why do you think you'll need to resuse this code?

import urllib.request
import time

price = 99.99
while price > 4.74:
time.sleep(900)
page = urllib.request.urlopen(*http://www.beans-r-us.biz/prices.html')
text = page.read()-decode("'utf8')
where = text.find(">$")
start_of _price = where + 2

end_of _price = start_of price + 4
price = float(text[start_of_price:end_of _price])

print ("'Buy!')
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reuse

— @gharpen your pencil
& sglutlun Here's the existing code for Starbuzz. You needed to modify the program
to add an emergency report feature which will immediately report the
current price. Which parts of the code can you reuse to generate the
emergency report? You were to circle the part of the code you think you

might reuse as well as state why you might need to reuse it:

import urllib._request

import time
P Heve's the tode you
tan reuse.

price = 99.99
while price > 4.74:

time.sleep(900)
page = urllib._request_urlopen('http://www._beans-r-us.biz/prices._html')

\

whcfhcr You wait «Foy- {},c
HSI'\'E Price or V‘cqucs{ an
cmergem:y order, vo ]
print ("Buy!"™) his eode in each cyas: need

text = page.read().decode(""utf8')

where = text.find(">$")

start_of _price = where + 2

end_of price = start_of price + 4

price = float(text[start_of _price:end_of _price])

Does that mean we have to
duplicate the code for each
option? Is this a good idea?

If you just copy and paste the same code,
it could make your program very long. And )

hard to maintain. That’s why you don’t want Imagjne if Yo
to duplicate the code. had to maintain 3

program this length.
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Pon't duplicate your code...

When you need to add a new feature to a program that’s similar to some
other code in the program, you might be tempted to just copy and paste

functions

the code. You'l find that tode bloat is

lots

o§ \Wos‘rams;

. N . . Lommon n
In practice, that’s actually a pretty bad idea, because it can lead to code weitten by

bloat. Code bloat means that you have more code in your program than even tode

you actually need. Your programs will get longer, and they’ll get a lot
harder to maintain.

Here's the printout of the tic-tac-toe
game. If you really want me to change the

colors of the crosses, T'll just need to replace
the code that displays each of the 9 squares. That's
the same code in 9 different places. Oh, and if you
want me to change the Os...

...Reuse your code instead

Programming languages all come with features that allow you to reuse
code. So what’s the difference between copying and reusing code?

If you copy code, you simply duplicate it. But when you reuse code, you
have a single copy of the code that you can call in all the places that
you need it. Not only will your programs be shorter, but it also means that
when you amend code, you will need to change it only once and in one
place only.

So you want a new gravity-bomb
launcher added to each of the

star-fighters? No problem. T'll change
a few lines of code and every craft in
the fleet will be updated.

So code reuse is a good thing. But how do you do it?

Yvoﬁcss\oha\ \"“"5va

mmevs:

you are here »
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define your function

Reuse code with functions

Most programming languages let you create reusable, shareable code with
functions. A function is a chunk of code that you separate out from the
rest of your program, give a name, and then call from your code.

Different languages have different ways of creating functions. In Python,
use the def keyword to define a new function. Here’s some Python code
that defines a make_smoothie() function:

es are imvo‘r{',a“{)

Give the funeti - The paventhes
' ¢ funtion 2 ha\ e / < Cb:’ sure to intlude them.
AV \/
def make_smoothie(): < —————— _

jJuice = input("What juice would you Iike5~"f =<
fruit = input("OK - and how about the fruit? ™)

The tode print("Thanks. Let"s go!')

Ym,ﬂavc‘i E print('Crushing the ice...")

indented- print("'Blending the " + fruit)

print(""Now adding in the "™ + juice + ' juice")
print(""Finished! There"s your " + fruit + " and " +

In Python, it’s important that you define the function before you use it, so
make sure the code that calls (or uses) the function comes after the definition
of the function:

print("Welcome to smoothie-matic 2.0")

Call the another = "y" _ =
,‘s‘"};{"m\ while another == "Y": -

° ;cﬂ" > make_smoothie() -
use

another = input(*'How about another(Y/N)? ') (:

parens.

Every time that Python sees make_smoothie() in the code, it jumps
to the code in the make_smoothie() function. It runs the code in the
function until it gets to the end, and then returns to the next line in the
code that called it.

Let’s use functions to share code within your program.
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| Code Magnets

i Before you amend the existing coffee bean program code, let’s
see if you can create a function to display the current bean price.
Rearrange the magnets in the correct order to create the function:
——

t
ven You a head star
\CI\; Vacd(?:ng {:\{\c ‘(:wch magnc{:.

page = urllib.request.urlopen("http://www.beans-r-us.biz/prices.html™)
text = page.read().decode(""'utf8')
where = text.find(">%$")

start_of _price = where + 2
end_of price = start_of price + 4

text[start_of;price:end_of price]

import urllib-request -
.
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order matters

o2y Code Magnets Solution

l Before you amend the existing coffee bean program code, let’s see
if you can create a function to display the current bean price. You
were to rearrange the magnets in the correct order to create the
function:

——

You still need 4o import libra.rics
before using them in 3 Lunttion.

\3 l import urllib.request ' You need a ¢olon after

the ‘pum‘,‘l:ion name.

The funttion
definston 2 - get_priceQ IB%
starts here.

page = urllib.request.urlopen("http://www.beans-r-us._biz/prices.html™)
The body of the funttion | text = page.read().decode('utf8™)

needs to be indented. —>| where = text.find(">$")
start_of price = where + 2

/ end_of _price = start_of price + 4

¢tion needs .
chf u;\cc\f:cd | text[start_of_price:end_of price]

before it's called-

% _ The Lunetion /\)
I get_priceQ ' definition ends heve.

This line isn't indented,
because it is part of
the main Program.

MORNING ScHE DULE
» Eat bpea
¢k

@ﬁ X

o
N \ig X
{? “bed

Always get things in the right order

When it comes to functions, the order in which you do things

really matters. The get_price() function needs to be The ovder in which
defined before you call it. And because the function relies upon ou do things is
some code in the ur 1 ib. request library, you need to make veally '.m?ov{:an*l‘,.
sure that the Import line appears before the function, too.

* Bey

Lt ﬁt{ W{ d-; b#d

« Take shower /
« Eat breakfast

Let’s see if your new code works.

84 Chapter 3



—TasTt DRIve

functions

Type the code on the opposite page into IDLE, and run it to see what

happens:

B getprice.py - fhomejbarryp/HeadPFirstProg/chapter3/code/getprice. py
Fibe Edil Formal Run Oplions Wndows Hel

ardbee e

t urllib.rcguecot

gHI_PriuH(j:
page = urllib.request.urlopen{“http://www.beans-r-us.biz/prices.html”)
text - page.read|).decode|"utid”]

where = bext.find|"=5")

Hlnrkjlnjniun = where + 2

end of price = start of price + 4
print|text|start of price:end of price|)

get_pricel) Pythen Shell
| Eile Edit Shell Debug Options  Windows Heldp
I'ython J.1 (rdl:r7asyZ, Jul ¥ 2009, QH:10B:i1UH)
[CC 4.3.3] on 1inux?
Typc "copyright”, "ecrecdita” or "liccnosc()” tor morc intormation.
L [ e ce———== RESTART i AR

When this eode vuns,
the price is disPla):cd
V‘Iah‘t away. (No{;c: YOM
may see a diffevent

price when You vun

tode.)

YOUV

b be e ]
.31

wn |

The price appears immediately. You now have a function that reads the
contents of the page from the supplier’s website and prints out the price

information.

You can reuse the function in lots of places in your program simply by
calling the get_price() function. Now all you have to do is modify
your existing program to use the new function.

RANN

‘PQWEWR

Look back at the original program at the start of the chapter. You know that you
can use this function to produce emergency reports. But it will also need to
replace the existing price-watch code. Is there a problem? Why? Why not?

you are here »
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Your code prints out the price. Big
deal. It's just a pity you actually need
to GET the price and USE it. Your code
isn't much use, just printing out the
price like that, is it?

Functions are great for reusing code, but they
really come into their own when they perform
an action for you, then give you back some
data to use in whichever way you want.

The current version of the get_price() function prints out
the price of coffee beans every time it is used, or called. This
is OK if that’s what you really want it to do. The trouble is, you
need the function to give you the price so that you can then
decide what you want to do with it.

WhaJc’s fhc
eurrent price?
discount = 0.9

print("The discounted price is: ')
price = get_price()
actual_price = price * discount

print(str(actual_price))

T — 2.5] The “aet_price()”

‘Func{:ion. Even the
name tells You a little
about what it does.
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Return data with the return command

If you use the return() command within a function, you can send a
data value back to the calling code.

import urllib.request

def get_price():

page = urllib.request.urlopen("’http://www.beans-r-us.biz/prices.html')
text = page.read().decode(*'utf8')
where = text_find(">$") Remove the call to

start_of _price = where + 2 / “yrin{()"m

end_of _price = start_of price + 4

—ef_pricesend-ofpric - and veplace it with 3
return(text[start_of_pricezend of pricel) < /3] {, oty () | tead
Instead.

Ca” 'H)C “ . »n
W\C'{Zion, sc{:'—PHCC()

price

-~

= get_price() Run the eode

to dd:crminc
the curvent
price.

55 ﬁ Rc{:urh the ?Yiﬂc 4o

the caller.

The value assigned to “price”
is 65|. The assignmm{: .
happens after the code in
the Lunction exetutes.
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don't repeat

Dum

Q: The return() command is just like print(), except nothing
appears on screen, right?

- Well... sort of. The print() command is designed
to display (or output) a message, typically on screen. The
return() command is designed to allow you to arrange for a
function you write to provide a value to your program. Recall the
use of randint() in Chapter 1: a random number between
two values was returned to your code. So, obviously, when
providing your code with a random number, the randint()
function uses return() and not print(). In fact, if
randint() used print() instead of return(), it
would be pretty useless as a reusable function.

Q; So, it's a case of return() letting a function give you
something back?

A: Yes, that's it, exactly.

Q,: I’'m not sure I'm convinced about using functions. Isn’t
using copy’n’paste quick and easy?

A: No, using copy’n’paste is quick and dirty, with the emphasis
on the “dirty.” When you need to repeatedly use some code, it's
always better to create a function to contain and name that code.
You then call (or invoke) the function as needed. If you later decide
to change how the repeated code works, it's a no-brainer to change
the code in the function once. If, instead, you “quickly” performed
copy’n’paste five times, that’s five changes you now have to make,
and the chance of you missing one change or making a mistake are
actually pretty high. So, don’t copy’n’paste!

Q; So, using a function lets you share the repeated code in
a controlled way?

A: Yes, it does. There’s also a guiding principle among
prgrammers known as DRY: Don’t Repeat Yourself. Using functions
lets you keep your code DRY.
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Q: What happens if the function omits the return()
command? Does each function have to have one?

A: No, the use of return() is not required. In fact, the
current version of your get_price() function doesn’t use
return() atall. But, your function feels like it gives you
something because it prints the current price on screen. When the
return() command is omitted, a function returns a special no
value. In Python, this value is called None.

Q: So, just to be clear, using return() is optional?

A: Yes, it is.

Q,: Does return() always come at the end of the function?

A: Usually, but this is not a requirement, either. The
return() can appear anywhere within a function and, when it
is executed, control returns to the calling code from that point in the
function. It is perfectly reasonable, for instance, to have multiple
uses of return() within a function, perhaps embedded

with 1 F statements which then provide a way to control which
return() is invoked when.

Q,: Can return() send more than one result back to the
caller?

A: Yes, it can. return() can provide a list of results to the
calling code. But, let’s not get ahead of ourselves, because lists are
not covered until the next chapter. And there’s a little bit more to
learn about using return() first, so let’s read on and get back
to work.



g{ﬁrp&n your pencil

functions

Using the new get_price() function, write a new version of the
price-checking program that does this:

1. Ask the user to indicate if the price is required immediately (Y/N).

2. If the user chooses “Y” for “yes,” find the current price and display it
on the screen.

3. Otherwise, check the price every 15 minutes until it falls below
$4.74, then (and only then), display the price on screen.
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buy it now

_ .._-{»,&arpm your penci
) . salutlun Using the new get_price() function, you were asked to write a
new version of the price-checking program that does this:

1. Ask the user to indicate if the price is required immediately (Y/N).

2. If the user chooses “Y” for “yes,” find the current price and display it
on the screen.

\/ow tode may look a little '
d.'“""& From this, but that's 3. Otherwise, check the price every 15 minutes until it falls below
OK. fs long as it does the same $4.74, then (and only then), display the price on screen.

Jc\\ing, \/ou'rc doing Line.

B D P S
Py L L R R R T T T T T P S
B S F T 2 T

I e x T A g L S

\/OIA need to ask the user
if the price is required price_now = input(“Do you want to see the price now (Y/N)Z ")

immcdia{:cly. ................................................................................

W/,

Lunetion gives ‘you

H,' ‘H‘)C user dCCidcs {_p wai{: ,‘-\ov. ..............
the price to drop, 9et the price timesleep(900)
using the get_price() funetion, . .

then use the 9iven value o — price = gc{:_?ncco

detide whebho, e R AR
) by obfar or not it’s time
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See what happens when you run the new program. Make the required
changes in IDLE and take your new program for a spin:

B getprice2 py - (home/barryp/HeadFirstProg/chapterdjcode/getprice2. py e
Eile Edit Fgrmat Bun Qptions Windows Help

wrllib.reguest -
Lime

£ get_price{lt
pags = orilib.request.urlopen|“http:/ v heana=-r-ua.hiz/prices.html=) Thc Lodc has bCCh

Eaxt = page.read|).decods| ot fE") .
where = text.find('=5§") amChdtd '£° |hﬂ|hdc

atart of price = whore + 2 é/ 'H"C ‘(5C‘E_Fricco"

end of price = start of price + 4 X
] [lwak({text[start_of_ priceiend of price]) ‘(’\uhC{:lon.

price_now = inputl{"Do you wani Lo see the price now [Y/H]T *)
t price_mow == “¥"
print|get price(})

price = 9%9.%49
pries > 4.74:
time.sleap|900)
price = gel price()
print|“Buayl®)

Python Shell

Eile Edit Shell Debug Ophions Windows Help

Python 3.1 (r31:73572, Jul 8 2009, 08:08:08)
[6CC 4.3.3] vn linux2
Typc "copyright”, "credita" or "liccnose()" tor more intormation.

T - mesTART

>

l‘c \/O\A V\CCd {:\r\c YY'.ICC ——% Mha yrd wanl Lo =ee Lhe pr irze moow q"ffﬂ}? T

vight now, this ?“fSY_a"‘ L ;l-b_ e B
wastes no time in 5N|v'\5 2

I‘{; 'EO YO\A. NO{C'- ‘H’\a"‘{',s M yru wanl Lo =es Lhe pr lrzee miow ‘YJ‘IH}? N

an MPPERCASE “\[ . Tﬂ '.I

£ you're happy to wait, the program will

(eventually) tell You when the price is vight.
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going mobile

92

This is great; it does just what
T want! In fact, it's so good it's given
me ah idea. Since I'm on the road a

lot, I'd like the price sent to my cell.
Can your program tweet me?

The CEO wants the price sent to his
cell phone.

Rather than have the emergency report displayed
on a PC, the Starbuzz CEO would prefer to get
something more immediate while he’s on the
road. He needs messages to be sent directly to his
Twitter account.

L)) BRANN
o BARBREL L

Sending a message to a Twitter account feels like a tall order.
Where do you think you'd start looking for helpful suggestions and,
quite possibly, a solution to this new problem?

Chapter 3



b
Use the Eo\llﬁueg: Luke

It’s pretty complicated to write a program that sends messages to a service

functions

like Twitter. Fortunately, other people have already tackled problems like this

and posted their code on the Web. Here’s a Python function (found on the

Web) that is very similar to what you need:

This is the text of the
message that jful\ be sent.

def send_to_twitter(): Vf//

This code looks complex but, for now, all you need to know is that it sends
a message to the Twitter service. An advantage of using functions (which is

msg = "I am a message that will be sent to Twitter"
password_manager = urllib.request._HTTPPasswordMgr()
password_manager .add_password(""Twitter API™,
"http://twitter.com/statuses”, "
http_handler = urllib.request_HTTPBasicAuthHandler(password_manager)

urllib.request.install_opener(page_opener)

params = urllib_parse.urlencode( {"status”: msg} )

resp = urllib.request._urlopen(’http://twitter.com/statuses/update.json™, params)
resp.read()

Pu{ Your
Twitfer
Password

l "-{;hm.

P\l‘t \Iouv TW‘{','{',CY

username heve:

page_opener = urllib.request._build_opener(http_handler)

illustrated here) is that they allow you to understand a program at a high level E.E
without having to initially understand all the details. This is known as working

at a higher level of abstraction.

.;@?RA\N

PAWEWR
This code looks like it could be useful. But is
there a problem?

Why can’t you just replace the print()
calls in our existing program with calls to this
function?

To use the code you will first need
to sign up for a free Twitter account.
To register, go to:

https://twitter.com/signup
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the message stays the same

The function always sends the
same message

Replace the
ealls Joo

- ()”. ~d
‘mn{ \ price = get_price()

//—} —print{get price®) send_to_twitter()

price_now = input("'Do you want to see the price now (Y/N)? ')
if price_now == "Y":

else: fSN__ Call the “send_to_twitter()”
price = 99.99 function instead.
while price > 4.74:
time.sleep(900)

printC'Buy )~ send_to_twitter()

A el

Hile Edit Yiew Higlory HBookmarks Tools Help
\
& P - B0 @ v [ ropanwitercom \ \j [l
 \
Twitter | Home | &
t‘ i ?itk&r erofile FRd People Settings Help Sign out
The Stavb
uzz 3
CEO's h What are you doing? h starbuzzced
s ome‘?aag I
. ] i 53
on Twitter. ___ N o o
Lataats | e & madiage IRAE Will e 440 by Tailber e Bukn 3 g - Teren-tirval
L 15 &g0 . gholal #vantt ks Bring
Taillrre=s bngrifes ulfine
dor & great cause
Harme
Homa
starbuzzeeo | am a message that will be sent o
Twiltter Fstarbuzrcen
Dirsct Mpcsages o
starbuzzceo | am a message that will be sent Lo Vavorfes
Twitter
starbuzzceo Stock levels are njtuming to nermal naw Trending Toplcs
that the Head First Programmin| Writing Retreat Van [ones
Weekend is over, Man, those gu|s can drink coffest?
| Goodnight
Dane

by the user, the
the same tweet to

No matter whith option is thosen
“send_to twitter()” Lunetion sends

Twitter
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Well, duh, it's pretty obvious really...
you need a version of the function
that tweets the low price and
another that tweets an emergency
order. How hard is that?

def send_to_twitter():
# original code here...

Take the orig'ma‘
Twitter tode and

eveate two new \
Lunetions.

def send_to_twitter_price_low():
# original code here...

# _..but change message to
# buy at low price.

def send_to_twitter_emergency():
# original code here...

# ... but change message to

# place an emergency order.

(:%igx_‘ B Lines that start with # avre known
o RAW‘~ as tomments ilai\/{:hon- Eo{v;\‘mc:ts\l .
| ave tode annotations Pu evr
.vo Ev toder and ave meant to bcgcad b‘;/
[ ith the tode.
Something doesn’t feel quite right about this solution. other toders working with the co

i bectause
P ﬂ\ noves all C,ommcv\{',S,
g ‘5'{: exetutable tode.

Can you see the problem that this creates? Can you they aven
think of a solution that fixes the problem?
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set

Use parameters to avoid duplicating
functions

Just like it’s a bad idea to use copy’n’paste for repeated usages of code, it’s
also a bad idea to create multiple copies of a function with only minor
differences between them. Look again at the proposed send_to_
twitter_price_low() and send_to_twitter_emergency()
functions on the previous page; the only difference between them is the
message they send.

A parameter is a value that you send nto your function. Think of it as
the opposite of what you get when you return a value from a function:

Call the Lunetion
ahd SCV\d 69' as a

Yaii:j::’,—”—_--.‘gk‘
/

send_to_twitter("5.51%)

Conncc{: ) Twitter and
send the message with the
price to the CEQ.

AN

( N

Return tontrol 4o the

ealling eode.
The parameter’s value works just like a variable within the function, except In this version of the funetion
for the fact that its initial value is set outside the function code: the “msg" vaviable is set 4o ]

the value Passed in by the ¢
3 all
) scnd_‘(‘p_{:wi‘l:‘l:cv?l( ‘55)’)".

/

\Z

def send_to_twitter(msg):
password_manager = urllib.request.HTTPPasswordMgr()

/

send_to_twitter("5.51") password_manager .add_password(*"Twitter API",

"http://twitter._con/s
http_handler = urllib.request.HTTPBasicAuthHandler(pas
page_opener = urllib.request.build_opener(http_handle

urllib.request. install_opener(page_opener)

96

params = urllib.parse.urlencode( {"status”: msg} )

resp = urllib.request._urlopen(http://twitter.com
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Parameters Up Close

To use a parameter in Python, simply put a variable name between the
parentheses that come afler the definition of the function name and before the colon.
Then within the function itself, simply use the variable like you would any other:
The ?aramc{:cr name goes heve. Use the parameter’s
value in your

\cuht‘(;ion s tode
return(*'Congratulations " + the_name + "I'") J“SJC like any other

variable.

def shout_out(the_nhame):

Later, invoke the function from your code with a different parameter value each
time you use the function:

print(shout_out(*Wanda*®))
msg = shout_out("Graham, John, Michael, Eric, and Terry by 2%)
print(shout_out(*Monty*"))

_ .-E;Qﬁrpen your pencil
Y Grab your pencil and update your program. Do the following:

1. Modify the send_to_twitter () function so that the message text is
passed into the function as a parameter.

2. Update your code to make the approriate parameterized calls to
sent_to_twitter().
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ready to

_ .-g{ﬁrpen your pencil

"N SQlutlun You were to grab your pencil and update your code to
incorporate a version of send_to_twitter() that supports
parameters:

import urllib.request
import time The ms9 Variable in {£he
Code needs 4o become 3
def send_to_twitker(msg):  Parametec of the £, 10
def—send—to_twitterO—=—
=\Ja i e O\Fwi

password_manager = urllib.request._HTTPPasswordMgr()
password_manager .add_password(*"Twitter API",

"http://twitter.com/statuses™, "._.", "_._..")
http_handler = urllib._request_HTTPBasicAuthHandler(password_manager)
page_opener = urllib.request._build_opener(http_handler)
urllib.request. install_opener(page_opener)
params = urllib_parse.urlencode( {"status”: msg} )
resp = urllib._request._urlopen(http://twitter.com/statuses/update.json’, params)
resp.read()

def get price():
page = urllib._request._urlopen(http://www._beans-r-us.biz/prices._html')
text = page.read() -decode("'utf8')
where = text.find(">$")
start_of _price = where + 2
end_of _price = start_of price + 4
return Float(text[start_of price:end_of price])

price_now = input(*'Do you want to see the price now (Y/N)? ')

if price_now == "Y":
i —price)send_to_twitter(aet price())
else:
price = 99.99 Ve
while price > 4.74: ou just need £o veplace the Print()
time.sleep(900) ¢alls w%hSC“d_fQ_bM££a%)cyk

price : get_priU
) v »n
scnd__b__’cwi’cl:cv(“Bu\l! )
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Now you’ve amended the program code, it’s time to see if it works. Make
sure the amended code is in IDLE, and then press F5 to run your program.

To begin, let’s send an emergency message:

Python Sheall
Eile Edit Shell Debug Options Windows Help

Python J.1 (rdl:’ 3372, Jul © 2009, DH:0H:08)

[6CC 4.3.3] on linux?

Type "copyright”, "credite" or "license()"” tor more intormation.

b RESTART -

P e

Do you want to see the price nmow (Y/H)? Y

) I

You asked for an
Cmcrgcncy price

[Bc 3t yon repery ostmads o bioe
and heve it is. % COMS [ e | LT
Twl'et [ HOTE | &
Ewikker i rillle. Pl il Biinga: My Syl
What are vou doing? h slarbusste
b 4 ar
- S
Amirnt Rk
[ e
.
Home
Home
starburEces A A8 :
I I FeaumTon
"
Tirsch Msnget
startearroes DeSghled 15 IRpnr TRAL olUf slssy 12184 S
h FRAly S skInry, uiike Ihe compelTion
LT, b o w2 a
Danc - LY

That worked. But what about the price-watch option...?
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canTIhuaD...

Python Shell
Eile Edit Shell Debug Ophions Windows Help

I'ython J.1 (rdl:/73asvZ, Jul © 2009, O0d:08:108)
[&CC 4.3.3] on linux?
Type "copyright", "credite" or "license()” tor more intormation.

e RHST&RT = TRITIE [ Hawna - YA Pe el o

LS i _fan jow bejpory fookewda ol jleip

Do you want to see the price now (Y/H)? W % - CO @ [ mmawteon T P:‘h. s &)
o I TWlIET [ HOTE | & .

twittef /e Bralile: Final Feipls- Seiings Hielp Slgmmit
What anc you daing? h slartuasscen
R A TR IR

You detide to wait and - ':...b-__
(cvcn{:uall\/) the tweet Heme 27
with a message to buy [l Y |
tomes 'ku (whcn JC"\C T —
price is righ’c). h e ERLFIOGN R SR R CLE Y Ee s !

[I7 4 bethes devnloach (L o, 3T minutes remaiming! | %

That works as well. You're ready to go live!

Great, an emergency order!
T'll quickly place a call

before we run out of beans
again...

Beep, beep- was that

Someone s ?honc?
\ O

No matter wheve the
& Stavbuzz CEO is, if he
. has his ¢el| ncarby, he
° 9ets the message.

100 Chapter 3



Dum

Q: Can | still call the Twitter function like this: send_to_
twitter()? Or do | always have to provide a value for the msg
parameter?

A: As it's written, the parameter is required by the function. If
you leave it out, Python will complain and refuse to run your code
further.

Q: Can parameters to functions be optional?

A: Yes. In most programming languages (including Python), you
can provide a default value for a parameter, which is then used if
the calling code doesn't provide any value. This has the effect of
making the parameter optional, in that it either takes its value from
the one provided by the caller, or uses the default value if the caller
does not provide anything.

Q,: Can there be more than one parameter?

A: Yes, you can have as many as you like. Just bear in mind that
a function with a gazillion parameters can be hard to understand,
let alone use.

Q: Can all the parameters be optional?

A: Yes. As an example, Python's built-in print () function
can have up to three optional parameters, in addition to the stuff to
print (which is also optional). To learn more, open up a Python Shell
prompt and type he lp(print) at the >>> prompt.

therejare no R
b Questions

functions

Q,: Doesn't all that optional stuff get kinda confusing?

A: Sometimes. As you create and use functions, you'll get a
feel for when to make parameters mandatory and when to make
them optional. If you look at the description of print() again,
you'll see that in most usage scenarios print() takes a single
parameter: the thing to display. It is only when extra, less common,
functionality is required that the other parameters are needed.

Q: The description of print() mentions “keyword
arguments.” What are they?

A: The word “argument” is another name for “parameter,” and

it means the same thing. In Python, an argument can have

an optional “keyword” associated with it. This means that the
parameter has been given a name that the calling code can use to
identify which value in its code is associated with which parameter
in the function.

Continuing to use print() as an example, the sep, end,
and Fi le parameters (a.k.a. keyword arguments) each have

a default value, so they are all optional. However, if you need to
use only one of them in the calling code, you need some way to
identify which one you are using, and that's where the keyword
arguments come in. There are examples of these optional features
of print() and other such functions later in the book. Don't
sweat the details right now, though.
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password

Someone decided fo mess with your code

About time I changed the Twitter
password. Hmmm... Interesting code,
but it would be great if it printed a

message every time it sent a tweet. I
think T'll just improve it a little...

STARBUZ

CORFP

" BE INSPIRED
GET TOTALLY WIRED

One of the Starbuzz coders decided that the password
should be set at the start of the program, where it can be
casily amended in the future. This is what she added:

import urllib._request
import time

def set_password():
password="C8H10N402" ¢— This is the new password:

The toder wants 4o set the
set_password() < password at the fop of £,
file wheve it's easy to find.

def send_to_twitter(msg): Use the value of

« »
password_manager = urllib.request_HTTPPasswordMgr() password™ heve.

password_manager .add_password(""Twitter API™, ‘{'

"http://twitter.com/statuses', ''starbuzzceo', password)

So, later in the program, the code uses the password
variable. That means that next time the password needs
to be changed, it will be easter to find it in the code
because it is set right near the top of the file.
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Add the new password code to the top of the program and then
run it through IDLE:

- Python Shell
Eile Edit Shell Debug Options Windows

Hel

Iython 4.1 (rdl:7357E, Jul o 2009, Od:0H:208)

[GEC 4.3.3] on 1inux?

Typc ~“copyright®, "credits” or "liccnoc()” tor morc intormation.

Py SESSCSTSSTESSSSSSSSSSS RFSTART ===========so==ssss=soos=sSSS==S=s

Telnlw

Oh no! It crashes! What happened?!? Our order
system has stopped working worldwide! If we don't
get information on where we need coffee orders soon,
this could be the end of Starbuzz... Help!

The program has crashed and it can no longer send out
messages to the CEO. Stores across the globe are running
short on beans and it’s up to you to fix the code.

.@?PA\N

‘PQWEWR
Look at the error message that was generated when the program crashed.
What do you think happened?

[Ln: 16|cal:

Yikes!

¥
¥
4
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add it to

The rest of the program can’t see
the password variable

The program crashed because, for some reason, the program
couldn’t find a variable called password. But that’s a little odd,
because you define it in the set_password() function:

def set_password():

vd.
password="C8HLON402"&— This tode ¢t the passwo

This tode uses the

set_password() < This code ¢a]ls for the Password 1o be set password... but for

def send_to_twitter(msg): some Jcrca”"’ it can't
password_manager = urllib.request.HTTPPasswordMgr() see ! JI
password_manager .add_password(""Twitter API",

"http://twitter._com/statuses', ''starbuzzceo, password)

So what happened? Why can’t the send_to_twitter()
function see the password variable that was created in the
set_password() function?

Programming languages record variables using a section of

memory called the stack. It works like a notepad. For example,
when the user is asked if she wants to send a price
immediately, her answer is recorded against the
price_now variable:
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When you call a function, the computer
creates a fresh list of variables

But when you call a function, Python starts to record any
new variables created in the function’s code on a new sheet
of paper on the stack:

LOCAL variables weeg
by the function

def set_password():
password=""C8H10N402"

This new sheet of paper on the stack is
called a new stack frame. Stack frames
record all of the new variables that are

created within a function. These are known

as local variables. The calling tode’s
vaviables are still

The variables that were created before the heve.

function was called are still there if the function
needs them; they are on the previous stack frame.

But why does the computer record variables like this?

Your program creates a new stack frame each time it calls a function, . y
allowing the function to have its own separate set of variables. If Wlleﬂ a var lal)l,e N
the function creates a new variable for some internal calculation, it

does so on its own stack frame without affecting the already existing Value can Le seen l)y

variables in the rest of the program.

some coJe, it is said

This mechanism helps keep things organized, but 1o l,e "in SCOPC.”
it has a side-effect that is causing problems...
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local

When you leave a function, its
variables get thrown away

Each time you call a function, Python creates a new stack frame to
record new variables. But what happens when the function ends?

The computer throws away the ﬁ'ﬁ
function’s stack frame! \ !

Remember: the stack frame is there to

record local variables that belong to the

function. They are not designed to be used elsewhere

in the program, because they are local to the function. The whole reason
for using a stack of variables is to allow a function to create local
variables that are muvisible to the rest of the program.

And that’s what’s happened with the password variable. The first
time Python saw it was when it was created in the set_password()
function. That meant the password variable was created on the
set_password() function’s stack frame. When the function ended,
the stack frame was thrown away and Python completely forgot about
the password variable. When your code then tries later to use the
password variable to access Twitter, you’re outta luck, because it can’t
be found anymore...
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File this under g, for “garbage.

When a variable's

value CANNOT be
seen by some code,
it is said to be "out
of scope.”



functions

N .-;-,Sl\ﬁrpen your penci
K This is the start of the program. Write a modified version of this

code that will allow the send_to_twitter() function to see
the password variable.

Hint: you might not need to use a function.

import urllib.request
import time

def set _password():

pasSWOrd="CBHLON4O2"|  Yeu need to vewrite this section

set_password()

def send_to_twitter(msg):

password_manager = urllib.request.HTTPPasswordMgr()

password_manager .add_password(*"Twitter API",

"http://twitter._com/statuses', ''starbuzzceo", password)

http_handler = urllib.request_HTTPBasicAuthHandler(password_manager)

page_opener = urllib.request._build_opener(http_handler)

urllib._request.install_opener(page_opener)

params = urllib.parse.urlencode( {"status”: msg} )

resp = urllib.request_urlopen("http://twitter.com/statuses/update.json', params)
resp.read()

Write Your new
VEIFSION heie.  — seeeseeressereestsieneetttiiee et e et b e et b e et b e e et b e e e eb e e e th e e e e ab e e e ebt e eaeses
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create the password

— (g harpen your pencl
\ This is the start of the program. You were to write a modified

LS SGIUtIUﬂ version of this code that will allow the send_to_twitter()
function to see the password variable.

Hint: you might not need to use a function.

import urllib.request
import time

def set_password():

password="C8HIONA02"| /. 4. to vewrite this section

~—
set_password()

def send_to_twitter(msg):
password_manager = urllib.request._HTTPPasswordMgr()
password_manager .add_password(""Twitter API™,

"http://twitter.com/statuses", ''starbuzzceo", password)

http_handler = urllib.request_HTTPBasicAuthHandler(password_manager)
page_opener = urllib._request._build_opener(http_handler)
urllib.request. install_opener(page_opener)
params = urllib_parse.urlencode( {"status”: msg} )

resp = urllib.request_urlopen("'http://twitter.com/statuses/update.json', params)
resp.read()

. he “password” vaviable is treated
it tater it S et iy persipate
eate the variable. o the program. The “send to_twittec()

n —

FSSkordz“ceH' ON“'OZ" L/ ‘Cunc{ion should now be ab\c to see it
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— Tast DRIve

The fixed version of the code has been loaded onto machines
in every Starbuzz store worldwide. It’s time to try out the code
and see if you can get the ordering system working again:

L Python Sheall B e LRI
Eile Edit Shell Debug Options Windows Help

Python 4.1 (rdl:r7d372, Jul © 2009, DH:0H:08) £ |
[6CC 4.3.3] on linux?

Typea "copyright", "credite" or "license()” tor more intormation.

a2 RESTART

P e

Do you want to see the price now (Y/H)? Y

) I

TRiTIE [ HewnE - WA retEEn

L0 e Jpow. Highory, JovradJocls. clp

=% - &0 &y [ st B e

TWIE [ HOTE _| &
T o
Whiat are you doing?

Suve enough, the emergenty ,. "
order prite gets £hrough. — :

I WlaFEFrTee & A
)

starburroec DeSghled 1o 1epar TRAL our sy 1AE187%
teAly ME skney, uibe (he SompelFion

Lw:firews. b o w2

Danc

It works! Because you are creating the password outside
of a function, it is available globally throughout the Python
program file. The password variable will be recorded against

the initial stack frame, so the send_to_twitter () function
will now be able to see it.

Let’'s see how the updated code is affecting
the rest of Starbuzz.

h starbursoen
i &

4 ar

nmes En
A D B fe
Taser g1

you are here » 109



full of beans

Starbuzz is fully stocked!

Show of hands who wants

a Skiymy }a{:{:e?

Wikth the eoffee beans (:ull\/.

th:ochd, fheve's plenty of hmf for

£he move important things in life . -« and there ave 3 lot
of happy Starbuzz

CUS{',OM ers, -boo‘ ~

From Cambridge to Cambodia, from Seattle to Sierra
Leone, the orders are being placed and the beans are
being delivered.

You did a great job. Your system tracks live prices from
the Web and automatically sends messages to the CEO
wherever he 1s on Earth. You are really using the power
of functions to keep your code clean, concise, and
clear. By correctly using variable scope, you even made
it easy to keep the password up-to-date.

Well done!

Phew! You really saved
the day! And the company!
For a while there, I thought
we were sunk... but you got
us back up and running.
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functions

. Your Programming Toolbox

" You've got Chapter 3 under your
belt. Let’s look back at what
you’'ve learned in this chapter:

Py{:hon Tools

¢ tode: * Use “def” o ereate functions.

value tan be seer * Use veturn() to send a value
back to the code that called the
‘cuhc{:ion.

* P?SS Parameters £o funetions by
Placing them between Paventheses.
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4 data in ¥iles and arrays

¥
* Sort It out +

Wow! Look, Mom! I didn't
know Daddy could surf the

green room... Ummmm... I just

hope he knows what
he's doing...

As your programs develop, so do your data handling needs.
And when you have lots of data to work with, using an individual variable for each piece
of data gets really old, really quickly. So programmers employ some rather awesome
containers (known as data structures) to help them work with lots of data. More times
than not, all that data comes from a file stored on a hard disk. So, how can you work with

data in your files? Turns out it's a breeze. Flip the page and let's learn how!

this is a new chapter 113



waiting for the waves

Surt’s up in Codeville

The annual Codeville Surf-A-Thon is more popular than ever
this year.

Because there are so many contestants, the organizers asked
you to write a Python program to process the scores. Eager to
please, you agreed.

The trouble is, even though the contest is over and the beach
is now clear, you can’t hit the waves until the program is
written. Your program has to work out the highest surfing
scores. Despite your urge to surf, a promise is a promise, so
writing the program has to come first.

Surf-A-Thon

The stoveboard is
curvently cvn\’f,\[- W°"dc‘{:?
114  Chapter 4 who won foday's tontest?



datain files and arrays

Find the highest score in the results file

After the judges rate the competitors, the scores are stored in a file called
results. txt. There is one line in the file for each competitor’s score. You
need to write a program that reads through each of these lines, picks out the
score, and then works out the highest score in the Surf-A-Thon.

A

Results ave stored n
the vesultstxt file.

(]

©

=] i

[a] —

g’ —
D

,-) “
E T ——
3]
2
1
(@]

It sounds simple enough, except for one small detail. You’ve written programs
to read data from the Web, and read data that’s been typed in at the keyboard,
but you haven’t yet written any code that reads data stored in a file.

you are here »
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shredding with the for loop

Iterate through the file with the open, for,
close pattern

If you need to read from a file using Python, one way is to use the built-in
open() command. Open a file called results . txt like this: P
ened ‘(:'\\C is ut {:hc ac{:ual name O‘F

_Er:ng:zd to a il handle,” result_f = open('results.txt™) the file 4o open heve.
called “rcsuH:__(:" heve.

The call to open() creates a file handle, which is a shorthand that youw’ll
use to refer to the file you are working with within your code.

Because you’ll need to read the file one line at a time, Python gives you the For
loop for just this purpose. Like whi 1€ loops, the For loop runs repeatedly,
running the loop code once for each of the items i something. Think of a
for loop as your very own custom-made data shredder:

The entive file is Note: unlike a veal
e enti

e —— shredder, the for loop
fed into the for loop . shredder™ doesn't
shreddev.. - dcs{'}ro\/ \IOMY‘ da‘{:a’—‘{:

\')us{: thops it into lines.

-

— s

The for loop shredder™ ]

i . —

...whith breaks it up into one—

—— | line—at—a—time thunks (which are
themselves strings).

———— <

[ ———— |

|_’—\,|

Each time the body of the FOr loop runs, a variable is set to a string

containing the current line of text in the file. This is referred to as iterating 3 d

through the data in the file: Open the <ile and give
/ ita £ile handle.

The “each_line” variable is resultf = open( results.txt"™
set 4o the next line from

i . i i - Do something with the thing \/ou’ .
the file on each u{cr:hon. for eac-:h_l ine |n- result_f: {:cszﬂc. i Ehis e Lot e el
The b l°Z?°}£"’YS W{;" print(each_line) / that the for loop’s tode is indented.

run ow nes
\C‘;d. result_f.close() &—— Close the file (through the file handle)

when you've done with it.
116 Chapter 4

ve just vead ‘CYO"\
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datain arrays

Code Magnets

You need to complete the code to find the highest score in the

results. txt file. Remember: the FOr loop creates a string from
each line in the file.

Hint: For the program to work, you will need to convert the string
into a number.

highest_score = 0
result_f = open(“results.txt™)

for line in result_f:

result_f.close()
print(*'The highest score was:'")

print(highest_score)

Iine
hlghest Score
highest_score
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getting the highest score

ez5 | Code Magnets Solution

k-
You needed to complete the code to find the highest score in the
results. txt file. Remember: the FOr loop creates a string from
each line in the file.
—————

Hint: For the program to work, you needed to convert the string into
a number.

riohestscore = 0 The “highest_score” vaviable gets
updated every time you find a line that
contains 3 higher stove.

for line in result_f: \/

indent the code
highest_score = ( )

inside the loop AND
“Pstatement. result_f.close() ’K
Remember to convert the string to

aBa'm inside the
print("The highest score was:") a number with float(). Even though

the line is a number, it comes i
_ _ : es
print(highest_score) the program as a string, e ke

result_f = open(‘“results._txt')

0

-
-
>
(0]

fhev the loop vuns, the “highest,_store
f‘ariacblc should have the best seore from {?hc|
data file, so you tan then 90 ahead and display

it on stveen.

%

* Load this!
'

To successfully run this program, you need to grab a copy of the results. txt
data file from the Head First Programming website. Be sure to put the data file in
the same directory (or folder) that contains your code.

118 Chapter 4
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datain files and arrays

—TasTt DRIve

It’s time to see if the program works. Use IDLE to create a new file using the code
from the previous page, save your program as high_score.py, and then run it by
pressing the F5 key:

B high_score.py - fhome/barryp/HeadFirstProg/ | *

reoult f.cloac|)
print("The highest score waa:™)
IEI-I inlL{h i ghesl acore)

Python Sheall
Eile Edit Shell Debug Options Windows

File Edt Format Bun Options Windows Help Heve’s the Program
nighest score = 0 £ £YPed into [DLE.
rosult f = opon| rosulta.txt”)
r line in resalt f:
fMoal |1 ine) > highesl score:
higheat score = float|line) (

Python 3.1.1 (£311:74480, Aug 18 2008, 07:03:4%)
[GUC 1.3.3] on linuxz

o RESTART

Typc "copyright", "creditos" or "liccnoc{)" for morc information.

