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A Note to Parents and Fellow Programmers

Thank you for reading this book. My motivation for wrg it came fromagaplsawinoday 0 s
literature for kids interested in learning to program. | started programming in the BASIC
programmindanguage with a book similar to this one.

During the course of writing this, I've realized how a modern langileg®ython has made
programming far easier and versatile for a new generation of programmers. Python has a gentle
learning curve while still being a serious language used by programmers professionally.

The current crop of programming boolell into two categories. First, books thaiti dteadht
progr ammi n ggamecreationcsbftwadesr a dumbedlownlanguages to make

pr ogr amastothe pdint that it is no longer programming. Or second, they taught
programming like a mathematics textboaK:principles and concepts with little application

given to the reader. This book takes a different approach: show the source code for games right
up front and explain programming principles from the examples.

I16ve also made this book available under@neative Commons license, which allows you to

make copies and distribute this book (or excerpts) with my full permission, as long as attribution
to me is left intact and it is used for noncommercial purposes. (See the copyright page.) | want to
make thishook a gift to a world that has given me so much.

What s Ne w!Editon?t he 3

The third edition features no new content since the second edition. However, the third edition has
been streamlined to cover the same contéthit 20%fewer pagesExplanations have been
expanded where needed and ambiguities clarified.

Chapter 9 was split into chapters 9 atitd keep the chapter numbering the same.

The source code has intentionally been kept the same as the second edition to prevent confusion.
fyoubve already read the second edition, ther et
new to programming, or introducing a friend to programming, this third edition will make the

process easier, smoother, and more fun.
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Who is this book for?

Programming s habdt But it is hard to find learning materials that teach you to do interesting
things with programming. Other computer books go over many topics most newbiecaders t
need. This book will teach you how to program your own commateresyY o u lédrnla useful
skill and have fun games to show for it! This book is for:

1

=

Complete beginners who watteach themselves computer programming, even if they
have no previous experience programming.

Kids and teenagers who want to learn pangming by creating games.

Adults and teachers who wish to teach others programming.

Anyone, young or old, who wants to learn how to program by learning a professional

programming language.
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Chapter 17 Installing Python 1

Chapter 1
INSTALLINGPYTHON

Topics Covered In Thi€hapter:

1 Downloading and installing the Python interpreter
9 How to use this book

T The book 0 hitp:Mirevdnsvithpythonadm

Hello! This book teaches you how to program by making video games. Once you learn how the
games in this khbotlk wWorkyrewnodoedlyloube own games. A
some software called the Python interpreter, and this book. The Python interpreter is free to

download from the Internet.

When | was a kid, a book like this one taught me how to write my fiogirams and games. It

was fun and easy. Now as an adult, I still have fun programming and | get paid for it. But even if

you dondt become a computer programmer when yo
skill to have.

Computers are incredible mack#) and learning to programthemi@8t as har dlfas peofy
you can read this book, you can program a computer. A commeaignamis a bunch of

instructions that the computer can understand, just like a storybook is a bunch of sentences
understoody the readelSince vdeo games are nothing but computer programs, they are also

made up of instructions.

To instruct a computer, you write a program in a language the computer understands. This book
teaches a programming language named Python. Themaasedifferent programming
languages including BASIC, Java, JavaScript, PHP, and C++.

When | was a kid, BASIC was a common first language to learn. However, new programming
languages such as Python have been invented since then. Python is even easigthtmle

BASI C! But itbés stildl a serious programming | a
adults use Python in their work and when programming for fun.

The games youdoll create from this book seem si
PlayStation, orNintendo These games dondét have fancy graph
coding basics. Theyobére purposely &ampd edsmbtyou
have to be complicated to be fun.
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Downloading and Installing Python

Y o u 6 Id ko instadl seoftware called the Python interpreter. ifitberpreter program
understands the instructions youol!l write in t
interpreter softwareo as APythono from now on.

Important Note! Be sure to instalPython 3, and not Python 2. The programsjin

this book use Python 3, and thBythénl2. get erroa
ltissoimportant 6 ve added a car tlootelygueomgtaii n i n Fi gt
Python 3 so you do not miss this message.

Be sure to
install Python 3,
not Python 2!

Figure 11: An incongruous penguin tells you to install Python 3.

On Windows, download the Python installer (the filename will end ymi) and doubleclick it.
Follow the instructions the installer displays on the screen to install Python, as ligted he

1. Select Install for All Users and then clitlext.
2. Install to theC:\Python34folder by clickingNext.
3. Click Nextto skip the Customize Python section.