IXF
racebacx [moat recent ca astj:
{-,h ) T 1] } t t 11 last
Oh, no, something's
SOV\C SO\A{')\ heve... ﬂ if flaat|line) > higheat score:
ValueErrur: could ool convert slring Lo [loal: Johony 8.65
wan |

Look’s like you are rying
to tonvert something that
didn't look like a number

Oh dear. It looks like something’s gone wrong! The program has
crashed with a ValueError, whatever that is.

— RANN

File "/home/barryp/lecadFirstProg/chapterd/code/high neore.py”, line 4, in <medule®

‘PQOQWEWR

with the data? What do you think happened?

Study the error message produced by Python. Is there something wrong with
the Python code? Is there a problem with the file? Is there something wrong

you are here »
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names and numbers

The file contains more than numbers...

To see what happened, let’s take another look at the judge’s score sheet
to see if you missed anything:

The ")udgc's official ID
badge was tovering up the

names.

Johnng 8.6S
Juoan

Joseph

stace:, 7.81
Aaldeen
Zo.cK

Aoaron

The judges also recorded the name of each surf contestant next to his or
her score. This 1s a problem for the program only if the name was added
to the results. txt file. Let’s take a look:

Aideen 8.05
Zack 7.21
Aaron

Johnny 8.65
e Juan 9.12
o Joseph 8.45
The v-csun\J(:-‘aa
——— Stacey 7.81
gi‘& ——

Sure enough, the results. txt file also contains the contestant names.
And that’s a problem for our code because, as it iterates through the file,
the string you read is no longer just a number.

120 Chapter 4

Theve are two pieces

of information on

Name score K each line: 3 name and

a number (the surfer’s
store).

<—The vesults in the file

look ike his.



datain

Split each line as you read it

Each line in the For loop represents a single string containing two
pieces of information:

Johnny 8.65
Juan 9.12
Joseph 8.45
Stacey 7.81
Aideen 8.05
Zack 7.21
Aaron 8.31

e _—

The For loop shredder™ J

Brad 4.03 F_.. Eath line tontains 3
as a string:

Jim 7.91

‘l \ \'IB isolate the store, You need to

" eut each line in two.

e
¥ A;E_

You need to somehow extract the score from the string. In each

line, there is a name, followed by a space, followed by the score. You
already know how to extract one string from another; you did it for
Starbuzz back in Chapter 2. And you could do something similar
here using the Find() method and index manipulation, searching
for the position of a space (' ') character in each line and then
extracting the substring that follows it.

Programmers often have to deal with data in strings that contain

several pieces of data separated by spaces. It’s so common, in fact, And \/ou'“ find that other

that Python provides a special string method to perform the cutting programming languaECS have very
you need: split(). similar meehanisms tor breaking up

/ strings.
Python strings have a built-in split() method.

arrays

name and 3 number,

121



split the string

The split() method cuts the string

Imagine you have a string containing several words assigned to a variable. Think [ _",
of a variable as if it’s a labeled jar: . ¢
rock_band = "Al Carl Mike Brian" . (
A vaviable, 3 b "
A sinole vaviable is assigncd,.. -a single S{:ving, which labeled jar- - = A S‘{:\r‘i-ng,
) eontains four wovds. .Coh'(:AIncd
" @ variable
The rock_band string, like all Python strings, has a Sp1 1t() method that (jar).
returns a collection of substrings: one for each word in the original string.
Using a programming feature called multiple assignment, you can take
the result from the cut performed by Split() and assign it to a collection of
variables: S The vight side of the
. assignment operator
The left side of H\c. L (rhythm, lead, vocals, bass) = rock_band.split() tontains the eall 4o
assignment operator lis the split() method.
the vaviables to assign
values to.

--eath with its own

. 'ablcs...
Multiple vavi stringed value.

Each of the return values from the sSpl1t() on rock_band is assigned to its
own separately named variable, which allows you then to work with each word in
whatever way you want. Note that the rock_band variable still exists and that it
still contains the original string of four names.

Looks like you can use multiple assignment and split() to
extract the scores from the results.txt file.
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datain arrays

_ Here is the current version of the program:
Exercise
highest_score = 0
result_f = open(“results.txt™)
for line in result_f:
if float(line) > highest_score:
highest_score = float(line)
result_f._.close()
print("'The highest score was:'")
print(highest_score)

Write the extra code required to take advantage of the split() method and multiple
assignment in order to create variables called name and score. Then use them to complete
the program to find the highest score.

123



find the

Here is the current version of the program:

Exercise
LutiON

highest_score = 0
result_f = open(“'results._txt')
for line in result f:

if float(line) > highest_score:

highest_score = float(line)

result_f.close()
print(""The highest score was:')
print(highest_score)

You were to write the extra code required to take advantage of the split() method and

multiple assignment in order to create variables called name and score, then use them to
complete the program to find the highest score.

idd in the ¢all 4o the split() method

. Cu;‘l: the line in two, ereating the

name” and “seore” varibles.
The only tode thanges /‘? for line in vcsuH:_1c ;
e ave wibhin the oI J ....................................................
for loop. The vest of (name, store) = linesplit) 2 oo

o0ram remadins

A oo 1K Rloat(seore) > highest,_store

You are no longcr /\

tomparing the line to
the highcs{: stovre, so
be sure to tompare the
“seove” vaviable instead.
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—TesT DRIve

datain files and arrays

So what happens when you run s version of the code within IDLE ? Let’s

amend the code and see:

Eile Edit Format Run Ophtions Windows

B high_scorez.py - fhome/barryp/HeadFirstProg/

The amended tode, whith

higheet score - O
result £ = open("reoulto.txt")
lins remult f:

higheat score = float({score)
resull r.|:!||::|:-||-|:_p
print{"The highest score was:™)
print{higheat_ncorc)

{name, score) = line.split{] /
it float|acere) ™ hignest score:

{:akcs advah-ta e 0‘(_‘ t
h
IO methad o€

Pythen Shell

This time, the program
produces 3 vesult you

can actually use.

—

Eile Edit Shell Debug Options Windows

Python 3.1.1 [r3ll: 4480, Aug 1¥ 2009, 07:03:45)

>33 —— cmseves RESTART

)

The highcat acorc waa:
9.12
|

B
[8C0 4.3.3] on linux?
Type "copyright", "credite” or "license()” for more information.
L2
4

It works! The program reads each line from the file as a string, extracts the

score using the SpITt() method, and then uses it to find the highest score
in the file. The organizers are so excited to hear that the program is finished
that they immediately display the result on the large scoreboard at the back

of the beach.

The vesults ave nl

Ovr are

they.. ?

Surf-A-Thon

9.12

Ummm ... those are
the top scores?!?!

you are here » 125




more top scores

But you need more than one top score

As soon as the top score appears, people start to wonder what the
second and third highest scores are:

Surf-A-Thon L What about second

'ou are missing some -
¥ i ® © 0 06000 00 0 0 0 o and third place?

stoves heve... the 2"
and 279 seores ave a

mystery. \

‘Muﬁ

It seems that the organizers didn’t tell you everything you
needed to know. The contest doesn’t just award a prize for the
winner, but also honors those surfers in second and third place.

Our program currently iterates through each of the lines in the Looks like you need extra
results. txt file and works out the highest score. But what it vaviables for the second and
actually needs to do 1s keep track of the top three scores, perhaps thivd \,,;Shcs{; stoves.

in three separate variables:

setond_
— highest
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datain arrays
13
Keeping track of 3 scores makes the code
wmore complex
So how will you keep track of the extra scores? You could do something
like this:
;h;‘is NOT veal set the highest_score to 0
)
Ython tode. [t's what — | set the second_highest to 0
programmers call “pseudo-— he third_high 0
tode. Thc\/ use it when set the third_highest to
.Jchey are Skcft‘,hing out iterate through each of the scores:
ideas an)d working out 3 if the score > highest_score:
Program’s logic. set the third_highest to second_highest
set the second_highest to highest _score
set the highest_score to score
otherwise if the score > second_highest:
set the third_highest to second_highest
set the second_highest to score
otherwise if the score > third_highest:
set the third_highest to score
You can see that there’s a lot more logic here, because the program needs
to “think” a bit more. Unfortunately, turning this logic into code will
make the program longer and harder to change in the future. And, let’s be
honest, it’s somewhat more difficult to understand what’s actually going
on with the logic as shown here.
How could you make this simpler?
— daharpen your pencl
\ Y Think about what would make the program easier to write. Check
the box that you think would have the greatest impact:
|:| If there were no names in the file, only numbers |:| If the data were ordered highest to lowest
|:| If the scores came before the names in the file |:| If you knew exactly how many lines are in the file
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sort

\ rpen your penml

sgl t un You were think about what would make the program easier to
utl write and check the box that you think would have the greatest
impact:

|:| If there were no names in the file, only numbers Eﬁthe data were ordered highest to lowest

|:| If the scores came before the names in the file |:| If you knew exactly how many lines are in the file

An ordered list makes code much simpler

If you had some way of reading the data from the file and then producing an ordered copy
of the data, the program would be a lot simpler to write. Ordering data within a program
1s known as “sorting:”

The Joo\? fhree stores are just
the Fivst three values in the
sorted data, extracted to

An ordeverd (or

sorted) eopy of

The wnsorted data the same daJca vaviables. Easy!
{ J
8.65 9.12 '
9.12 8.65 mmmm—
8.45 8.45 M
7.81
8.05
7.21
8.31

But how do you order, or sort, your data? What happens to the original data
in the file? Does it remain unsorted or is it sorted, too? Can the data even be
sorted on disk and, if so, does this make things casier, faster, or slower?

Sorting sounds tricky... is there a “best” way?
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Sorting is easier in memory

If you are writing a program that is going to deal with a lot of data, you
need to decide where you need to keep that data while the program works
with it. Most of the time, you will have two choices:

o

Keep the data in files on the disk.

If you have a very large amount of data, the obvious place to put it is on
disk. Computers can store far more data on disk than they can in memory.
Disk storage is persistent: if you yank the power cord, the computer
doesn’t forget the information written on the disk. But there is one real
problem with manipulating data on disk: it can be very slow.

Keep the data in memory.

Data is much quicker to access and change if it’s stored in the computer’s
memory. But, it’s not persistent: data in memory disappears when your
program exits, or when the computer is switched off (unless you remember
to save it to a file, in which case it becomes persistent).

Keep the data in mewmory

If you want to sort a lot of data, you will need to shuffle data around
quite a lot. This is much faster in memory than on disk.

Of course, before you sort the data, you need to read it into memory,

perhaps into

\{ou need to move -

the lines of data ==

m ‘H\C VCSUHZS'{*{: 3 — ﬁ
file into memory S—

before trying to -

sort it

Smeain

'@%QWER

You are going to have a problem if you attempt to move all those
lines of data into the computer's memory. What type of problem do
you think you'll have?

a large number of individual variables:

Do \lou

tupboar

arrays

You have lots of lines of

data, so you'll need lots of
variables... vight2/2

have a big )
d2/2 Because that's

alot of \')arsn-
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too many variables

You can’t use a separate variable
for each line of data

Programming languages use variables to give you access to data in
memory. So if you are going to store the data from the results.txt
file in memory, it makes sense that you’ll need to use lots of variables to
access all the data, right?

But how many variables do you need?

Imagine the file just had three scores in it. You could write a program
that read each of the lines from the file and stored them in variables
called First_score, second_score, and third_score:

Each line in the file gets a
vaviable of its own.

The data in
the file

N

But what if there were four scores in the file? Or five? Even worse, what
if there were 70,000 scores? You’d soon run out of variable names and
(possibly) memory in your computer, not to mention the wear and tear
on your fingers.

Well, the As are done
and that's the first volume
of all the entries from the
Encyclopedia Galactica stored
in memory. Time to tackle the
Bs, then the Cs, Ds, Es....

Sometimes, you need to deal with a whole bundle
of data, all at once. To do that, most languages give
you the array.
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An array lets you manage a whole train of data

So far, you've used variables to store only a single piece of data. But

sometimes, you want to refer to a whole bunch of data all at once. For b
that, you need a new type of variable: the array.

An array is a “collection variable” or data structure. It’s designed to x

group a whole bunch of data items together in one place and give them h

a name.

Think of an array as a data train. Each car in the train is called an
array element and can store a single piece of data. If you want
to store a number in one element and a string in another, you
can.

Eath car holds
a single piece

data.

Heve tomes the >
data train.

You might think that as you are storing all of that data in an array,
you still might need variables for each of the items it stores. But this is
not the case. An array is itself just another variable, and you can give it
its own variable name:

my_array = 24", "Fish", "hat stand"]

L

m |"hat stand" !

All aboard
the my_array
express!

Even though an array contains a whole bunch of data items, the array

itself is a single variable, which just so happens to contain a collection of data.
Once your data is in an array, you can treat the array just like any other
variable.

So how do you use arrays?
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create and extend

. . . Python coders typically use the word “arvfa\/” to
Py‘l-ho" glves you arrays wrrh Ilsfs m:/wc cor\rc:ﬂ\/ rZ(:cr 4o a list that contains only

Sometimes, different programming languages have different data of one type, like a bunth of s{:\rmﬁiho\' i "
names for roughly the same thing. For example, in Python most bunch of numbers. A?‘d P\/{';!‘O" L<‘>mcs o t aow
programmers think array when they are actually using a Python €&— in tethnology called avvay For J"S+‘ {“hah purpose
list. For our purposes, think of Python lists and arrays as the However, as lists ave very similac and muth more

essentially same thing, flexible, we Vrc(:e\r o use them, so you don't need
to worry about this distinetion for now.

You create an array in Python like this:

my_words = ["'Dudes™, "and']

Give the 7 Assign a list
array a name. of values it

This creates a two-item array and gives it the name my_words.
To look at individual items in the array, index the element
required:

>>> print(my_words[0])

Dudes

>>> print(my_words[1])

and

You can read individual pieces of data from inside the array using an
index, just like you read individual characters from inside a string.

As with strings, the index for the firs¢ piece of data is 0. The second
piece has index 1, and so on.

Arrays can be extended

But what if you need to add some extra information to an array?
Like strings, arrays come with a bunch of built-in methods. Use the
append() method to add an extra element onto the end of the array:

>>> my_words.append("'Bettys')
>>> print(my_words[2])
Bettys

The array has 9rown
by one data element.

"Bettys"




datain arrays

— ddharpen your pencl
\ : Rewrite your program so that each time you read a new score you
- append it to the end of an array called scores.

Then amend the code to print out the first 3 scores in the list.

highest_score = 0
Heve's the tode as result_f = open('results.txt™)

it cwm\{l\/ stands.

for line in result_f:
(name, score) = line.split()
if float(score) > highest_score:
highest_score = float(score)
result_f.close()
print(""The highest score was:'")
print(highest_score)

Hint: To create an empty array of scores use scores = [].
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high scores

— @gharpen your pencil
\ "N &,Iutmn You were to rewrite the program so that each time you read a
' new score you append it to the end of an array called scores.

You were then to amend the code to print out the first 3 scores in
the list.

Heve’s the tode as highest_score = 0
i+ Cwnnjd\/ stands. result_f = open(*“'results.txt")
for line in result_f:
(name, score) = line.split()
if float(score) > highest_score:
highest_score = float(score)
result_f.close()
print(""The highest score was:'")
print(highest_score)

Start with an
empty avray. ~

stoves = [J

..but, this time, append the
stovres {.9 an aV'V'ay- ........................................................................................................

vesult f.elose()

......... T T s s e s e ses et eceataesas e et e s ettt esteee ettt ersaeteses et ee e ettt aeetesesesestteebe et earesoanseas

With the data safely
s{;orcd in {',\'\C arra\/;
yrin{: out the ‘(: iest 3
array elements.
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datain files and arrays

— TasTt DRIve

The program should now store all of the information from the file into
the scores array before displaying just the top three scores. Let’s run
the program within IDLE and see what happens:

B high score arrays.py - fheme/barryp/H| +
Eile Edit Fgrmat Run Options Windows

soores. = | Python Shell
result £ = open{"reault
for 1ine in result f: Ele Edit Shell Debug Optwons  Windows Help

[name, aceorc) = lin -
2 Iython J.1.1 [rdll:7448%0, Aug 18 2009, 07:03:43)
acores.append|float :
[GCC 4.3.3] on linux2
reoult_f.cloac() b i i S Abnas w4 5 {ng ti
prEnk [*The kbop soocen [ype ~copyrig , "oredite" or icensal ) or mora intormation.
g oo —— RESTART ———— ==
print(escorea|U]) i
print{ascoreal]) M
The top acoren were:
print(scores[2])
9 B.63
9.12
B.43
'-—”*l
L4
4
® 6 6 6 06 6 6 6 o o o o o o

The tode produtes these
vesults, whith flash wp on

fhe stoveboard- \

Surf-A-Thon

1' 8.65
. 9.12
3. 8.45 Cool, dude!

®© 0o 060606 0 0 0 0 / That's my score...
I can't believe T
won.

Crap. The program is printing out the 3 scores all right, but it’s not
printing out the top 3 scores in order, and there’s confusion about who
won.

— RANN
‘PQWEWR

Which important step did the program forget to perform?




sort the array

Sort the array before
displaying the results

The array is storing the scores in the order they were read from the file.
However, you still need to sor¢ them so that the highest scores appear frst.

You could sort the array by comparing each of the elements with each of
the other elements, and then swap any that are in the wrong order. The boxes in

sto

’ the arvay are
er n g V'ahdom ordey-.

& Eg tlosely examining the array

boxes, Yyou tan sort them by
arranging the boxes in biggest—
to—smallest order.

That looks complicated. Aren't
we doing all this to make the
code simpler and easier to maintain?
T wonder if the array has any built—
in methods that might help...?

Arrays in Python have a whole host of methods that make
many tasks easier.

Let’'s see which ones might help.
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datain arrays

v. CF .

+ WHAT'S MY PURPASE™D?
gl

These are some of the methods that come built into every array. See
if you can match up the descriptions with the method names. Draw in
the missing connecting lines. We’ve done one for you to get you started:

Method What the methed does

count(Q Sorts the array into a specified order (low to high)
extend() Removes and returns the last array item
index() Adds an item at any index location
insert()/_\—"ﬂ Looks for an item and returns its index value
popQO Reverses the order of the array

remove() Tells you how many times a value is in the array
reverse() Adds a list of items to an array

sort() Removes and returns the first array item

N BRANN

—_—
SARREL L

Can you work out which two methods you need to employ to allow
you to sort the data in the order that you need?
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sort

v. CF .

T WHAT'S MY PLURPQASET
- i 4 SQLLT\QN

These are some of the methods that come built into every array. You

were to match up the descriptions with the method names:
Methed What the method does
count() Sorts the array into a specified order (low to high)
extend() Removes and returns the last array item
index() Adds an item at any index location
insert() Looks for an item and returns its index value
popO Reverses the order of the array
remove() Tells you how many times a value is in the array
reverse() Adds a list of items to an array
sort() Removes and returns the first array item

N ERANN

M 2ARBELL SOLOTION

You were to work out which two methods you needed to employ to
allow you to sort the data in the order that you needed.

The sort() and reverse() methods look the most useful. You
need to use reverse() after you sort() the data, because the
default ordering used by sort() is lowest-to-highest, the opposite
of what you need.
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datain files and arrays

Sort the scores from highest to lowest

You now need to add the two method calls into your code that will sort the
array. The lines need to go between the code that reads the data into the list
and before the code that displays the first three elements:

The aveay starts oﬂ:n'm a3 vandom
i order. [ts “unsorted

Here is the existing program. Add in the missing code that sorts
the data, highest-to-lowest.

= Q&arpﬁm your pencil

scores = []
result_f = open('results.txt')
for line in result f:
(name, score) = line.split(Q)
scores.append(float(score))
Put the extra result_f_close()

tode heve. \

print("'The top scores were:')
print(scores[0])
print(scores[1])
print(scores[2])

you are here » 139



all sorted out

rpen your pencil
Y solutlun Here is the existing program. You were to add in the missing code
that sorts the data, highest-to-lowest.

scores = [1]
result_f = open(‘'results._txt')
for line in result_f:
(name, score) = line.splitQ)
scores.append(float(score))

result_f.close() At this point in £hccodc,£hcarvayis

in memory but it’s not in the d
need. [t's unsorted. e
stores.sort()

.......................... F T\'\CSC {WO mc‘hhod ca”s WI” SOV‘{
the data into the vequired order.

print(""The top scores were:')

print(scores[0])
print(scores[1]) & — Now that the array is sorted, the first
print(scores[2]) three elements contain the high scoves.

After the eall to sort() and
vevevrse(), the array is sorted
in the order You need. &l

Geek Bits

It was very simple to sort an array of data using just two lines of code. But it turns out you can do even
better than that if you use an option with the SOrt() method. Instead of using these two lines:

scores.sort()
scores.reverse()
you could have used just one, which gives the same result: scores.sort(reverse = True)
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X Tost DRiIve

Update your program in IDLE and run it. Look what happens:

B high_score arrays sorted.py - fhome/bar + - 0 X

Lile [dit Format Run Options Windows Help The additional code ensures the
e - / vesults are in the order You need
reanlt £ = open{®reaultsa.txt®)

line in result I: J{

(name, score) = line.split

scores.append|floaffl™ |
reoult f.cloae()

Python Shell
Eile Edit Shell Debug Options Windows

Python J.1.1 (rdll:744H0, Aug 18 2009, 0/7:03:45)

acorco.oort( )

Beares. reverae| § [BOC 4.3.1] on 15 miaxs
ot Type "“copyright®, "credits” or "license()~ tor more intormation.
prin “The Lop scores s
: FEES - mamnnnn REOTART o e e o e 5 0

print(scorea|U])
print{scorea[1])
print(scorea[2])

P e
The top acores werei
9.12
B.65
B.43
e |

Looks muth better!

The program works great!

The scores are in descending order, and the program is really not much longer
than when it found just one score. Using arrays allows us to solve a much
harder problem with very little extra code. And instead of using lots of
complex logic and lots of variables, you have straightforward logic and only
one variable: the SCOres array.

Surf-A-Thon

1. 9.12
2. 8.65
3. 8.45

Dude, those are
some sweet scores.



scores without names

And the winner is...7

It’s time for the award ceremony.

The prizes are lined up and the scores are on the scoreboard.
There’s just one problem.

Nobody knows which surfer got which score.

\(ou know the winning
stoves, but the winnng
sw{:cvs vemain 3 m\/s{:cry...

Surf-A-Thon

o 6 & ®© 6 6 6 6 o 0 0o o o

1. 9.12
&. 8.65

3. 8.45

® 6 6 06 6 o o O
e 6 6 6 o o o o
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You somehow forgot the surfer names

With your rush to catch some waves before the light is gone, you forgot
about the other piece of data stored in the resul ts. txt file: the
name of each surfer.

Without the names, you can’t possibly know which score goes with which
name, so the scoreboard is only half-complete.

The trouble is, your array stores one data item in each element, not
two. Looks like you still have your work cut out for you. There’ll be no
catching waves until this issue is resolved.

How do you think you

can remember the names

Noame
ou foraot 4o = and the scores for each
otess the Johnn .
o — 1y J surfer in the contest?
Juon

n
Josep Once you’ve tltoug]nt

about this Prol»lem, turn
over to Cltapter 5 and
see il you can resolve

stace:,
aldeen
ZocK

RAovron
this issue.
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programming

. Your Programwing Toolbox

" You've got Chapter 4 under your belt.
Let’'s look back at what you’ve learned

in this chapter:

o Too\S

o
cooram disk
\: Q\c? _ veading 4582 s*pudb:“‘c\na‘c holds
1 . aol¢
 aeeays = 2 c:\:a&:\:\ava:a“ e actessed O P\/{h” Tools
L ems
Jbele data e ¥ open() — open a file for Protessing
mde vangind 3 tollettion ast ¥ elose() - close a file
ing — 3¢
* sdo:: n% * for — iterate over Somc{‘,hiha
oY
a :Z' '“S-SPl"u) -euta S‘l‘,!rmg into muH:iFle
/ *[J — the array index operator
¥ arcay.append() — add an ;
. an item 1o the end of

¥*
hiai:vs-zy.sor{:() — sort an arvay, lowest—to—

* array.reverse() — thange the order of 3n
arvay by reversing it
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5 hashes and databases

*
* Putting data ~ «
+ Inits place

To surf one’s data properly,
one must constantly practice
one's pose...

Arrays aren’t the only show in town when it comes to data.
Programming languages come with other data-arranging goodies too, and our chosen tool,
Python, is no exception. In this chapter, you'll associate values with names using a data
structure commonly called the hash (better known as dictionary to Python-folk). And when
it comes to working with stored data, you'll read data from an external database system
as well as from regular text-based files. All the world’s awash with data, so turn the page

and start applying your ever-expanding programming skills to some cool data-processing
tasks.

this is a new chapter 145



still looking for a winner

Who won the surfing contest?

In the previous chapter, you worked out the top three scores,
but they’re not much use without the names of the surfers that
achieved those scores. There will no be surfing for you until
you've finished the program.

Here’s the code so far:

scores = []
result_f = open("'results.txt")
for line in result_f:
(name, score) = line.splitQ)
scores.append(float(score))
result_f.close()
scores.sort()
scores.reverse()

print("'The top scores were:")
print(scores[0])
print(scores[1])
print(scores[2])

You still dont

know who won.

Winners
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hashes and databases

The fix is easy.
Just use two arrays.
How hard is that?

Rewrite your current program to use two arrays: one to keep
track of the scores, the other to keep track of the surfer names.
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two

B s

As well as the scoves
arra\/, \/ou now need

Append the surfer’s na
to the names array.

names array:

Remember o sort the

r pencil

3 %Iutmn You were to rewrite your current program to use two arrays: one

to keep track of the scores, the other to keep track of the surfer
names.

a names arvay, too. ™= names =[]

me

148

Don't forget to download resullts.
Xt from the Head First Programming
website before continuing.



http://programming.itcarlow.ie

hashes and databases

— TasTt DRrive

With the results . txt file saved to the same directory as your program, enter this
code into IDLE and see what happens. Remember to save your program, then press
I5 to run it.

B high_score 2 arrays.py - fhome/barryp/HeadFirstProg/chapt + -
Eile Edit Fogrmat Run  Ophtions  Windows Help

socores = || £
names = []
result £ - open("results.txt")
line ‘o resalt f:
[name, scora) - line.split()
scores.append(float{acore))
names . append|name )
result_f.close()

scorca.oort()
suores. reverse| )

These vesults don't make sense/

names . socl{}

namca . reverac| ) Python Shell
print(“ihe nighest scof L€ Edit Shell Debug Options Windows
print(names{0] + ° willl poypon 3,1.1 (r3ll: 74480, Aug 1B 2009, 07:03:4%) q
Print[namae|l] ¢ ° Wity (ges 4,3.3) on limuxd
print(namesf2] | ° witll pyma =gopyright”, "credits” or "license()" for Zore informationm.
PR p—— m— -
b )
— The highecat oscorca werc:
ZTack with 9.12
Stacey with H.b3
Juan with &.45
aaa |
el
d

Those results look a little strange. Zack is only a novice surfer but, according
to the results from your program, Zack has the highest score. It looks like the
association between the surfer names and their scores is somehow lost... and if
you think about it, this is exactly what’s happening.

The two arrays are independent of each other: one contains scores, the other
names. When the data is in the file, the surfer name and the scores are associated
with each other because they appear on the same line. However, once the split
occurs and the data is in the arrays, the association is severed. Sorting one array
has no effect on the ordering of the other. No wonder your results are a little off
the wall.

How do you fix this?
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need a new

Associate the name with the score

Using two arrays just won’t cut it. You need some other data structure to hold
your data in such a way that the association between the surfers’ name and their
score 1s maintained.

9.12 Zack
" 8.65 Stacey
Here's the
. 8.45 Juan AN
sorted TS| 8,31 Joseph ~-and here’s
stoves..- ‘H’lc away
8.05 Johnny of sorted
7.81 Aideen hames.
7.21 Aaron
Man\/ rows
of data
But the stoves "’° l°“5" What you need is
mateh the names! something Jd\a{
looks like this.
2 83
Exactly two
You need a different data structure. But which one? tolumns of

matehed data

&(Scholar’s Corner i

Data Structure A standard method of organizing a
collection of data items in Your computer’s memorYy.
You've alrcady met one of the classic data structures:

the arvay.
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hashes

w. CF .

databases

T WHAT'S MY PURPQSE™T
- +

Match the data structure names on the left with their descriptions on
the right. We’ve already done one for you. Which one do you think
you’ll need to use for the surfer data?

Array A variable that allows data to enter
at one end of a collection and leave
at the other end, supporting a first-in,
first-out mechanism

Linked list A variable that contains data arranged
as a matrix of multiple dimensions
(but typically, only two)

Queue A variable that has exactly two
columns and (potentially) many rows
of data

Hash A variable with multiple indexed slots
for holding data

A variable that creates a chain of data
where one data item points to another

Set data item, which itself points to
another data item, and another, and
so on and so forth

Multi-dimensional array A variable that contains a collection

of unique data items
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hash

“« ©F :

Here's the

one You

need- N

+ WHAT'S MY PURPASE™?
- 4 4 SQA\LLTI\QN

You were asked to match the data structure names on the left with
their descriptions on the right. You were also to identify which one you
thought you might need to use for the surfer data.

A variable that allows data to enter

at one end of a collection and leave
at the other end, supporting a first-in,
first-out mechanism

Linked list

A variable that contains data arranged
as a matrix of multiple dimensions
(but typically, only two)

A variable that has exactly two
columns and (potentially) many rows
of data

A variable with multiple indexed slots
for holding data

A variable that creates a chain of data
where one data item points to another
data item, which itself points to
another data item, and another, and
so on and so forth

A variable that contains a collection
of unique data items

Multi-dimensional array

Use a hash

¥ 3 a “dictionary.” -
s )
Geek Bits
You need to use a data structure that maintains the

association between the surfer score and the surfer name,
which is exactly what a hash gives you. There are lots of
surfers with lots of scores, and you need to maintain the
association between the two pieces of information.

Let’'s take a look at how hashes work. we’ll stick to using the name hash. W
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Known in the P\/U\on world

Hashes go by different names in
different programming languages:
mapping, dictionary, assoctative array, and
key-value list, to name a few. In this book,

|
This tuts down on the amount O‘C {',\/P'mg and saves our poor f’mgcrs,’



hashes and databases

Associate a key with a valve using a hash

Start with an empty hash: \ y bratkets here:

> Note the use of ewr

scores = {}

An Cm\?{:\j hash is ass'lgncd to a /\

)
vaviable called “scoves’- \
Leores

\ £~ The values 90 heve.

The keys go here:

You add data to an existing hash by describing the association between the key
and the value. Here’s how to associate a surfers’ name with their score:

Put the kcy inside the /\ = and Yu+' the value to the r\gh{‘, of
square brackets... scores[8.45] = "Joseph” e assignment opevator-
LCOoresS
R4S Jo&ep\ﬂ Note how the act of assigning a
Vel value to a key CREATES %he hash
A new vow of data is added to E:fVY) (alssllgng iyl not already
1ation. ere/. In hon, hcrcl

the hash. Note the assotiation i “aﬂ:{:nd()” o :dhz‘ov.

hashes as theve is for arrays.

you are here »
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iterate hash data

lterate hash data with ﬁ:;

Let’s add some additional rows of data to your hash:

LeOoresS

Data in a hash is
“\Oseph maintained in 3
seeming) vandom order,

280\‘\ = / buk don t wovrry abou{‘,
that for now

Juan

*Juan”
"Zack*®

scores[9.12]
scores[7.21]

The new rows

have been added.

Once you have a hash created, you can use the trusty
for loop to iterate over each of the rows:

The “keysO)” built-in method veturns an array of
the keys of the hash. Theve ave no exkra points for

Tak
e c2th of the quessing what the “values)” method does.

.kcys in the hash
n Turn...
" for key in scores.keys():

print(scores[key] + * had a score of * + str(name_part))
.and display a tustom j
message using the data

When \rc‘Fcrr' +o . )
in eath vow of the hash. " T a value assotiated with a key, use

square brackets (Jus{: like you did with array data).

! Python Shell
Eile Edit Shell Debug Options  Windows
JD!-EPII. had a score of 8.43
)
Heve's what would Juan had a score of 9.12
d|s?|a\l on streen Facrk had a score of T7.21
. \'\C Aaron had a ocorc o H.31

(aSSlA"tlY\S“ a" T‘{',S‘{', {)) Bideen hard a =score of &.05

data in “vesults-Tx Johnny had a ocorc of B.65

was availablc {'p ‘H’\C SLacey harl a soore of T.81

ot |

Another hash method, called 1'tems(), returns each key-value pair in turn,

and can be used with the For loop, too: « ”
The “itemsO)” method veturns each
« key—value pair-.

for score, surfer in scores.items():
print(surfer + * had a score of " + str(score))

Whichever method you use to iterate over your hash’s data is up to you,
because using 1'tems() or keys() produces the same output.
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Code Magnets

Rearrange the code magnets at the bottom of the page to complete
the program shown below. Rather than using two arrays, this
program stores the results from the surfing contest in a hash:

result_f = open(“results.txt"™)
for line in result_f:

(name, score) = line.split(Q)

result_f.close()

print(""The top scores were:')

= e -
\ scores[score] = nam I l for each_score in Scores.keys(): '

print(“Surfer " + scores[each_score] + " scored * + each_score)

Scores = {}
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surfers with their scores

o255 | Code Magnets Solution

et
You were to rearrange the code magnets at the bottom of the page
to complete the program shown below. Rather than using two
arrays, this program stores the results from the surfing contestin a
= antd hash:

‘(ou need to start with an cm?{:\/ hash,
\/ as opposed to an empty avvay.

Scores = {}

for line in result_f:

(name, score) = line.split(Q)

= &~ After splitting out the name and the stove, use
""""" scoresfscore] name ihc valu‘: of “3(,orc" as the key of the hash and

)
result_f.closeQ) £he value of “name” as the value.

You'll £ind out soon why the “seove”
and not the “name” is used (in +his
tase) as the key of the hash.

print(""The top scores were:')
Use a for loop—
4o protess the for each_score
contents of N
the hash.

in scores_keys():

print("Surfer " + scores[each_score] + " scored " + each_score)

A
Display each vow from the hash,
destvibing the assotiation.

therejare no o
Dumb Questions

Q: Can | append data to a hash just like | did with an array? Q: Can | use anything as the key of a hash?

A: Yes, and no. There’s no append () method for hashes A: No, you can’t. The rules Python applies here can be complex

like the one included with every array. To add a new row of (as they can be in other programming languages, too). The best
data to an existing hash, use code similar to that used in the advice we can give you is to stick with numbers and strings as
solution, above. Hashes do have their own set of methods, but keys. Trust us: this isn’t as restrictive as it first sounds and is, by
append() is not one of them. far, the best/easiest strategy to follow.
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—TYest Drive

Take the code from the previous exercise and use it to create a new file in
IDLE. Call your program scores_hash.py. When you’re ready, press
I35 to run your program.

B scores_hash.py - jhome/barryp/HeadFirstProg/chapters/code/scores_hash.py |+

Eile Edit Format Run Options Windows Help
Bcores = (] -
n-.-e-u:'il._f = ope=n| “reaallia el ™)
tor line in result f:
[name, score) = line.aplit()
Bcores[score] - name
result_f.cloae()
print | "The top acores were:i")
r each score in scores.keya():
print('Burfer ' + scoresa[ecach score] + " ocored ' + cach acore)
L4

Cool... eath seore is now assotiated
with the corvett sucker name.

= Pythi
Eile Edit Shell Debug Options Windov/s

] z======= /——— RESTART === ====== '_'
e e |

The Lop =cores were:
surter Joseph scored H.45
Surfer Juan acored 9.12 L
Surfer Zack scored 7.21
Surfer Aaron scored 0.31
Surfer Aideen scored B.05%
Burfer Johnny scorcd B.65
4
d

Burfler Sbtacey soored T.R1
== |

Great! Your program now uses a data structure that allows
you to associate two related pieces of data together.

you are here » 157



sort the surfers

The data isn't sorted

Your program now associates surfers and their scores, but ° ur
it displays the data from the hash in some sort of random S f-A-Thon

ordering. You need to somehow sort the data in the hash
to find out who actually won the contest. 1. Joseph 8.45

Zack 7.21

3. Juan 9.12
Python hashes don't have a sort() method... cooo0ccec o0

In Python, hashes are optimized for speedy insertions and even

T1 )
speedier look-ups (searches). As a consequence, the good folks that hese sores arent

. : - in the yi
created Python were less interested in providing a method to sort a € vight ordey.

hash, so they didn’t bother. /\

%uI“ ‘Fihd Similay— desi . )
detisions in lots of :'2? and mPlCmcy\{;a{:mh

erent programmi
languages. People ave diffevent.. aand”;:l;?c

. o 'H'\ (] mmin
...but there is a function called sortedl() € Programming languages they eveate.

Obviously, there’s a need to sort a hash so, again, the good folks that
created Python decided to provide a really smart built-in function
that has the ability to sort any data structure, and they called their
function sorted(). Here’s how to use the sorted() function
with your hash:

Remember: the keys in your hash ave
the stoves, whith are numbers, so we ask

Use the “sorted()” \cunc‘l:ion to sort the “5°V+'Cdo)f {-p“ordcv' {‘lﬁ"‘_l_higr est—to-
kc\/s of the “seores” hash. N (_ lowest using “veverse = lvue -

for each_score in sorted(scores.keys(), reverse = True):
print("Surfer * + scores[each_score] + " scored " + each_score)

*

- ) '
That’s one small change to one line at the bottom of your program. D® tbls
So, let’s go ahead and make that change. Now that you are .i

sorting the keys of the hash (which represent the surfer’s scores), it

should be clear why the scores were used as the key when adding
data into the hash: you need to sort the scores, not the surfer names, Make the change to your
so the scores need to be on the left side of the hash (because that’s code to use sorted().
what the built-in sorted() function works with).
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X Tost DRive

With the one-line change applied, save your program and press F5 to run it again.

B scores hach sorted.py - jhome/barryp/HeadFirstProg/chapters/ce| + - M X

Eile Edit Fgrmat Bun Options Windows Heip
scores = || —
result f - open{"rcoulta.txt™)
r 1ine in resulr f:
(name, scorc) = linec.oplit()
acores[score] = name The stoves are asso(,ia{cd

FORRLES, elesal) with the surfer’s names and

|
print("lhe top Bcores wera:") {hcy are now sov{cd,{oo
mach acore in aorted|acorea.keya(), reveras = True):
print(‘sSurfer ' + Bocorss[each scora] + ' scored ° + each _soora)

Python Shell
Eile Edit Shell Debug Options Windows

The Lop acores were:
sSurter Juan scored ¥.12
Surfer Johnny scored B.65
Surfer Joseph scored B.4%
Surfer Aaron scored 0.31
Surfer Aideen scored B.05%
Burfer Etaccy scored 7.81
Surfer Rack scored 7.21
|

Surf-A-Thon

Juan 9.12
Johnny 8.65
Joseph 8.45

Fantastic! You've identified the top 3
surfers. Time to hit those waves, dude!

That makes it three—

in—a—Yrow ‘(:or \)w;h!
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more complex

When data gets complex

Hot on the heels of your success with the local surfing club, you’ve
just been contacted by the Regional Surfing Association (RSA) and
they want you to write a new program for them! RSAs offering a
brand-new;, state-of-the-art, epoxy resin surf board as payment...

once the program’s working to their satisfaction, of course. €—— s is too 5ood an

. L/ T~

down.
You’ve been wanting to try out an epoxy board for ages. The offer to tuen \ S~

trouble is, they’re sooooo expensive and you’re a poor surfer. The
waves will have to wait (yet again). But, the thoughts of surfing an
epoxy board... now that’s worth waiting for.

So what does RSA’s data look like?

Currently, RSA’s data is stored in a text file using a proprietary

each line in the file.

data format. For each surfer, there’s six pieces of data recorded on \Hcrc are the

Here’s what the data looks like:

—_—

six pieces of data-

Competition ID.

101;Johnny "wave-boy" Jones;USA;8.32;Fish;21
102;Juan Martino;Spain;9.01;Gun;36

103;Joseph "smitty”™ Smyth;USA;8.85;Cruiser;18
104;Stacey O"Neill;lreland;8.91;Malibu;22
105;Aideen "board babe® Wu;Japan;8.65;Fish;24

107;Aaron Valentino;ltaly;8.98;Gun;19

RSA has tried importing this data into their favorite spreadsheet
program, but that didn’t really work for them. RSA wants a
program that allows them to quickly find a surfers’ data based on
their Competition ID, then display the surfers’ details like this:

106;Zack "bonnie-lad®™ MacFadden;Scotland;7.82;Thruster;26

Name.

Country.

Average score.
Preferred board type.
Age.

£ @ RSA's dats i stored in
each line, with 4 semicolon
scpara{:ing each piete of data.

1D: 101

Name: Johnny “"wave-boy" Jones 4§ — Each data item is disylaycd
Eath data kem > Country: USA on its own line, whith makes
s vieely \abeled- Average: 8.32 ";; veally easy to vc.ad (unlike

Board type: Fish e packed data file).

Age: 21
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_ .giharpen your pencil
B
Here's one surfer's data from the file, assigned to a variable called 1 ine:

line = "101;Johnny “"wave-boy" Jones;USA;8.32;Fish;21"
Grab your pencil and write some code to process this line and display it on screen like this:

1D: 101

Name: Johnny “wave-boy" Jones
Country: USA

Average: 8.32

Board type: Fish

Age: 21

Hints: If you pass a string parameter to the Spl 1't() method, the data is cut where the string parameter
occurs, as opposed to the cut occurring at a space character (which is Spl 1t ()'s default behavior). Also,
consider using multiple-assignment on the left side of the assignment operator when assigning more than one
name-value pairing to a hash.
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data display

_ @adhar r pencil
Q&afm ywSoIEEiun

Here's one surfer's data from the file, assigned to a variable called 1 ine:

line = "101;Johnny “"wave-boy" Jones;USA;8.32;Fish;21"
You were to grab your pencil and write some code to process this line and display it on screen like this:

ID: 101
Name: Johnny “wave-boy" Jones
Country: USA

Average: 8.32 Cut the line of data

every time the split)

Board type: Fish
vp method sees a semicolon.

Age: 21
ble solution.

Heve's one \7055.‘

Create an empty -
hash called s ?.f ..... {}\/ .....

Use multiple- /—j

assignmcn{: {;0 aSSiah ...............................................................................................................
the split data from

“lihcn {',o “S"~ ...............................................................................................................

DISFlay Si)( V\ICCIY —9 ...............................................................................................................

formatted messages
on streen.
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— TasTt DRrive

As always, you need to enter this code into IDLE before you run it. Then, save your

program and take it for a spin by pressing F5.

= *display _data.py - fhome/barryp/HeadFirstProg/chapters/code/display_data.py*

Eile Edit Farmat RBun Ophions Windows

A3 N | 1R L

Uelp

Eile Edit Shell Debug Options Windows

line.aplit({=;")

lipe = "101;Johnny ‘wave-boy' Jones;USR;B8.32;Fish;21"
s = {}
{=["id"]; o[ 'name"], s vounlcy'], =] "average'], s 'board’]; =] aye"])
prink(“ID: “ o+ aftid'])
print | "HName: " 4+ o[ "namc"])
P:i::L("I'.'l.u.'.LL}". " 4 o] ‘counley®])
print|"Avcrago: " 4+ a['average'])
l.i:i:l:ll_:"gudl.ﬂ Lype: " + a[ "buoard®]}
print|"Agc: " 4+ af'age"]]
= Python Shell

Help

Python J.1.1 [(rdll:74480, Aug 18 2009, 07:103:43)
[8CC 4.3.3] on linux?

Type "copyright”, "credits" or "license()” tor more intormatiocn.

[

R, Hhis daba s vow | 888 syt ey
prethy easy to vead § 1, 101
eh? Ham: : Johnny ‘wave-boy® Jones

Country: UEA

Averayge: B.32

Doard type: Fioh

Buge=z 21

=2 |

Your code works for one line of data. But RSA wants to be able to

display the data for any surfer, not just wave-boy’s.

ILn: 12|Cal: 4
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function

Return a data structure from a funetion

Processing one line of surfer data was pretty straightforward. But now you have
to work with all the lines of data in the file. Your program has to make the data
available quickly so that a request to display the details of a particular surfer can
be performed as soon as possible.

You already know enough to write a function that takes the surfer ID as a
parameter, searches the file one line at a time for a matching ID, and then returns
the found data to the caller:

Pass the surfe, D.

find_details(id) Search th £l
(4 e
1cor the ID

B\
Return all the
101;Johnny "wave-boy" data for the [D.

Jones;USA;8.32;Fish;21

There are really only two choices for how you return data from this function. Pass
back the surfer’s data either:

. As a string

or

‘ As a hash

But which? Returning a string requires the calling code to further process the data to
extract the information it needs, which (although possible) gets messy, because the calling
code is then required to cut up the string using Sp11t(). This is something best left to
the function, because it Audes the complexity of manipulating the data from the calling code.
Returning a hash allows the calling code to simply pick out the information it needs
without too much fuss and without any further processing.

Return a hash from the function to keep the calling code simple.
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255 | Code Magnets

Rearrange the code magnets to complete the function required. The following
functionality is implemented:
- 1. Accept a single parameter (the surfer ID).

2. Process the data file one line at a time, creating a hash from the line on each iteration.
3. Compare the parameter against the ID read from the file.
4. If the IDs match, return the hash to the caller.

5.1f no match is found, return an empty hash to the caller.

def find_details(id2find):

surfers_f = open("surfing_data-csv")

(s["id"], s["name"], s["country"], s["average"], s["board"],
s["age"]) = each_line.split(*';™)

iT id2find == int(s["id"])-
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process the parameter

o5 | Code Magnets Solution

S—
| You were to rearrange the code magnets to complete the function required. The following
functionality is implemented:
- 1. Accept a single parameter (the surfer ID).
2. Process the data file one line at a time, creating a hash from the line on each iteration.
3. Compare the parameter against the ID read from the file.
4. If the IDs match, return the hash to the caller.
5.1f no match is found, return an empty hash to the caller.
Open the file so that you
def find_details(id2find): ¢an vead the data.
" F .csv"
surfers_T = open( surfing_data.c ) 4/
Use “fop {-,o ...................................
for each_line in surfers_f:
oop ‘(:hkou h - - -
€ach of the lines L Make sure the hash starts out empty.
inthe file. . L A

(s["id"], s["name"], s["country"], s["average™], s["board"],
s["age"]) = each_line.split(";™)

Chetk if the [D — 2

supplied as a parameter
is the same as the one

vead £rom the file. LN You have a mateh! So, tlose
m = the file then veturn the
turvent hash to the caller.

/Q Cut up the line (usin5 syli{;()) and
assign the data o the hash (using
mul{:iylc—assignmcn{;)

iT id2find == int(s["id"])-

surfers_f.close()

surfers_f.close()

== ot
ou processed the entiy
glc but found NO MATCCH r

ose the file and
empty hash. nd veturn an

Download surfing_data.csvV from
the Head First Programming website before
continuing. Be sure to put the file in the
same directory/folder as your code.

166 Chapter 5


http://programming.itcarlow.ie

/= =\ Reany Baxe

Here's some tester code that we've cooked up especially

= for you. This code will let you test your function:

Ask the usev for the

sucfer [D 4o find.  ~2 lookup_id = int(input("Enter the id of the surfer: ™))
surfer = find_details(lookup_id)

Call “f"md__dc{:ai|s()"%> ) ]
on the enteved surfer [D. it surfer:

print(*"ID: " + surfer["id"])
print("'Name: + surfer["name"])
£ data was found, . ) . forl . Type this tester code,
dis\?la\/ the niul\/ = print(“Country: surfer[*country”]) together with your
Lormatted messaoes. print("'Average: " + surfer["average™]) function, into IDLE. Be
print("Board type: " + surfer[~board"]) sure to put the function
] . " . . near the top of you file,
print(“Age: + surfer[“age”]) so that this tester code
appears after it.

—TYest DRrive

hashes and databases

%
* o his!
Y

Make sure the tester code and your function are entered into IDLE and saved

to a file as a new program.

Press F5 to test your function.

] Pythen shell
Eile Edit Shell Debug Options Windows

Enter an cxisﬁv\g sw(:cr
ID and the program
displays the details.

™

Enter a nonexistent
surfer [D and the
Przgram displays

nothing (as theye’s —>
no'l:hihg ) display).

Great work! Your function is working well. Wonder how the RSA

folks feel about it?

Iython J.1.1 (r3ll:74480, Aug 18 200%, 07:03:43)
[GEC 4.3.3] on 1inux?

Type "copyright", "oredite" or "licenee( )" ftor more information.

Far = EESEEEEETEEET

REATART ===
e e e ]

Enter the id of the aurfer: 104

Lo 104

Mame: Stacey (1"Haill

Country: Ireland

Average: B.%1

Board type: Malibu

Agei 22

> -—- RESTART =--

>

Enter the id of the surfer: 202

> I
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surfing

Here's your new board!

The RSA folks are delighted with your work.

This is exactly what
we need...

Look at how quickly it
pulls up each surfer's
data.

I think the guys over
at TVN might want to
take a look at this...

I might actually get
some beach time this
year!

Your program really hits the mark. The RSA folks can display
the data from their tightly packed data file in a way that makes
it easy for them to read and work with. It’s fast, too.

&— Heve's your brand
new boa\rd--- s{:&\r{:

vipping i, dude!

Your use of a hash within the function was an inspired choice.
The calling code only needs to be aware that a hash is being
returned from the function to work with it effectively. And, as
you’ve seen, returning a data structure (like a hash) is as easy
as returning any other variable from a function.

Word of your programming skills is spreading
far and wide.
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Meanwhile, down at the studio...

You come highly
recommended from
RSA. We have a very
; similar requirement at
TVN... would you consider

; selling your code to us?
Head First TVN is an up-and-coming sports
network specializing in everything and anything
to do with water. They are covering the National
Surfing Championship and want their TV
presenters to be able to use your program to
access each surfer’s details in much the same
way that RSA did. There’s just one small kink in
their plans: TVN has all their data in a database
system, not in a file.

¥ The TUN CEop

‘@ﬁlwt\u«

‘PQWEWR
Which part of your program is most likely to change if you have to get the
surfer data from a database, as opposed to a file?
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all in the details

The code remains the same; it's
the function that changes

Your program expects the Find_details() function
to return a hash representing the surfer’s details. Rather
than the function searching the file for the data, it needs
to search the TVN database, convert what the database
provides to a hash, and then return the hash to the
calling code.

All you need to know is which database system TVN
is using and how to access it from your function.

Let’s base your code on TVN’s code.

/= =\ Reany Bake

CODQ Here's the TVN code:

T asked our technical
people and they told me we
use SQLite3... whatever
that is. They also gave me
some code for you to amend...
they told me you'd know
what to do with it, which is
Jjust as well because it's all
gobbledygook to mel

|
A import sqlite3

[mport the standavrd
SQLite3 library
and tonnett to the
data in the database

db = sqlite3.connect(*'surfer

_/%

db.row_factory = sqlite3.Row

File (whith You tan
download Lrom this
book’s website).

cursor = db.cursor()
cursor.execute("'select * frol

Protess eath of rows = cursor.fetchall(Q)

the vows.. \jfor row in rows: talled “rows”
looki (: 3 if row["id"] == 104:

"s.u:z::‘%/h:vhas an 4—7 print(ID is " + str(row[*id"])) Print out
D of 104 print("Name is " + row["name"]) some of the

print(‘'‘Board-type is " + row["board®]) data ("(’. we

cursor.close() have a mateh).
R— Tidy up after yourself (always a good idea).
: e £ this code ik You know a
L is possible to improve the efficiency and power o . , ,
170 Chapter 5 K Ililcl:;slc?f,?{-j about SQL. We ave dclibcra{:cl\/ avoiding improving TVN's SQL. However

«
we S‘tY‘OY\Sl\/ V‘CLOW\"\CV\d

sDB.sdb™)

Grab all the surfer
data 'c\rom the
database, assigning
the data o a vaviable

m surfers'™)

“ead First SQL" to those who want to learn move.
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Rewrite your function to retrieve the data it needs from the TVN
database. Use the ready bake code as provided by TVN’s technical
people as a basis for your code. Bear in mind that your program
expects the data in the hash returned from the

find_detai Is() function to be a collection of strings.

g{ﬁrp&n your pencil
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grab the data

— agdharpen your pencil
. You were to rewrite your function to retrieve the data it needs

. SQIUtwn from the TVN database. You were to use the ready bake code as
provided by TVN'’s technical people. You were to bear in mind
that your program expects the data in the hash returned from the

find_detai ls() function to be a collection of strings.

Lampactosalited e,

o def £ind detailsGd2Emd): .,
/. db.= sqlite3 comneet(‘suefersDB.sdb”). ...

Grab all the surfer

data from the ... dbow, factory. = saliteZ.Row.................
f:%cahia}ci,ljs oPposed—> & ewesor. = db-bwesoc() e,
... twrsor.exetnte(seleet. % Lrom suckexs”) .

........ vows. = wesorFetehall 0,

e B OML I ANSE ..

When a mateh is found:: ——2 i€ oulid’] 22 id2findi ..o
.................. szl

................. sidd o msbeleowlid D)

~build the hashone [ sCmame .= wewliname’d

kcxl-valuc pair ata

Lime. \/\' ........ sCeountryJ = vowleountey'd. ...

Retuwen the T
to the ealling
tode (as before).
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— TasTt DRIve

Change your program in IDLE to use the new version of the function (which now talks :‘E
to TVN’s database). Save your program under a new name and press F5 to run it. L 3 aCI ﬂﬁS’
B zqglite3-findit.py - fhome/barryp/HeadFirstProg/chap *+ - N X *
Eile Edit Format Run Options  Windows Help
aglitcd ' Download surfersDB.sdb from the
= Head First Programming website before
Gl e R A running this test drive
thh = rugl il.r:i.l.'|:111nrﬂ::l.|:"-.|' Ferabf. sadh™ ) 9 :
db.row tactory = oglitecd.How
cursnr = db.ocursor()
curaor.eéxecuts("scloct * from aurtera®)
rows = oursor. felchall ()
tor row in rows: [ Python Shell il LAl
I rone] * 6" ] : ) ]
8 = {) Eile Edit Shell Debug Options Windows Help
Al ] B thon 3.1.1 (r3ll:74480, Ang 18 2009, 07:03:45) [
8| ‘nama" |
: N [&6CC 4.3.3] vn limux2
af .n-', "} rype “copyright", "crecdits" or "licensc()™ tor morc information.
8l “averaqy ... RESTART ==== ===
al "hoard® it
Bl age | Enler Lhe id aof Lhe surfer: 102
ruranr.ol 10s 103
pacurnie) Hame: Juan Marl ino
curaor.olose| ) Country: Spain
resural{}) Buerage: 5.01
Board type: Gun
lockup id - int{input Roger i 16
e TSP TN i i
surfer - find details Sy
Enter the id of the surter: 29¥
f len(surfer) » 0z iy e RESTART - -
prinkt{"ID: P
prj..ntt :::'133!'.9! Fnter the id of the aurfer: 106
print | "Country: 10: 106
Prj.-nzt";'l'erz:le: Hame: Zack "bonnie-lad® MacPadden
Pfintt --no:‘. “YEO Country: Scotland
PEARE|"Age; Average: 7.02
I Board type: Thruster
Age: 26
Lm: 25|Cal: 4
Now, as well as working with data in files, you can extract data from a database l\
system. Your program fully integrates with TVN’s SQLite3 technology. The program displays s'""lar_
o.,{\m{-, {0 before... onl\/. this
Send off that code to TVN, and sit back and wait for the time, the data is Comm? o

i 2 database, NOT a file!
money to roll in...
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data spotlight

TVN's data is on the money!

With the surfing data now displayed directly from the TVIN
database, the sports writers no longer need to worry about all
those tattered and torn competition entry forms. The data

is right there on screen when they need it. They couldn’t be
happier. Your program has made their day.

174

My guys are happy
and so am I, Who
do I make the check
out to?

The TVN SPOV"ES
writers know how +
telebrate.




hashes
. Your Programming Toolbox
You’ve got Chapter 5 under your belt.
Let’'s look back at what you’ve learned
in this chapter:
o\
Program™" v "
h - 3 sbeutture th
- . ue
ek 3 rame 2 \
S
2 Candd - vc\'x'\cvc"c\‘c, “aa“i
:‘: :oc'\gkcd wikh the age "
S )
hash cale ¢ Seom
e vc‘b""“‘“s 3 da‘c,a s‘\'xu&\:w
,Quhf;t\ov\ s‘hem _a ‘hcc\“\o\os\ll nyhoh -l-ools
base Y \arge
a\ekda?&u b, that e2n ft,c ek * 1= an empty hash
ke nad .o «
,\ua“{.;\{—;\cs SEDT o :l{;d J = “off shore” - sets that value
assotiated wd:h “Wihd” . 'H‘ (W)
va e “ofL o EhE " hash £o the

/ * skeysO) — provide a list of
hash ¢alled ‘s’ | s

* sitems() — provide a list of
k
for the hash called ¢’ ' eys AND values

*. lirre.spli'l:((“,") — split the s{:\ring tontained
within the Jine’ vaviable at every otturrente of

ad Lomma
¥ sorted() — a built—in £ edi
most data - unttion that ean sort

databases
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6 modular programming

*
* Keeping things straight*

I know he said he knew a better
way to do things, but this wasn't
what I had in mind.

The code that you write will make its way into many programs.
And, although sharing is good, you need to be careful. One programmer might take your
code and use it in an unexpected way, while another might change it without even letting
you know. You might want to use one function in all your programs and, over time, that
function’s code might change to suit your needs. Smart programmers take advantage of

modular programming techniques to keep their workload manageable. Let’s find out how
in the pages that follow...

this is a new chapter 177



technology upgrade

Head First Health Club is upgrading
some systems

Head First Health Club has a new CEQO, and he loves new

technology. He was shocked when he saw how old the sales
systems were.

Some of our technology
is really ancient. T want to
start by replacing the cash
registers with new POS
systems. Can you help?

The old eash vegisters The new system will vun
veally need to be veplaced. on 3 PC and ateept
evedit tavd payments:

0\d and busted
The new hotness

A point-of-sale (POS) system is just a computer program that It would be rice if the S\/S{:Cms
works like a cash register. The boss doesn’t want to replace all You produte were modular in

of the cash registers immediately. He wants to begin with a trial &— design You'l 9et to that
system 1n the coffee bar. AFTER ‘/WJVC SPCh'{', some time

understanding what's vequired.
Let’s see what the coffee bar POS needs to do.
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The program needs to create a
transaction file

The POS program will record credit card sales in a file called
transactions. txt. At the end of each day, this file is sent
to the bank and any money is transferred from the credit card
account into the health club’s bank account.

The bank has sent an example version of the file for you to see
what sort of data you will need to generate:

The first 16 chavacters are The next 7 chavacters The deseviptions Lollow.

the eredit card number- R are the price. N ~
—"\_ N
621896725740561\5@@’ LATTE
75362847324839070000120 TEA
93343374684577850000150 DONUT
42657423454758780000095 GRAIN BAR

The file contains formatted data. There’s a line of text (or
record) for each item sold. The first 16 characters of the line
are the credit card number, followed by 7 characters that
represent the sale price, excluding the decimal point (so $1.75
is written as 0000175). The rest of the record is a description
of the item being sold.

a .@&RA\N
Pawew

How would you create a string of characters in the correct format for the
record? Which parts of the record will be the hardest to create?
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string

Use strings to format strings

Many programs need to create strings with particular pieces of data
at particular places, so most computer languages try to make life
easier for you by letting you use string formats.

The best way to understand string formats is with an example. Open
up the Python Shell and type in this: The First value will

be inserted as a The second value will be

‘/_ S—tharacter numbir/. ( insevted as a s{:r'mg.
>>> print(*'There are @

%s )available™ % (17, "donuts™))

There are 17 donuts available _
The s{'xing—(:ovma{‘;{:mg
The number has extra spaces operator
added at the front, to make

sure it takes up the vequived %

thavatters.

OK, this string is
followed by a % symbol.
So... T'll need to replace
%5d with the number 17,
and %s with the string

“donuts”.

When Python sees a string followed by a percentage (%) symbol,
it knows that it needs to consider the string as a string format.
The values that follow the % operator are going to be inserted into
the formatted string in the order specified, one value at a time.
Wherever Python finds a % inside the string, it knows to insert a
value.
A number format
specification —> %5

When Python sees this, it will insert the value 17 as a 5-character
whole number—that’s because the “d” type specifier tells Python
to print the number as a decimal. Because 17 is not 5-characters
long, Python will left-pad it with 3 extra spaces at the front to make
it the correct length.

A steing ‘(:OY"\ab Ws

s\aeci?ica’don

— \ )
This symbol tells Python to insert the value “donuts” as a string. /'_' \ 6

As you are not specifying a length here, the string is inserted as is.

These are just two examples of how to format
values in a string. There are lots more.
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v. CF '

T WHAT'S MY PURPQSE™T
- +

Match each format string to what it does. We’ve already done one for you.

"%s %e'™ % (“'Value is'", 16.0 ** 0.5) Display a string followed by 4.000000.
"o7d™ % (11232/3) Display a string followed by 4.000000e+00.
"X % 127 Display the value, padded with Os.
"%20s\n"" % '‘Banana swirl" Display the result of the calculation, padded

with spaces.

"%s is $%4.2F" % (“Popsicle™, 1.754) Pad the string out to 20 characters, then display a
newline character.

"%s %f" % ('Value is'", 16.0 ** 0.5) Display the number as a hexidecimal (base 16).

"%07d™ % (11232/3) As well as a string, also display a floating point

number to 2 decimal places.

Look back at the records you need to create for the transaction

¢ {.S\harp&rl your penci
L
file. Each line will need to end with a newline character. If you

Be tarefu) with the have the creclit card numbe[, price, and descriptio_n in variables
detimal point _> called credit_card, price, and description, write

in the price. down what you would use for the format string:
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format string

., +
* wHaAT'S n? "LURPQsSE™T

£ You have \)us{: S SQ\LLUT\QN

one value to format,
you don't need to

surround it with You were to match each format string to what it does.

paventheses.

"0s %e'™ % ('Value is', 16.0 ** 0.5) Display a string followed by 4.000000.

"h7d" % (11232/3) Display a string followed by 4.000000e+00.

"0t % 127
\n means ‘f:akc a NEWL’NE

Display the value, padded with Os.

\» "%ZOS%{n" % ""Banana swirl™ Display the result of the calculation, padded

with spaces. £ By default, Python will pad
using spaces-

Pad the string out to 20 characters, then display a
newline character.

This means “use & chavacters.”
y
“%s is $%4.2f" % (“Popsicle”, 1.754)
This means ‘show 2 numb"crs
after the decimal point.

"%s %F" % ('Value is'", 16.0 ** 0.5)
Values ¢an be the J

vesult of a caleulation.
"%07d" % (11232/3)

Display the number as a hexidecimal (base 16).

As well as a string, also display a ft;r;)h

q\ number to 2 decimal places. Hexadetimal numbers
Fo”ow'm5 the % with 3 O ave used for things
means “pad with zeroes.” like colovs on the Web.

_ -rp,&arpm your pencl
' solut],un You were to look back at the records you need to create for the

transaction file and write down what you would use for the

Don"{: wovry '|£ Your answer doesn't format string:

look EXACTLY like this. Ty out your Mqu‘;l.\/]y\B. by IOOhavl\d e
answex in the Python Shell to cheek disflaymg it as a whole n
efbectively vemoves the

that it works. \ /‘ detimal ?oin{: £rom the price.
“%lbs%OTd%l bs\n” % (evedit_card, price*|00, destription)

2 K
Credit tard numbers should always You need a newline thavacter
be exactly |6 chavatters. at the end of eath line.
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255 § Code Magnets

—
Now that you know how to format the records in the
transactions. txtfile, itis time to write the rest of the coffee
bar POS program. Complete the code below by arranging the code

magnets in the correct place:

The “a” means you ave always
def save_transaction(price, credit_card, description): going 4o APPEND vetords

file = open(''transactions.txt", "a")é—/ {0 the end of the file.
Ffile.write("%s%07d%s\n" % (credit_card, price * 100, description))

file.close() 41\_¥

items = [TDONUT", "LATTE", "FILTER", "MUFFIN']
prices = [1.50, 2.0, 1.80, 1.20]
running = True

This is the format string You just ereated.

The loop will keep vunning while
the “rwming" vaviable has the
while running: < value True. To end the loop, set

option = 1 “running” to False.
for choice in items:

option = option + 1
print(str(option) + "_ Quit™)

if choice == option:
else
save_transaction(prices[choice - 1], credit_card, )]

it i '
ems[choice - 1] l running = Falsi:]

ChOice:int(input('

credit_card = input('Credit card number: ")

\ print(str(option) + . " + choice) '

‘Choose an option: >
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255 | Code Magnets Solution

—

Now that we know how to format the records in the
transactions.txtfile, it is time to write the rest of the coffee
bar POS program. You were to complete the code below by arranging

—

the code magnets:

def save_transaction(price, credit _card, description):
file = open(‘"transactions.txt", "a')
file.write("%s%07d%s\n" % (credit_card, price * 100, description))
file.close()
& This is the avray of menu options.
items = ["DONUT", "LATTE", "FILTER", "MUFFIN'"]

prices = [1.50, 2.0, 1.80, 1.20] Q——Thhisfhcngfcmngaﬂgy

of menu prices.
running = True

while running: k:/‘Thkcodcdkpbysfhc
option = 1 Program’s meny.

for choice in items:

w_ = 4+ choice)

print(StF(Option) +

option = option + 1
print(str(option) + "_ Quit")

The user enters 8 menw

( o?{:\on number to make 3 sale.

choice = int(input(*'Choose an option: ™))

- —
| P S This will be True if the user seleets the LAST

running = False option on the menw, which is “Quit.”
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modular programming

— TesT DRIVe

The machine has been set up in the coffee bar just in time for the
boss to come in for his morning latte, so let’s run the code and see
what he thinks. Run the program in IDLE:

Ede Edit Shefl Debug Smptions Windows

Pythen J.0.1 [EI01i&9336, Pab 17 2009, L13:313:37) =
[GOC 4.3.2] on linax2
Type “copyright®, “credits~ ar “licenss|]* for more information.

3T sasmssmssssssssesss s s e AESTRRT i o o o
i

b DOsUT

2. LATTE

1. FILTER

4. HUFFIN

B, Duit

Chacas an aptisn: 2

Credit pard sushsr: 382746238764832
1. DosiuT

+ LATTE

+ FILTER

~ MUFPIN

3. Quit

Choons an optish: 3

Credlt card nusbar: GIRITAGIIOVEA0IT
b, DONUT

2. LATTE

« FILTER

+ WUPFIN

« Quit

Choose an optiont 3

The sales are vetorded in

the transattions.txt file.

Y

LATTE

63827462387648320000220

B B

63827462387648320000180 FILTER

[T

The newline tharatter
makes sure the sales ave
vetorded on separate lines.
(You an't see then in the
The program displays a list of items for sale and when you choose file, but {:hcy ave there)

one and provide a credit card number, it adds the sale into a file

called transactions. txt. This is the same file that the POS

system in the gym uses.

That looks pretty good.
We'll try it for a couple of
weeks here in the coffee

bar and see how it goes.

The boss agrees to try out the system in the coffee bar, and he even
agrees to extend the trial and let your friend create another POS
for the gym, based on your code.

Things are going really well. If they continue like
this, you will win the contract to replace all of the
systems at the health club!

you are here » 185




real-world

Head First: Format String, it’s a pleasure to meet
you.

Format String: The pleasure is all mine.

Head First: You’re not just used in Python, are
you?

Format String: Oh no. I'm really used in lots of
programming languages, like C, C#, and Java. You
see me crop up all over the place.

Head First: Why is that?

Format String: Well, I don’t like to blow my own
bugle, but I am kind of useful. Everywhere you need

to generate formatted text, I can make life a lot easier

for you.
Head First: Can you give us some examples?

Format String: Oh sure. If you need to send data
to another system, you’ll probably need me. If you
want to display an error message in a specific format,
I'm good at that, too.

Head First: I hate to say this, it seems so rude, but
isn’t it possible to do everything you do with just
normal string operations?

Format String: Please, I don’t take offence. Yes,
you can do pretty much everything I do by writing

Dum

therejare no
b Questions

The Format String Exposed

This week’s interview:
Why do appearances matter?

code and creating strings manually. But I don’t think
that’s a great idea.

Head First: Why’s that?

Format String: Two reasons: first, you might have
to create a lot of code, and second, I’'m a little more
dynamic.

Head First: What do you mean?

Format String: Well, I'm just data. Lots of times,
programmers prefer to use data instead of chunks
of code, because it means they can store me away
as configuration. So I get used a lot for things like
internationalization.

Head First: Internationalization?

Format String: Yeah, say someone wants to display
a message that someone has the top score. They
could write the message in a file like “%d is the top
score!”. If they write a French version of the game,
they just have to amend me to “%d est les points
supérieurs!”

Head First: No code change necessary.
Format String: Exactly.

Head First: String Format, thanks for your time.

Q: Those format strings look a little
weird. How do | find out more about
them?

A: A good reference book (we present
our favorite in the appendix) will contain all
you need to know and there's also lots of
material on-line in the official Python docs.
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Q: Are there special rules for what's
acceptable as a credit card number?

A: Yes, there are. But let's not get
bogged down in those type of details at this
stage. Concentrate on the
save_transaction() function
and how the code interacts with it.

Q; Why does the code generate the
menu in such a complex way?

A: If you study the menu generation
code, you will see that when you add more
items and prices, the rest of the code
doesn't need to change to support the new
items.The menu is generated automatically.



modular

A late night ewmail ruins your day

?.few;l days after the demo, you get a late night email from the
riend who wrote the second program (based on your code):

Sorry to contact you sO late at night, but there's been a *major
problem* with the new POS systems. | created the program for
the register in the gym, based on your code, plus a few other
amendments, and it works great! :-) But the problem isn't with my
code; it's with your POS program running in the coffee bar.The
boss just heard back from his new bank manager saying there's
been some sort of data corruption in the transactions.txt file. |
don't know what the problem is, but the boss seems mighty
upset and he wants you to go in first thing in the morning and
sort things out.

See you in the morning!

tSoometll;urllg really strange has happened. Even though your code used
work, it has suddenly started to go wrong. Meanwhile, your friend’s

program, which is really just a modi
e ol Y j modified copy of your program, is

L .
eoolks like you better get to the health club bright and
arly tomorrow morning and see what's happened
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pricey donut

¢50,000... for a donut?!

When you arrive at the health club you find out exactly what’s

happened. The entire day’s sales have been rejected by the
bank for two reasons:

188

o The credit card numbers are all fake/invalid.

The bank was really worried about this one because they think someone

must have hacked into the system to generate the messed-up credit card
numbers.

e The prices are ridiculous.

One of the recorded sales was for a donut that cost over $50,000!

And what makes it worse, this
was the first time we sent the
transaction file to our new bank! We
only switched over the day before
yesterday so that I could secure a
loan for the new weight room!

This looks like a really serious
problem. Let’s take a look at
the file that the bank rejected.

Chapter 6



modular

Only the sales from your program
were rejected

The transactions. txt file that was sent to the bank contains all
of the day’s sales from both your POS program in the coffee bar and
your friend’s POS program in the gym. This is a section of the file:

This vecord is from +he
eoffee bar and was

REJECTED by the bank.

> 50791428746281510000150
00035005002454912715921

As expected, each record (from each of the POS programs) has been
appended to the transactions file. That bit appears to be working fine.

But, something is not quite right here...

@? VAN
‘PQWEWR
Study the two records carefully. Is there a difference between them that

might explain why one was accepted and the other was rejected? Think
about recent events. What do you think has caused this problem?

189



change in

The new bank uses a hew format

Your friend tells you that just after taking a copy of your code, the word
came down that the health club was switching banks. Without telling you,
your friend found out the new bank format and updated /s code in the gym
program.

That means that the POS program in the gym is generating records in the
new bank format.

The new bank format is:

Price / Credit Card / Description

Thic ) This is the eredit
his is the price: 13500, tard number. The final yach is a

N \l ‘/ dcscn\?{:\on fhe sale.

0003500 5002454912715921 WORKOUT

OK, that's another
workout sold, so T'll write
Price.... then Credit Card...
then Description...

The bank accepted the transactions from the gym because
they were in the correct format.

But what about the coffee bar program?
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Your coffee bar program still uses
the old format

Your program in the coffee bar was never updated after the health club

switched banks. It’s still doing what it always did: it’s still creating files
in the old format.

So that's a donut.
Better write Credit
Card... then Price...
then Description.

That old format wrote out the price and the credit card the other way
round, which meant when your program wrote out a record like this:

The ¢redit cavd number Price = IS'IEO ©

\l( S Dcstxi?‘bov\
5079142874628151 0000150 DONUT

The new bank read the record like this:

Messed vwp evedit card number:

} i ke.
The price... ,590,7411.%!ﬁ Lhe bank H\Zn;ght t was fake [Bu £ 5t leask fhe

deseription’s OK.
5079142 8746281510000150 DONUT

This is suspicious...
$50,000 for a donut....
Does not compute... Fake
credit card information!
Security! Security!l

Qo@

So it’s not that somebody broke into your program and changed it.
No, 1t’s the exact opposite. Your code never picked up the change that
was made to the gym program in order to support the new format.

i el i

a @?QA“«
PAOWEWR

What should you do to fix it? What shouldn’t you do?
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don't copy,

Pon’t just update your copy

The code in the gym program is a copy of your code in the coffee bar.
And copying code is a bad thing. Once you have two separate copies
of a piece of code, then changes need to be applied in two places.
So how do we avoid copying code?

Swart programmers write modular code
ﬁ

The secret is to break your programs into smaller pieces of code
called modules. What’s a module? It’s just a file containing code the
computer can run. Every Python program you’ve written so far has
been a single module.

But most programs you’ll write will probably be split across many;,
many modules. And writing modular code is important because
modules can be shared between programs.

T'll use transaction.py
to record the sale.

’F h

coffee_pos.py gym_pos.py
e W < This is 3 SHARED module.

transactions.py

If you separate out the code that saves the transactions to a file and
store it in a new module called transactions.py, that module
can be shared by both programes. If you then ever need to change
the code in transactions. py, both programs will pick up the
changes automatically.
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modular

So how do you create a module...?

Remember: a module is just a file containing some Python code. So, take the
code that you want to share out of the gym_pos. py file:

def save_transaction(price, credit _card, description):
file = open(‘"transactions.txt", "a')

Then save this code in a file called transactions.py. You have just
created a new module.

..ahd how do you use it?

Once you've created the module, you then need to tell the programs to use it.
When you were using library code you needed to umport it. You do the same
thing with your own modules. So, instead of using library code from the
Standard Python Library, you’re really just using library code that you’ve
written yourself. You can add this line to the top of each of your programs:

This means “vun Jch"c tode n
This line needs 4o be added the namcd module.
to any program that uses N

the > f - - % 4—This means “treat everything inside
« . » rom transactions import m Y 9
'EV‘ahSaC'{:lons.P\/ modulc. p -hhc modulc as |‘('\ l{', is COdC W|£h"\

your program.”

With this line, you are telling Python that you want to run the code in the
transactions. py file and this allows you to access whatever code the
module contains as if it is just part of your program.

It’s time to fix the programs.
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tale of

These are the two POS programs. Here is the code to the one
used in the coffee bar (that you wrote):

_ -g{hﬂl’_F‘Eﬂ your pencil

This is the eode to the
“Seoffee_pospy program.

def save_transaction(price, credit _card, description):
file = open("transactions.txt", "a')
File.write("%16s%07d%16s\n" % (credit_card, price * 100, description))
file.close()

items = ["DONUT", "LATTE", "FILTER", "MUFFIN"]
prices [1.50, 2.20, 1.80, 1.20]
running = True

whille running:

option =1

for choice iIn items:
print(str(option) + ". " + choice)
option = option + 1

print(str(option) + . Quit")

choice = int(input(‘''Choose an option: "))

if choice == option:
running = False

else:
credit_card = input('Credit card number: ')
save_transaction(prices[choice - 1], credit_card, items[choice - 1])
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modular

The other program is very similar (which your friend created for use in the gym): This is the eode to the

M “57"‘__F°5'PY” Pvrogram.

def save_ transaction(price, credit _card, description):
file = open('transactions.txt", "a')
Ffile.write("%07d%16s%16s\n"" % (price * 100, credit_card, description))
file.close()

items = ["WORKOUT", "WEIGHTS", "BIKES'"]
prices = [35.0, 10.0, 8.0]
running

True

while running:

option =1

for choice iIn items:
print(str(option) + ". " + choice)
option = option + 1

print(str(option) + . Quit'™)

choice = int(input(‘'Choose an option: "))

if choice == option:
running = False

else:
credit _card = input('Credit card number: ')
save_transaction(prices[choice - 1], credit_card, items[choice - 1])

Using a pencil, modify the two programs so that they use the transactions.py
module. Then write what you think should go into the transactions.py module here:
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transactions

B .giaarpen your pencil

e y FOTS—bets,_ )

0 0 — ]
—fFite—eloseO
(:rom £ransattions im\?o\r{: *
items = ["DONUT"™, "LATTE", "FILTER", "MUFFIN'"]
[1.50, 2.20, 1.80, 1.20]
True

prices

running

while running:
option =1
for choice in items:

print(str(option) + + choice)
option = option + 1
print(str(option) + . Quit'™)
choice = int(input(‘'Choose an option: "))
if choice == option:
running = False
else:

credit_card = input('Credit card number: ')

save_transaction(prices[choice - 1], credit _card,

& &lutmn These are the two POS programs. Here is the code to the one
used in the coffee bar (that you wrote):

items[choice - 1])
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modular

The other program is very similar (which your friend created for use in the gym):

from transattions im?o\r{: *

items = ["WORKOUT", "WEIGHTS", "BIKES"]
prices = [35.0, 10.0, 8.0]

running = True

while running:

option =1

for choice in items:
print(str(option) + . " + choice)
option = option + 1

print(str(option) + . Quit"™)

choice = int(input('Choose an option: "))

if choice == option:
running = False

else:
credit_card = input('Credit card number: ')
save_transaction(prices[choice - 1], credit_card, items[choice - 1])

Using a pencil, you were asked modify the two programs so that they use the transactions.py

module. You were then asked to write what you think should go into the transactions.py
module here:

def save_transaction(price, evedit_tavd, destription):

file = o\?cn(“Jcransac{ions.tx ”13")

............................... . Makc sure \/ou use ‘H’\C Lodc H‘a{.’
dis\?la\/s the PRICE Fiest.
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test drive

—TYest Drive

Once you have completed the exercise, you should have three saved
files: gym_pos.py, coffee_pos.py, and transactions.py. You

can now run the gym_pos . py and the coffee_pos. py programs: fm_pos.py

The two programs look like they’ve worked
correctly. But what about the transaction file?

198 Chapter 6

Eile Edit Shell Debug Options  Windows Help
Python 3.1.1 (r3ll:74480, Aug 1% 2009, U7:03:85) ]
[GCC 4.3.3] on 1inux?
Typc "copyright”, "erecdita” or "liccnosc{)” tor morc intformation.
> RESTART
e
1. WORKMIT
2. WELGHTS
1. RTERSA
1. Quit
Choose an aption: 1
Credit card number: 64324253412474321
1. WORKOUT
il coffee_pospy
4. Duit A/
Choose an opticn: 4
x> i -
Eile Edit Shell Debug Options Windows Help
Python 3.1.1 (r3ll:/4480, Aug 1¥ 2009, 07:03:43) -
[8CC 4.3.3] on linux?
Type "copyright", "credite" or "licenee([)" tor more intormation.
2 RESTART -—
e
1. DONUT
2. LATTE
3. FILTER
4. MUFFIN
5. Quit
Choose an uyLiu::: 1
Credit card numbcr: 7b4Y4b38b6424326
1. DONUT
2. LATTE
1. PTLTER
4. MUFFLIHN
5. Quit
Chooee an optionm: 3
s |
. £
iLm: 19|Col: 4



modular

The transaction file is working great, too

When you open up the transactions. txt file, you see this
inside:

The deseriptions follow. (Note

The next 16 chavatters ave i o th
he extra padding due ¢
The fivst 7 chavacters the eredit card number. “Jg/olcbsc’ rﬁ:\rn‘;’c s?c?:i(:icr.)
are the price. A"

e A
00035006432425412474321 WORKOUT

00001507649463856424326 DONUT

Both of the records, created by each of the POS programs, are now
correctly formatted. That’s because both programs are sharing the
same piece of code to save the transactions.

Phew! I just heard from the
bank that transactions from

both of the POS systems went
through smoothly. That's a big
relief. Good job fixing it!

Looks like you saved the day.

tLerela)n'e no

o
Dumb Questions

Q: So modules are sort of like Q,: So when | use import, it's as if | Q,: Do | have to use modules?
containers for functions, right? typed the code in the module directly

into my program? A: No, but the benefit of putting
A: It's true that most modules are used shareable code into a module starts to
to store a collection of related functions. A: Yes, that's a good way to think about pay off the second you use that module
However, it is perfectly acceptable to it. Using a shared module saves you from in another program. Sharing code with
put any code in a module, which is then having to type (or cut'n’paste) all that code ~ modules is good programming practice.
executed whenever the module is imported  yourself. Just import it and it's there.
into your program.
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price

The health club has a new requirement

The health club boss has a grand plan to get more customers into the
health club.

Ooh, T think we need to discount the
prices in the coffee bar for the next month.
There's nothing like relaxing with a latte after

a tough workout, especially if the price is right.
Our customers like to treat themselves, so I
want to make this easy for them.

The boss has a great new idea.

The boss wants to cut 10% oft all the prices in the
coffee bar. If it’s successful, he may want to do the
same thing in other places, such as the gym.

Instead of just amending the code in the
coffee_pos.py file, you need to create a new
module called promotion.py that will calculate
a discounted price.
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modular

_ -fﬁarpen your pencil

You need to change the coffee bar POS program to apply the 10%
discount to everything that’s sold. You have three tasks.

o Start by creating a new module called promotion . py containing
one function:

def discount(price):

e Complete the code in the above function so that it returns 90% of the price it is
given.

9 This is the latest version of the cofFfee_pos. py module. Modify it so that it
uses the new module to cut the price of everything that’s sold.

from transactions import *

items = ["DONUT", "LATTE"™, "FILTER", "MUFFIN"]
prices = [1.50, 2.20, 1.80, 1.20]
running = True

whille running:
option =1
for choice In items:

print(str(option) + + choice)
option = option + 1
print(str(option) + . Quit")
choice = int(input(''Choose an option: "))
if choice == option:
running = False
else:

credit _card = input(Credit card number: ')

save_transaction(prices[choice - 1], credit_card, items[choice - 1])
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discount

_ .-g-,&arpen your pencil

& &Iutmn You needed to change the coffee bar POS program to apply the 10%
discount to everything that’s sold. You had three tasks.

o Start by creating a new module called promotion.py containing
one function:

def discount(price): Md{WwMgkhcyﬁccbyoﬁ

veturn 0.9 ¥ price will give you 3 10% distount.-

e Complete the code in the above function so that it returns 90% of the price it is
given.

e This is the latest version of the coffee_pos . py module. Modify it so that it
uses the new module to cut the price of everything that’s sold.

from transactions import * You need JC: ""‘\’“J_C the ,f°d°d l
Ceom Promo{ion imbor L % e/ from the yromohon.‘?\/ module.
items ['DONUT™", *LATTE'™, "FILTER", "MUFFIN"]
[1.50, 2.20, 1.80, 1.20]

running = True

prices

while running:
option =1
for choice iIn items:
print(str(option) + . " + choice)
option = option + 1
print(str(option) + . Quit™)
choice = int(input(‘''Choose an option: "))

iT choice == option:
running = False
Ise: Your tode should )
else _ . _ eall the “distount()
credit_card = input('Credit card number: ') funttion.

new_price=discount(pricesCehoice — 1)
save_transaction(pricesfchoice_~1], credit_card, items[choice - 1])
new_PVite S~ "new_price” is the discounted value of the price.
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modular programming

— TesT DRIVe

So what happens if you fire up coffee_pos.py in IDLE and buy a $2 latte?

Python Shell
File Edit Shell Debug Options Windows

Fython J.1.1 (rdll:/ 4480, Aug 1Y 2003, 0/:03:142)
[CCC 4.3.3] on linux2
Type "copyright®, "credits" or "license()" for more information.
E s============== ======= RESTART
554
« LDONUT
. LATTE
. FILTER
. MUFFIN
. Quit
Choose an option: 2
Crcdit card numbcr: 348%2039218924782
. DONUT
. LATTE
. FILTER
« MUFFIN
. Duit
Choose an option: 5
55

It looks like it’s working on the screen. What about in the transactions. txt file? Will
the latte still cost $2.20?

0001983489203918924782

The actual price to
tharge is heve.

No, the latte was discounted by 10% to $1.98, which is exactly what you
want to record in the transactions file.

It’s time to demo your code to the boss.

you are here » 203



another discount

That's fantastic!
You made the change

so quickly, just in time
for the doors to open. Tt
does handle both kinds of
discount, right?

Both kinds of discount?

It seems that there was something that the boss forgot to tell
you. As well as deciding to cut the health club’s own prices, he
also got in touch with his old friend, the CEO of Starbuzz,
and arranged for a special discount for everyone who shows
-, the cashier a Starbuzz Discount Card. This is the email he

.{‘:%\-‘ received back:

Great to hear from you!

i heme! A lot of
joi Starbuzz discount sC
rse, you can join the . o e,
s orecggross zhe world are now working on'szistigzrf‘c;d !
r';)c(?(l)tc)hink | can help your coders out. Pll\c/a\asde f||en(tl3‘) e ython
ici iscount Modu .
e official Starbuzz Discou ' Py
COP()j’ Olfet':l‘ﬁat will calculate an additional 5% dlscgunt fo y
u : '
rcr::;tomer who presents a Starbuzz Discount Car

i ks in the
discount scheme wor
change the way the e
lffwer:\,\ilre can ?end you an updated module and y(r)‘:J;tsz"l
vtl‘itlfge’t updated withoutyou having to do any WO

Be well and keep drinking the coffee!
Your friend,

Starbuzz CEO

That’s great news. Although you’ve heard about this extra discount

late in the day, at least most of the work’s already been done for you.
You just need to use the Python module the Starbuzz CEO attached
to his email, and your program will be set up to apply both discounts

Let’s take a look at the Starbuzz code.
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modular

The Starbuzz code

The attachment from Starbuzz was a file called sStarbuzz.py.
When you open it, you see this:

Lines that stavt with # Official Starbuzz Discount Module
_”af“‘ tomments; Python —> | # Copyright(c) Starbuzz Corporation
vill ignore them. # All Rights Reserved.

# This function calculates a 5% discount on a price

This is the def discount(price):
distount funttion, return 0.95 * price
as ‘yrovidcd b\[
S{-,a\rbuzL | .
. .. This funetion vetuens a price
The first few lines begin with # characters; these are comments. £hat's 5% lower than the price it

Comments are just notes added by a programmer that are intended

a1 was given.
to be read by other programmers. Python will ignore them, because

comments are not code.

After the comments comes the Starbuzz discount() function. It’s
just like the discount function you wrote, except instead of returning a
10% discount, it returns a 5% discount.

Your code will have to use both discounts:

‘ It will apply a 10% discount to everything.

And if somebody presents a Starbuzz Discount Card, it will also have to
apply the 5% Starbuzz discount.

.@PA\N

PTQAWEWR
You need to change the code so that it uses both of the discount()
functions. Can you see a problem? What is it?
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identity

The two discount functions have the
same name

Here is the promotion . py module you just created:

def discount(price):

return 0.9 * price

And here is the starbuzz . py module:

# Official Starbuzz Discount Module

# Copyright(c) Starbuzz Corporation

# All Rights Reserved.

# This function calculates a 5% discount on a price
def discount(price):

return 0.95 * price

Both of the modules define a function called discount(). So what
happens when you try to use them? If Python sees a line of code like
this:

new_price = discount(l1.75)

which function will it call? The promotion discount? The Starbuzz
discount? Both? Neither???

This is one of the problems of using shared code. Sometimes, there’s
a function in one module that has the same name as a function in
another module. When this happens, the last function imported is the
one used, which has the effect of overloading any existing function
that has the same name. This can result in to hard-to-find bugs.

So what do you do?

You need to somehow qualify your function names.

206



modular

Fully Qualified Names (FQNs) prevent
your programs from gefting confused

Imagine if you lived in a world where people had first names only:

Mithael —=
— Michael

Hi, it's Michael.
Say, are you free
on Friday night?

Lots of people share the same first name. But people also have

surnames. If you use a first name with a surname, things are a lot
less confusing;

And it’s the same thing with code. If you have two modules
containing functions with the same name, the computer will get
confused. But if you fully qualify the function name, by prefixing
it with the module name, the computer will know exactly what
you mean:

Oh, I need to
apply the 10% discount
from promotion.py?
That's not a problem,
since you're using a
FQN...

promotion.discount(1.75)

If you are going to use Fully Qualified Names (FQNs) from a Q

module, then you will also need to change the way you import the ©

code: —
———

———
Fron promoekor=mhort ~ —

R ——
This will import the code from ?rovroflon-PY § e
import promotion £ | 4 4o e i, you vill need to add “promotion
4o the start of the funttion name. coffee_pos.py

Now you can fix the code to use both discounts.
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smarter

L.0ng ExerciSe

These are the two discount modules: s’carbuz_z,Fy

# Official Starbuzz Discount Module

# Copyright(c) Starbuzz Corporation

# All Rights Reserved.

# This function calculates a 5% discount on a price

omo‘{',.l on-pY

def discount(price):

return 0.9 * price

def discount(price):

return 0.95 * price

Write a new version of coffee_pos . py that, after choosing a menu option, will ask if the
customer has a Starbuzz Discount Card. If the answer is “Y”, apply both the Starbuzz and the
promotion discount. Otherwise, just apply the promotion discount.

Here is the latest version of coFfee_pos.py

from transactions import *
from promotion import *

items = ["DONUT", "LATTE", "FILTER", "MUFFIN']
prices = [1.50, 2.20, 1.80, 1.20]
running = True

while running:

option = 1

for choice in items:
print(str(option) + . " + choice)
option = option + 1

print(str(option) + "_ Quit'")

choice = int(input('Choose an option: "))

iT choice == option:
running = False

else:
credit_card = input("'Credit card number: ')
new_price = discount(prices[choice - 1])

save_transaction(new_price, credit _card, items[choice - 1])
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modular

Write your B0 o e ettt e et et aeen

heve.
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getting

Lon® ExgaqiSe
SoLution

These are the two discount modules: s’carbuz_z,Fy

# Official Starbuzz Discount Module

# Copyright(c) Starbuzz Corporation

# All Rights Reserved.

# This function calculates a 5% discount on a price

omo‘{',.l on-pY

def discount(price):

return 0.9 * price

def discount(price):

return 0.95 * price

You were asked to write a new version of coffee_pos . py that, after choosing an menu option,
will ask if the customer has a Starbuzz Discount Card. If the answer is “Y”, apply both the Starbuzz
and the promotion discount. Otherwise, just apply the promotion discount.

Here is the latest version of coFfee_pos.py:

from transactions import *
from promotion import *

items = ["DONUT", "LATTE", "FILTER", "MUFFIN']
prices = [1.50, 2.20, 1.80, 1.20]
running = True

while running:

option = 1

for choice in items:
print(str(option) + . " + choice)
option = option + 1

print(str(option) + ". Quit")

choice = int(input('Choose an option: ™))

if choice == option:
running = False

else:
credit_card = input("'Credit card number: ')
new_price = discount(prices[choice - 1])

save_transaction(new_price, credit_card, items[choice - 1])
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modular programming

By im‘?or{:ing the
transattions module like this, ?‘(’\VOV'\ transactions ,i,'!\.\??!".t SRRSO USRS RRU USROS
You éan eall the \cunc‘f:ions

without the module name. mpork promotion
Yo need o use this krd of ampoct stavbuzz e,

import for “promotionpy”
and “s{:arbuu?\/", betause
ou ave going to qualify the  items = ['DONUTY, “LATTE”, “FILTER”, “MUFFIN"I ...

zund:ion names with the

module names. prices = [1.50, 220, 1.80, 1.20]

vunnind = True

o oRion = e,

for thoite in items:

B R I R B A P e R R R

|[£ someone has a

S{:avbuzz Diséoun‘[’, ......................................................................................................
Card, youneed o N if inout(“Stacbuzz, cand? ") == Y
apply the setond

Starbuzz diseownt. price = starbuzz discountlpvice)

B R P R R B R R R P R R L E R R R R R P R
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test drive

—TesTt DRIve

Let’s try running the new program and buy a $1.20 muffin without
a discount card.

= *Python Sheall*
Eile Edit Shell Debug Options Windows

Python J.1.1 [(rdll:74480, Aug 18 2009, 07:103:43)
[8CC 4.3.3] on linux?
Type "copyright”, "creditas” or "license()” for more information.

FEES RESTART R
E5 3

1. DONUT

2. LATTE

3. FILTER

4. MUFFTH

5. Quit

Choose an apl. fonz 4

Credit card number: 54137b3B53376513

Starbuzz card? H
0001085413765853576543
But what if you try to buy a $2.20 latte using a

Starbuzz card? [t eost /slloe = 90% of ,‘II.Z.O.

*Python Shall*
Eile Edit Shell Debug Options Windows Help

Python 3.1.1 (r3ll:744%0, Aug 1B 2009, 07:03:4%) &
[6CC 4.3.3] on linux?
Type "copyright", "credite" or "licenee( )" for more informatiomn.

FEES RESTART —
E5 3

1. DOWUT

2. LATTE

3. FILTER

4. MIUFFTH

5. Quit

Choose an apl. fomz 2

Credit card number: 54137b385337h543
Starbuzzr card? ¥

%413765835766543

The code works! With the Starbuzz card, it applies

two discounts. Without a Starbuzz card, your code ~ ; y

just applies one. 0% of 12.20 = 198 |€s a latte
5% Starbuzz distount
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The discounts get the customers flooding in

Once word gets out that there are double-discounts available in
the coffee bar, the health club gets packed with customers.

Thanks to writing modular code, you got the contract to
replace all the health club systems. Modules help you write
stable, maintainable code. The more code you write in modules,
the greater the chance that you’ll be able to reuse it elsewhere.

Breaking your code into modules turns good
programs into great programs.

We've never been so busy! The weight
room, the gym, the steam baths. The
whole place is full of customers! I like
the way you write code. I want you to
upgrade every system in the place!

Qj | don’t get it; why do | need to use
a FQN again?

A: You use a Fully Qualified Name

(or FQN) when you need to distinguish
between two functions from different
modules that have the same name.

With the health club systems, the
discount() function existed within
your module and within the one supplied by
Starbuzz. In order to keep things straight,
you had to use a FQN.

therejare no
Dumb Questions

Qj So if I hadn’t used a FQN, the
wrong discount is applied to the
purchase?

A: Yes, most probably.

Qj But if | hadn’t used a FQN, how
would | know which discount was used?

- Well... that's the problem. You
wouldn't. It's hard to predict what would
happen, because it all depends on which
order the code imports its modules.

modular

Qj So, all I need to do is keep an eye
on the order when | import modules and
everything will be OK?

A: No, that's not what we recommend.
Don't rely on what might happen. Use a
FQN so that you are always in control.
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programming

. Your Programming Toolbox

" You've got Chapter 6 under your

belt. Let’s look back at what
you’'ve learned in this chapter:

exs
n SYCUQ‘ sed

\ovavies:

* Py Qua\\g‘\cd Nam
names '\',\'\a‘\', ntlw

- -

214

:
P)'ﬂion Tools

* Use “brom ... import ¥” {,
run ode module funetions
without module names.

* Use “import .." if You need
to quali-cy Your Funé‘l:ion names
with a module hdme using an
FQN (whieh is the retommended
approath in the Py{:hon
l.ommuhi{:y).




7 building a graphical user interface

*
* Going all gooey 4

You see, sometimes it's just
not enough to build it. It has
to look nice, too.

Your coding skills are great and getting better all the time.

It's just a shame your programs are not that nice to look at. Displaying prompts and
messages on a text-based console is all well and good, but it's so 1970s, isn't it? Add
some green text on a black background and your retro look will be complete. There has
to be a better way to communicate with your users than the console, and there is: using
a graphical user interface or GUI (pronounced “gooey”). Sounds cool, but complex, and
it can be. But, don't fret; learning a trick or two will have your code all graphical in no time.
Let’s get all gooey (sorry, GUI) in this chapter.

this is a new chapter
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a host

Head First TVN now
produces game shows

It’s more than just sports at Head First TVN, as the station has
entered the lucrative world of live game show broadcasting.

Their flagship show, Who Wants to Win a Swivel Chazr, 1s attracting
viewing figures in the millions... not bad for a station that operates
on a shoestring budget.

You’ve been approached by their stressed-out (but incredibly
smooth) game show host to help with a program he needs. TVN
was so impressed with your work last time that they are offering
two free, front-row tickets to the Grand Final as payment for your
work.

T can't keep track
of the score and ask the
questions and sound the
buzzer... all by myself...
can you help?

TVN’s game
show host.
k

You’ve had a few conversations with the host and determined a
list of program requirements:

1. The host wants to be prompted after a question has been asked
to press either 1 for a correct answer or 2 for a wrong answer.

2. Based on the key pressed, an appropriate sound effect needs to
play.

3. The program needs to remember how many answers were
correct and how many were wrong.

4. The host will end the quiz by pressing 0. Then the program
will display the number of right, wrong, and asked questions.

Let’s flesh out what’s required in pseudo-code.
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building a graphical user interface

_ .-g-,&arpen your pencil

Use the space provided below to write the pseudo-code for the
program you've been asked to write for TVN:

Write your
VscudO'COdC .........................................................................................................

heve. H
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game show pseudo-code

_ -:g@&arpm your pencil

k &]Iutlun You were asked to use the space provided below to write the
pseudo-code for the program you've been asked to write for TVN:

number asked = O

You hccd {o chcmbcr how .............. L R R R R R R R I I R R R R R R R R I P P P
many questions were asked, — /[ number_torveet = O
how many were torrett,

and how many were wrono.

by asking the ask the host to press | for torreet, 2 for intorveet, or O to end
st e 2 B b b o ot 2 for nerverh or Qo d
h:?{‘, {',o\lmakc a thoite.

add | ‘bo number asked

.......... AR T N R R T

T rouned %g{@“{#?. .............. add | to rumber_torveet ) e

This will vun
if the question

was answeved

INCORRECTLY-
Ask the host at the .z 3sk the host T, press | Yor torvett, Z for incorvect, or O toend
end of eath loop what
he wants {o Do et o
display the values of number_asked, number_correct and
F.ma“ Y d"s\"a‘/ ey et TR T

the stoves:

number_wrong on streen

) .
DOV\ 't WOY‘Y'Y |£ \/OIAY‘ answevr

doesn't look E)(ACTLY like
this. Theve are a few ways

of writing the code.
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building a graphical user interface

Frank: I think sound is going to be a problem.
Jim: Sounds easy to me...

Joe & Frank: <groan>.

Jim: Sorry, couldn’t resist that one. Seriously, though, how hard can
it be to play a sound from a program?

You actually can't
“see” sound... but, don't
worry, it'll be grand.

See... sound's
the problem.

Joe: Playing a sound is not the problem; getting it to work on
multiple platforms can be. For instance, what works on Windows
might not work on Mac OS X or Linux.

Jim: That’s not a problem. I only use Windows, so I'll be OK.

Frank: Good for you, but the rest of us want to play, too, and we
don’t want to have to... um... eh... downgrade to Windows.

Jim: Typical: have a swipe at Windows when something doesn’t
work on your non-Windows computer.

Joe: Cool it, guys. We need to stop bickering and come up with a
solution that lets us play sounds and works on Windows, Mac OS X,
and Linux. And it has to work with Python, too.

Jim: You mean Python doesn’t support sound as standard?!?

Frank: No, not really. In fact, very few programming languages
support sound in a cross-platform way. This isn’t just a Python
problem.

Jim: So... we’re outta luck then. Does that mean it’s time to go
home?

Joe: Not so fast, Jim! I'm pretty sure pygame can help here.
Jim: So... I can’t go home early, but I can play games?

Frank: Seriously, Jim, I think Joe’s right. We can use pygame to \
play our sounds in Python. : °  Frank Joe

Jim: And it’ll work on Windows, Mac OS X, and Linux? n

Joe: Yes, 'm pretty sure it will. Granted, pygame’s a set of gaming
libraries for Python, but all we need to use is the bit that handles
playing sounds.

Jim: Sounds great. I can’t wait to see it in action.
Frank: Didn’t you mean “/ear it in action”?

Jim & Joe: <groan>.
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getin the pygame

pygawme is cross platform

Before continuing with the rest of this chapter, you need to take
five to download and then install the pygame technology onto
your computer. The pygame technology is an example of what’s
known as a third-party library: that’s extra functionality that can be
added into your Python environment, but which isn’t part of the
standard library.

As installing pygame tends to be a very platform-specific
thing, we’ve uploaded a set of instructions onto the Head First
Programming website for you to follow.

STOP! Don’t proceed with the rest of this chapter
until you’ve installed pygame for Python 3 on your
computer.
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building a graphical user interface

Take a look at this handy pygame program, which shows how to play

four sounds one after another:

Just like with other
libraries, you import the

library you want to !ASC~\S

Create a “pygame.mixer” object
and initialize the sound system.

The “wai{:__«cinish()"
Lunetion looys until the ﬁ
thannel’s “get_busy()”
method veturns False.

The value veturned from 7
the “play()” method gets
passed to “wait_finish()”.

{sounds = pygame.mixer

The “get_busy()”
method cheeks to
see if the sound
sounds. initQ) is still playing.

import pygame.mixer h

def wait_finish(channel): Cogsd” is @ Python

while channel.get_busy(): tonstrutt that
pass does nothing:

Load in the
s = sounds.Sound(*heartbeat.wav'" )& @ <ound file you

wait_finish(s.playQ) want o play.
s2 = sounds.Sound(*'buzz.wav')

wait_finish(s2.play()) —= Lﬁ"ﬁj‘/ J::js\:t*;/ds

s3 = sounds.Sound(*'ohno.wav')
wait_finish(s3.play()) /

s4 = sounds.Sound(*‘carhorn.wav'")

wait_Ffinish(s4.play(Q))

%

* Load this!
{ %

To run this program on your computer, you obviously need pygame installed and you
need to download the sound files for this chapter from the Head First Programming
website. Be sure to put the sound files in the same directory/folder as your program.

you are here »
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test drive

—TesT DRIve

You’ve successfully downloaded/nstalled pygame and grabbed a copy of
the Head First Programming sound files for this chapter. Now, test the pygame
program in IDLE to see if things are working correctly:

\ /oy
" Thump! _
~ Thump! —
- ~

/I

Buzz]
_
/] N\

B ready.py - jheme/barryp/p_soundsiready.py |+ - 0 X
Eile Edit Format Run Options Windows Help

t pygamc.mixcr
Aounls = E:I]l'l:jdml‘. -m i ner
soundse.init()

et wait tinish({channel):
1 channal .get buay():

8 = soundse.Sound("heartbeat.wav”)
wait finish(a.play(})

82 = sounds.Soond("buzz.wav”)
wait finish(aZ.play())

831 = sounds.Sound( "ohno.wav” )
wait finioh{a3d.play())

84 = spounds.Sound("carhorn.wav”)
wait finish{a4.play()}

[ln:17]cak 0

N ) s
"~ Beeeep! —
RS

N

Sounds like pygame is up and running!

Dlviausly, we %av”c
\\ ow SOWN mn
o o sk bt
, this program
:jor\cs as billed. In
fack, DON'T trust
us: just be sure
vun the program

\Iowsc\ .

T hear my cheesy
sound effects...
you gotta love that
car hornl
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Q,: So pygame is a library created
by some programmer other than the

Python folks?

A: Yes, it's what's called a third-party
library. It wasn't created by you or the
people that bring you Python. Some other
programmer(s), a third party, created

pygame.
Q: And it's just given away for free?

A: Yes. Which is very nice of them, isn't
it?

Q: Are there other libraries like
pygame that can be added into my
Python environment?

A: Yes, there are lots. To see the current
list, follow the Package Index link from

the main Python website. Python refers to
third-party libraries as “packages” and, as
you'll see, there are packages available for
every conceivable purpose, not just playing
sounds or developing games (as is the
case with pygame).

Q: The sounds | downloaded are
WAV files. | know that WAV is one of the
standards for encoding sound, but is it
the best format to use?

A: That depends on who you ask! We
are using WAV files because they are used
in lots of places and are well-supported on
most operating systems. There are lots of
file formats for sound and many of them
claim to be “better” than WAV, but for what
we are doing here, WAV is perfect.

therejare no
Dumb Questions

Q: What's the deal with the wait_
finish() function in the Ready Bake
Code? |just don’t get why it’s there.

A: It's a function that waits for the sound
to finish playing before continuing with the
rest of the program.

Qj What?! Surely the sound just
plays?

A: Playing with pygame in this way,
although fun, masks a problem that can
surface when working with sound (in any
programming language). It turns out that,
when asked to play a sound, the main chip
inside your computer (the CPU) doesn't
even bother trying. Instead, there’s another,
smaller chip in your computer that is
specifically designed to play sounds and

it is to this chip that your main chip hands
the sound file to and says: “play this for
me.” The main chip then goes back to
running your code, sees another request
to play a sound, doesn't bother, hands

the new sound file off to the sound chip,
and repeats until your program ends. The
sound chip—and this is the important
part—is designed to operate in parallel
with your main chip. While your main chip
is doing something else, the sound chip is
busy playing any sounds it has been asked
to play. And—nhere’s the rub—if the sound
chip has been asked to play more than one
sound, it attempts to play each sound at
the same time.

building a graphical user interface

Q: So the wait_finish() function is
like an artificial delay after each sound?

A: No, not really a delay, more like a
pause designed to let the sound effect play
fully before trying to play anything else.
The wait_Finish() function forces
your sound chip to finish with one sound
before starting another. What happens is
that when a sound is played, the play ()
method passes back the channel (or track)
number that the sound is playing on. You
can then use the channel number to ask
pygame to wait for the channel to finish
playing a sound before continuing, which

is what the code in the Test Drive on the
previous page does.

Qj And if | don’t use wait_finish(),
what happens then?

A: All the sounds attempt to play at the
same time and it sounds like a jumble of
sounds as opposed to one sound playing,
then another, then another, and so on.
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beyond

Long Exercise

Now that you know how to generate a sound using pygame, it's time to write the code for
TVN'’s program. Base your program on the pseudo-code you created earlier.
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on with the show

This is
master

Make sure the
oull maintain ave se

of the program,

Lon¥ ExerciSe

SoLution

ask the ﬂucS{:ion

Now that you know how to generate a sound using pygame, it's time to write the code for
TVN'’s program. You were to base your program on the pseudo-code you created earlier.

Vou meed £ mPOCE

pygame’s “mixer” module import .

i:\l order to ‘;\a\l sounds. ... DO Y Ot e
“52-.? e dek vat_Fish(ehae):
&"éﬁ“ from while channcl-ﬁe{: busy():

CaY'lCY. .............................. K2
.............. DS e
Crca{:c a mi%cv' Ob\)c&t .........................................................................................................
and initialize the ——= sounds = pPYygame.mixer
game soumd sysbem. e IR
..... soundsinit0) e
Load cach of fhe T
vequired sounds into ibs —, torveet s = soundsSound(‘eorvectwav)
own vaviable. »
wrong s = sounds.Sound(*wrongwav’)

wba*{: \/ou'| |

each fimc'\> Prom‘;{; = “Press | for Covvect, 2 for Wrong, or O to Quit: ”

tounts that

{{oav\l ................................................................................................

reasonble starting valee J(rumber_asked =0
number_torreet = O

K? ........................................................................................................
[t would be 0K +o move these numbcr__wrong =0

theee lines of eode to the top

Just so long as
they have starting values before
the while Jo0p SEaFEs. et
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[£ the answer is
torvett, intrement the number asked = number asked + |

o o Fla\/ ...................................................................................................................
{')\C GFYroYVia'{;c sound. ceveeennn. . UMDEY  COVY L — UMDY GOV Y e T

[£ the answer is

intorrett, intrement /9"(:“”'“ == ‘, TP

the tounters and ylay
the sound effect. e, number_asked = number_asked + 1

&

At the end of the program
display a summary of the

tounter values-

P N N EE R T T TR T A
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test drive

—TesTt DRIve

Type your code into IDLE and save it under the name gameshow . py.
With the Head First Programming sounds stored in the same directory as your
program, press F5 to give it a spin.

- Python Shall bl bl Ll
Eile Edit Shell Debug Options Windows Help

Python 3.1.1 (r311:74480, Aug 18 2005, 07:03:45)
[GCC 4.3.3] on linux?
Typc "copyright”, "credita" or "liccnoe()" tor morc intormation.

] e RESTART === e

53

Presa 1 for Correct, 2 for Wrong, or 0 to Quit: 1 We Lay\"{‘. show
Prese 1 for Correct, 2 for Wrong, or O to Quit: 1 {-,hcsc sounds
Presa 1 for Correct, 2 for Wrong, or 0 to Quit: 1

Press 1 for Correct, 2 for Wrong, or © to Quit: 2 either, so 90
Presa 1 for Correct, 2 for Wrong, or 0 to Quit: 2 ahcad 8hd run
Preee 1 for Correct, 2 for Wrong, or ¢ to Quit: 1 H\C ‘7V'05Y3"\ {:o
Press 1 for Correct, 2 for Wrong, or 0 to Quit: 1 . .
Prees 1 for Correct, 2 for Wromng, or O to Quit: 1 hear it wov'klhg
Presa 1 for Correct, 2 for Wrong, or @ to Quit: 1 ‘COY \/ourscl‘(:-
Press 1 for Correct, 2 for Wrong, or 0 to Quit: 1

Presa 1 for Correct, 2 for Wrong, or 0 to Quit: 2

Press 1 for Correct, 2 for Wrong, or 0 to Quit: 2

Presa 1 for Correct, 2 for Wrong, or 0 to Quit: 1

Press 1 for Correct, 2 for Wrong, or 0 to Quit: 1

Presa 1 for Correct, 2 for Wrong, or 0 to Quit: O

You asked 141 guestions.

10 were correctly anaweresd.
4 were answered incorrectly.
s |

That looks and sounds
great...and I can't

wait to try it out in
the semifinal!
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Head First: Hello, pygame. Nice of you to join us.

pygame: Hello. Thank you so much for giving me
this opportunity to discuss my situation with you.

Head First: What situation is that?

pygame: Well, you know, just because I'm used for
gaming, everyone expects me to be fun all the time.
Life and soul of the party... never stopping to smell
the roses... always on the go. <sigh> It’s all too much
fun, really.

Head First: Too much fun? Really?!?

pygame: Well... yes. Not a lot of people know this,
but my life as pygame is hard. Not only do I have

to help out regular folks with their programming
problems, but there’s all those gamers, too. Some of
those guys never sleep... it’s just play, play, play, play,
play, play... I'm simply exhausted.

Head First: Oh, sorry to hear that. But, don’t you
feel good that all those programmers out there in the
Python community are using you?

pygame: I guess so.

Head First: You’ve made a lot of programmers’
lives easier. There’s lots of great code written that
would not have been written if it weren’t for you.

pygame: Yeah, right. I do all the heavy lifting while
everyone else is off doing other things.

Head First: Ah, come on, your life’s not that bad,
is it?

pygame: <sighs>

building a graphical user interface

pygame Exposed

This week’s interview:
Is it fun being pygame?

Head First: Surely you know what people are
saying about you?

pygame: Now they’re talking about me, too? How
awful... <sobs>

Head First: Yeah, there’s lots of talk, but it’s all
good. The Python programming community loves you,

pygame.
pygame: They do? <sobs even more>

Head First: Yes. You are well-tested, well-written,
and your documentation is first rate. Your support
for all the major releases of Python is right on the
money, too, and you work on Mac OS X, Windows,
and Linux.

pygame: All I've ever tried to do is keep everyone
happy.

Head First: And you do. We’ve heard so many
great things about you that we are recommending
you to all our friends.

pygame: Do they play games? I'm good at that, you
know.

Head First: Yes, some of them do. But others just
talk about the great things their applications can now
do thanks to you, pygame.

pygame: I guess things aren’t quite so bad after all?
Head First: Not at all. We’re big fans!

pygame: Why, thanks. That’s awesome. Do you
have time for a quick game? There’s this new
Dungeons and Dragons that I've been dying to try...
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dated

0..2..1..9.. blast off!

1,2, and 0..21? Pressing
keys? Really? That's so
1985...

Your program’s looking pretty dated.

The program works, but it’s not going to win a Visual
Design Award any time soon. And its use of key presses
makes it a little hard to use, too.

So, its looks could be improved and its usability could be
better.

It sounds like you need a graphical user interface, or GUIL

)

Most people pronounte QU| as “500:\/."
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building a graphical user interface

— gharpen your pencil
\ Y You need to design the look of your GUI for TVN. Draw what you
think your GUI should look like in the space provided below.

Hint: Take some time to think about other GUI programs that you
have used. Think about a common interface element that you
could use (and draw) here.
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interface facelift

_ .._-{»,&arpm your penci
N &]Iutlun You needed to design the look of the GUI for TVN. You were asked
: to draw what you think your GUI should look like in the space

provided below.

The host will it
quit the m
by tlosing the wingon, Progra

2/

+\ BrE x(

Press this button

Press 4h;
he answer \ .
\:lshz:rtc:{:-“ COVVCC'& WV‘OV\S [‘_ .WBen the answctrh
’ Answer 'S Wrong,
Y —

You need two buttons '(:or

eath of Your program's

events.
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Frank: Since when have you been an expert on GUIs?

Jim: Isn’t every Windows user?

Ah... GUTs. All those lovely event
handlers, mouse clicks, widgets, frames,
scroll bars, double clicks and—my
personal favorite—the mouseover.

Joe: Well, of course, everyone knows how to use a GUI, but we are
talking about ¢reating a GUI in code.

Jim: Ah... oh... um... eh... now, where shall we start?

Frank: It turns out that writing code for a GUI application is...
well... just like writing any other code. If you know how to program,
you know how to create a GUL It’s just a matter of selecting the
correct GUI library, learning how to use it, then writing the code.

Joe: So we’ll head off to the Python Package Index and grab us some
GUI libraries, eh?

Frank: Not so fast. Python comes with a GUI library as standard,
called tkinter.

Jim: tk-what?

Frank: tkinter. The “tk” bit refers to the fact that Python’s standard
GUI library is built on top of the very popular Tk technology. The
“Inter” bit is short for “interface.”

Jim: So we’re going to build a GUI interface in Python running on
Tk using tkinter?

Frank: Yes, we are. That’s not too confusing; is it?
Joe & Jim: Well... not if you say so.

Frank: The big thing with creating GUIs is understanding the event
loop.

Joe: Ah, that’s just looping code that reacts when certain things
happen, isn’t it? It’s just like the whi le loop in the non-GUI version
of TVN’s program. In that code, that loop is an event loop, isn’t it?

Frank: It sure is. Although the GUI event loop tends to be extra Jim
capable and can do lots more than the simple whi le loop.

Joe: That sounds complex. Is it?

Frank: No, not really. It just takes a little getting used to.
Jim: But, it’s all just code, isn’t it?

Frank: Yes, Python code using the tkinter library.

Joe: OK. Let’s get to it, since we already know how to program...
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tkinter event loop

tkinter gives you the event loop for free

In order to process events efficiently, GUIs employ an event loop. Event
loops watch and wait for events, calling a piece of code each time an
event occurs. If you think about the current TVIN Game Show program,
it already has a very basic event loop that waits for the host to press 1, 2,

or 0. The program then calls some code before waiting again for another
key-press event from the host. To implement this in code, you used a while

loop:
while choice != "0":
if choice == "1°:
number_asked = number_asked + 1
number_correct = number_correct + 1
Cliek on the tlose
box o terminate
In tkinker, you don’t need to write a whi e loop like you did for your this aPP“caﬁ“'\
non-GUI program. In tkinter, call the mainloop() method instead:

Your tkinter apphication

[mport everything from
the tkinter module.

M -
from tkinter import *
Create a tkinter ay\vhcabov\

6ivc {;hc K « ) X . ‘(:

: = ; called "avy - These five lines o
window a arp _TI:O"Y WMdokw_ lication® < P\Iishon/ tkinter tode
name. app.title("Your tkinter application™) produce Ehis GUI-

/3 app -geometry("450x100+200+100")

Provide window | app.mainloopQ)
toordinates and

size values: Start the tkinter event loop.

To add a button to your application, use code like this, being sure to put
these two lines of code before the call to mainloop():

[ The button’s been

added to the 4U|.

bl = Button(app, text = "Click me!", width

bl.pack(Q)
Add a button +o The pack() method links
the window and give the ncw\y eveated button
it some text and a 4o the existing window.
width value.
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tkinter is packed with options

The pack() method lets you position the button in the application
window. If you provide a value for the Side parameter to pack(),
you can control where in the window the button appears. Here are the

legal values for side: The value of “side”
tontrols where the
b .
. pack(side = ‘left’) utton is Packed.
Position the button on the left side of the window. L
‘ pack(side = ‘right’) packiside = ']

Position the button on the right side of the window.

. pack(side = ‘top’)
Position the button at the top of the window.

‘ pack(side = ‘bottom’)
Position the button at the bottom of the window.

It 1s also possible to add some padding around buttons (to make them
look nicer in your window):

. pack(padx = 10, pady = 10)
Position the button with 10 pixels padding on all four sides.

| --;;,&arp&n your pencil

Based on what you now know about tkinter windows and
buttons, write the code to display the GUI that you need for the
TVN program:
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gooey display

_ -:{»Q_arpm your pencil

Y &]Iutlun Based on what you now know about tkinter windows and
: buttons, you were to write the code to display the GUI that you
need for the TVN program:

Create the window as

in the earlier example, ..|..9ppP. S TR
B o7 X e TN ame. Show. .
values paeomebey(300x0042004100)

Create @ bubfon fo  *w v rssrsrresrsrm e sses et

Pack one bu{:{:on
on the left, the
other on the vight, /  +ooreriei s
and give them some

vadding, e o0 T PRy Text T Wreng  wER TR
Create another button 7 S b2.pack(side = ‘vight', padx = |0, pady = 10)

Tor the “Wrong' cver®
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— TesTt Drive

. k-
Let’s take your first GUI program for a test drive. With your tkinter code world that suggcs{:s naming tkinter

entered into IDLE, save it as tvn.pyw and press F5 to see how it looks: € programs with a Pyw ‘c‘*{:ihsl;‘,:',
as opposed to the usual “.py . This

helps your operating system vun Your
tkinter programs properly, espetially on

\/ow tode in IDLE Windows.

Thevre's a tonvention in the P\I{')\ov\

B tvn.pyw - jhome/barryp/p_soundsftvn.pyw |+ - | O X

File Edit Format Run Options Windows

from tkinter import *

app = Tk(}
app.title{"TVN Game Show")
app.geometry('300x100+200+100")

bl = Button(app, text =
bl.pack(aidc - "lcft’,

"Correct!"™, width = 10)
padx = 10, pady = 10)

b2 = Button({app, text = "Wrong!l", width = 10)

bZ.pack(sidge = 'right", padx = 10, pady = 10) There's Your QUI window...

app.mainloop()

|

[ | TVN Game Show

Looking good; eh?

...and theve are
\/ow *{:wo buH:on&

That's one nice, professional-looking GUI! What do the
people at TVN think?
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beauty

The GUI works, but doesn’t do anything

Nice interface, but it doesn't work.
When I click on a button, nothing

happens... I don't hear anything. What
happened o my cool sound effects?

The graphical user interface might
be ready, but the program is not
complete.

therel;u*e no

o
Dumb Questions
Q: So all tkinter gives me is the ability to draw the GUI? Q: That's all that leFt, right, top, and bottom
stuff, isn’t it?

- Well, yes, but there’s quite a lot of functionality wrapped up in

that small number of lines of tkinter code. A: Yes, as well as the padx and pady parameters. They
help with widget positioning, too, by putting additonal space (or

Q: That pack () method looks a little weird... how does it~ Padding) around your buttons.

know where to put things? .

Q,- OK, | get that, but how come nothing happens when |

A: The pack () method adopts a best-guess approach when ~ €lick 0n my buttons?

it comes to packing your GUI widgets within your GUI application .

window. This usually works out, and when it doesn't, pack()’s A Ah, funny you should ask that...

parameters give you some control over the situation.
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Connect code to your button events

When you click on a button, the tkinter event loop captures the event and

looks for something to do with it. The trouble is, as your program stands, you

have not detailed what that something to do . Your buttons have no code

associated with them, so the events occur but go unnoticed. To connect code to [denti 10\/ the Lunction 4o vun when
buttons, put the code you want to run in its own function and then name the the button is ¢licked

function in the button code by providing a command parameter: N ’

b = Button(app, text = "Click on mel"™, width = 15, command = button_click)
b.pack(padx = 10, pady = 10) \ ) Y
—— =8
Click!™—
7 / \\

Create a funttion to tontain def button_click(Q):

the tode that vuns when the print("1"ve just been clicked!"™)
cvcnjc otlurs.

app = TE[)
app.title("Click on me")
app.gecmetry|’ 100x100+200+100°4

53030 def button eolick():?
w? ' e print{*"I've just been clicked!”™)

b = Dutton{app, text = "Click on me!l™, width = 15, command - button click)
b.pack{padx = 10, pady = 10}

AN . A il:l'llluy[ 1

*Python Shell* + nx

|Ln: 14 |Cal: .
idit Shell Debug Ophions Windows Help

Iythim d.1.1 [(r3ll:z74480, Aug 18 2005, 0V:03:43)

[GCCY4.3.3] on linux?

"copyright", "credita" or "liccnac(]}" tor morc intermation.

oy ) EEEE TR S REATAAT =ooossrss o s s SEE ST

T we Jualb been ol Terkend!
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making

_ .-gd\harpen your pencil

The code from the nongraphical version of the TVN program is on
this and the facing page. Take your pencil and mark the parts of
the code that you would extract and turn into functions so that
you can then connect the functions to the buttons in your GUI.
Mark the other parts of this program that also need to be added
to the GUI version.

Note: Don’t worry about prompting the host to ask a question in
h
Thc ng{:wc o(:.:(i: ; by the the GUI. But do worry about maintaining a count of the number
g\liﬂl‘f ate YI::\“{:C Z ¢ of questions answered correctly and incorrectly. (The total count
means That some o

) ) is not important, either.)
the program's requivemen
have thanged.

How many functions do you think you need? Write their names here:

import pygame.mixer

def wait_finish(channel):
while channel.get busy():
pass

sounds = pygame.mixer
sounds.init(Q)

correct_s = sounds.Sound(*'correct.wav'’)

wrong_s = sounds.Sound(*‘'wrong.wav'")

prompt = "Press 1 for Correct, 2 for Wrong, or O to Quit: *
number_asked =0

number_correct = 0

number wrong =0
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graphical user interface

choice = input(prompt)
while choice 1= "0":
if choice == "1":
number_asked = number_asked + 1
number_correct = number_correct + 1
wait_finish(correct_s.play())
if choice == "2":
number_asked = number_asked + 1
number_wrong = number_wrong + 1
wait_finish(wrong_s.play())
choice = input(prompt)

print("'You asked " + str(number_asked) + ' questions.')

print(str(number_correct) + " were correctly answered.')

print(str(number_wrong) + " were answered incorrectly.')

With the code you need identified, take the time to update
your GUI application with the new functions and whatever
other code you’ve extracted from the non-GUI program.

Produce a new program that is a combination of your existing
GUI code and the extracted code from this program.
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page goal

_ .-;-.Sl\ﬁrpen your penci

"N salutlun You were to take your pencil and mark the parts of the code on
the previous (and facing) page to identify the code you would
extract and turn into functions so that you can then connect the
functions to the buttons in your GUI. You were also to mark the

other parts of this program that also need to be added to the GUI
version:

You were to think about how many functions you might need. You
were to write their names here:

play_corveet sound()

You need  funetion o play_wrong_sound() T -and another funttion
?‘a\l a sound when the to play a sound when the

answer is tovrelt... answer is wrong,

import pygame.mixer The GU| program still

needs to use pygame.

def wait_Ffinish(channel):
while channel .get_busy():
pass

sounds = pygame.mixer

correct_s = sounds.Sound(*‘correct.wav'")
wrong_s = sounds.Sound(*'wrong.wav')
prompt = "Press 1 for Correct, 2 for Wrong, or O to Quit: "

number_a

mber_correct

You still need to maintain
these tounters.

——

number_wrong
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building a graphical user interface

choice = input(prompt)
while choice 1= "0":
if choice == "1":

number_a

number_correct = number_correct +

ﬁTu\rn this tode into {’):,C
“Ela\/__to\rret{:__sound()

unétion.

nait_Finish(correct_s.play())

if choice == "27:
number asked + 1

number asked

“Tu\r'h this ode into the
Elay_wrona_sound()"

unttion.

number_wrong number_wrong + 1

(o
vait_finish(wrong_s.play())

choice = inpu

print("You asked " + str(number_asked) + " i )

print(str(number_correct) + ' were correctly answered."

" \— Displaying the

summavry remains 3

rct\uirmcnb too.

print(str(number_wrong) + " were answered incorrectly.'™)

With the code you need identified, you were to take the time
to update your GUI application with the new functions and
whatever other code you've extracted from the non-GUI
program.

You were asked to produce a new program that is a
combination of your existing GUI code and the extracted
code from this program.

Twen the Page for the

updated tode solution... \/
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button press

The GUI program’s now ready for
a screentest

Here’s what your GUI program should look like now:

from tkinter import *
import pygame.mixer

sounds

= pygame.mixer
sounds.init

O

correct_s
wrong_s

= sounds.Sound(*‘correct.wav')
= sounds.Sound(*'wrong.wav'")
number_correct

=0 The but
number_wrong = tons are now

0 tonnetted 1o event-—
hand,ing ‘Funcfions.

def play_correct_sound():
) global number_correct
P\/{:hon's“[>)|<>ba|///-;T number_correct = number_correct + 1
keyword lets correct_s.play()
you ad)usf the
value assotiated | def play_wrong_sound():
with 3 vaviable T global number_wrong
tveated outside number_wrong = number_wrong + 1

the Lunction. wrong_s.playQ

app = TkQ
app-title(""'TVN Game Show'™)
app -geometry("300x100+200+100")

bl = Button(app, text = "Correct!”, width = 10, command
bl.pack(side = "left", padx = 10, pady = 10)

= play\correct_sound)

b2 = Button(app, text = "Wrong!", width = 10, command = play_wrong_sound)
b2.pack(side = "right", padx = 10, pady = 10)

app-mainloop()

print(str(number_correct) + " were correctly answered.')
print(str(number_wrong) + " were answered incorrectly.™)
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building a graphical user interface

—YasT DRIve

With the code you need extracted from the nongraphical application and
added to your GUI program, press I'5 in IDLE to see (and hear) if things are

working any better now:

Correcl!

[t not on\\/ looks
5°°d, bu{ now |+4

/ SOMV\dS 500d) ‘tOO,

N/
Splat! —
[N

Every time you click on a button, the appropriate sound

effect is heard. Great work!

Dum

Q,: So “event handlers” in tkinter are just functions?

< Yes, as we said earlier in this chapter: it's all just code. And
by putting the code you want to run in a function, it's easy to
reference it using the command parameter associated with each
button. Your user clicks the button to run the code in your function.

Q,: This actually isn’t too hard. | always thought building a
GUI was only for advanced programmers?

A: Well... that certainly used to be the case, but things have
changed (for the better). Technologies like tkinter allow every
programmer to build great-looking GUIs without too much fuss. It's
a case of tkinter concentrating on the GUI, while you concentrate
on your code.

thereqare no R
b Questions

Q,: And is it the case that, if | want to add other things to my
GUI program, it’s done in a similar way?

A: Yes, all you have to do is write the code.

Q: And | connect my code up to my other things using
something like the command parameter that works with
buttons?

A: Yes, that's all there is to it. The mechanism for the other
interface elements (or widgets, for short) might be a little different,
but the concept is the same. Once you can work with one, the rest
are a lot easier to get your head around.
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missing

But TVN is still not happy

The sounds work great,
the GUI looks fantastic...
but where are my results?
I can't find them!

The results appeared in the Python Shell,
not in the GUI, so the host missed seeing
them. When you point this out to him, he’s
less than impressed and makes it clear that
he expects the results to appear in the GUL

You need some way to display
messages in the GUI.

The vesults ave - Python Shell
righ{: there in the file Ldit Shell Debug Qptions Windows
P\/H\on Shell. But

5 559 MR B

Hel

Python 3.1.1 (r3ll:74480, Aug 18 2009, 07:03:43)
Ehis is NOT.Wh3£ [6CC 4.3.3] on linux2

p
ks Type ~copyright”, "credits” or "license()~ for more information.
the host wants. BAE e e e s REGTART
£
4

s
12 worc corrcctly anawcrod.

I were answered fncorreocl 1y.
waa |

[in: &|cal: 4
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building a graphical user interface

v ©F '

+ WHAT'S MY PURPASE™D?
gl

The interface elements that you add to a GUI are known as widgets.
You’ve met one already: the button. There are lots of others. Look at
the names of some other widgets below and see if you can match them
with the correct description. We’ve already done the first one for you.

A widget that provides a way for large and
small amounts of text to be entered

Drop-down [ist

Label A separate window that pops up to request
additional information from the user

Text box A widget that displays a string message in
) a window
Menu The combination of a drop-down list and
a text box
Combo box A widget that allows you to select one item
S from a large list
Dialog box A list of command options that is attached

to the top of a window

Write your Which widget do you think you need to use in your program?

answev heve. \
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label

‘.. d * -

Label

Text box

Menu

Combo box

Dialog box

+ WHAT'S MY PURPQASE™
- * SQ\LUT\QN

The interface elements that you add to a GUI are known as widgets.
You've met one already: the button. There are lots of others. You were
to look at the names of some other widgets below and see if you could
match them with the correct description.

Drop down list A widget that provides a way for large and

small amounts of text to be entered

A separate window that pops up to request
additional information from the user

A widget that displays a string message in
a window

The combination of a drop-down list and
a text box

A widget that allows you to select one item
from a large list

A list of command options that is attached
to the top of a window

You were asked to identify which widget you would use in your program.

\/ou need to add 3 label to Your 6M| n /\
order to display the vesults.
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building a graphical user interface

Label it

When it comes to adding a label to your GUI, use the tkinter Label widget.
You create it in code not unlike the way you create a button. Here’s the code

Create a new label, attach

. 2 . ) it 1o the main window, give
:ria:c.l a label to an existing GUI application. The label simply displays a '+ oone dexk, and 3 d)us{: Lhe
. label’s height.

v

1 = Label(app, text="When you are ready, click on the buttons!®, height = 3)
1_pack()

Don't fovgcf +o pack() the widget.

= TVN Game Show

When you are ready. chck on the buttons!
Put the label ode before

the tode for the buttons E ; i
an:i {‘,o\'\c qul will then loock——>> ot bl L

like this.

Another variation replaces the text parameter with textvariable. If
you assign a special tkinter variable to this parameter, the label will change
whenever the value of the variable changes, automatically:

Create an “IntVar”.
N

num_good = IntvVar()
num_good.Set(0) mmm
Assotiate N

the “Intl/ar”| 11 = Label(app, textvariable = num_good)
with the | 11 pack(side = *left™)

num_good.set(100)

g

Use the “set()” method o adjust th

value of the “IntVar”, and the qu| %
ubdates, as if by mage.

]
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add

Long Exercise

Based on what you now know about adding a label to a GUI,
rework your GUI code so that it uses two labels. One should
display the number of correct answers and the other should
display the number of wrong answers. We've left plenty of room
for you to write in all the code that your program now needs.
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label results

Long Exercise
QoLution

Based on what you now know about adding a label to a GUI, you
were asked to rework your GUI code so that it uses two labels.
One should display the number of correct answers and the other
should display the number of wrong answers. We left plenty

of room for you to write in all the code that your program now

needs.
Start by importing the | from thinter import ¥
library eode you need.
........ import pygamemier
........ def play_corvect sound(:
............. num_good.set(num good.getO +1)
o\ torveet splay)
Create the two
VNt haNdlers oo
that —
rhf\/a:cfnjh;by def play_wrong_sound():
the appropriate
sound.
Create the QUI

awlicaboy\ window.

Initialize the
sound system.
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building a graphical user interface

L .
b torrett s = sounds.Sound(“covrect.wav”)

re uikcd Sound .........................................................................................................
—
et wrong s = soundsSound(‘wrongway’”)
e N0
|n+,\/8¥‘5: one to
tount, the number num_good = IntVar() e,
+ evs
:idu;:\\:{chc: o um_qoodset(0) e
b
cht&; o, mm_bad = ntVarO) e
nm_badset(0) e,
DiSF]aY a ‘Fr'.a,dh/ \ .........................................................................................................
ressoge that bells the > 13b = Label(app, text="When you ave ready, eliek on the buttors/, height = 3)
0.
Be sure to PACK your > !‘?.b.‘f‘?.c.'.(.(.). ............................................................................................
widgc{;s.
Creste buo labl = Label(app, textvariable = num good)
el o hold bl pack(side = Nef€)
[ ountevr
and conncd{: H\c
e

fﬁﬁiﬁ? :fd =1 blpack(side = left’, padx = 10, pady = 10)

Lovmcc{‘, them to

Sarf .....................................................................................................
tkinter’s main
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test

—TasTt DRIve

With your newly amended code entered into IDLE, press F5 to see and
hear the GUI in all its glory:

Sweet... the fu”\/ working QU|.

[ ] TVN Game Show

When you are ready, click on the buttons!

16 Correct! Wrong! 2
: K The labels are displaying

running totals with eath
mouse thiek (event)-

That's just perfect! The new
version of the program works with
my touchscreen and is so easy to usel
I love it! Oh, and before I forget,

here are your two front-row tickets
for the Grand Final. See you then!

Theve it is: the host's
winning TV Smilc!

One final detision: who

are You

9oing to take with yw?
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building a graphical user interface

. Your Programming Toolbox

You’ve got Chapter 7 under your
belt. Let's look back at what
you’ve learned in this chapter:

mm\“ﬁ Too\S

‘: W -35 5 trivd-party roe™ "
S\
Yovrav’ X
\; VP\:\"“S Wikh 3 sound Wora<y w
% Buent oot ~ vespond e
ven
n oltuw oke
o 00 watet | Pylhon Tools
# Brent W37 event oLV’ * pyaame — 3 professi
nen 3 e nkevkace a i lib 3 protessional-level set of
« Gul -3 o Y\\-‘La\ és)ev v 9aming libravies that support sound
11 42 * .
(looks Wt doesn\: \. . e\cmc“k Pass — a piece of tode that does no{;h;ha
_a G ntee * break — exit from 3 loop

* Widaet
* thinter — standavd libv-a\r\/ for

ereating GU[s

¥ TkO - a blank GU| app

* Button() — 3 tkinter button widget
¥ Label) - a tkinter 1abel widget

* [ntVar() — a tkinter inte i
gevr vaviable
that ean update the GU/ “as if by magie”
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8 guis and data

*
+ Data entry widgets *

So, you see, if we replace all our

command-line data entry systems with

GUTs, we can increase efficiency enough

for me to afford these totally blinged-out
alloys for my Hummer. ®

GUIs don’t just process events. They also handle data.

Almost all GUI applications need to read user data, and choosing the right widgets can
change your interface from data entry hell to user heaven. Widgets can accept plain

text, or just present a menu of options. There are lots of different widgets out there, which
means there are lots of choices, too. And, of course, making the right choice can make all

the difference. It's time to take your GUI program to the next level.
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special delivery

Head-Ex needs a new delivery system

Head-Ex Deliveries is a small delivery company that’s looking to expand.
They know that delivery companies rely on their computer systems, so they
want to have a whole new system to book deliveries around the country.

The system needs to be simple to use, so they want to use a graphical user
interface (GUI). They want to give you the job of creating the system and
even have a sweetener to make it worth your while.

T'll put you on a bonus.
The more we deliver,
the more you get paid!
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? s [
They’ve already designed the interface
Head-Ex has been thinking about expanding their business for a
while and they already have a design for the interface to the new
delivery system. This is what it needs to look like:

Depot: Theve ave a bunch
L \(Q of da£a~cnjc*‘/
Description: fields.
RAAress:

This is wheve the
dclivcry details
need to be saved.

Theve is a \_/5 \ I
sinale button gove

)

So how will it work? It’s pretty simple, actually. The user enters the
details for a new delivery, including the description of the contents,
the address it’s heading to, and the name of the Head-Ex depot it deliveries.txt
will be dispatched from. When the user clicks the Save button, the

details are saved into a file called deliveries.txt.

a g@;&wt\\u
PaOawEWwR

What's the difference between this GUI and the ones you created before?

UL
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text

Read data from the GUI

Think about the GUIs you’ve created so far. Those apps ran code in response
to events generated by users clicking buttons. So what’s different here? Well, in
addition to generating events, your users will also be creating data.

You need to do two things:

o You need to create an interface with places to enter text.
The Head-Ex design shows exactly what the interface will need to look
like:

Depo’v

Desor‘\p{'\ow

RAAress:

\ Save ’

e You need some way of accessing that information.
The data will need to be stored away in a file, so you need some way of
asking the interface what text has been entered. That way, when
someone clicks on the Save button, you’ll be able to write the data to
the deliveries. txt file, like this:

You will need to APPEND this Depot:

information to the file whenever >\ Seattl_e’ \_NA
someone presses “‘Save.” Description:

Books
Address:
The Sormat of the fe A7 1 Main Street
doesn L matter, as long as Anytown

4he depot alf can vead it Any
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guis data

The Entry and Text widgets let you enter
text data into your GUI N
A TEXT FIELD is just a

If you look at the interface design, you'll see that there are two different types K~ box on the streen that you
of text field you will need to handle: short text and longer, multi-line text tan use to enter text.
fields. To deal with these two needs, Python’s tkinter library has two different

widgets for each data-entry type:

Entry widget: for entering single lines of text

The Entry widget is what you’ll use for most of the text fields. You can
create an Entry widget like this:

Ohc\?hglc line of text

my small_field = Entry(app) 2220 AN PP /I A A PP PP

” L]

ber that you éstarbuzzceoﬂgmall . com fj
R\";fl': Lt -.Z\mt the i i 2
alw
tkinter library Fivest.
Text widget: for longer, multi-line text
Because not all text data fits on a single line, tkinter has the Text widget.
Think of email messages, Wikipedia pages, and word processing documents.
For large multi-line data, you need something other than Entry. You need Multiple lines of text
Text:

Costello: I mean the fellow's name. Abbott: Who. |

my_large_field = Text(app) :
Costello: The guy on first. Abbott: Who. Costel- [
“lo: The first baseman. Abbott: Who. Costello: Thﬁ/?
)%gﬂy playing... Abbott: Who is on first! Costello:
\/ou tan enter lavgc PiCCCS o-c JI'm asking YOU who's on first. Abbott: That's the|
{:e%{:ual data in heve. fman's name. Costello: That's who's name? Abbott:

““iYas. Costello: Well go ahead and tell me. Abbott:|
f.‘: That's it. Costello: That's who? Abbott: Yes.

. - r/"

w:}vsjC chetkerr
v
The Entry and Text fields should be enough to create the Head-Ex weve Y"‘Jd”\! !

. Q\‘(S’b
mterface. But it’s not enough to simply create the interface. You also need to P\I‘E\\O"‘ s on
control the data inside 1it.

261



control text fields

Read and write data to text fields

When someone enters text into an ENtry widget, Python stores that text

somewhere in memory as a string. If you want to read the string, simply call
the widget’s get() method:

\.Q\\_g
E
)

my_entry field.get() ice cream

This will vetuen the s{:\ring “icc,t\rcam". e i e ﬁ

RN

But what if you want to change the contents of the widget, can you do that
too? Yes, you can: add text to the widget using the insert() method. It’s a

little more involved than just reading the text, because you need to say where
you want the text inserted:

my_entry_field.insert(0, "banana ') .%’M’MMM/
e - 7 “Ibanana ice cream
This is the INDEX of 72 A T o S e e A T ! A2
4he insevtion Yo'thC- 0'l'2345'%

Entry fields ave indexed from O.

You need to specify the index of the insertion point. Indexes in ENtry fields
work just like indexes in strings: they begin at zero. So if you insert text at index
0, the new text will appear at the front of all the text already in the field. In the
same way, the delete() method lets you remove text from the field. You
might want to delete the entire contents of the field, so tkinter gives you a

The final thavatter
handy END symbol that lets you delete all the text like this:

in the field is
'mdt‘ﬁcd by END

O is the index of the fiest
This will delete the entive tontents. thavatter in the field.

my_entry_ field.delete(0, END) “

/
END is a syccial value < /Y

that vepresents the last
tharacter in the field. All the Lext has 9one.

The get(), insert(), and delete() methods give you complete
control over the contents of your ENtry field.

But what about Text fields?
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guis and data

Large Text fields are harder to handle

So Text fields should work the same way, right? Well, actually, they don’t.
The designers of tkinter figured people might want to access particular lines
and columns in Text fields. This means that while Entry fields use a single

number to index the contents of the field, TeXt fields use a string, in the form
row.column:

This ‘Fi\'S‘f: ChaYaC{;cr has index “.0”
Row |-
. =l
Unlike Enty 0 field This means feom the ROW P
Can'{i\)us'[: us); 35{;) Js:oyou and COLMMN:-_O» W‘“LE ‘T de‘e — N A A
get the entive tontents Fiest thavatter in the *iela. V. _ 3 ; EboEE =T
’ Costello: The guy on first. Rbbott: Who. Costel- [
_ / o: The first baseman. Abbott: Who. Costello: The|
my large field.get('1.0", END) . fguy playing... Abbott: Who is on first! Costello:|
j\ K- /.> 'm asking YOU who's on first. Abbott: That's the|
This will vetuen [@an's name. Costallc: That's who's name? Abbott: |
This will veturn JC‘\F entire ALL of the text // 't'?:rlé:st:ﬁig:h::tdwﬂ nﬁt:+!:?°tt: /
contents of the field. in the Text field. AT
Column O-

Once you understand how TeXt indexes work, you’ll see that you can nsert
and delete text from them in a very similar way to Entry fields:

my_large_field.delete(''1.0", END)

This will tlear the field.

my_large_field.insert(*'1.0", "'Some text')

This will insevt the Lext at

. Be careful how
fhe start of the field.

you number
rows and
Watch it! columns in
Now that you know how to create text fields and Text() fields.
control the text they contain, you're ready to . Rows begin at 1, but columns
build the Head-Ex application. . begin at 0.
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create the interface

Code Magnets

Complete the code to create the interface. Think carefully about the
widgets you will need for each of the fields.

from tkinter import *

_ Create the QUl.
You don't neeg app = TkQ &~

itle("Head- iveries" hat “pack()” adds
+ k“f’ track o 3\app.tltle( Head-Ex Deliveries”) Rcca\\_: 3{5 L the window-
he labels, 5o o Label (app, text = "Depot:™).pack() ‘the wid) N
E,f:: t"“‘a" depot = ENtry(@PP)X oo Il want 4o keep 4rack Calling “pack()” without options
variables.  depot.pack() of the data entry fields, so means You leave it to tkinter

assign them to variables. to detide how best to lay
things out on the qul.

This means the button
will eall the save_data0)
Lunttion when it's elicked.

Button(app, text = "Save'", command = save_data).pack()

Label(app, text = "Description:')

Text(app) , description = '

description
l p ' _packQ
.packQ m

app-mainloop()

Label (app, text = "Address:')
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guis data

N .-;-,Sl\ﬁrpen your penci
"N In addition to the GUI code, you need to write the function that

will save the data from the GUI to the del iveries. txtfile.

The Save button on the interface is going to call a function called save_data(). The function will
append the data from the GUI to the end of the deliveries. txt file formatted like this:

Depot:
Seattle, WA
Description:
Books
Address:

1 Main Street
Anytown

WA

Then it will need to clear the fields on the form to make them ready for the next record to be entered.
The function will have to appear in the program before the GUI code. Write the code for the function
here:

Don't forget: it FIRST

need 4o save the da’oa-
TCP;EF\I it needs to ¢lear N e

the ‘(:ic\d&
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interface created

o525 | Code Magnets Solution

—_— i
| You were to complete the code to create the interface. You were to
think carefully about the widgets you will need for each of the fields.
e ‘3
from tkinter import * € inser{e o afa()” Code peey

e
so ﬂw{: ﬂ, C-Fokc the e 6l s to
b -6-60 /Code

dn See ,'.é_

app = TkQ

app-title("Head-Ex Deliveries”®)
Label (app, text = "Depot:").pack()
depot = Entry(app)

depot.pack()

-pack()

Label (app, text = "Description:')

Create two 2 description = \ Entry(app) I
‘FICIdS one < ) I . PN
and the other ..k m ...............................................................

is @ Text field. Don't fovgd: to pack

\ those W|d5c£s
pddress —> | address =
asa\aggcv ..M ...........................................................
ield.
e

Button(app, text = "Save', command = save_data).pack()

app.mainIOOp()

Label (app, text = "Address:')
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\ little difkerent ™~ just as you did when we wrote the POS

guis and data

_ -f{*Q&I‘PH’I your pencil
N &Iutmn The Save button on the interface is going to call a function called
' save_data().The function will append the data from the GUI

to the end of the del iveries. txt file formatted like this:

Depot:
Seattle, WA
Description:
Books
Address:

1 Main Street
Anytown

WA

Then it will need to clear the fields on the form ready for the next record to be entered. The function will
have to appear in the program before the GUI code. You were to write the code for the function here:

Your code may lock 2 Popend the text to the end of the file,

\ dC‘c save daﬂ() YY‘OSY‘&MS f\:\r ‘{',hc HcaH:h Club
fileD = o?cn(“dcliverics.{;x Y 43"

)

gomtents o e Dt o depolnet®)

getl) veburns the . £ileD-write(*Depot\n")

get(“1.0", END)
vebuens £he

conkerts of T oD writel*he\n” % addvess get(*1.0”, END))
rbents 2 HleDwiteChs\e” % addressetLO" ENDY

Don't forget 4 clegy ). SescrRtiondeletelO BND) e

3’5 fﬁ‘ tersaving addvessdelebelO"END) \

This means “Ist vow, Oth tolumn.” Remember
that vows start at | and columns from O.
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test drive

—TesT DRIvVe

The deliveries program is ready, so it is time for the demo. With the code
entered into IDLE, press I to fire it up and you should see this:

Your QU is
’ooking 9ood.

Dot
Seattle, Wi

Description:
Books
Address:

1 Main Strest
Ay Lown

L

|

Depot:
Seattle, WA
You can enter data into each of the fields, even the multi- Description:
line address. When you click Save, the fields all get cleared. Books
When you open up the deliveries. txt file, you see that Addr_eSS:
the data you entered into the GUI has been saved. 1 Main Street
Anytown

Congratulations! You’ve written your
first GUI data-entry application.
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guis

%BUI.I.ET POINTS

Entry fields are used for single lines
of text.

m  Text fields are used to handle multi-
line text.

= Read the contents of fields with the
get() method.

®  Add text using the insert() method.

= Remove text with the delete()
method.

= Entry fields are indexed with a
number starting at 0.

m  Text fields are indexed with a string,
starting at “1.0".

Q: Is it possible to put more than one line of text into an
Entry box widget?

A: Yes, you probably could, but if you need to do this, you are
much better off using a TeXt box, because they are designed to
handle more than one line of text.

Q: | notice that we are calling the pack() method as part of
the label creation code, whereas before we assigned the label
to a variable then called pack() on the new variable. Which
packing technique should | use and does it really matter?

A: No, it does not really matter which technique you use to call
pack(). If it makes sense to pack your widgets as they are
created, include the call to pack () as part of the creation code.
If it doesn’'t make sense, assign the widget to a variable and do
your packing whenever you need to. If you look at other examples
of tkinter code on the Web, you'll see that other programmers use
both techniques.

tLereBre no

Questions

Q: Why can’t we just assign a value to an Entry box using
the assignment operator (=)? Why do we have to use the
insert() method?

A: The Entry box is a widget object, not a Python variable,
so using the assignment operator does not make sense here.
When working with objects, you need to use the application
programming interface (API) provided by and included with the
object, which in this case is the insert() method.

Q; Why do the rows in a Text box start counting from one
as opposed to zero (like everything else in Python)?

A: Beats the hell out of us. No idea.
Q; So, just to be clear, Who is on first?

A: No. Who is on second. Python is on first.
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the other

One of the Head-Ex deliveries went astray

For the first few days, the system worked great. Deliveries were correctly
booked and goods were shipped. But then, something odd happened at the
British delivery depot.

I'm terribly sorry, old chap,
but I think these boxes

were meant for the other
Cambridge. Cup of tea?

One of the deliveries went seriously astray. A consignment of college
football jerseys was sent to Cambridge in England, instead of the Cambridge
in Massachusetts. But the system is still working fine, 1sn’t it? So what could
possibly have gone wrong?

There’s no time for tea. Let’s get to the bottom of this.

Bh'l: I'{: was ,ovdy
+o be asked...
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Users can enter anything in the fields

The system is doing exactly what it was designed to do: it lets people enter
the details for depots, descriptions, and addresses. The trouble is, even though
there are only a few depots, the ENtry text fields lets the user type pretty
much anything. There are no controls on what gets entered into the GUIL

Head-Ex Deliveries
Depot:
|cambridge
Description:
Feotkall Shirts
Address:

N

42 Harvard Square
canbridge
Masq

It wasn’t obvious whether the delivery was intended for the Head-Ex depot
in Cambridge, MA, or the Head-Ex depot in Cambridge, England. You need
some way to prevent users from entering ambiguous data in the depot field.

guis and data

This is AMBIQUOUS. |+
is not ‘bo‘ba”\/ tlear which
Cambridge is meant.

_ @yvcxsu
‘PQWEWR
Think about the GUIs you've used in the past. How could you
restrict the values that someone could enter into a GUI?
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radio

Radio buttons force users to choose a
valid depot

Text fields aren’t the only data-entry game in town. If you look at any
GUI program, you will find a whole host of different widgets being used:
sliders, buttons, check boxes. Why are there so many different types of
widget? Are they just there to make the interface more interesting to use?

Click AM and the FM button pops up-

The reason there are so many widgets is to allow the programmer to
cfficiently manage and control the kind of data that people can enter.

If you want to allow a small number of values for a field, you can
use the radio button widget. A radio bution works just like the AM/FM
selection buttons on your radio: press AM and the FM button pops up.
Press FM and the reverse happens.

Cliek FM and the AM button Pops up.

Radio buttons in a GUI program work in the same way: if you select
one of the buttons, the other buttons are automatically deselected. That
way, you can choose only one from a small group of options.

Depot:
Rad\o bu‘t‘kﬁ“s N P
\@ Cambr'\dge, A
\;‘3 Cambr‘\dge, UK
O Seattle, WA

Descr‘\p{\ow

RAdress:

‘ Save ]

So if you replace the depot ENtry field in the Head-Ex
program with a set of radio buttons, you prevent users from
entering ambiguous depot names. That way, they will be able
to choose one, and only one, depot.

Sounds OK.
CanIseea
prototype?
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Creating radio buttons in tkinter

You need to create three radio buttons in the interface, one for each of the
depots. This is how you might do that in tkinter:

You don't need the
Entey field anymore.

Label (app, text = "Depot:').pack(Q)
—~depet—Entry(appy—

This is the fex{;
that will appear
next 4o the radio

[} n.

Radiobutton(app, text = "‘Cambridge, MA™)._pack()
Radiobutton(app, text = "Cambridge, UK"™).pack()
Radiobutton(app, text = "Seattle, WA™)_pack()

Label (app, text = "Description:'") _pack()

You need to remove the depot ENtry widget and replace it with three
Radiobutton widgets, one for each of the valid depots. The text given to
each widget will be the text that appears alongside the radio button in the
interface.

What about reading which radio button has been selected? For now, you just
need to create a prototype of the interface, so there’s no need to change any
of the code that saves records. That’s something we can deal with later.

Let’'s demo the new interface to the guys at Head-Ex.

data
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test drive

Y Tost DRive

It’s time for the demo of the new version of the interface. When the guys
from Head-Ex arrive, you fire up the new program in IDLE:

Head-Ex Delivaries
Lepot:
+ Cambridge, M&
& Cambridge. UK
o Sealille WA
Description:

Address:

I don't understand... is
this delivery being sent

to all of the depots? Why
are they all selected?

There’s clearly something wrong with the prototype. There is only
supposed to be one radio button selected at any one time, and yet the
program shows all of the radio buttons selected together. LESE

o

What happened? You need to look in a little more
detail at how radio buttons actually work.
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The radio buttons should work together

When you modified the code, you added the three radio buttons like this:

Radiobutton(app, text = *Cambridge, MA™).pack()
Radiobutton(app, text = '"Cambridge, UK™).pack(Q)

Radiobutton(app, text = "Seattle, WA™).pack(Q

That code added three new radio buttons to the interface, but it created
them as three independent widgets. This means that each of the radio buttons is
working separately, with no knowledge of the other two.

Look, I don't care
what you guys do, I'm
gonna stay selected.

oo (:j Cambridge, MA

Yeah,

mewe ) ° ° @) Cambridge, UK

o o () Seattle, WA

But the whole point of radio buttons is that they work together. When the AM bVH""{‘:‘;
When you select one radio button, you expect all of the other radio selected, the FM button
buttons to be deselected, just like the buttons on the radio. - should be deselected.

GUI programs often need to synchronize different widgets
together. You do something to one widget, which results in
something else happening to another widget.

So how might you get your radio buttons to
cooperate?

- ‘@&RAN
PoaweEw

Think about the way you want radio buttons to work. Is there something
that they all need to share? What is it?
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The radio buttons can share a model

The text fields you originally created each stored a single data item. For every
widget on the screen, there was a single piece of data. But that’s not true

for your radio buttons. The three radio buttons will be used by the user to
record just one thing: the depot that a delivery is sent to. The three radio
buttons needs to share a single piece of data. And that piece of data is called the

model.

T've just been clicked,
so T'll SET the model
to my value.

T'll keep my eye on
the model until I'm
clicked...

e the model @ Cambridge, MA

. 1 \g
h‘ddc“kavji\lm‘:m\i:‘:/v Click me, so I can
tomputer ’_\ 9 update the model...

@) Cambridge, UK

o 4
{®y Seattle, WA

So if the Seattle radio button is selected, it will update the model with

a new ovalue.

You haven’t set values on the radio buttons yet; you’ve only set text
descriptions. You could set the values to be whatever you want, but it is
simplest to set them to the same thing used as the description of the field:

The text is the destription This VALUE is the one that
{:ha{: aFFcaV‘S on 'H’IC streen. N Wl“ bC MSCd n ‘{')\C modc\.

RadioButton(app, text = "Cambridge, MA"™, value = "Cambridge, MA™)

~~

You tan make the text diffevent
from the value, but let’s leave
them the same heve.

So what happens after the model is updated?
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The systewm tells the other widgets when
the model changes

The tkinter library code will keep a track of which widgets are using which
models and, whenever a model changes, tkinter will let the widgets know
about it. So if we select the Seattle, WA radio button, it will update

the model, and the other radio buttons that share the model will deselect
themselves.

Well, that's not my
value, so I'd better
deselect myself.

O Cambridge, MA®°

Hey, I'm set
to "Seattle,

WA" now. Q

£
Seattle, WA

-@ Cambridge, UK

T

()

Not mine
either.
Deselect.

{o) Seattle, WA

There’s a special name for the way this code works:

~ \ / / -

—  Mode] View Contro]ler
4 \ NN

/7

. The model is the data stored.

The view is just a fancy name for the widget.

. And the controller is the code in tkinter that lets all of the views know
when the model has changed.

So much for the MVC theory. Time to fix the code.
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So how do you use models in tkinter?

Imagine you wanted to add delivery options to the program. You could use
radio buttons and do something like this: [¥s imyor{:anf +o E)(PLICITLY give
eath button a VALUE.

Radiobutton(app, text = "First Class", value = "First Class').pack(Q)
Radiobutton(app, text = "Next Business Day", value = "Next Business Day').pack()

You then need to create a model for the radio buttons to skare. In tkinter,
models are called control variables, and control variables that store text

are called StringVars: A StringVar is just like the IntVar from

Chapter 7, extept that it holds a string value.

. s
service = StrlngVar() This SC{‘,S ‘H\C SbringVar {')O {')\C SFCCial valuc
SerVice'Set(None)‘F “NOV\C" WhiCh means “No V8|UC~”
Radiobutton(app, text = "First Class", value = "First Class",
variable = service).pack()

Radiobutton(app, text = "Next Business Day", value = "Next Business Day",
variable = service).pack()

This code will now give us a pair of buttons that work together. If you
select one, the other will automatically become deselected:

Cliek the SECOND o?{‘,lionta;\d @ First Class
ST will be deselected. .
the FIRST will be desele - G A Day

And if you ever need to read or change the model value in the code, you just
need to call the StringVar's get() or set() methods:

This veturns the turrent

>>> print(service.get()) & value of the model.

"Next Business Day"

>>> service.set("First Class")
Eci SE:CS“ ;hc£m2 del object . G First Class
iYS ,a ”1 i i 4
auﬁomatically sclcczsth:’h . '@ Next Business Day

: [
radio button on the sdrcc:.wcc{
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Poo] Puzzle

This is the section of the program that
creates the depot radio buttons. See
if you can complete it using the
fragments of code from the pool.
Be warned: you might not need
all of the pieces...

Label (app, text = "Depot:").pack()

depot.set(None)
Radiobutton(app, ......ccccocvevvenennen. .

e e ) -packQO
Radiobutton(app,

........................ C B e+ 3 et e s ) -PACKQO)
Radiobutton(app,

........................ ) -PACKO)

Note: each thing from
the pool can be used
only once! “\l-.l

value=
depot

value= Stringvar()

variable=

variable= depot i depot
- “Cambridge, MA" ""Cambridge" P
A= "Seattle, WA" i} " "Seattle, WA variable=

value= Cambridge, MA ""Cambridge, UK"
text= o - .
i Cambridge, UK
I —E

_ .-giharpen your pencl

What piece of code would you use to make sure all of the radio
buttons are cleared after the record is saved?
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Poo] Puzzle Jolution

This is the section of the program that
creates the depot radio buttons.
You were asked to see if you could
complete it using the fragments of
code from the pool. Not all of the
pieces were needed.

Label (app, text = "Depot:").pack()

depot.set(None)
Radiobutton(app, variable = depot, text = "Cambridge, MA", value = "Cambridge, MA™)_pack(Q)

Note: each thing from
the pool can be used

only once! gﬂ‘l\ ’-—

""Cambridge"

_ .-g{ﬁrpen your pencil

& sglut-lﬂn What piece of code would you use to make sure all of the radio
buttons are cleared after the record is saved?
Betause none of the vadio N\ dcyo{,sc-[:(No,\c)
buttons have Lhis value, none  «eeeeeeeene L
of them will be selected.
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—Test DRive

Now it’s time for another demo of your program. When you first fire up the
program, you see that there are initially no depots selected.

Head-Ex Deliveries
Depot:
& Cambridge, M
" Cambridge. UK
+ Swallle, WA
Description:

Address:

That’s good. Now what happens if you select the first option, then change to

the third?
1§ you seleet “Seattle,
L= Head-Ex Deliveries + . Mm% WA Jou au{:omaticall\/
i deseleet “Cambridge,
'+ Cambridge, MA ©
- N
™ Cambridge, UK
1 Seattle, WA
Head-Ex Deliveries
Depot:
" Cambridge, MA
I Cambridge. UK
..\‘ = Seallhe, WA
. Description:
Address:

P et P B

If you make a selection, the other radio buttons automatically deselect

themselves, which is exactly what you need.

Phew. Now the users will
always send the packages
to real depots. You did a
great job. Thanks!

The radio buttons are working correctly.

you are here » 281



many more

Head-Ex's business is expanding

With the new systems in place, business is better than ever at Head-Ex. They
have new trucks, more employees, and an increasing number of offices.

We're opening
depots
everywhere!

Head-Ex is oycning dc?oﬁs
all over the world.

But with this success comes a new problem...
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There are too many depots on the GUI

The coders at Head-Ex have been amending your program to add new
depots as they were opened. But there’s a problem. Now there are so many
depots that they can’t all fit on the screen.

Head-Ex Deliveries
Depot:
* Cambridge, MA
i Cambridge, UK
i+ Seattle, WA
& New York, NY
i Dallas, TX
* Boston, MA
* Rome, Italy
& Male, Maldives
" Luxor, Egypt
" Rhodes, Greece
“ Edinburgh, Scotland
Description:

Address:

Something needs to be done to the GUI. But what?

a @jzwtxu«
PAWEWR

What kind of widget would you use instead of a radio button to fix this?
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multiple

An OptionMenu lets you have as many
options as needed

An OptionMenu or drop-down listhox is a widget that lets you restrict the
number of options a user can choose, just like a group of radio buttons. But
it has a couple of important differences.

First, it takes up a lot less space than a functionally equivalent group of radio
buttons, about the same amount of space as an Entry text field. Second—
and this is the really important characteristic—when you click it, an option
menu can display a large list of options.

Depo{: The user tould
Combrdge WA [¥) < | select a depot from
[Cambridge, UK _[ an option meny.

|

|Sea.l:.7.la, Wa
[New York, N |
:Da]la.s, TH ) ’
Boston, Ma |
[Rome, Ttaly
Male, Maldives
Luxor, Egvpt
{Hhodes, Greece [
Edinburgh, Scotland

‘ Save I

If the Head-Ex coders use an option menu, they will be able to increase
the number of depots available, but they won’t have to increase the size or
complexity of their GUL

So what needs to be changed in the code if you want to swap the radio

buttons for an option menu?

It’s not what changes, but what stays the same.
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The wmodel stays the same

Think for a moment about the model you are using with the radio buttons.
It represents the name of the chosen depot, which you want to keep for the
option menu. If the model stays the same, then your code, which currently
looks like this:

depot = StringVar(Q)

depot.set(None)

Radiobutton(app, variable = depot, text = "Cambridge, MA", value = "Cambridge, MA™) .pack(Q)
Radiobutton(app, variable = depot, text = "Cambridge, UK", value = "Cambridge, UK').pack(Q)
Radiobutton(app, variable = depot, text = "Seattle, WA", value = "Seattle, WA™)._pack(Q)

can be replaced with code like this:
depot = StringVar()
depot.set(None)

OptionMenu(app, depot,

The setond Yaramclccr mus‘}‘,
be the model and it doesnt

"Cambridge, MA"™, "Cambridge, UK", "Seattle, WA"™)_pack(Q)

A list of all the options {:ha‘ﬁ

appear in the widget (Cambridge, MA

need the “vaviable =" bit.

_{E‘J

mawbmqw UK
|Seal:.t.la Wa
! New York, NY

This is the same

model as before. —> Dallas, TX
Boston, MA |
'Ru:ume Ttaly [
Ma.Iﬂ Maldives |
Luxor, Egypt '

{Rhodes, Greece
Edinburgh, Beotland)

But wait... you don't have to list all the values like that

It looks like a lot of work to put all of the options in the actual function call to
OptionMenu(), doesn’t it? After all, there’s a large list of depots.

Thankfully, Python comes to the rescue. If you have the options already
stored in a list:
depots = ["'Cambridge, MA",

"Cambridge, UK", "Seattle, WA™]

you can pass the entire list instead of separate values like this:

This ¥ means “Take the vest of
the parameters from this list

OptionMenu(app, depot, and insevt them heve.”

*depots) -pack()

Now let’s put the pieces together.
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gong ExerciSe

This is a version of the program that uses radio buttons.

You are going to update this program so that it uses an option menu. But the options need to be read
from a text file.

from tkinter import *

def save_data():
fileD = open(“'deliveries.txt", "a'")
fileD.write("'Depot:\n"")
fileD.write("%s\n" % depot.get())
fileD.write(''Description:\n")
fileD.write("%s\n" % description.get())
fileD.write(""Address:\n"")
fileD.write("%s\n" % address.get(*'1.0", END))
depot.set(None)
description.delete(0, END)
description.delete(0, END)
address.delete(*1.0", END)

app = TkQ
app-title("Head-Ex Deliveries”®)
Label (app, text = "Depot:'").pack()

depot = StringVar()
depot.set

Radiobutton(app, variable = depot, text = "Cambridge, MA", value = "Cambridge,
pack(Q)

Radiobutton(app, variable = depot, text = "Cambridge, UK", value = "Cambridge, UK"™).
packQ)

Radiobutton(app, variable = depot, text = "Seattle, WA", value = "Seattle, WA™).
ackQ

Label (app, text = "Description:")._pack()

description = Entry(app)

description.pack()

Label (app, text = "Address:').pack()

address = Text(app)

address.pack()

Button(app, text = "Save", command = save_data).pack()

app-mainloop()
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First, you need to create a function called read_depots() that will read the lines in a text file and return them to
0 your code as a list.

Hint: When you read a line from the file, it might have a newline character at the end. The rstrip() string method
will remove it for you.

This function will be def read_depots(file):
inserted heve.

Then, you need to replace this section of the code with code that generates an option menu using the data from the
9 read_depots() function you just created. It should use a file called depots. txt. Write the code here:
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Long Exercise
OLutiOoN
This is a version of the program that uses radio buttons.

You needed to update this program so that it used an option menu. But the options
were to be read from a text file.

from tkinter import *

def save_data():
fileD = open('deliveries.txt”, "a")
fileD.write('Depot:\n")
fileD.write("%s\n" % depot.get())
fileD.write('Description:\n')
fileD.write(""%s\n" % description.get())
fileD.write("'Address:\n"")
fileD.write("%s\n" % address.get('1.0", END))
depot._set(None)
description.delete(0, END)
description.delete(0, END)
address.delete('1.0", END)

app = TkQ

app-title("Head-Ex Deliveries®)
Label (app, text = "Depot:').pack()
depot = StringVar(Q)

depot.set
Radiobutton(app, variable = depot, text = "Cambridge, MA", value
packQ

Radiobutton(app, variable = depot, text = "Cambridge, UK', value = "Cambridge, UK').
packQ

Radiobutton(app, variable = depot, text = "Seattle, WA", value = "Seattle, WA™).
ackQ

Label (app, text = "Description:').pack()

description = Entry(app)

description.pack()

Label (app, text = "Address:").pack(Q

address = Text(app)

address.pack()

Button(app, text = '"'Save', command = save_data).pack()

""Cambridge,

app-mainloop()
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o First, you needed to create a function called read_depots() to read the lines in a text file and return them as a list.

def read_depots(File): Gtart with an

P P T

line at a time.

Append a stripped copy of
‘thc IihC {_p ‘{',hC array‘ .....................

2 xetuendepots

Return fhe list to
the Ca\\ing tode.

Then, you needed to replace this section of the code with code that generated an option menu using the data returned
e by the read_depots() function. It needed to use a file called depots.txt. You were to write the code here:

Call the ‘puh(,{;ion, passing in th
name of the file 4o rc83 the dca{;a .........................................................................................................
from. \—_ options = vead_depots(“depots.txt”)

Use the data .........................................................................................................

o\?{ion menu.
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test drive

Y Tost DRive

Before you run your program, be sure to create the depots . tXt file. When
you start up the program in IDLE, the interface is a lot more compact and A nice and neat list of
even easier to use: depot options

Head-Ex Deliveries
Depot:
Cambridge, MA —

Cambridge, MA
Cambridge, UK
Seattle. WA
Mow York, NY
Dallas, TX
Boston, MA
Rome, Italy
Male, Maldives
Luxuwr, Eyypl
Rhodes, Greece
Edinburgh, Scotland

The system is working really well now. And, due to the depots being stored in
a file, Head-Ex can change the list of depots in the file without having to amend
the code in any way.

Your GUI program builds the list of depots dynamically
and on-demand, which makes it very flexible indeed.
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Things are going great at Head-Ex

The GUI system is easy to use, and by restricting the depots with an option
menu, the quality of the entered data is spot on. This means the Head-Ex
delivery service is more reliable, the number of customers is increasing, and
the business is growing bigger—worldwide.

Your GUT data-entry
systems have helped our
business take off. Your

first bonus check is
queued for delivery!

W

Deliveries

HEAD-EX |

| HEAD-EX

Chetk out fead-Ex’s
ever—expanding fleet.
Using tkinter’s data models, you used the power of

model-view-controller to build a GUI data-entry system
that really rocks.
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" You've got Chapter 8 under your belt.
Let’'s look back at what you’ve learned
in this chapter:
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8% exceptions and message boxes

*
+ Get the message? 4

So when you say, "Not even
if you were the last man on
Earth,"” what do you mean?

Sometimes things just go wrong. You just need to handle it.

There will always be things beyond your control. Networks will fail. Files will disappear.

Smart coders learn how to deal with those kinds of errors and make their programs
recover gracefully. The best software keeps the user informed about the bad things that
happen and what should be done to recover. By learning how to use exceptions and

message boxes, you can take your software to the next level of reliability and quality.
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the cheese stands alone

What’s that smell?

Just when it looked like things were going so well, there was
a problem in the Head-Ex storeroom.

A consignment of cheese
never got recorded and

it's been going bad in the
storeroom. We've had to
issue gas masks...

A trainee was recording the consignment of cheese when
there was a problem that prevented the program from
recording the delivery. That meant the cheese was never
assigned to a delivery truck. So the cheese never left the
storeroom and it just sat there for a very long time. And that
meant—well, you can just imagine...

To prevent the same thing happening again,
you need to find what caused the problem.
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exceptions and message boxes

Someone changed the file permissions

It turns out the whole thing was caused when someone from Technical Support
decided to change the permissions on the deliveries. txt file, making it
read-only. When the system tried to write deliveries into the file, it failed. But

what’s worse, it failed silently:

Bctause no evvror
message appeared in
the QUI, the trainee

Head-Ex Deliveries * -
Lepot:
Edinburgh, Scotland —

Description:
thinks cver\/{;hiy\5 is OK. |Assorted Cheese
Address:
Cheese Please!
1756 Princes Strest
Edinburgh
] )
— “dclivcvic&‘{#}c, scotland
o R was made vead—
— onl\/~
e .
—
deliveries.txt
File [dit Shell De
Python 3.1.1 tri’
[GCC 4.3.3] on 1
Typc "copyright”
sy ============1
-5
awis moo—=so——=o=o
>
FRxoeplion in Tkia
Traccback (moat
File "Sfusr -".|:||:1
return Belt.
File " /home/ha Sawve

The evror in the
Python Shell was >
not noticed by the |

{rainee.

When you were writing programs that ran in the Python Shell,
you could always tell when it failed: a huge, ugly error message
appeared. Why not with GUIs? Don’t they do the same?

They do, but the trouble is that the message appears in the Shell
and your user is busy looking at the nice GUI, so the ugly error
can often be missed.

When using a GUI, how do you spot errors?
Once spotted, what happens then?

el TUeET TS .

xt

[Ln: &|Cal: 0

Note: To reproduce this error on your PC,
you need to make your deliveries.txt
file read-only. How you do this depends
upon your operating system. If you are
unsure how to make a file read-only, check
the Web for more advice (or ask a friendly
local guru). On most systems, it involves
editing the properties of the file.
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making

When it couldn’t write to the file,
the program threw an exception

What happens when an error occurs? Some errors are really bad: they cause
the program to crash. Other, less serious errors are known as recoverable: the
program can keep running, even though something went wrong. You can spot
these situations in your code, because most programming technologies throw
an exception when they occur.

Imagine a line of code that has a problem, such as the line that was trying
to write to the del Tveries. txt file. Python will spot that the append
operation failed and, instead of running the rest of the code that follows,
Python abandons ship and skips out of the code completely. That’s what
throwing an exception means: the program doesn’t crash, but it abandons what
you were trying to do and tries to recover the situation:

) def save_data():
This line N
of ¢tode /9fileD = open(‘‘deliveries.txt”, "a"

causes the fileD.write(''Depot:\n")

C*CCY‘{:]OY\ f-l D -t n(y \ T [y d t t

b be ileD.write(""%s\n" % depot.get())
thrown. fileD.write("'Description:\n")

fileD.write("%s\n" % description.get())
fileD.write(""Address:\n"")
fileD.write("%s\n" % address.get(*'1.0", END))
depot.set(""")
description.delete(0, END)
description.delete(0, END)
address.delete('1.0", END

I'm outta herel

A“ O'C 'H’NS Codc
is SkiPPcd.

But why skip past the rest of the code? Why not keep on running? Generally,
that would be a bad idea. Once a line of code has gone bad, there’s no way of
knowing if it makes sense to keep running the code that follows. For example,
if the Head-Ex code can’t open the deliveries file to append to it, it makes no
sense to continue trying to write data to the unopened file!

In order to recover, you need to start running your code
from somewhere else.
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Catch the exception

Python spots when an exception is thrown, and you can write some code to
run when the exception occurs. This is called catching the exception. The code
that you run when there’s an error resulting in the thrown exception is called
an exception handler.

def save_data(): Bang' -

fileD = open(deliveries.txt", "a') 7\ A\

fileD.write('Depot:\n"")
FfileD.write("%s\n" % depot.get())
fileD.write('Description:\n")
fileD.write("%s\n" % description.get())
fileD.write(""Address:\n")
fileD.write("'%s\n" % address.get(*'1.0", END))
depot.set('"")

description.delete(0, END)
description.delete(0, END)
address.delete(*'1.0", END)

\{ou tan CATCH
an exteption. )/

exceptions message boxes

OK, it says here I can
recover by displaying
an error message, then

restarting from this line
of code...

=

l'fii;:} 6 ExccPfion

L:‘\{'I hahd]ihg
tode.

Creating exception handlers can really make life easy for your users. Instead
of a flaky program that crashes or fails silently the first time something weird
happens, you can write programs that gracefully recover from errors. Exception
handlers tidy up when something goes wrong and can even let your user
know that something strange happened.

That’s what you need here: an exception handler that tells the user when
there’s a problem writing a delivery to the file.

How are exception handlers written in Python?

A piece of code
that runs w]men
an exception 15

thrown is called an
exception handler.
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try

Watch for exceptions with try/except

In order to recover from an error as it happens, you need to indicate the code
that mught throw an exception. In Python, you do this with try and except.

All you need to do is take the piece of potentially troublesome code and add
the try and except labels:

def save data(): Note: this ¢od
e: IS Lode

. try: is indented
Put the exteption - _ el i uars o under the “$yy”
hardler labels around al 3 fileD = open(‘'deliveries.txt’”, "a') rtemrnt y

of this code. fileD.write('Depot:\n")

FileD.write("%s\n" % depot.get())
FfileD.write("Description:\n')
FileD.write("%s\n" % description.get())
FileD.write("Address:\n"")
FileD.write("%s\n" % address.get("'1.0", END))

f‘c an chcF":ion is ‘{:h\rown depot-set("")

ANYWHERE in this —
settion, the LomFu‘Ecr will

description.delete(0, END)
jump to the eode HERE.

description.delete(0, END)
address.delete(*'1.0", END)

except Exception as ex: — [nside the handler, the cxcc?{:ion is

This is wheve the EXCEPT'ON > T — assigned 1o a variable called “ex”.
wWAoONN—,— —
HANDLER code goes. — A

If an exception is thrown between the £ry and except labels, the code
that follows the except label runs. The code that threw the exception
is abandoned. If no exception occurs, the code runs normally and the
code that comes after the except label is ignored.

Notice that the try/except labels are wrapped around all of the
function’s code. If there’s a problem opening the del iveries. txt
file, you don’t ever want to try writing to it. So, when trouble strikes,
you should adandon ship and skip to the code that tries to recover from
the error.

The code that then runs is the exception handler.
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exceptions message boxes

Exception Magnets

Assemble the code to handle an exception in the save_data()
function. The exception handler needs to display the details of the
exception in the title bar of the window. Note: remember to indent
the code in the exception handler, in addition to the code in the
try block.

fileD = open(“'deliveries.txt", "a")
fileD.write('Depot:\n')
FfileD.write('%s\n" % depot.get())
fileD.write("'Description:\n")
FfileD.write("%s\n" % description.get())
fileD.write(""Address:\n"")
FileD.write("%s\n" % address.get(*'1.0", END))
depot.set('"")

description.delete(0, END)
description.delete(0, END)
address.delete(*'1.0", END)

%s'"

def save_data(): -
app.title( :
ex can’t write 1o the file
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exception

o255 | Exception Magnets Solution

-~ L
You were asked to assemble the code to handle an exception in the
save_data() function. The exception handler needs to display
the details of the exception in the title bar of the window. You
——

needed to remember to indent the code in the exception handler, in
addition to the code in the try block.

def save_data():

fileD = open('deliveries.txt”, "a'")
fileD.write("'Depot:\n"")

FfileD.write("%s\n" % depot.get())
FfileD.write('Description:\n')
FfileD.write("%s\n" % description.get())
FileD.write("'Address:\n"")

FfileD.write("%s\n" % address.get('1.0", END))
depot.set('"")

description.delete(0, END)
description.delete(0, END)

address.delete("'1.0", END) We've using Sormat strings to

ion n the title.

- display the extept
except || Exception E )
[ | EEE 1 s
This is the exteption —>| @pp-title( "t write to the file %S’ |J%

handler ¢ode.

""Can

The exception handler can have
several lines as |on3 as {:hc\/ are
all indented in the same way.
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exceptions and message boxes

—TasTt DRIve

Let’s see if the code works. Make sure the deliveries. txt file is read-

-
NO‘tC: make sure

only. Then run the new version of the program in IDLE and try to record a — delivevies-txt is
delivery by clicking on the Save button. — set o vead—only.

Clicking “Save” '

causes the deliveries.txt

title bar to Y

¢hange, LRI Bl Can't write to the file [Errno 12] Permission denied: ‘deliveries.txt’  +  —

the ervor.

Depotk:

Dallas, TX —
Description:
Stinky Cheese
Address:
Stinks-N-Us

A7 Whalapong Avenue
Dallas, 1X
LS4

Sure enough, when you try to save the delivery details, the program catches the

exception and the exception handler displays the error message in the window
title.

Wonder what the people at Head-Ex will think of this?
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unexceptional

There’s an issue with the exception handler

You do a quick demo for the folks at Head-Ex and, even though the program
works, it’s not quite what they need.

I'm not sure the error
message is really visible
in the title bar. If there
is an error, I really don't
want o miss it.

The error message is more visible than when it was appearing in the Python
Shell, but it isn’t a whole lot more visible. Sure, you've proved that you can
spot when an error happens and then run an exception handler in order to
do something about the error. But you really need to do something that will
interrupt the user and highlight the situation. You need something that will
force the user to acknowledge the error before he continues doing something
else.

A GUI message box might do the trick.
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exceptions message boxes

A wmessage box demands attention

Most of the time, GUI programs put the user in charge. If the user chooses
to click a button or edit a field, the computer lets them do just that in
whatever order and at whatever time the user chooses. But sometimes, GUI
programs need to stop the user and ask her a question, getting her to confirm
or acknowledge something. That’s where message boxes come in.

A message box 1s something that requires a response, which is why it’s
sometimes called a dialog box.

The simplest message box displays a message with a single OK button:

ma.rni.rlg

This iton shows

it's a warning. —=3 Your hovercraft is Sull of eels! ——— T ic the message.

The user must elick the “OK” button
+o tontinue, indica*{‘jng that she
atknowledges the message.

A message box always displays the message in a separate window, typically
in front of your main GUI window. And it won’t go away until you click
it, dismissing it. That’s why message boxes are the most commonly used way
of displaying errors. The user %as to read and respond to the error before
continuing,

You should be sparing in how often you display message boxes, because if
users see too many of them, they are likely to click them without reading the
message. But, when used carefully, they keep your user informed and alert.
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declarative messages

Creating message boxes in Python

All of the message box code is contained within a tkinter module called
messagebox, so the first thing to do is import the module:

import tkinter.messagebox

Then, you’re good to go. Within the messagebox module, there’s a whole
bunch of different dialogs to choose from. But all of them fall into two main
categories.

Message boxes that say stuff

To display a simple message on the screen, you might display a message box

like this:
ike this The tontents of the message.

tkinter.messagebox.showinfo(*'Delivery', "The cupcakes have arrived in Istanbul')

The title of the message box,j;/_\
=2

The iton in the window shows The cupcaties have arrived. in
tha{ 'l')HS is Jus‘b ‘Foy- ih‘(:o\rma‘{:ion. ‘ I|':.uII.EII".lﬂ'.:-lJll

\/OM Y\CCd {'p Clldk {')\C OK / GK
button 4o tlose the dialog. —¢
Message boxes that ask stuff

If you need a message box that asks the users a question, you will need to
check the return value to see what they chose:

response = tkinter.messagebox.askyesnocancel (""Gift?", "Gift wrap the package?'’)

)
A value is assigned o “vesponse” after

4he user clicks one of the buttons. S r‘lﬁ_{:?
When tkinter gets to this line, it will wait for the user to . .
answer the question and then assign True (yes), False @ airt wrap the FEIC,HE&EEIQ.H
(no), or None (cancel) to the response variable.

| NO | [cancel |
Let’'s see what other message boxes are Jes E ——}

available.
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exceptions message boxes

+ *

+ +
WHOG DQES wHHaAT™?

These are the message boxes available in tkinter. Think carefully about
each of the following examples. We know which we’d use at Head First
Labs. Which type of box on the left would you choose for each of the
messages on the right? Connect the messages to the boxes with lines.

showinfo “OK to fire boosters?”

showwarning “Your tartan clogs have arrived.”

showerror “Seriously, I think he’s just ignoring the phone.”
askquestion “Danger, Will Robinson!”

askokcancel “Do you want fries with that?”

askyesnocancel “Dude, the printer’s busted.”

askretrycancel “So, you want Nutella on your bacon and jelly sandwich?”
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mixed messages

+

+
*W‘H Q PG WH AT
- SQALLT\QN

These are the message boxes available in tkinter. You were to think

carefully about each of the following examples, then indicate which

type of box on the left you would choose for each of the messages on

the right. You were to connect the messages to the boxes with lines.
Ave you REALL\/ sure You wav:{: to
tontinue and do this thing? It's Your

i last thante to thange your mind.

showinfo “OK to fire boosters?”

This is pure information. Nofhing
+o worry about. Ex«‘.cy{: the visk of
tlashing with Your velvet pixie hood.

showwarning “Your tartan clogs have arrived.”

[£ didn't work last time, but if You like, you ¢an br\/ a93in.

showerror “Seriously, I think he’s just ignoring the phone.”

0K, so theve's no{‘,hing achually

askquestion “Danger, Will Robinson!”"  broken YET, but BE CAREFUL

‘{ou are going to tontinue, but
\( do You want this extra option?

askokcancel “Do you want fries with that?”

Stuff's broken. You need to know.

askyesnocancel “Dude, the printer’s busted.”

Do Yyou want this additional o?‘{:ion, or would
you like to forget about the whole thing?

askretrycancel “So, you want Nutella on your bacon and jelly sandwich?”

Did your answers mateh ours? They might not. Selecting which type of message box to we
depends a lot upon the particular program \/ou’rc writing and how serious you think a detision is.
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exceptions message boxes

_ -g{h&l‘-Fﬁﬂ your pencil

The folks at Head-Ex want your program to display this message
box if there’s a problem saving a record to the
deliveries.txtfile:

B grror!

Can't write 1o tre Sie
LErrna 12] Permission demed:

. i
‘delhvernesdxd

Complete the missing lines in this section of your program to create the message box.

Hint: You need to include a newline in the message box text.

from tkinter import *

def save_data():

try:
fileD = open('deliveries.txt", "a")
fileD.write('Depot:\n")
FfileD.write("'%s\n" % depot.get())
fileD.write('Description:\n')
FileD.write("%s\n" % description.get())
FfileD.write("'Address:\n"")
FileD.write("'%s\n" % address.get(*'1.0", END))
depot._set('"")
description.delete(0, END)
description.delete(0, END)
address.delete('1.0", END)

except Exception as ex:
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get

— @gharpen your pencil
\ a Sglutlun The folks at Head-Ex want your program to display this message
box if there’s a problem saving a record to the

deliveries.txtfile:

B grror!

Can't write 1o tre Sie

LErrna 12] Permission demed:

¥ 1
‘delhvernesdxd

Complete the missing lines in this section of your program to create the message box.

Hint: You need to include a newline in the message box text.

from tkinter import *

1m\>or+, the

netessary module. def save_data():

try:
fileD=open('deliveries.txt”, "a')
FfileD.write('Depot\n')
fileD.write("%s\n" % depot.get())
fileD.write('Description\n')
FfileD.write("'%s\n" % description.get())
fileD.write("'Address\n'")
fileD.write("%s\n" % address.get('1.0", END))
depot.set('"")
description.delete(0, END)
description.delete(0, END)
address.delete(""1.0", END)

except Exception as ex:

You should use the showerror() funetion so that
the dialog box gets the correct ervor iton.
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exceptions and message boxes

—Tast DRIvVe

Now what happens if you try to save a record when the deliveries. txt
file 1s read-only?

Head-Ex Deliveries
Depot:

Rome, Italy —

Description:
|Buc|~c’.et of Parmesan
Address:

The Holy See Suppliers, Inc,
42 Vatican Way
Rome, Italy

This is an ERROR message box.

the user that \ Can't write to the file
something has [Errno 13] Permission denied:
9one wrong, ‘deliveries.txt'

The iton shows

OK

Great! The exception handler displays an error message
with an icon that really alerts the user to the problem.
Let’'s check back with Head-Ex to see if they like it.
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durian

That's exactly what we need. And not a
moment too soon. We just had a delivery
of durian, the world's stinkiest fruit.
There's no way we want to leave THAT
delivery too long in the stock room!

DURIAN

The error message box was exactly what
Head-Ex needed.

By catching exceptions and displaying
important information in message boxes,
you can greatly improve the experience of
your users when things go wrong.

Great work!
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exceptions message boxes

" You've got Chapter 8.5 under
your belt. Let’'s look back at what
you’'ve learned in this chapter:

tion handler on nd 3 Yyﬂwn 750’3
ation ou ¢
display inkorm o can eate eceptions b, .y
J d try/,
D boxe « Y/ exe
also known as “dialod 09 * Except ExCCP-Lio,, » i
are e b cesponty €9E"  Message (. \ariab, Z:HCX will assign {h,
ed “CX”. cxccPéiOh

v‘\'.{'p"' x You €an d;

Mess
9¢ box
Calle d h ¢ 5‘ t t dvsPIay mforma{;;on 3
“* Mcssag .
sk...
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9 graphical interface elements

N Selecting the +
* right tool

Oh, how lovely. I Yikes! I was sure the
; - salesman said the box

contained an Ultimate
GUT Toolkit™.

It’s easy to make your programs more effective for your users.
And when it comes to GUI applications, there’s a world of difference between a working
interface and one that's both useful and effective. Selecting the right tool for the right job
is a skill that comes with experience, and the best way to get that experience is to use
the tools available to you. In this chapter, you'll continue to expand your GUI application
building skills. There’s a bunch of truly useful widgets waiting to be experienced. So, turn

the page and let's get going.

this is a new chapter 313



dj goes digital

Time to wix it up

Your best friend is an ultra hip DJ with a problem: his vinyl
collection is now so large that he can’t carry it all around

from club to club anymore. He’s decided to digitize his entire
collection, put it on his laptop, and mix his sounds from there.
His problem is that commercial mixing software costs a_fortune
and he doesn’t like any of the free alternatives. He has his
own ideas for the mixing software he wants.

I'm dumping vinyl and
going digital. Can you help
me write my software?

I need to be able to start
and stop a track.

What with spending all his time mixing music, he’s never
learned how to program his computer... and that’s where you
come in. If you help him to write the software he needs, he
promises to showcase your work at the upcoming World Music
Mixing Expo.

Let’s build the mixing software bit-by-bit based on the DJ’s
requirements.

Al of his has to 90
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graphical elements

225 | Code Magnets

..--'-"'_'_'i . }
A couple of buttons on a GUI ought to do it. Here's the code to a
small tkinter program that starts and stops a sound file. Rearrange
the code magnets to make the program:

from tkinter import *
import pygame.mixer

I track = mixer.Sound(sound_file) '

= Button(app, command = track_stop, text = "Stop')

def traCk_start() -
traCk'p'a)/(loops =

-1)

stop_button
stop_button.

app-mainloop()

def track_stop():
track.stop()

pack(side = RIGHT)

start but =
o _button Button(app, command = track start
art_button. pack(side = LEFT) — > text =

"Start")

app = TkQ
app.title("'Head First Mix™)
app.geometry('250x100+200+100')

mixer = pygame.mixer

mixer.initQ

315
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start and stop

ez5 | Code Magnets Solution

LS

— .
A couple of buttons on a GUI ought to do it. Here’s the code to a
small tkinter program that starts and stops a sound file. You were
asked to rearrange the code magnets to make the program:

e

(— |mport the vequived libravies.

from tkinter import *
import pygame.mixer

4~ Create the Ul ayylicahon window.

app = TkQ

app.title(""Head First Mix™)
app-geometry('250x100+200+100')

fdcn'(:'ncy the DJ’s track.
e

sound_file = "50459_M_RED_NephIimizer.wav

mixer = pygame.mixer Start the sound system.

mixer.initQ) The “track_start()” funetion will vespond

'bo the “Start” button—click event.

def track Star
. t : »
o The “loops = -1”" pavameter to ‘ala\/()

track._pj
o (100ps = vepeats the track w\{:ll you stop it

_1)

The “track s{:oF() funetion

will vespond to the “S-[;o ”
button—click event.

[def track_stop(): B
track.stop()

Load i
I track = mixer.Sound(sound_file) r oad up the track sound ile.

Start_button =
Create a button for start b Button(app, comman R T rera - =
“Start” and “Sjm\,’ then 7 Ltton. pack(side = LEFT) - » text = Start™)
tonnett eath of them {'.ON

stop_button = Button(app, command = track_stop, text = ''Stop')
stop_button.pack(side = RIGHT)

app.mainloo
7@

SJcaH: ‘U‘\C 6’/“ cvcn{: looF‘ E‘E

* Load this!
'

Download the sound tracks for this chapter from the Head First Programming|
website. Be sure to put the sound files in the same directory/folder as your code.

their event handlers.
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graphical interface elements

—Tast DRIve

Enter the code from the previous page into IDLE, save it as hfmix. pyw,
and press F5 to try it out. The fivst version
of the DJ's

program enteved in

IDLE.

B hfmix.pyw - /home/barryp/HeadFirstProg/chapter9/code/stage0- *+ | -
File Edit Format Run Options Windows

from tkinter import *
ort pygame.mixer

app - Tk(}
app.title("Head First Mix")
app.gecmetry| " 230x100+200+100")

aonnd file = "S0459 M _RED Nephlimizer. wau™

mixer = pygame.mixer
mixer.init()

B Head First Mix

defl Lrack sbtarb():
track.play(loopa - -1}

lel Lrack sbop():
track.otop()

track = mixer.Sound(sound file)

start button = Button({app, command = track start, text = "Starf"] ‘
start button.pack({side = LEFT) The {:\raék stachs

\aying with a c\ick.
‘:\c;lc and stops playind
with a elick heve.

stop button = Button{app, command = track stop, text = "Stop”)
stop button.pack({side = RIGHT)

app.mainloop(}

That's hot a
bad start...

You already know how to display buttons on a GUI and

associate them with event-handling code. What’s new in this
code is the loops = -1 bit, which arranges to play the sound
repeatedly. That is, the track loops.

That was almost too easy!
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stop the music

The wmusic just kept on playing...

In his haste to show off your program to his DJ rivals, your friend
fired up the program as . He didn’t realize that the track you
included by default is pretty bad. In a panic, he clicked the window’s
close box before pressing Stop, and the awful track just kept right on
playing. His rivals haven’t had such a good laugh in ages...

Oh, dude, that
was soooo funny...
you should've seen
your facel!

Man, T am so
embarrassed...
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graphical

Not all events are generated by button clicks

Your GUI program processes lots of events, not just the events generated by your
user when, for instance, buttons are clicked.

Your operating system can send events to your GUI program, too. Some of these
events are commonly handled by the graphical programming technology you

are working with. For most of the operating system’s events, tkinter very kindly
handles them for you. When you click the close box on your GUI, this generates a
Window Manager cvent for your code to handle. If your code doesn’t handle a
Window Manager event, tkinter handles it for you in a default way, too.

\/OUV' usevy
genevates a
bu{;{',on-—dl'ldk
event in the

Ul -~y Cth'

“ ~

ﬁ

Wait for another event.

B Head First Mix

The Window Managcr
9enerates an event
when the user ¢licks
on the ¢lose box.

If the default event handling isn’t what you want, you have to capture the event
before it gets to tkinter and is handled in the default way. At the moment, the click
on the close box 1s being handled for you by tkinter and the default behavior 1s to
close the window.

Let's take control of this default behavior.

elements

Run the cvanc—handlmg tode
assotiated with whatever
event oteurred _or perform

|/ / /ﬁ%\@ some default action.
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the cost of

Frank: What’s up now?

Joe: Well, it looks like I have to worry about lots of other GUI
events, not just my own.

Jim: Yeah. It appears the operating system and this Window
Manager thing can give the GUI application work to do.

Frank: Yes, that’s right. All that interactive loveliness comes at a
cost.

Joe: Cost?!? You mean we have to pay?

Frank: No, not that sort of cost. You sometimes need to write a little
extra code to interact with the Window Manager when and where
necessary... that’s what I mean by “cost.”

Joe: Phew! So... what’s a Window Manager, anyway?

Frank: It’s something built into every GUI application that handles
the management of your application’s windows. Python’s GUI,
tkinter, has a Window Manager, as do all the other GUI toolkits.

Joe: So, how do I work with the events generated by the Window
Manager?

Frank: You create a function with the code you want to run and
then connect the function to the event.

Joe: OK, I get that. But which event do I connect up to? It’s not like
the Window Manager has a button to click on, 1s it?

Jim: That’s a good question... Frank?

Frank: Well spotted. What happens with the Window Manager is
that there’s a set of protocol properties that you can interact with as
and when required.

Joe: Protocol what? Properties?
Jim: Yeah, you've lost me there, Frank.

Frank: Yes, protocol properties... they really are not as scary as they
sound. Remember: with GUTIS, «’s all just code.

Jim & Joe: Where have we heard that before... ?

Frank: Here, let me show you what I mean...

320

You see, 6UIs might look
nice and easy, but they are
actually a pretty complicated

beast under the hood. There's
lots of different events to
worry about.




graphical elements

« O

+ WHAT'S MY PURPASE™?
& +

Study the three tkinter properties presented below and see if you can
match up the properties to the correct description:

WM_TAKE_FOCUS

A message sent to your main window
when the operating system 1s shutting
down

WM_SAVE_YOURSELF

A message sent to your main window
when the close box has been clicked

WM_DELETE_WINDOW

A message sent to your main window
when the window has been selected
after a mouse click

Which of these protocol messages do you think you need to capture?

‘( Geek Birs

The tkinter library provides a mechanism to
react to an event that is associated with the GUI
window. These are known as Window Manager
protocol properties. Think of the event as a
protocol event.
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capture

e

‘e, LJ* .

+ WHAT'S MY PURPOSE?
- " QAL LT\QN

You were to study the three tkinter properties presented below and see
if you could match up the properties to the correct description:

WM_TAKE_FOCUS A message sent to your main window
when the operating system is shutting
down

WM_SAVE_YOURSELF A message sent to your main window

when the close-box has been clicked

WM_DELETE_WINDOW A message sent to your main window
when the window has been selected
after a mouse click

You were to identify which of these protocol messages you think you
need to capture:

WM_DELETE_WINDOW
OK... here comes a click
onh the close box. What's my
protocol? Ah, yes... it hasn't
ad First Mix ' - P 0 been captured, so T'll just
\ \ Q execute the default behavior
2 and close that sucker!
[}
e
— N
[\ O

Controlling the Window Manager

To capture the event before it gets to tkinter, call your app’s
protocol () method and identify the function that should be
called instead of executing the default behavior:

You'll have to eveate the
“shutdown’ Lunction.

J

“Bc sure to call app-protocol (""WM_DELETE_WINDOW", shutdown) &~ Assotiate the event-
‘F\ro{:o(.ol()” BEFORE handling funttion
‘mainlooy()". with £he ProPcr{:\/.
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g{ﬁrp&n your pencil

Weve's the tode so Lav.

Pch the

“shu{dOWV\"
Lunttion heve. >

What needs
o 90 heve?

graphical elements

Now that you know about window manager properties and how
to capture them, write the code for the shutdown () function:

from tkinter import *
import pygame.mixer

app = TkQ
app-title(""Head First Mix'™)
app -geometry("250x100+200+100%)

sound_file = "50459_M_RED_Nephlimizer.wav"

mixer = pygame.mixer
mixer.initQ)

def track_start():
track.play(loops = -1)

def track_stop():
track.stop(Q)

track = mixer.Sound(sound_file)

start_button = Button(app, command = track_start, text = ''Start')

start_button.pack(side = LEFT)
stop_button = Button(app, command = track_stop, text = '"Stop')
stop_button.pack(side = RIGHT)

app-mainloop()
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shutdown

— gharpen your pencil
\ "N &Iutmn Now that you know about window manager properties and
how to capture them, you were asked to write the code for the

shutdown () function:

from tkinter import *
import pygame.mixer

app = TkQ
app-title("Head First Mix'")
app -geometry("250x100+200+100%)

sound_file = ""50459 M_RED_Nephlimizer.wav"

mixer = pygame.mixer
mixer.init()

def track_start():
track.play(loops = -1)

def track_stop():
track.stop()

def shutdown():

Simply avrange for the Hrack.stop()
{',Y‘atk 4o s‘bo‘? ?la\l-ms ﬁ ..... ra ........ Y ...............................................................................

when the window ¢loses.

track = mixer.Sound(sound_file)

start_button = Button(app, command = track_start, text = "Start')
start_button.pack(side = LEFT)

stop_button = Button(app, command = track_stop, text = "Stop')
stop_button.pack(side = RIGHT)

“Jpp. o{',OCO\()"
T ol to—> appprotetol(‘'WM_DELETE WINDOW’, shetdown)

‘3YV”m“b°#)' app.-mainloop()
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—TesTt DRive

With the changes made to your program in IDLE, press F5 to see how things
perform now.

B himix.pyw - thome/barryp/HeadFirstProg/chapters/code/star * -

Eile Edit Format Run Options Windows

trom tkinter im port o
prygame . mixer

app = Tk}
app.title["llcad Firat Mix")
app.geameloy ("2 90x 100+200+100° )

B Head First Mix

aound File = =f045% M RED Hexpihl imi

Start

lni:m.'-.r = ll_'!rljﬂnm.ruix:-.r
mixer.init|)

det track start():
track.play|loops = =1}

f krack atop():
track.stop()

shutdown(]:
track.stop()

track - mixer.Sound(scund file)

track playing = IntVar()

start button = Button(app, command=track start, text = "Start")
start_button.pack({aide - LEFT)
stop button = Button{app, command = track stop, text = “Stop")

atop button.pack(oide = RICHOT)

app.protocol {"WH _DELETE WINDOW", shutdowp

The sound stops when I
click to close the window,
but now the GUI doesn't
disappear!

app.mainloop( )

What gives? You've solved one problem, but created another.
When the DJ clicks on the close box, the track stops playing,
which is what you wanted. But now, the window won’t close.

This can’t be good, can it?

You'll need 4o

the Py{:hon Shell o
window o Clos:. force the

matter how often you L\'\L\f

the window won

No

the tlose box,
30 awa\l...

L~

7

N | 7

quit [DLE and

} you are here » 325
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terminate with extreme prejudice

Capturing the protocol event isn’t enough

Your code captures the protocol event and redefines its behavior. But, what
about the behavior that used to execute by default?

Take a look at this small example program, which redefines the close-box
protocol to check with the user before actually destroying the window:

from tkinter import *
from tkinter.messagebox import askokcancel

app = TkQ
app-title('Capturing Events'™)
app -geometry("250x100+200+200%)

-
-
-~

app-destroy()

app-protocol (""WM_DELETE_WINDOW", shutdown)
app-mainloop()

B cCapturing Events *

Cancel

;.E Clicking on +he close box vuns the
“shutdown()” Lunetion, which H\c%

displays an AskOkCaneel dialog.

Do this! *

1§ vou elick OK, the Ul is
‘* del‘,\ro\/cd (which has the effect of

¢losing +he window).

Add the app -destroy() line of code to the end of your
shutdown() function and see if it makes any difference.
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graphical interface elements

You've added in the line of code that terminates (destroys) your GUI

application. Now, press I'5 to see what happens.

B himix.pyw - /home/barryp/HeadFirstProg/chapterd/code/stage * - 1 X

Eile Edit Format Run Ophions  Windows

Help

from tkinter import *
lopusl pygame . mixer
app. = Thi )

app.title["lcad Firat Mix")
app.gecmebtoy (" 250x100+200+100" )

sound [ile = =5045% M RED Hephlimizer . wav™

mixer = pygame.mixer
mixer.initj)

dot track start():
Lrack.play{loops = =1)

el Lraock sbop()z .
track.otop| ) This extra line of
tode makes all the
det shutdown(): )
Lrack.stop( ) dl‘C‘CCY‘CV\C&
app.dcotroy( )

track = mixcr.bound(oscund filc)

track playing = Lntvar(})
atart_button.pack(oide = LEFT)
stop_button.pack(side - HIGHT)
app.protocol [ "WH_DELETE WLNUUW", shutdown]

app.mainloop( )

alark bobblon = Bullon{app, commamnd=slrack slarl,

alop bullon = Rublblon{app, commamd = Lrack abop,

Lexl. = "SLark™)

Lexlk = "Skop”™)

Your GUI is not only doing what the DJ wants; it’s behaving itself, too. By
redefining the protocol event associated with the click on the close box, you
are able to stop the track... ch... in its tracks. You also ensure that the default
behavior associated with the click is performed by arranging to destroy the

GUI application.

That's great!

;]\ N\
When You elick on the
¢lose box now, the qu|
application disappears.
Which helps explain why you

can't see it on this page
an\/mov'c!

That's great!
Let's see my
rivals scoff now...
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toggle time

Two buttons, or not two buttons?
That is the question...

The DJ is happy with the program so far. However, he thinks it would work
better if he had just one button instead of two. He’s convinced this would be
easier to use, because he wouldn’t have to move his mouse around the screen
quite so much.

Speed's important, dude.
Can't I just press the
button to start the track,
then press it again to stop
it?

B 2 buttons or not 2 buttons? |% | - | O

Start/stop

'\ Will the next ¢liek

start or stop wh t
this button go:ls.?a o

It is possible to use a single button here but, without changing the physical
appearance of the button each time it’s clicked, a user can’t possibly know
what state the button is currently in, even though the DJ does have ears
this instance. But, in general, using a button to switch between two states is not
regarded as best practice in GUI design.

What your DJ friend actually wants is some sort of visual toggle...
something that can be flipped between one of two states: on/off, open/close,
flip/flop, and so on. You need to use a different graphical interface element.

Is there a GUI visual toggle you can use here?
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graphical interface elements

Take a look at the following window that appears when you ask a full-featured web browser to
A display its preferences. Grab a pencil and draw a circle around any graphical interface elements
Exercise you haven’t worked with yet.

Shiratoko Preferences 41|70 TmE

B os KK W &g &

Main Tabs  Content  Applications  Privacy  Securily  Advanced

Startup
When Shiretoko starts: [Shnw my windows and tabs from last time - I

Home Page: | hitp:ffwww. python.org/ |

| s gurrent Pages| | Use Bookmark| | Bestore to Default|

Downloads
[# Show the Downloads window when downloading a file
| Close it when all downloads are finished

@ Save files to [‘m Desktop l | Browse... |

I_ Always ask me where to save files

Add-ons
Change preferences for your add-ons

[uanagc Aﬂd-uns...]

From the elements that you have circled, identify one that might be of use to you in your program. Which
would work best as an on/off toggle?

Write Your answer heve.

you are here » 329



check on the checkbox

Exercise
Lution

Heve's an
element we
\\aVCV\)t uSCd

\Ic{-

Take a look at the following window that appears when you ask a full-featured web browser
to display its preferences. You were to grab a pencil and draw a circle around any graphical

interface element you haven’t worked with yet.

Shiratoko Preferences

irs ==l - “ i = 1
= &5 K w8 O
Main Tabs  Content  Applications  Privacy  Securily  Advanced

Startup

When Shiretoko starts: [Shnw my windows and tabs from last time - I

Home Page: l hEtpe/fwww. python.org/

| s gurrent Pages| | Use Bookmark| | Bestore to Default|

Downloads

[# Show the Downloads window when downloading a file
| Close it when all downloads are finished

@ Save files to [‘m Desktop l | Browse... |

I_1 Always ask me where to save files
Add-ons
Change preferences for your add-ons

[uanagc Aﬂd-uns...]

From the elements that you have circled, identify one that might be of use to you in your program. You
were asked to identify an element that would work best as an on/off toggle:

The thetkbox is
either on or off. 2 The theekbox

330
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graphical elements

The checkbox is an on/off, flip/flop toggle

The great thing about the checkbox graphical interface element is that it can
be in only one of two states, either on or gff. Depending on the current state
of the checkbox, an object can be set to either 1 for “on” or 0 for “off.”

Whoo hoo! Set
that object to
1, baby!

ﬁ

Cliek the eheekbox
ho‘ “iek” it and set

[ n

Set me, checkbox,
set me... I can be
either 1 or O.

“Click the theekbox )
untick” it and set the
ob\)‘ccﬁ to “off”.

Ah, phooey! Set
that object to O,
which is, like, oooh.

In tkinter, checkboxes are created using Checkbutton(), and they can be
associated with a tkinter IntVar, first introduced in Chapter 7. The tkinter
Checkbutton() is cither on or off and sets the associated IntVar to
either 1 or 0, which is perfect for what you need.

Let’'s look at using a checkbox in tkinter.
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flip it off

Working with checkboxes in tkinter

The tkinter Checkbutton needs three things: an IntVar to hold its
current value, an event-handler function to run when it’s ticked, and a
descriptive label to say what it does. Take a look at this example code:

Create an “IntVar” £o hold a value th
) B at
flipper = Intvar(Q) < is either | or O, depending on wh:e*(:hcv-

Thc “‘FI.IP_'I‘{‘,O” ‘H’\C dhCCkbo% is ‘Eit’.kcd-
funetion is the
Chcckbu{:ﬁon’s
event handler- def Tlip_itQ:

if flipper.get() == 1:

print("'Cool. I"m all ON, man!')
else:

print(*’Phooey. 1°m OFF.™)

The Cheekbutton is ~3

ciated with the Checkbutton(app, variable = flipper,
assol\

qwﬁhr%lmks{othc command = flip_it,

event handler, and has ot e e kO

a deseviptive label, too-

Cool. IT'mall
ON, man!

Using the get() method

If you look closely at the code for the Flip_it()
event handler, you’ll notice that the message displayed
on screen is controlled by whatever value is returned
from the call to Flipper.get(). The get()
method is part of every IntVar object, and it lets
you easily determine, in this case, the current value
associated with the Flipper variable.

v Flip itz ©

But, what sets the value?

™ Flip it? ©

The Checkbutton automatically sets the value of
Flipper as a result of the click on the checkbox.
Tick the box and the value is set to 1. Untick the box
and the value is set to 0.
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_ -giaar_pen your penci

from tkinter import *
import pygame.mixer

0 Here's your code from earlier. Use your pencil to put a line
through the code you don’t need anymore:

app = TkQ
app-title("'Head First Mix'™)
app -geometry("250x100+200+100")

sound_File = "50459 M_RED_Nephlimizer.wav"

mixer = pygame.mixer
mi -initQ

def track_start():
track.play(loops = -1)

def track_stop():
track.stop()

def shutdown():
track.stop()
app-destroy()

track = mixer.Sound(sound_file)

start_button = Button(app, command = track_start, text = "Start')
start_button.pack(side = LEFT)

stop_button = Button(app, command = track_stop, text = "'Stop')
stop_button.pack(side = RIGHT)

app-protocol (""WM_DELETE_WINDOW'", shutdown)
app-mainloop()

e Write the code you need to implement the checkbox here, based on the sample code from the previous
page. Give your IntVar the name track playing. Use track toggle as your function name,
and call the checkbox track button:




checkbox

-gﬁarpen your pencil

sall.ltlﬂ'ﬂ o Here's your code from earlier. You were to use your pencil to put a

. line through the code you don't need anymore:
from tkinter import *
import pygame.mixer

app = TkQ
app-title("'Head First Mix'™)
app -geometry("250x100+200+100")

sound_File = "50459_M_RED_Nephlimizer.wav"

mixer = pygame.mixer
mixer.init()

—def track startO-—
~track playdeeps—=1)
k—K The functions that start and stop
—def-traek—stopQ = _
—track-stopQ the 4vatk are no longer needed.

def shutdown():
track.stop()
app-destroy()

You ¢an also 5:{: vid of the two buttons,

track = mixer.Sound(sound_file) since Jchc\/ aven't needed either.
"

_sIarI:buttenfpack(side_z.LEF$)\

stop button—= Buttortapp,—command = track stop,text—=—SteopH)—

app-protocol (""WM_DELETE_WINDOW'", shutdown)
app-mainloop()

e Write the code you need to implement the checkbox here. You were asked to give your IntVar the name

track_playing, use track toggle asyour function name, and call the checkbox track button:
def track_togole():

The “tra (,k__’t‘,oggl e’ Lunetion 7 O e

either plays or stops the '££Ya£k—?|37'"5ac+‘() A All of this code needs to

bratk, based on the sate of ‘h\rack.yla\/(loo‘;s = -1 be added to your program

{:\\c Chcﬁkbo)ﬁ» elsc ................................... l/ BE«FoRE();{;)\C La” to a?"
{Yaék.s{;o‘:() malnloo? .

Use the name of the sound

Fllc as 'H’\C ‘tCX‘t ass (,'a{ d ............................................................................ T
with the thetkbo T bt = sound_file)

A N e L T T TR
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graphical interface elements

— Tesr Drive

With your program amended to include the checkbox code, let’s
run the latest version of the DJ’s program in IDLE and see if the

checkbox works as advertised.

B hfmix.pyw - fhome/barryp/HeadFirstProg/chapterSfcc ¥ -
Eile Edit Formar Run Options Windows

o x

m tkinter impore e

t pygame.mixer

app = Tk()
app.titla{“Head Firat Hix"})
app.geometcy | " 230x100+200+100° )

aound Iile = "50433 H HED Hephlimizeor.wawv®

mixer = pygame.mixer

mixer.indt()

lef track togglef):
£ track_playing.gebt(} == 1:
track.play({loopa = -1)

track.stop()
track = mixer.bound{sound file)

track playing = IntVar()

command
text = pound file)

track_button.pack()

[ shutdown(}:
track.stop( |
app.deatroy|()

app.protocol (“WH_DELETE_WINDOW®, shutdowsn)
app.mainloop|)

track button = Checkbutton|app, variabhle = track playing,
= track toggle,

Creating the program bit by bit is working out. Each time
your DJ friend needs something new, you incrementally
improve the program in order to provide the functionalilty
he needs. Of course, there’s always something new.

Will this guy ever be satisfied?!?

ILn: 34]cok: 0

@Iﬂjf ﬁ{ﬁﬁf o

B N=

I Head First Mix
v 50459 M RED Nephlimizer.wav

Sweet! Tozglc +he sound
on and ol" by simvl\l
elieking on the theekbox.

I Head First Mix o

[ 50459 M _RED _Nephlimizer.wav

Man, that's so easy
to usel Let's adjust
the volume, too, while
the sound is playing...

you are here » 335



add a

Pump up the volume!

To make the program more useful, the DJ wants to be able to dynamically
and interactively control the volume of the track as it plays. Basically, as the
track plays, the DJ wants to fiddle with the volume.

b R Softer, softer,

In the physical world, most devices
that have a volume control provide
either a large, circular knob or

a slider on a scale:

mioht look like Lhis / o th
?:h;::t{::lt ‘c?m be moved from m?;hf lzoioTi:oiEhis
ekt (down) 4o vight (P Trn it up to the
r?ht down o the
left.

Because a slider is much easier to manipulate with a click and drag of a
mouse than a knob, the slider on a scale is used in lots of modern GUTIs. It’s the
classic choice for showing a volume control.

Look closely at the slider. What do you need to model?
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graphical elements

Model a slider on a scale

There’s quite a bit going on with a slider on a scale. It’s a simple control that
everyone’s familiar with, but the simplicity masks quite a bit of complexity.
The devil is most definitely in the details:

Here's the standard This end of the stale
vepresentation of a ( mavks a HGH value

slider on a stale that we

all know and love. % rh‘T ;__; - ' ’
2 1 N

le
This end of the s¢a There's a bunch of markings on the Theve is
. al meth:
mavks a LOW value device that indicate where on the that you CZ:?*:Z :fg“ﬁ
seale you cwrcv\H\/ are. and slide £vom left 4o
right.

Look at the volume control shown above and identify four key
characteristics of the volume control.

N .e.fi&arpm your penci
L
Write your four answers heve.
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sound before

_ .-gﬁarpen your pencil

N &Iutmn You were to look at the volume control on the previous page and
identify four key characteristics of the volume control.

D
=
[+]
2.
S
o
.
>
o
W
&
o
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[«
~
S
[-3)
3.
o
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i
[-3)
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o+
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o
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o
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3
o
[~ ad
[-%)
wn
o
[«
[+]
S
s
ﬁ
3
o
S
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Start with the volume

Before you start worrying about creating the appropriate GUI interface
element to actually model the slider, you first need to know how to adjust the
volume of a track.

Once you know how to adjust the volume, you can then start to worry
about linking the volume to the slider, with the current position of the slider
dictating the current volume setting;

Then you can allow your user to move the slider which has the effect of
dynamically and interactively adjusting the volume.

Sounds easy, eh?
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Use pygame to sef the volume

Turns out pygame has this functionality built right into its library code via the
set_volume() method.

Take a look at this small example program:

import pygame.mixer
from time import sleep

mixer = pygame.mixer
mixer.initQ

track = mixer.Sound("'50459 M RED_Nephlimizer.wav'")
print("Play it LOUD, man!')
track.play(loops = -1)

Set the volum
track.set_volume(0.9) &~ ¥££M3fvou e toa LOUD

sleep(2)

print("Softly does it ... ')
track.set_volume(0.1) £ Set the volume to
sleep(2) a very low setting.

track.stop()

elements

LOMdCV') dudc) loudchl

When you set the track’s volume to a high value using set_volume(), it’s
the equivalent of cranking up the volume by moving the slider to the right. When
you set it to a low value, that’s like moving the slider to the left.

Tuen that vacket down!
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create the slider

Use tkinter for everything else

The tkinter library has a graphical interface element called Scale that lives
to help you create a slider. Take a look at this example code and let’s see how
it works:

Create a tkinter DoubleVar variable. Like
IntVar and StringVar, the DoubleV/ar variable
stores a “magic” value, this time a ﬂoa{-N

The tkinter Scale
; tes a | le = Scal s
widoet treates 3 | volume_scale cale(app, ~ Specify the

slider- variable = volume, vesolution value,
SPctif\/ the lowest and —> from_ = 0.0, ‘.Nkwh deica{:cs the
the HIGHEST values on —> 10 = 1.0, interval.
the seale. = 0.1,

volume = Doublevar() The slider ¢an be linked
o a “masi(," vaviable.

resolution
Provide a nite, human— command = change_volume, < C‘;""Tthe
. h — " wi 5C an
‘(:lhdcvxrdl\/ label ‘Cor the ﬁ label Volume", event handler.
slidev. orient = HORIZONTAL)

volume_scale.pack(side = RIGHT)

[ndicate whether the slider
vuns atvoss the streen
(HORIZONTAL) or wp the
Click and drag  sereen (VERTICAL).

the slider 4o

ad\)us{: the volume.

7

y 1B S

B Pump up the volume! |+

Volume

Q&FJSJ

The Scale() element is your most complex tkinter widget yet. But, despite
this, it 1s not hard to work out what’s going on here. The graphical interface
element is linked to a tkinter DoubleVar (called variable), the lowest/
highest slider values are provided (t0 and From_), and an interval between
them (resolution) is specified. The event handler is assocated with an
event handler (command), a descriptive label is supplied (1abel), and, finally,
the orientiation of the slider is specified (Or ient). There’s a lot going on
here, but none of it is that hard to understand.
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Q; The Scale() code on the previous

page has a variable called from_, that is,
the word “from” together with a trailing

underscore. Was that a typo?

A: No, it wasn't a tyop, eh, typo. The
reason for the underscore has to do

with the fact that Python uses “from” as

a reserved word. These are words that
Python uses for its own special purposes,
which means you cannot name one of your
variables after a reserved word. As using
the word “from” makes a lot of sense when
taking about a scale, the authors of tkinter
decided to tack on the underscore so that
the meaning of the variable would be clear,
while allowing for the variable name not to
clash with a reserved word.

Q} Are there other reserved words?

A: Yes, a few. And every programming
language has its own list. In Python, words
like “while”, “for", “if", “def”, “class”, and
“pass” are all reserved words.

Q: What happens if | use one
anyway?

A: Python will most likely complain with
a syntax error.

Q: Where can | find a list?

A: Any good Python reference book

will contain a list, and it's also included as
part of the Python documentation that's
installed with Python on your computer and
available on the web at the main Python
website.

therejare no
Dumb Questions

Q; How do | know which graphical
interface element to use and when?

A: This is really a matter of experience.
However, a lot of platforms go to great
lengths to specify exactly when each of
the elements should be used and for what
purpose. Of them all, the Macintosh is the
leader of the pack. Apple’s engineers have
worked hard to strictly enforce consistent

usage of the Mac GUI among programmers.

Q; So, it’s a case of anything goes
with the other operating systems?

A: No. That's not what we are saying.
The Apple folks are very strict with their
rules and regulations, and the others are
less so. But there are still standards that
you should try as much as possible to
adhere to. One of the reasons for using

a GUl is that your users will expect your
program to work in a standard way. This
makes your program immediately familiar
to new users and lets them become
productive with your program more quickly.

Q: So there are no badly designed
GUl apps?

A: No. There are plenty of howlers out
there... and they tend to be harder to use
than necessary, due to the fact that the
programmers responsible for creating them
did not conform to established interface
standards and practices. When it comes

to GUI programs, conformance is a good
thing.

graphical elements

Q; So does tkinter work well on all
platforms?

A: The latest version of tkinter (which

comes with Python 3) is pretty good. If
you run your tkinter program on a Mac, it
looks like a Mac OS X program, whereas
on Windows it looks like a Windows
application, and on Linux it takes on the
look and feel of the graphical environment
you happen to be using (there are a few
choices on Linux).

Q: Other than tkinter, what other
graphical toolkits does Python support,
and should [ learn any of them?

A: Python supports lots of other toolkits

on lots of operating systems. For now,
tkinter is all you really need, and you
shouldn't worry about the other choices
until you are in a situation where learning
how to use them becomes a necessity.
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control

Long ExegciSe

Take the pygame and tkinter code and combine it to support a volume control. Then, complete
the next version of your program.

from tkinter import *

import pygame.mixer

app = TkQ

app-title("'Head First Mix')
app-geometry("250x100+200+100")

sound_file = 50459 M_RED Nephlimizer.wav"

mixer = pygame.mixer

mixer.init()

def track _toggle():
if track playing.get() == 1:
track.play(loops = -1)

else:
track.stop()
A 3 FUnCion heve oo,
to ad\)us{: the volume
‘H\a‘{: {‘)\c {ra(,k N .........................................................................................................
dw\ren{:l\/ F|a\/s a{.
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elements

Add the tode
{‘)\QJC 'm\?\cmcn
the volume

(,on{',\‘O\ heve:

track = mixer.Sound(sound_file)

track_playing = Intvar()

track_button = Checkbutton(app, variable = track playing,
command = track toggle,
text = sound_file)

track_button.pack(side = LEFT)

def shutdown():
track.stop()
app.destroy()

app.protocol (""WM_DELETE_WINDOW", shutdown)
app-mainloop(Q
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volume

Long ExerciSe

SoLution

You were to take the pygame and tkinter code and combine it to support a volume control,
then complete the next version of your program.

from tkinter import *
import pygame.mixer
app = TkQ
app-title(""Head First Mix')
. app-—geometry -256x100+200+100*
Things ave starting to -2 )

get erowded on the QUI,

wlc{sbmm{km#a~ sound_file = "50459 M _RED Nephlimizer.wav"
au{aomahcall\/ detide

on the 5c0mc{‘x\/ for

us. RCMOVC ’chc “a P
5comc{:r\/()" call from the
tode. mixer_init(Q)

mixer = pygame.mixer

def track_toggle():
if track _playing.get() == 1:
track.play(loops = -1)

else:
track.stop()
Put the
Pygame COOE e
hevre.
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graphical

elements

Put Lhe tkinter —>

tode here.

track = mixer.Sound(sound_file)

track_playing = Intvar()

track_button = Checkbutton(app, variable = track playing,
command = track toggle,
text = sound_file)
track_button_pack(side = LEFT)
Yolume = DoubleVarQ)
volumeset(brackact volume)
volume_stale = Seale(vaviable = volwme,
feom = 00,
.............................. to o EO
e YesOlution = O,
.............................. command = thange volume,
.............................. label | ZVolume’,
.............................. ovient = HORIZONTAL) ...
yolume_stalepackl(side = RIGNT) o
def shutdown():
track.stop()
app-destroy()
app.-protocol (""WM_DELETE_WINDOW", shutdown)
app-mainloop(Q
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test drive

—TesTt Drive

Let’s take the latest version of the program for a spin in IDLE. In addition
to turning the sound on and off with the checkbox, you should be able to
dynamically and interactively adjust the volume with the slider.

B hifmix.pyw - (home/barryp/HeadFirstProg/chapterd/code/stay * - O X
File Edit Fgrmal Run Options Windows Help m ﬁ
— . g J el & g

tkinter Llmport # -

pygames . mixer

app = TK()
app.title{“iead Firat Mix-)
Flip it on and off.

aound file = "50453% M RED Hephlimizer.wav®

mixer = pygame.mixer

mixer.init()

| - (O X

v track_toggle():
f track playing.got() == 1z Volume
track.play(loops = -1}

: [ 50459 M RED Nephlimizer.wav 0.0

track.atop(} | I

lef change volume(v):
track.set wvolume|volume.geb{))

track = mixer.Sound(scund_file) T
track playing = IntVar()
track button = Checkbutton(app, variable = track playing, .
command = track toggle, T\AY‘Y\ I'{', Wa\/ u?'
text = mound file)

track button.pack(side = LEFT)
vilume = DoubleVaz()
volume.set|track.get_voluma())
volume _scale = Scale(variable = volume,

trom = 0.0,

tn = 1.0,

resalution = 0.1,

oommand = change walume,

label = "“Volume"®,

orient = HORIZONTAL) It works. Not only can you

1 la. k{side = RIGHT
Folume_soely. peckirice . start and stop the track,
B ABURACM )¢ but you can now adjust the
track.atop()
app.deatray() volume, too! And all from
app.protocol { "WM_DELETE WINDOW®, shutdown] the one GUI... sweet!
app.mainloop( )
N v
Ln: 45 Col: 0
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graphical interface elements

The DJ is over the moon!

Your code has shown the DJ that his idea for the Ultimate Music
Mixing program is not as far-fetched as everyone once thought. With
his idea, talent, good looks, and—above all else—modesty, together with
your coding skills, the world’s the limit for what you can accomplish
together. The World Music Mixing Expo is next month, and the DJ
can’t wait to show off your completed software.

Wow! This is really
fabulous... I can now start
converting all my vinyl tracks
and, thanks to your program,
my laptop is on its way to

being my music mixing desk!

you are here » 347



programming

. Your Programming Toolbox

" You've got Chapter 9 under your belt.
Let’'s look back at what you’ve learned
in this chapter:

ow chc‘cl‘“ . .
& behavior w
» \’w \Y\d‘ca*’c w“c

* &y
the dek
b chetkbor |5
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10 custom widgets and classes

*
* With an object in mind +

Since we learned about custom
widgets and object orientation,
we've become a real class act.

Requirements can be complex, but programs don’t have to be.
By using object orientation, you can give your programs great power without writing lots
of extra code. Keep reading, and you’ll create custom widgets that do exactly what you

want and give you the power to take your programming skills to the next level.
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mixing

The DJ wants to play more than one track

The World Music Mixing Expo is only a few weeks away. Your DJ friend is
thrilled with the work you’ve done, but now he has a few extra requirements.

I can fade a track
in and out, but that's
not enough. I need to
be able to mix several
tracks together.

Just playing one track isn’t enough. To be useful, the program needs to be able
to mux several tracks together at the same time. Each track needs its own
graphical interface elements (or widgets).

How will you create the widgets for each track?

To play and control a single track, you created two widgets on the GUI: a
check button to start and stop the track and a scale to change the volume. Then
you added event-handling code to hook those widgets up to the sound
system.

Head First mix E‘LTEEI

Teatk. /I_N olume. -
L
SOAS9 M RED M2 Ph’lil"f"liiﬂf.mﬁ‘d' m&- 4

Control the

volume.

Turn on/off. ﬂ

To play multiple tracks together, you just need more of the same. Fach track will
need its own set of widgets and its own event handlers to connect the widgets and
the track together. Then, each set of widgets needs to be added to the same
window in the GUI.

Let’'s generate the widgets and event handlers.
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custom widgets

Create code for each track as a function

You could just copy and paste the code several times for each track. But
duplicated code is a bad idea, because it can lead to all sorts of problems
whenever you need to change how the code for each track works. Instead of
duplicating code, you should always try to reuse it.

One way to reuse code is by creating a function that will generate the widgets
and the event handlers as needed.

A\
@ A Lunction, when called, tould
@Q eveate the interface for a
single track as needed.

Head fFirst mix

Lo

@' S0459_m_ReD_pephlimizer.uway .$U=.

If you have a function that creates the widgets and event handlers for a single
track, you could call it for each of the tracks, which would then quickly let you
build the entire interface.

But what code would you need in such a function?

classes
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new

Long Exegcise

Here is the code from the end of the previous chapter. Study it carefully, and then, in the
space on the next page, write the code for your new function (based on the code below).

from tkinter import * chnbyim?orhngfhc
import pygame.mixer libravies you need.

app = TkQ &= Create the 6“' a?PliLa*{jonm
app-title(""Head First Mix™)
sound_file = "50459_M_RED_Nephlimizer.wav"

mixer = pygame.mixer

mixer.initQ) —— ~and initialize the

sound S)’S'(‘.Cm‘
def track_toggle():
if track playing.get() == 1:
track.play(loops = -1) ™ The event—handler funttions
else: detail what happens when an

track.stop() / event otturs.
def change_volume(Vv):

track.set_volume(volume.get(Q)) .
Define the theekbox widget.

track = mixer.Sound(sound_file)
track_playing = IntvarQ

track_button = Checkbutton(app, variable = track_playing,

command = track _toggle, text = sound_file)
track_button.pack(side = LEFT)
volume = DoubleVar() chkahcshdﬂ.wm5¢L
volume.set(track.get_volume()) é:/’///’_
volume_scale = Scale(variable = volume, from_= 0.0, to = 1.0, resolution = 0.1,
command = change_volume, label = "Volume"™, orient = HORIZONTAL)

volume_scale_pack(side = RIGHT)

def shutdown(): <— Handle a ¢eliek on
track.stop() the ¢lose box.

app-destroy() \L

app-protocol (""WM_DELETE_WINDOW", shutdown)

app-mainloop() . Start the event loop.
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function

Long ExerciSe
SoLution

Here is the code from the end of the previous chapter. You were to study it carefully, and then
in the space on the next page, write the code for your new function (based on the code below).

from tkinter import *
import pygame.mixer

app = TkQ

app-title(""Head First Mix'™")

sound_File = 50459 M_RED_Nephlimizer.wav"
mixer = pygame.mixer

mixer.initQ)

def track toggle():
if track_playing.get() == 1:
track.play(loops = -1)
else:
track.stop(Q)

def change_volume(Vv):
track.set_volume(volume.get())

track = mixer.Sound(sound_file)
track_playing = IntvVar()
track_button = Checkbutton(app, variable = track_playing,
command = track toggle, text = sound_file)
track _button.pack(side = LEFT)
volume = DoublevVar()
volume.set(track.get_volume())

volume_scale = Scale(variable = volume, from_ = 0.0, to = 1.0, resolution = 0.1,
command = change_volume, label = "Volume™™, orient = HORIZONTAL)

volume_scale.pack(side = RIGHT)

def shutdown():
track.stop()
app -destroy()

app.protocol (""WM_DELETE_WINDOW'", shutdown)
app-mainloop()
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custom widgets and classes

Begin by importing —> feom thinter import K e
ﬂ\c hbvarics You

need 1o use in this i"‘FOV'{" PY9ame

module. M PEREIIAME.

cessssesesesnseans L I S eY

Create a new Function

that contains the QUl- dC‘F ‘[‘-Yaék__{ogglc():
CY'C&’{',-W\S COdC ‘CY‘OM 'U’\C ..................................
turvent program.

Al of this code is part track = mixer-Sound(sound £ile) .
of the ‘(:uncfion, so it .
needs o be indented. ..(....brack_ playing = IntVaeQ)

R R R e i I B R e L LT, X LSRRI

volume = DoublcVar( )

volume set(track.get_volume())

F i I I T Y

you are here » 355



function in a

The new function contains other functions

With all the code gathered together in a new function, the code for the

create_gui () function looks like this:

This ‘FunC'{:ion is
LOCAL 4o the

treate_gui()’ ——~. gef track_toggle():

unttion.

This Lunttion is

LOCAL, teo —
\\\53 def change_volume(v):

When this

unttion is
talled, it starts |
executing from
here.

from tkinter import *
import pygame

Note: - _
def create_gui(app, mixer, sound file): &< 3‘£°iscc:;>::iifglifuncb°h is cjcallcd,
ree Parameters.
if track playing.get() == 1:
track.play(loops = -1)
else:
track.stop()

These ave the evert
whith ave »

« d
- Ved Lo the “tomman
\\:v;‘:mc‘ccr of eath widget

track.set_volume(volume.get())

— track = mixer.Sound(sound_Tfile)
track _playing = Intvar(Q)
track_button = Checkbutton(app, variable = track _playing,
command = track_toggle, text = sound_file)

track_button._pack(side = LEFT)

///;7i volume = Doublevar()
AdeaY$ volume._set(track.get_volume())

fhe calls to -

“oaek()” add volume_scale = Scale(variable = volume, from_ = 0.0, to = 1.0,
ihc\mdgeks resolution = 0.1, command = change_volume,
{h¢6U$ ~ label = "Volume™", orient = HORIZONTAL)

\\ti volume_scale.pack(side = RIGHT)

A function-in-a-

Do you notice anything strange? The new function actually has two other
Junctions inside it. Python (and several languages) lets you create local
functions. A [ocal function is just a function inside a function.

Let’'s see why they’re important for the DJ’s program.

356

function is called
a local function.
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custom widgets classes

Your new function needs to create widgets
and event handlers Fach widget

When you’re wiring up the widgets in the 1pterface, you need event handlers nee C[s ltS own
to respond to changes in the state of the widgets. If someone clicks the

checkbox to play the track, the track_toggle() event handler gets called event llallC[lel"o
and switches the track on or off.

But if you are creating several checkoxes, you are going to need a separate event
handler for each of them.

That’s why you have local functions inside create_gui (). As well as creating
new widgets for the interface, it also uses the local functions to create new
event handlers.

jcrack_fogalc() ~ \\\
This is 3 new thetkbox 2

thange_volume()

T\\\S is @ new S\\dCY

CVCV\{: hahd\cr' CVC'\‘{ \\ahd\“'

.IHL J 'Vﬂn'.:,q-,.,e
@ T
K~ This is a new This is a new S(,alc‘js

Cheekbutton.

Now, let’'s update the program to use this new function.
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localize

Functions inside of functions inside
of functions inside of functions...

now, that's what I call complexity. Of
course, everything's local, you know.

Jim

358

Frank: A function inside a function? Surely that’s not legal?
Jim: Well... it depends on the programming language.
Joe: Don’t tell me this is something that only works with Python?!?

Jim: No... there are lots of programming languages that allow you
to put a function inside another function.

Frank: Name one (other than Python)!
Jim: Pascal.
Frank: Pasc... what?!?

Jim: Look, it really doesn’t matter which programming language
supports this feature. What is important is that we can do it.

Frank: And by “we” you mean “Python.”

Jim: OK, yes. Python can do it.

Frank: That’s all I was trying to say...

Joe: So, this is cool how?

Jim: Because it lets you localize functionality and handle complexity.
Joe: What?!?

Jim: Look: if a function gets big and complex, it can help to break
the function down into a collection of smaller functions, just like we
do when programs get big. We can keep the functionality local to the
code that needs it inside the function. That way, we keep things as
simple as we can

Joe: Even if the code itself 1s complex?
Frank: Like the GUI-building code we are working on now?
Jim: Yes.

Frank: OK. A function of functions it is, then. I'm all for keeping it
simple, stupid. ;-)

Joe: Yes, I like KISS,; too.
Jim: Yeah... their last album was really something special, wasn’t it?

Frank & Joe: Eh?!?



custom widgets classes

_ Begin by putting the create_gui () function in a separate module called sound_panel .
EIQRC‘SQ py. Then, write a new version of the hfmix. pyw program that uses the sound_panel .py

module:
Write your code heve.
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sound

: You were asked to begin by putting the create_gui () function in a separate module called
RC‘SG sound_panel _py. Then, you were to write a new version of the hfmix . pyw program that
Lu:ﬁOH uses the sound_panel _py module:

mport all Lhe
unctions Lrom > from sound panel import ¥

the mow e e

By calling the new , treate oui(app, mixer, ‘50459 _M_RED_Nephlimizer.wav”)

it T 1 vt aiann, mive, “49119_M_RED. HardBowner )

sound tontrols on the

GUL

B A P B A R R e R R R R e B B A R R R
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custom widgets and classes

> Tost DRIve

With the code typed into IDLE, take this latest version of the DJ’s program
for a quick spin by pressing F5.

These ehetk buttons

stavt and stop each , |
of the tracks. L 2 J;@ J

QQFJXJ

Head First Mix

Volume
v 50459 M RED Nephlimizer.wav [ 49119 M RED HardBouncer.wav 0.1

WL

m ;ﬁk These stales tontrol
g. J Eﬂ_ d o the volume.

The program has created a checkbox and a volume slider for each track.
The program called the create_gui () function fwice, creating fwo sets
of widgets. Of course, you can call it as many times as you like and the
create_gui () function will create the two widgets for each track.

When you click on the two checkboxes, the two tracks both play at the
same tzme! You can start and stop each of them independently by selecting
and deselecting the checkboxes. But more than that, the volume sliders
independently change the volume of the tracks, allowing you to mix them
together.

This is a big deal. The create_gui () function is not only creating the
separate widgets and adding them to the interface, but it is also creating the
event handlers that allow each pair of widgets to control each separate track.
Here the program is controlling just two tracks, but if you added more calls
to create_gui () in the code, there’s no reason why you couldn’t get the
interface to work with as many tracks as you like.

Let's see what the DJ thinks.

you are here » 361



confusing interface

The DJ is confused

The program does exactly what the DJ wants, right? Well, not quite.

How am I supposed to
know which volume scale
is for which track?

The problem is that even though the program technically works, it has
a confusing interface. All of the checkboxes are added on the left of
the interface, and all of the volume controls are on the right.

There’s nothing in the interface that indicates which volume scale
goes with which track.

Head First Mix

Volume Volume
¥ 50459 M RED Nephlimizer.wav [ 49119 M RED HardBouncer.wav 0.1 0.9

Nl LI

Track #1 or track #22 Track #2 or brack #12

The checkboxes are labeled with the filename of the track, but the
volume sliders aren’t. Even though each volume slider is linked to a
single track, there 1s nothing in the interface that tells the user which

track that is. =]

So... what to do? You could just add labels to each volume slider.
That would probably fix it, but adding more widgets, like labels, can

Lo
. . SOASS_P_PED mephhnreder L
make an interface more complex. And you want your interfaces (and @ : U

your GUI code) to be simple and clean.
WOE o

Fortunately, there is a way of rearranging the widgets in the interface @' A P AT e—— D

to make it a lot clearer.
To avoid Low(:usion, /

the QU| needs to look
somc{‘)\ing like this.
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custom widgets classes

Group widgets together

If the interface were laid out with the checkbox for a track grouped
alongside the volume slider for the same track, it would look better.

Add a checkbox
Add a slider. Add a
checkbox...

Each track could then have a row of widgets associated with it. As long as you
know which widgets belong to which track, you can load a lot more tracks at
once without the checkboxes and sliders getting separated (and without your
users getting confused).

The program currently uses a_function to add the checkboxes and sliders to
the interface one widget at a time. If you call the function several times, the
computer creates two more widgets with each call. But the widgets are not
grouped. So, how do you group widgets together in a GUI interface?

Create a new type of widget

What if you don’t just hand the computer a set of instructions? What if you
give it a brand new widget instead?

If you create a new kind of widget that groups a checkbox with a slider,
you can add your new widget to the interface and then guarantee that the
checkbox and slider stay together:

\/ow new widSC"{'/
- K“%\UCS ‘{:OSC{-)‘CY
\olumne 0 Ehe other widgets

' : s - so they always
EDQEQ_M_QED_H ephhm&ﬁx W =—__U=- 5{8\/ SYOu\’cd

Wlume

@‘4%9—'“—@5{3_”‘3@&01“9@ Lo m&.

L.O

Your rew widget becomes a new building block for your GUI interface.

So, how are new widgets created? And how do they work?
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frame widgets

A frame widget contains other widgets

Most GUI libraries (including tkinter) let you create custom widgets from a
set of other components, and tkinter includes a special kind of widget called
a frame. A frame works just like a picture frame, in that it surrounds other
things. It’s rectangular and it can contain other widgets:

In tkinter, a frame is created using Frame (). If you can work out a way to
creale a new lype of frame (called, say, SoundPanel) that contains the checkbox
and the slider, then you could use code something like this in your program:

grcafc a new These are the same ?aramc{:crs \You
oundPanel passed £o the “ereate_gui()” method.

widget.
o<

M —
panel = SoundPanel(app, mixer, “50459_M_RED_Nephlimizer.wav’’)

panel .pack()
panel = SoundPanel(app, mixer, “49119 M_RED_HardBouncer .wav’’)
panel .pack(Q

L

You ¢an add Your widgc{: o the
GU| using the packer, \')us£ like
with all the other widgets.

This look like a great solution. However, you still have a big problem.

This code uses an entirely new type of object, a whole new kind of
widget that has never existed before. How do you tell the computer to create
something like that, which is effectively a custom GUI object?

How do you convince the computer to create a new
widget each time you call SoundPanel()?

364  Chapter 10

A ‘cVamc is ‘lkC
a (:vam&

* o this
%

—

Even though you
haven't created the
SoundPanel code
yet, let’s replace the
calls to create__
gui Q) in hfmix.
pyw with these lines of
code now. Just don't try
torun it yet.




custom widgets and classes

Wouldn't it be dreamy if there
were a way in code to create an
entirely new kind of widget. But
I know it's just a fantasy...

you are here » 365



programming class

A class is a machine for ereating objects

Object oriented programming (OOP) languages (like Python) let you create
an entirely new kind of object using a class. A class is like a template that you
use to create new objects.

Think of the class like a cookie-cutter, and think of the object as the cookie

that is created based on the class. As all the cookies are created from the same
cookie cutter, they all have the same characteristics, even though they are
all individual cookies. When an individual object is created from a class, it’s
referred to as an instance of that class.

So, if you can arrange for SoundPanel () to be a class, you can create
custom widgets as required:

You need 3 pey,
SoundPanel() tlass.

SoundPaneI]

ieh
The CLASS cveates OBJIECTs, whit!

are lNSTP&NCEs of the elass.

Lot

@ rscsinrcoso: mm—] s — 9,%
(@________@_______.@-------‘@""---@l

You need code that creates a new grouped widget in the GUI every time you
make a call like this:

Use the tlass o eveate a new ob\')cch
\

panel = SoundPanel(app, mixer, 49119 M_RED_HardBouncer.wav'")

Let’s define a SoundPanel() class.
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custom widgets classes

A class has methods that define behavior

The SoundPanel () class creates a new kind of tkinter Frame (), and you
can specify this relationship using the code like this:

This is the ¢tlass name.

" I’NS S.a"S {.’ha{ we are | /
etining 9 . N . ndPane | F
5 new ASS lass SoundPa l( al ‘):(\Lc“: Clas - {:
d ,(: ( [ Fr [S] S IS (4 O‘F
} rame. Y

AN — AN

AN N A The METHODs of the tlass 9o heve.
The word “method” is used in O"OP
instead of the word “Lunction.

As well as the what (it’s a frame), you also have to worry about the sow, which
will define the behavior of your new widgets. To do this, you need to add
methods inside the class. To understand how this works, imagine you have

created an alarm button object from a class. The alarm button will need to
know what to do when somebody hits it:

Uh-oh, someone just
hit me. I'd better ask

the class that made me
what I should do.

class AlarmButton(Frame):
def button_hit(self):
klaxon.hoot_loudly()

This will be a method
inside the alarm
bu{:{:on’s class.

~T A

The method tells the button how to
behave when something happens.

— (g harpen your pencl
N You need to create some methods for the new SoundPanel ()

class. Which of the following behaviors do you think you need to
create methods for? Draw a circle around each one:

Someone moves the volume slider. Someone clicks the checkbox.

The computer starts up. You get to the end of the track.

Create the interface.
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necessary

@ oharpen your pencil
\ &Fen y s{lllﬁt—lﬂﬂ

The computer starts up.

[ What do You need
do 1o treate
the interface?

Create the interface.

You needed to create some methods for the new SoundPanel ()
class. You were asked to identify which of the following behaviors you
thought you needed to create methods for:

You've alveady cvrcaJccq_é
Someone moves the volume slider> £ event handlers that Someone clicks the checkbox,
do something like this.

You get to the end of the track.

Dum

Q: Why is there a method to create the widget?

A: There isn’'t a method to create the widget. But there is a
method to create the interface. That method will run immediately
after the widget is created.

Q,: | don’t get it. What's the difference between a widget
and an object?

A: A widget is a particular type of object. It's an object that you
can add to a graphical user interface.

Q,: So there are some objects that are not widgets?

A: Absolutely. Most objects are used behind the scenes in
programs. All of the numbers and strings you've used so far have
actually been objects.

368

therejare no o
b Questions

Q; So you can’t always see objects on the screen then?

A: No, most objects run quietly in memory and they don't have
any display at all.

Q: Is Python the only object oriented language?

A: Lots of languages—such as Java, C#, and Ruby—use
objects to handle complexity.

Q,: So learning object orientation is a good way of getting
into other languages?

A: Yes, understanding object orientation gives you a insight into
how other languages think.




custom widgets classes

But how does an object call a method?

To see in more detail ow the new SoundPanel widgets use the methods in
the SoundPanel class, let’s look in more detail at just one of the methods.
What happens if someone clicks on the checkbox within the widget?

Hey, someone clicked
the checkbox. The event
handler for that is called

This is the codc) to the
“{rlack__b%\c()' method.

“track_toggle". What happens The method takes a
now, SoundPanel class? (— single parameter.
o def track_toggle(self):
o) if self_track_playing.get() == 1:

self._track.play(loops = -1)
ol 5

else:
@ £oasa m R Et:-__ﬁep'ﬁ e Ludy Sﬁ&'
self._track.stop(Q)

“sel£” identifies the

widget calling the
The method you need to add to your class should look familiar. This code method.

is almost the same as the track toggle() event handler we created
before. The only difference is that this method is a little more selfish.

self identifies the widget calling the method

The methods in the class are going to be used for lots of objects, so the code
in the class needs some way to know which SoundPanel object it is working
with at any point in time. It does that with the self variable.

The sel T variable is passed to each of the methods in the class automatically
by Python and it identifies the current widget object being used. By adding
“selT.” to the front of the object’s variable names in the class code, you
make sure the code is using the data that belongs to the current widget.

Let’s add some methods to the SoundPanel() class...
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class replaces

The SoundPanel class looks a lot like the
ereate_guil) function

If you convert the original change_volume() function to a method and
add it to the class, you end up with code that looks rather like the original
create_gui () function:

from tkinter import *
import pygame.mixer

class SoundPanel (Frame):
def track_toggle(self):

Most of this eode looks if self.track playing.get() == 1:
very similav to the self._track.play(loops = -1)
“eveate_qui()” method, else-

exeept for all those uses

of “self”.
\

self.track.stop()

>

def change_volume(self):

self.track.set_volume(self.volume.get())

In fact, the new SoundPanel () class can completely replace the code in
the sound_panel .py file (as create_gui () is no longer needed).

But before you do that, there’s still a little more code to write. The class needs
to be told what to do when the brand new SoundPanel () is created. The
class needs an initializer method that knows how to create instances of the
class.

N

Some programming languages ¢all these
initializer methods CONSTRUCTORS, beeause
they detail what happens when a new object
is treated or “constructed.” ’

Let’s create the initializer for the SoundPanel() class.
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Code Magnets

We've started to create the initializer code for you, but there are still a few
parts missing. See if you can work out where the missing code fragments
fit. Here is the code that creates a SoundPanel () object. Position the
code magnets properly to complete the method:

def __init__(self, app, mixer, sound_file):
Frame.__init__(self, app)
Betause SoundPanel() inhevits from
thinter's Frame(), you need +o be sure
4o initialize the Frame() BEFORE you
initialize the SoundPanel0).

track_button = Checkbutton( , variable = ,

command = self_track_toggle, text = sound_file)

track_button.pack(side = LEFT)

self.volume.set(track.get_volume())
volume_scale = Scale( , variable = self_volume, from_ = 0.0, to = 1.0,

resolution = 0.1, command = ,

label = "Volume', orient = HORIZONTAL)

volume_scale._pack(side = RIGHT)

volume = DoublevVar(Q)

‘ track = mixer-Sound(sound_fiIe) ' track_playing
\ track_playing = IntvarQ ' -
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initializer

\ Code Magnets Solution

We've started to create the initializer code for you, but there are still a few
parts missing. See if you can work out where the missing code fragments
fit. Here is the code that creates a SoundPane l () object. You were
asked to position the code magnets properly to complete the method:

Eath SoundPanel()

: i track.
def __init__(self, app, mixer, sound_file): °ch¢£ has its own

That's a doub\c/_r Frame.__init__(self, app)

\mdcvsco‘:; a mixer - Sound(Sound_fi le)
either si C

Each SoundPanel() obieet has its
d L )€ as i
{he wor - track_playing = IntvarQ own thectkbox.
track_button = Checkbutton( , variable = m track_playing | ,

command = self._track_toggle, text = sound_file)

self. track =

track button.pack(side = LEFT)

I volume = Doublevar(Q) '

self.volume._set(track.get volume())
volume_scale = Scale( E , variable = self._volume, from_ = 0.0, to = 1.0,

aev-
etk has ibs own

label = "Volume", orient = HORIZONTAL)
volume_scale.pack(side = RIGHT)

class = methods + data

The SoundPanel () class has methods that define the behavior
that it implements. In addition to the methods, the class also
has to detail the data that it holds. For the SoundPanel ()
class, this data is made up from three things: the track to play,
its checkbox, and its associated slider.
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Head First: Hello, Class. It’s good of you to find
the time to speak to us.

Class: I assure you the inestimable pleasure is all
mine.

Head First: So, to begin...
Class: One moment... <hums>
Head First: I'm sorry. What’s that?

Class: Apologies. Just checking my initializer. I
always do it when I create.

Head First: Ah, yes. That’s your constructor, isn’t
it? The method you use to create objects?

Class: Well, 'm aware that some people refer to it
as a constructor, but I prefer initializer. I don’t use
it to create objects, you see. I just use it to configure
them once they’ve been created.

Head First: You have a lot of methods?
Class: Oh, more than you can possibly imagine.

Head First: In the code we’ve just seen, the
SoundPanel () class, there were only three
methods, weren’t there?

Class: Oh, dear boy, there were only three methods

defined explicitly in the class. But SoundPanel ()
inherited many, many more methods from its parent
class, dear old tkinter’s Frame ().

custom widgets classes

The Class Exposed

This week’s interview:
Life in senior object management.

Head First: Frame() has a lot of methods, too?

Class: Too many to discuss, really. There are
methods to paint components on the screen and
details of what to do if things change size. Frame

1s a fearfully busy fellow. <beep beep> Excuse me.
Hello? Yes? No, you need to stop playing track four.
No, no, it’s quite all right. Goodbye.

Head First: One of your objects?

Class: Yes. They keep me very busy, but I'd miss
them if they didn’t call.

Head First: I believe when someone calls an object
method, the object always asks you to get involved?

Class: Yes. I'm in charge of the object’s behavior. T
do think it is so important to behave properly. Don’t
you?

Head First: Of course! Class, thank you.

Class: Love the tie, by the way.
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Code Review

It’s always good every once in a while to check back on the state
of your code and make sure everything’s looking spifty. This is
what your program should look like at this point. It’s probably
worth checking to make sure everything in your code looks like
this:

himix.pyw

from tkinter import *

from sound_panel import *
import pygame.mixer

app = TkQ
app-title('Head First Mix')

mixer = pygame.mixer
mixer.initQ Did you vemember 4o use SoundPanel() instead of eveate_gui0)?

panel = SoundPanel(app, mixer, "'50459 M_RED Nephlimizer.wav')
panel .pack()
panel = SoundPanel(app, mixer, 49119 M RED_HardBouncer .wav'")
panel _.pack()

def shutdown():
track.stop()
app-destroy()

app-protocol (""WM_DELETE_WINDOW", shutdown)

app-mainloop()
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sound_pane].py

from tkinter import *
' i d has to be

i i initializer method tomes Livst. Note that this metho :

eert prasne-mber i‘;":\d‘{::? szv:{: ) Og n P\/{‘)\on in order +,o be La"cd au{:omatncally

—_—

he obieet is treated.
class SoundPanel (Frame): when the obj

def __init__(self, app, mixer, sound_file):
Frame. _init__ (self, app)
self._track = mixer.Sound(sound_file)
self.track_playing = Intvar(Q)
track_button = Checkbutton(self, variable = self.track_playing,
command = self_track_toggle, text = sound_file)
track button.pack(side = LEFT)
self.volume = DoubleVar()
self.volume.set(self._track.get volume())
volume_scale = Scale(self, variable = self.volume, from_= 0.0, to = 1.0,
resolution = 0.1, command = self.change_volume,
label = "Volume'", orient = HORIZONTAL)
volume_scale.pack(side = RIGHT)

def track_toggle(self):
if self.track playing.get() == 1:
self._track.play(loops = -1)
else:
self._track.stop()

def change_volume(self, Vv):

self.track.set_volume(self.volume.get())

you are here »
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test drive

—TasTt DRIve

OK, so you’re finally ready to start up your new custom widget code. This
is what it looks like after you bring your code into IDLE and press F5:

;ImI@ﬁJSJ

Head First Mix

Volume

v 50459 M RED MNephlimizer.wav

Volume
W 49119 M RED HardBouncer.wav 0.1

The checkboxes and volume scales are now grouped together on the
same widget within the GUI From now on, you will know that the

widgets on your GUI will always stay together as the SoundPanel ()
class has grouped them for you.

Dude, that
interface looks
awesome! It's
so easy to use!
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Q: | don’t get it. What's this “self” thing again?
A: “self” is a variable that refers to the calling object.
Q; The calling object? What does that mean?

A: Imagine you create a new method called bleep() in

the SoundPanel class. An object called panel can use

the bleep () method as needed, and when it does, it calls the
SoundPanel class. The “self.” bit ensures that the bleep ()
method associated with the pane I object is called, not some
other bleep () method associated with some other object.

Q} So objects don’t actually own their own methods?

A: In some languages, such as Ruby, they can, but in most
languages, no, objects don’t own their own methods. The methods
all belong to the class that created the object.

thereqare no
Du l) Questions

custom widgets classes

Q} But why do | need to add “self.” to the start of the
variables?

A: Because then you are changing data inside the current
object referred to by “self.”. You will be working with the object’s
own data, and not with data that belongs to the class.

Q} Not all the variables had “self.” at the beginning. Why
is that?

A: If you look at the code, the volume_scal e variable
does not begin with “self.”. That's because the object does not
need to keep track of the volume_scal e variable once the
initializer method has finished creating the object. volume__
scale s a variable that is local to the initializer.

%BUI.I.ET POINTS

The SoundPanel widget is a type of frame.
m  Objects get created by classes.
®  Aclass has methods.

= The methods define the behavior of the
object.

= When an object needs to know what to do,
it calls a method in the class that created it.

= The methods in the class all have a sel ¥
variable.

= The sel T variable points to the object
that called the method.

= By prefixing variables with “se 1 F.", you
can keep each object’s values separate
from each other.

377



add the tracks

The PJ has an entire directory of tracks

The DJ is so impressed by how usable your program is that he wants to

try it out tonight for his complete set, prior to its official unveiling at

the World Music Mixing Expo. The DJ needs to work with a lot more than Divettory
two tracks. In fact, he has an entire directory full of loops. £ull of loops.

VA

File Edit View Go uelp

BErIE DEWJIW"J[HFPWJ[WMDJIMJW

B y g . § § -
B4 o e o 4
39147 M_RED_ b 39484 M RED_ 39607 _M_RFD_ 41712 M_RED S 41722__M_RED_
cep_line.wav _trance_trumpet  _trumpet_delay_  onar_Line.wav _happy_frcag.wa

_loop.wav loop.wav v
: iy o - N
2 @D L) L)
|=' [Tl 4 (mmaal |r II-J r [T I' i

45414 M_RED_Tr 49119 M_RED_H 504539 M_RED N 50848_M_RED_W 359264 M_RED_T
ance_Train.wav  ardBouncerwav  ephlimizerwav  aveBaseloopwa heDreamDrums.

v wav
LY
pl
= =l =
__details_and_at hfrmis_pyw sound_pancl.py
tribution.txt

13 items (14.5 MB), Free space: 4.7 GB N Y %

T want to use all

of these loops. Can
your program add all
of these WAV files
to my interface?

Now you could just change the code to add the extra files to the interface,
but the DJ wants to be able to manage which tracks the program uses.
So you will have to find all of the WAV files in the current directory and
then add them to the interface when the program starts.

Let’s get this thing to work.
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Poo] Puzzle

Your job is to take segments from the
pool and place them into the blank
lines in the code. You may not use
the same segment more than once,
and you won't need to use all the
segments. Your goal is to complete
the code in hfmiX. pyw so that it
reads all the tracks from the directory
and then adds them to the GUI interface.

from tkinter import *
from sound_panel import *
import pygame.mixer

import os

app = TkQ

app-title(""Head First Mix™")
mixer = pygame.mixer
mixer.initQ

def shutdown():

track.stop()
app-destroy()
app-protocol (""WM_DELETE_WINDOW'", shutdown)
Note: each thing from app-mainloop()
the pool can be used _
only once! mlR
y : !‘Iﬁ"‘ o

panel .pack()

for fname in dirList:
dirList = os.listdir(".")
panel = SoundPanel(app, mixer, fname)

“50459 M_RED_Nephlimizer.wav”
it fname.endswith('.wav'"):

i

R

R

—_—
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tracks

Poo] Puzzle Jolution

Your job was to take segments from the
pool and place them into the blank
\ =y lines in the code. You could not
i use the same segment more than
DRy once, and you didn’t need to use
all the segments. Your goal was to
complete the code in hfmix. pyw
so that it reads all the tracks from the
directory and then adds them to the GUI
interface.

from tkinter import *

from sound_panel import *
You need 4o talk o the import pygame.mixer
operating system, so ———> import os
. h « s" modUlC'
lm"OY‘{l {', e O app = Tk()
app-title(""Head First Mix™)

Get the names of all

mixer = pygame.mixer the files in the turvent
mixer.initQ / divettory.
Tékc Cac\'\ O‘C '{')\C .d.i..r.l._.ié_.t...=...(.).S..-.'.i.s._.td,i.';.(l.'.;.l.'). .............................................................
‘(:ilcvxamc&-- — BOF Erame I HREL SRS
........ e
i i ends in o e o o PAT B Can  TXGE, Hiay
::::::::":{??‘f‘:‘?ﬁ'ﬁ}ﬁ’??'ﬁ():::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
..treate a me—fj\utdown():
CoundPanel() and add track.stop()
it 4o the QUl- app-destroy()

app-protocol (""WM_DELETE_WINDOW", shutdown)
app-mainloop()

W\

This wasnt
needed.

“50459_M_RED_Nephlimizer.wav”
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—Test DRIVE

With the code in IDLE and all the sound files in the directory, press
F5. You should see something that looks a lot more powerful than
the simple two-track mixer you had before:

o Head First Mix b o L[t
Volume
[+ 39484 M NCD_trance trumpet_loop.wav 1.0
Volume
v 59264 M RED TheDreamDrums.wav 0.6
Volume
[ 50459 _M_RED_Nephlimizer.wav 1.0
o
Volume

¥ 49119 M RED HardBouncer.wav 0.2
JE '
Volume
v 41312 M RED Sonar Line.wav 1.0
|
Volume
[ 45414 M _RFD_Trance Train.wav 0.0

[E -
Volume
v 39147 M _RED beep lineway 0.6
] | g
Volume
[~ 39607 M RED trumpet delay loop.wav 1.0
I | E1
Volime
v 41727 _M _RFN__happy_frean.wav n3
|1 |
Volume
v 50848 M _RED WaveBaseloup.way 0.8

Every single track from the directory now appears on the
interface and can be individually controlled. The program looks
like it finally does everything the DJ wants. But the real test will be
how it performs at World Music Mixing Expo...

=1%-¥J33I£@§LFJ§J
@gmiﬁsﬂfn:

geﬁj .!”Jﬂggfﬁ;
:;-amxﬁégﬁJSJ

;uﬂf@ﬁﬁJiJ

@gﬂj S By,
;;,.-'*JI]IE@@LFJEJ

you are here » 381



programming rocks the house

It’s party time!

- E

The wixer program brought the house down!

The DJ took your program to the World Music Mixing Expo and rocked
the house, with your name in lights! By using classes for the widgets and
creating an object oriented program, you made your good program (and
the DJ’s performance) great.

Object orientation is meant to help you create complex programs with
very little code. A lot of languages use object orientation, and not just
for graphical user interfaces. You can use objects to build web applications
or simulators or games. Any time you need to write an advanced program
but don’t want your code to turn into a tangled mess of spaghetti, object
orientation can come to the rescue!

Congratulations!

You got to the end of the book! And what a great journey it’s been. You've
ruled with control statements. You’ve powered-up your programs with
modular code. You’ve made graphical user interfaces that sing and, finally,
you took your coding skills to the next level with object orientation.

Well done!
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. Your Programming Toolbox

You’ve got Chapter 10 under your belt.
Let’'s look back at what you’ve learned

in this chapter:

¥ Classes have ™ " ok
' .  Sinckantes Py{:hon Tools

* Frame() — tkinker's Lrames ave widgets
that contain other widgets and help o keep
the widgets together (avouped).

¥* fn
) bcc“ tre
onte it alize ¥ elass - a keyword that i +
% Some anopddcs all ¥ lass dhcini{:io;/. iroduces 3 rew
« s 2 ini
construt reths ave AT\ ob\)d’*"" th'h'f——() — the name of the method
* No‘\'. all doye og s otk d .IS talled au{:oma{:ically on ochcf
Wd%c‘b e d Kind ) treation.
* Wh
/ ¥* self - mc"‘:hods have a special variable
called “self” that is set 4o 4he eurvent
ob\)c{:l;.

* Addfng “sel£.” 4o the start of a vaviable
means it bclongs to the turrvent ochcf.
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go forth and program

Leaving fown...

It’s been great having you here in Codeville!

We’re sad to see you leave, but there’s nothing like taking what you've learned
and putting it to use. You're just beginning your programming journey and we’ve put you in the
driving seat. We're dying to hear how things go, so drop us a line at the Head First Labs web

site, www.headfirstlabs.com, and let us know how programming is paying off for YOU!
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appendix T: leftovers *

The Top Ten Things +
* (we didn’t cover)

You can never have enough
tools... especially when the
job’s not finished yeft.

You’ve come a long way.

But learning how to program is an activity that never stops. The more you code, the more
you'll need to learn new ways to do certain things. You'll need to master new tools and
new techniques, too. There's just not enough room in this book to show you everything
you might possibly need to know. So, here’s our list of the top ten things we didn’t cover
that you might want to learn more about next.

this is an appendix 385



proper

#1: Doing things “The Python Way”

Throughout this book, we have very stubbornly resisted writing
code in the most correct Python Way. “That’s not how a Python
programmer would do it,” was a familiar refrain heard from the
Head First Programming technical reviewers. Without fail, and with the
greatest of respect to our reviewers, we generally ignored this advice.

You see, every programming language has its preferred, tried and
true, agreed, and accepted way of doing certain things, collectively
known as programming idioms. And Python is no exception. This is,
of course, a very good thing, because the more programmers
using a particular language who follow the standard way of doing
something, the better. Except, that is, when writing a book like this:
one designed from the get-go to teach programming concepts.

There are times when the idiom, although very smart, can be hard
to understand and even harder to explain. So, when we had a choice
between showing you how to do something in a generic way over
showing you how to do it the Python way, we nearly always chose
the former approach over the latter. This has the effect of making
some of the code in this book positively repulsive to hardened
Python programmers, something that is of little concern to us, as
this book isn’t for them (and they have lots of other books already).

This book is for you: the reader who wants to learn how to program
regardless of the programming language chosen.

Having said all that, if you now want to learn more about 7%e
Python Way, start by scanning through the booklist and book reviews
maintained on the main Python website:

http:// wiki.python.org/moin/ PythonBooks

s, that's supposed
4o be an ‘o -

Leavn lots about Python from
Mavk Lutz’s tlassie, “Learning
P\/H\on, & th Edi{ior\," whith now
tovers Python 2 and previous
386 veleases.

P)’fhon 9urru.

Holy smokes! T
can't believe they did
it that way...
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#7: Using Python 2

If you remember way back in the Readme, we stated we were
using release 3 of Python in this book. Of course, there’s much
more to Python that just release 3, as the previous version of the
language, release 2, is still very, very popular.

And rightly so. Python 2 has been around for nearly a decade

and has an impressive collection of technologies built around it,

including Google’s App Engine, the Django Web Framework, Zope’s ﬁ p U 't h O n
Content Management System, and the Twisted Networking Libraries (to

name just a few).

Despite all the Python 2 goodness out there, we still went with
release 3 for this book and our reasoning was very simple: better to
go with the future than settle on the past. The good folks that bring the
world Python have stated that Python 3 is where all the cool, new
stufl’ will happen with the language. Release 2 has entered what’s
known as bug-fix mode only: if something is found in 2 that is broken,
it’ll be fixed, but no new features will be added.

And here’s the good news: there’s not much difference between the
code you’ve been writing for Python 3 and what you would write
for release 2, should you find yourself in the position of needing to
(perhaps as a result of needing to fix some existing Python 2 code or
working with a technology that’s based on Python 2).

Here are a few lines of Python 2 code that highlight some of the
differences:

In Python 3, the ¢,
is called “input()”.

e

age = raw_input(""How old are you? ')

if int(age) > 30:

——> print "Sorry, but you’re past it!"
else:

print "You still have hope ... for now!"
P\Iﬂ\on 1 does /

V\O‘t y-co\u\Y'C 'H\C ]
paventheses with )
the call to “print’
whereas Python E

does.

aw—i"P"{:O” ‘cur\tfioy\
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java, c#, et al

#3: Other programwming languages

When it comes to teaching programming concepts, there’s more
than enough to cover without trying to cover multiple programming
languages.

We like Python and hope over the course of this book that you’ve
grown to like Python, too. However, if you want to explore or need to
learn another programming language, there’s lots of help out there.
Simply going to your favorite search engine and typing in the name of
your chosen programming language produces a torrent of sites offering
to provide you with everything you need to know.

Two modern languages that are important are Java and C#. And
guess what? If you have to learn these technologies, Head First Labs has
you covered.

P\" a\;so\u{',c
C\ assit) now

n '\‘{’,5 gccov\d
Ed\{i\on

Vcry 90od, +0o

Having completed this book, you can now pick up either of these books
and confidently work your way through them.

Of course, if you find yourself working in a Java or C# programming
environment and missing Python, don’t despair. Two active projects
within the Python Community infegrate Python with the above
programming languages and are well worth checking out (search on the
project name to learn more):

éﬁ:ﬁ’lﬁ‘f"ﬁ?ﬁ‘\; ’z? jython ’ I On‘ ytg.'on
irtual Machine.

ntegrate Pythor
e and NET
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#4: Automated testing techniques

And, no, before you ask, this has nothing to do with program-testing
robots automatically testing your code for you (which, we agree,
would be nice).

Automated testing does have everything to do with trying to make
sure, as far as possible, that your code is working properly.

But, how is this possible?

The truth is, it’s very hard to know for sure that your code is working
perfectly 100% of the time. Programs and software systems are
complex beasts. Over time, they grow, and it gets increasingly hard
to know for sure if they are working quite the way you want them to.

To help, programmers test their code. When they are done, they
test, test, then test some more. And just to be sure, they lest again. In
fact, programmers often test to destruction, which refers to attempting
everything they know to try and break the program and make it
misbehave. If testing finds a problem, the code is then fixed so that
whatever it was isn’t a problem anymore.

To help with the grunt work that testing sometimes is, Python comes
with a handy built-in module called unittest. This module’s sole
purpose in life is to allow you lo wrile code that tests your code. Trust us,
this isn’t as strange as it sounds. The unittest module provides

a framework within which you can exercise your code to ensure it’s
working the way you want it to.

The 1dea is simple enough: as you write your code, you write a

little extra bit of code based on unittest to check that your new
code is working properly. If the test works (that is, it successfully
demonstrates that your code is OK), you are then in a position to
automate the testing of your code by reusing your unittest code.

For more details, check out the description of unittest in your
favorite Python book or online in the official Python documentation.

And now that you know about unittest, you have no excuse not
to use it to test your code.

Writing code to test
code?!? Isn't that one
of those chicken and egg
things?

leftovers
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exterminating

#9: Pebugging

This is not as disgusting as it sounds.

Debugging is related to testing. It is the process of dealing with
errors that aren’t picked up during testing but, instead, blow up in
your face when you run your code or—worse—blow up in the face
of your user!

Tracking down where a problem is can sometimes feel like a bit of
an art form, but there are some tried and true techniques that can
make things easier for you. Experience helps a lot.

One of the most important things you can know about when it
comes to debugging code is a thing called the debugger. This is

a software tool that can be used by programmers to run code step

by step or line by line. As the program runs, the debugger lets you
watch what’s going on and then potentially see when something
goes wrong. If you can work out where in your code the problem lies,
it makes it easier to fix, and the debugger is designed to help you do
just that.

It is a rare programming technology indeed that comes without

a debugger. Python’s is called pdb and it can be accessed from
within IDLE and within the Python Shell. Check the Python online
documentation for more information on pdb.

As mentioned at the top of the page: debugging is related to lesting.
Typically, you debug your code afler it is up and running and
(possibly) delivered to your user. You test your code as you write it
and before you give your program to your users. The idea is that you
only ever give a user your program when you’re happy it works the
way you want it to.

To be honest, though, there are no hard and fast rules here, and a
lot of programmers blur the line between debugging and testing,
treating it all as one activity.

390

The problem is not with
the hardware; it's with
your program. You'll have
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#6: Command-line execution

Throughout the 10%2 chapters of this book, you've consistently
executed your code from within the IDLE programming
environment. This has been great while developing and working
on your code, but it’s probably not fow you want your users to run
your programs. It turns out there’s more than one way to do it
when it comes to running your code. The method available to you
(and your users) will vary depending on the operating system you’re
using

Your operating system might have a file association already in place
that allows you to double-click on a Python program and have

it execute for you. If this is the case, feel free to double-click to
your heart’s content. If not, here’s how to start Python from the
command line on the “big 3” operating systems. Let’s assume the
program you’re running is called cofFfee_pos . py:

leftovers

On Windows, entev the
“C:\P\/‘{‘)\ongl \Fy{:hon-cﬁe"
tommand together with the
name of the program you
want 1o exetute.

)

Microsoft Windows XP [Version 5.1.2600]
(C) Copyright 1985-2001 Microsoft Corp.

C:\Documents and Settings\hfprog> C:\Python31\python.exe coffee_ pos.py

1. DONUT

2. LATTE

3. FILTER

4. MUFFIN

5. Quit

Choose an option: |

File Edit Window Help Mac OS X and Linux

$ python3 coffee_pos.py

1. DONUT
2. LATTE
3. FILTER
4_ MUFFIN

5. Quit
Choose an option: [

“\

ST | c“{—’c\r
“\"‘!5\\1“’:” kogether
with {he name ©

you are here » 391



down with oop

#7: Qoops... we could’ve covered wmore Q0P

Chapter 10 introduced the important concept of classes, and throughout
the book we’ve touched on objects in lots of different places. Doing justice
to all the concepts of object oriented programming (OOP) would easily take
an entire book all on its own.

The bit of OOP covered in Chapter 10 relates to the concept of
encapsulation. This is the process of bundling data with methods into
prebuilt templates that can be used to create functionally identical objects of a
certain ype.

Now... if your eyes glazed over reading that last line, don’t worry; you are
as normal as the rest of us. OOP s full of terminology like this. As well
as encapsulation, there’s inheritance and polymorphism, too.

Encapsulation?!?
Polymorphism?!?
Inheritance?!?
Could they not have
chosen such intimidating
terms?

Discussing all the ins and outs of OOP is something that takes a little
time and it is nof something that we are going to try and do on just one
page!

That said, OOP really comes into its own when your programs get very
large and turn into software systems. When systems start to scale

(get really, really big), the importance of proper design takes center stage,
and OOP can help here—big time. Again, there’s help from those lovely
people at Head First Labs.

This book assumes you alveady
know a little bit about Java,
so tonsider veading Head

Fivst Java fivst.

)

Haomggted
Ibject-Ur
B%ajmsig & Design
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#8: Algorithwms

There are plenty of great books that believe it’s impossible to learn
about programming without also learning about algorithms.

The word “algorithm” is used to describe a precise and established
way of solving a particular problem in any programming language.
It’s often useful to think of an algorithm as a recipe.

In the good ol’ days, it was certainly true that every programmer had
to have a good grasp of algorithms in order to get anything of any
worth done. But, luckily for you, this is no longer the case.

Nowadays, with programming technologies such as Python (and
Ruby, Perl, Java, and C#), this is less of an issue because modern
programming languages just do so much for you.

For instance, if you need to sort something in Python, you either

call the sort() method on a object or use the built-in sorted()
function, and the thing you are working with is duly sorted. You are
probably less concerned (and rightly so) with how the sort actually
occurred—that is, with the details of the algorithm used to sort your
data. Was it the quicksort algorithm or the bubblesort? Maybe it was
timsort or something else entirely? Maybe you don’t care, because
calling sort() or using sorted() orders your data in the way you
desire and frees you to move onto some other problem that needs
solving.

You could take the time to write a really cool sort function and learn
lots about algorithms in the process but, let’s face it, &fe us_far too short.

If you want to write your own programming language, you’ll need
to learn lots about algorithms. If all you want to do is use an existing
programming language (like Python), you can worry less about
algorithms and more about writing code, which is precisely how it
should be (in our opinion).

leftovers
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heavy

Scary
49 Advamed'\programming topics

There are a bunch of advanced programming topics that were never likely to
make it into a book like this. Here is a list of six such topics (all supported by
Python 3).

Threads arc a programming technology that allows you to break your
program into discrete coded chunks that can then be executed in parallel or
concurrently. Each chunk is known as a thread. Using threads can result in
some beautiful coding designs, which can make the solving of a certain class
of problem almost trivial. Under certain circumstances and restrictions, it is
possible to have threads communicate with each other and share data, which,
although possible, is hard to get right and can lead to some rather tricky

and hard-to-track-down bugs. If you think you need threads, approach with
extreme caution and be prepared to have your brain expanded in ways that you
never thought possible.

Recursion is a programming technique that allows you to create a function
that is capable of calling itself in order to get its work done. There are certain
types of mathematical problems that are well-suited to a recursive solution,
but not much else.

Metaprogramming refers to writing programs that can write other
programs or manipulate themselves (sounds icky, and it can be). It is not for
the faint of heart.

Functional programming (typified by languages such as Lisp) is a
technique that treats computation as a series of function calls that specify
what is required of the program, as opposed to a procedural program, which
details the steps that are required in order to solve a problem.

Regular expressions arc a technology that allows you to specify
concisely what it is you are looking for in your data. Having written a
regular expression (or regex), Python can then go and get it for you. Every
programmer should know how to take advantage of regexes. The trouble is,
they look so very strange at first that most coders recoil in disgust. This is a
pity, as we think regexes are super cool and well-worth learning.

Unicode is an industry standard that allows you to consistently represent
and work with text written in most of the world’s languages or “writing
systems.” If you are working with text originating from somewhere other
than the place where they speak your language, then you’ll want to know a
bit about the Unicode character encoding system.

If you find yourself needing any of this stuff, best to start on the Internet and
do some background reading on the topic before buying a book with your
hard-earned cash. The Wikipedia entries for each of these six topics are
good starting points.
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#10: Other IDEs, shells, and text editors

It might be hard for you to fathom, but there is life beyond IDLE.
There’s life beyond the Python Shell, too. Both IDLE and the Python
Shell are great learning tools, but sooner or later, you might find
yourself wanting more.

iPython is a bit like the Python Shell on steroids, and a lot of Python
programmers swear by it. It has a lot of extra features over and
above those in the normal shell that are designed to make the Python
programmer’s life easier. It is well-worth looking into.

When it comes to full-blown programming environments, there

are many choices. Search the Internet for “Python IDE” to see a
complete list. A few that come up more than most include: Komodo,
Eclipse, and Eric. It’s worth taking a look at each, and then
deciding if one of them (or something else entirely) is just right for
you.

IDLE and the Python Shell may satisfy your needs. But, if you are
looking for more from your programming tool, there’s lots of choices
out there.

As for text editors... well, there are lots of choices, too. Some people
prefer Emacs, while others prefer vi. The Head First Labs advice is to
try out a few editors before picking the one that best suils your needs.

leftovers
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Symhbols

: (colon)
in if/else branches, 22
in index of string, 43
in while loops, 29
{} (curly brackets), creating hashes, 153
= (equal sign), assignment operator, 4, 35
== (equal sign, double), equal to operator, 4, 15

!= (exclamation point, equal sign), not equal to operator,

30

() (parentheses)
in format strings, 182
in function definition, 82

% (percentage symbol), preceding format strings, 180182
. (period), in library function request, 69

+ (plus sign), addition operator, 58

# (pound sign), preceding comments, 95, 205

> (right angle bracket), greater than operator, 62, 75

[] (square brackets)
creating arrays, 132, 134
enclosing index of array, 132
enclosing index of string, 42
enclosing key for hash, 153

A

abstraction, 93
addition operator (+), 58
algorithms, 393

append() method, arrays, 132, 144
arguments (parameters), 96-98, 101, 111
arrays (lists), 130—134, 144, 285

adding items to, 138

counting occurrences of values in, 138

creating, 132, 134

extending, 132, 138

index (offset value) for, 132

methods for, 138

multi-dimensional arrays, 152

removing items from, 138

reversing order of, 138, 140

searching, 138

sorting, 136-140, 144

askokcancel message boxes, 306
askquestion message boxes, 306
askretrycancel message boxes, 306
askyesnocancel message boxes, 304, 306

assighment
of multiple values, 122124
of single values, 4, 35

assignment operator (=), 4, 35
assoclative arrays. (see hashes)

automated testing, 389

B

Bates, Bert (Head First Java), 388
Beighley, Lynn (Head First SQL), 170
bloated code, 81

books
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Head First C# (Stellman, Greene), 338
Head First Java (Sierra, Bates), 338
Head First Object-Oriented Analysis & Design
(McLaughlin, Pollice, West), 392
Head First SQL (Beighley), 170
Learning Python, 4th Edition (Lutz), 386
brackets, curly ({}), creating hashes, 153, 175

brackets, square ([])
creating arrays, 132, 134
enclosing index of array, 132
enclosing index of string, 42
enclosing key for hash, 153

branches, 14, 15-21, 24

break statement, 255

Button() widget, 255
connecting code to, 239244, 245
creating, 234-236

C

C# language
compared to Python, 9
learning, 388
characters. (see strings)

Checkbutton() widget, 331-335, 348

classes, 366, 372-373, 383. (see also methods; objects)
constructors for, 370-373, 383
data for, 372
defining, 367-368

clock() function, time library, 70
close() method, files, 116, 144

code
bloated, 81

398

command-line execution of, 391
comments in, 95, 205
debugging, 390
duplicating, 8081
indents in, 21, 22
paths in, 13, 2021
pseudo-code, 127
Python practices for, 386
reusing with functions, 81-82, 351-360
reusing with modules, 192-199, 200-202, 205211,
214
running from IDLE, 7-8
saving, 7
testing, 389
white space in, 22
code examples. (see examples)
coffee examples. (see health club example; Starbuzz Coftee
example)

collection variables. (see data structures)
colon ()
in if/else branches, 22
in index of string, 43
in while loops, 29
combo boxes, 248
command-line execution, 391

comments, 95, 205

conditionals, 35
in branches, 14-15
in while loops, 29

constructors (initializer methods), 370-373, 383
control variables, 278

controller, 277, 292

count() method, arrays, 138

crashes, 296

curly brackets ({}), creating hashes, 153, 175
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data entry widgets
Checkbutton() widget, 331-335, 348
Entry() widget, 261-262, 266267, 269, 292
model for, 276-278, 285, 292
OptionMenu() widget, 284290, 292
populating dynamically, 288290, 292
RadioButton() widget, 272-273, 275280, 292
restricting input to, 271-273
Scale() widget, 336-338, 340-345, 348
Text() widget, 261, 263, 266-267, 269, 292
data storage, 129-130
data structures, 131, 150. (see also arrays; hashes)
list of, 152
returning from functions, 164167

database, 170-172, 175

datatypes, converting, 4, 9, 64-653, 75

date and time functions, 68—73

daylight() function, time library, 70

debugging, 390

decision points. (see branches)

decode() method, 49

def keyword, 82, 111

delete() method, data entry widgets, 262, 263, 267, 269

delivery company example, 258-291
dynamic depot options for, 283-291
errors in delivery tracking, handling, 294-310
GUI for delivery system, 258-268
user input, controlling, 271-281

destroy() method, apps, 326, 348

dialog boxes, 248. (see also message boxes)
dictionaries. (see hashes)

directories, reading files in, 378-381

disk storage, 129

index

DJ example. (see mixing software example)

Don’t Repeat Yourself (DRY), 88

DoubleVar() variable, 340, 345, 348

drop down lists, 248. (see also OptionMenu() widget)
DRY (Don’t Repeat Yourself), 88

E

Eclipse IDE, 395

editors, 5, 395. (see also IDLE)
Emacs editor, 395
encapsulation, 392

endswith() method, strings, 56
Entry() widget, 261, 269, 292

creating, 266267
methods for, 262

equal sign (=), assignment operator, 4
equal sign, double (==), equal to operator, 4, 15
Eric IDE, 395

errors, 311. (see also debugging; testing)
crashes resulting from, 296
displayed in Shell instead of GUI, 295
displaying in message boxes, 303—309
exceptions, 296-300, 311
TypeError message, 63-64
ValueError message, 119-120

event loop, 233-234, 255

events

handlers for, 239, 244245, 255
from operating system, 319, 348
from Window Manager, 319-324, 326-327

examples

delivery company example, 258-291
game show example, 216-254
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guessing game, 3-34

health club example, 178-213

mixing software example, 314-347, 350382

Starbuzz Coffee, 3874, 78—110

storeroom example, 294-310

Surf-A-Thon example, 114—143, 146-174
except statement, 298-300, 311

exceptions, 296-300, 311

exclamation point, equal sign (!=), not equal to operator,

30

extend() method, arrays, 138

F

false value, 14

File menu
New Window option, 6
Save option, 7

files
handles for, 116

permissions for, 295
reading all files in directory, 378-381
reading from, 116-118, 166

find() method, strings, 56-58

float() function, 64-65, 118

for loop, 116-118, 154-156

format strings, 180184, 186, 214

formatted data, 179

FONs (fully qualified names), 207-211, 213, 214
Frame() widget, 364, 373, 383

fully qualified names (FQNs), 207-211, 213, 214
functional programming, 394

functions, 82. (see also reusing code; specific functions)
calling, 82, 84
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creating (defining), 82, 111

local functions, 356358, 383

parameters for, 96-98, 101, 111

returning data structures from, 164-167, 170-172
returning values from, 87-88, 111

with same name in different modules, 206-211, 213

scope of variables in, 104108

G

game show example, 216-254
answers, displaying in GUI, 246-254
answers, sound effects for, 216-228
answers, tallying, 216218, 226-228
GUI for, 230-245

get() method
data entry widgets, 262, 263, 269, 278
IntVar() variable, 332, 334

get_busy() method, channels, 221

global variables, 108-109, 244

gmtime() function, time library, 70

graphical user interface. (see GUI)

greater than operator (>), 62, 75

Greene, Jennifer (Head First C#), 388

grouping widgets, 363364

guessing game example, 3—34
guesses, determining if correct, 3-8
guesses, higher or lower hints for, 10-25
multiple guesses, allowing, 26-34

GUI (graphical user interface), 215, 230-232. (see also

widgets)

displaying messages in, 246-254, 303-309, 311
errors not displayed in, 295
event loop for, 233234
guidelines for, 341
positioning widgets in, 235-238
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hash mark (#), preceding comments, 95, 205

hashes (dictionaries), 152, 175
adding data to, 153, 156, 161-162
creating, 153, 175
iterating through data, 154-156
keys of] restrictions on, 156
returning from functions, 164-167, 170-172
sorting, 158

Head First C# (Stellman, Greene), 388
Head First Java (Sierra, Bates), 388

Head First Object-Oriented Analysis & Design
(McLaughlin, Pollice, West), 392

Head First SQL (Beighley), 170

health club example, 178-213
file format changes, 187-199
multiple price discounts, 204—213
price discount, 200-203
transactions, recording in file, 179-186

Help menu, 22
HTML, as strings, 49

I

IDE (Integrated Development Environment), 5, 9, 395
IDLE, 5,9, 22
if/else branches, 4, 1521, 24
import statement, 49, 69
importing
libraries, 49, 69, 221, 226
modules, 193, 199, 202, 211, 214

indents in code, 21, 22

index

index (offset value)
for arrays, 132
for strings, 42

index() method, arrays, 138

inheritance, 392

__init__ () method, 372, 375, 383

mitializer methods (constructors), 370-373, 383
mput() function, 4, 35, 387

mnsert() method

arrays, 138
data entry widgets, 262, 263, 269

int() function, 4, 9, 35

Integrated Development Environment (IDE), 5, 9, 395
internationalization, format strings for, 186
interpreter, 5. (see also IDLE)

IntVar() variable, 249, 253, 255

iPython shell, 395

IronPython project, 388

items() method, hashes, 154, 175

iteration. (see loops)

J

Java language
compared to Python, 9
learning, 388

Jython project, 388

K

keys() method, hashes, 154, 175
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key-value lists. (see hashes)
Komodo IDE, 395

L

Label() widget, 248-253, 255
labels for values. (see variables)
Learning Python, 4th Edition (Lutz), 386
libraries, 75. (see also pygame library)
importing, 49, 69, 221, 226
third-party libraries (packages), 220, 223
time library, 68-73
tkinter library, 233-236, 238, 255, 341

linked lists, 152
listdir() function, 380
lists. (see arrays)
local functions, 356-358, 383
local variables, 105, 106, 111
localtime() function, time library, 70
loops, 28, 35
delaying iterations of, 67-73
event loop, 233-234, 255

for loop, 116118, 154-156
while loop, 29-33, 61-65

lower() method, strings, 56

Lutz, Mark (Learning Python, 4th Edition), 386

M

mainloop() method, tkinter, 234, 253
mappings. (se¢ hashes)
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McLaughlin, Brett D. (Head First Object-Oriented Analy-
sis & Design), 392

memory, 129-130
menus, 248
message boxes, 303-309, 311

messages
error messages. (see errors)

protocol messages, 322
sending to Twitter, 93-98, 101

metaprogramming, 394

methods, 377, 383. (see also specific methods)

calling, 369-372
defining, 367-368
mixing software example, 314-347, 350-382
multiple tracks, controlling, 350-376
multiple tracks, reading from directory, 378—382
toggle for starting and stopping, 328-335
tracks, starting and stopping, 314327
volume control, 336347

model for data entry widgets, 276278, 285, 292
Model View Controller MVC), 277

modular code, 192-199, 200-202, 205-211, 214. (see also
reusing code)

module. (see code)
multi-dimensional arrays, 152
multiple assignment, 122-124
MVC (Model View Controller), 277

N

\n, newline in format strings, 182
New Window option, File menu, 6

not equal to operator (!=), 30
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object API, 292

object-oriented languages, 368, 383

object-oriented programming (OOP), 392

objects, 366, 368, 377, 383. (see also classes; methods)
offset value (index) of strings, 42

OOP (object-oriented programming), 392

open() function, 116, 144

OptionMenu() widget, 284-290, 292

Options menu, 22

ordered lists. (see also sorting data)

P

pack() method, tkinter, 235-236, 238, 264, 269
packages (third-party libraries), 220, 223
parameters for functions, 96-98, 101, 111

parentheses (())
in format strings, 182
in function definition, 82

pass statement, 221, 255
paths in code, 13, 20-21
pdb debugger, 390

percentage symbol (%), preceding format strings, 180182

period (.), in library function request, 69
permissions for files, 295

play() method, sounds, 221

plus sign (+), addition operator, 58

point-of-sale (POS) system, 178. (see also health club
example)

index

Pollice, Gary (Head First Object-Oriented Analysis &
Design), 392

polymorphism, 392

pop() method, arrays, 138

POS (point-of-sale) system, 178. (see also health club
example)

pound sign (#), preceding comments, 95, 205
print() function, 4, 35, 387

program. (see code)

programming idioms, 386

protocol events, 321-322

protocol() method, apps, 322

pseudo-code, 127

.py file extension, 7

pygame library, 219-223, 229, 255
downloading and installing, 220
importing, 221, 226
mixer object for, 221, 226
platforms supported by, 219
setting volume, 339

Python, 9
books about, 386
command-line execution of, 391
compared to Java and C#, 9
mtegrated into other languages, 388
programming idioms for, 386
systems supporting, 9
version 2 of, 387
versions of, 9

Python IDE. (see IDLE)

Python Shell, 5
errors displayed in, 295

running code in, 8

.pyw file extension, 237
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Q

queues, 152

R

RadioButton() widget, 272273, 275-280, 292
randint() function, 33, 35

raw_input() function, 387

read() method, 49

reading from files, 116-118

record, 179. (see also database)

recursion, 394

regex, 394

Regional Surfing Association (RSA) example, 160-167
regular expressions, 394

remove() method, arrays, 138

repeating pieces of code. (see loops)

replace() method, strings, 56

reserved words, 341, 348

return() statement, 87-88, 111

return values for functions, 87-88, 111

reusing code. (see also functions)
with functions, 81-82, 351-360
with modules, 192-199, 200-202, 205-211, 214

reverse() method, arrays, 138, 140, 144
right angle bracket (>), greater than operator, 62, 75
RSA (Regional Surfing Association) example, 160-167

Run Module option, Run menu, 7
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Save option, File menu, 7
Scale() widget, 336-338, 340345, 348
scope of variables, 104-108, 111
searching

arrays, 138

strings, 52-58
self variable, 369-370, 377, 383
set() method
data entry widgets, 278, 280
IntVar() variable, 249
set_volume() method, pygame, 339
sets, 152
sharing code. (see reusing code)
Shell. (see Python Shell)
showerror message boxes, 306, 308
showinfo message boxes, 304, 306
showwarning message boxes, 306
Sierra, Kathy (Head First Java), 388
sleep() function, time library, 70, 72-73
slider on a scale. (see Scale() widget)
sort() method, arrays, 138, 144
sorted() function, 158, 175

sorting data, 128-129
algorithms for, 393
in any data structure, 158, 175
in arrays, 136-140, 144
sound
pausing between playing, 221, 223
playing, 221, 226-227
pygame library for, 219-223, 229



starting and stopping, 316-317
volume, adjusting, 336-345
WAV files for, 221, 223
source code. (see code)
spaces. (see white space)
split() method, strings, 121-124, 144, 161-162, 175
SQL, 170. (see also database)

square brackets ([])
creating arrays, 132, 134
enclosing index of array, 132
enclosing index of string, 42
enclosing key for hash, 153

stack, 104

stack frame, 105, 111

Starbuzz Coffee example, 38-74, 78-110
coffee supplies, maintaining, 78-91
discount price, finding in HTML, 50-59
health club discounts, calculating, 204-213
low price, checking for, 60-74
order messages, sending to Twitter, 92-110
price, extracting from HTML, 38-49

startswith() method, strings, 56

Stellman, Andrew (Head First C#), 388

storage of data, 129-130

storeroom example, 294-310

strings, 41-42, 48, 75
ending substring, checking, 56
formatting, 180184, 186, 214
lowercase, converting to, 56
methods for, 55-56
offset value (index) of, 42
removing white space from, 56
replacing substrings in, 56
searching for substrings in, 52-58
splitting at spaces, 121-124
splitting at specified character, 161-162

starting substring, checking, 56
substrings of, 4346, 48, 49
uppercase, converting to, 54, 56
web pages as, 49
StringVar() variable, 278, 280, 292
strip() method, strings, 56

substrings, 48
length of], 49
searching for, in strings, 52-58
specifying, 43-46, 49

Surf-A-Thon example, 114143, 146174
highest score, calculating, 114125
names, matching to scores, 142-143, 146-157
score data, extracting from database, 169-174

index

score data, extracting from formatted file, 160-167

scores, sorting, 136-141, 158-159
three highest scores, calculating, 126—-135

T

tabs in code, 22

testing, automated, 389
text. (see strings)

text boxes, 248

Text() widget, 261, 269, 292

creating, 266-267
methods for, 263

third-party libraries (packages), 220, 223
threads, 394

time() function, time library, 70

time library, 68-73

timezone() function, time library, 70

Tk() app, 234, 255

405



the

tkinter library, 233-236, 238, 255, 341 view, 277. (see also widgets)
toggle switch. (see Checkbutton() widget) visual toggle. (see Checkbutton() widget)
transaction file, 179-184, 188-191 volume, adjusting, 336-345

true value, 14

try statement, 296-300, 311

TVN example, 169-174. (see also game show example) W‘
Twitter, sending messages to, 93-98, 101
TypeError message, 6364 wait_finish() function, 221, 223

WAV files, 221, 223
web pages, as strings, 49

West, Dave (Head First Object-Oriented Analysis &
Design), 392

types. (see datatypes)

U while loop, 29-33, 61-65
Unicode ch . 504 white space
nicode character encoding system, in code, 22
unittest module, 389 removing from strings, 56
upper() method, strings, 54, 56 specifying in format strings, 182

uppercase, converting strings to, 54 splitting strings at, 121-124
widgets
Button() widget, 234236, 239244, 245, 255

choosing, 341

urllib.request library, 69
urlopen() function, 49
compared to objects, 368

for data entry. (see data entry widgets)
event loop for, 255

V Frame() widget, 364, 373, 383
grouping, 363-364
ValueError message, 119-120 Label() widget, 248-253, 255
variables, 4, 35 list of, 248
collections of. (see data structures) positioning, 235-238
control variables, 278 Window Manager, 348
global variables, 108-109, 244 Window Manager events, 319-324, 326-327

local variables, 105, 106, 111
scope of, 104-108, 111

vi editor, 395

WM_DELETE_WINDOW message, 322
WM_SAVE_YOURSELF message, 322
WM_TAKE_FOCUS message, 322
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