On Mac OS X, download themgf i | e t hat dés right for your versi
doubleclick it. Follow the instructions the installer displays on the screen to install Python, as
listed here:

1. When the DMG package opens in a new window, dealit& the Python.mpkdile. You
may have to enter the administrator password.

2. Click Continue through the Welcome section and clidlgree to accept the license.

Post questions to http://invpy.com/forum
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3. Select HD Macintosh (or whatever name your hard drive has) and click Install.

I f youbére running Ubuntu, you can instal/l Pyth
these steps:

1. Open thdJbuntu Software Center.

2. TypePythonin the search box in the tajght corner of the window.
3. SelectiIDLE (using Python 3.4), or whatever is the latest version.
4.

Click Install. You may have to enter the administrator password to complete the
installation.

Starting IDLE

IDLE stands foll nteractiveDevd. opmentEnvironment. The development environment is like
word processing software for writing Python programs. Starting IDLE is different on each
operating system.

On Windows, click the Start buttoninthelowee f t corner , t yDiEe Al DLEO ar
(Python GUI).

On Mac OS X, open the Finder window and clickApplications. Then clickPython 3.4 Then
click the IDLE icon.

On Ubuntu or Linux, open a terminal window and
click on Applications at the top of the screen. Then clRkogramming andIDLE 3.

The window that appears when you first run IDLE isitiieractive shell as shown in Figure-1
2.You can enter Python instructions into the interactive sttélie>>> promptand Python will
perform themAfter displayinginstruction resultsa news>> prompt will wait for your next
instruction

FiguretHY ¢KS L5[9 LINRPINIYQa AYyiSNI OGAOGS aKSt €



4 http://inventwithpython.com

How to Use this Book

Most chaptersn this book will begin with a sample run of theh a p teaured grogram. This
sample run shows you what the program looks like when you run ipdrtethe user types in
areshown adold print.

Type the code for the program idtoD L Hilé editor yourself, rather than download
copy/paste t . Youo!l | r emember takethe yme dbyperin thegcodb.et t er i f

Line Numbers and Spaces

When typing the source coéfem this book donot type the line numbers at ts&artof each
line. For example, if you see this in the book:

9. number = random.randint(1, 20)

You do not need to type the 9.0 on the | eft s
type it like this:

number = random.randint(1, 20)

Those numbers atbereonly sothatthis book can refeotspecific lines in the prograrfthey are
not a part of the actual progréns s ou.r ce code

Aside from the line numbers, enter the code exactly as it appears. Notice that some of the lines of
code are indented by four or bigspaces. Each character in IDLE is the same wédtlyou can
count the number of spaces by counting the number of characters on the line above or below.

For example, the indented spaces here are marked Witlaek squarso you can see them

while gu esses < 10:
1 1 Tifinumber == 42:

Text Wrapping in This Book

Someinstructionsare too long to fit on one line on the page and will wrap around to the next line.
When you type this code, entealt on one line without pressirBNTER. You can tell when a
newinstructionstarts by looking at the line numbers on the [Efte exampldéelow has only two
instructions

1. print(This is the first instruction I XXXXXXXXXXKKXXKXXXXKKXXXXXXXKKXKXXXXXX
XXXXXXXXXXXX')

Post questions to http://invpy.com/forum
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2. print('This is the secon d instruction , hot the third instruction )

The firstinstructionwraps around and makes it look likethtee st r uct i omosnlyi n t ot al
because this bookds page tmstractioaon onelinewi de enough t

Finding Help Online

respectively.
You can als@mail me your programming questionab@inventwithpython.com

Keep in mind there are smart ways to ask programming questions that help others help you. Be
sure to read the Frequently Asked Questions sections these websites have about the proper way to
post questions. When asking programming questions, do the following:

1 If you are typing out the programs in this book but getting an error, first check for typos

toolt o find any differences from the bookds ¢
1 Explain what you are trying to dehen you explain the error. This will let your helper
know if you are on the wrong path entirely.
1 Copy and paste the entire error message and your code.
1 Searchthe Web to see whether someone else has already asked (and answered) your
guestion.
1 Explain what youbve already tried to do to
already put in some work to try to figure things out on your own.
1T Be pol i tereand hBlp ar @reéssuid your helpers to respond quickly.

Asking someone, fAWhy isndédt my program working?
you are trying to do, thexact error you are getting, and your operating system and version.
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Chapter 2
THEINTERACTIVISHELL

Topics Covered In This Chapter:
Integers and Floating Point Numbers
Expressions

Values

Operators

Evaluating Expressions

Storing Values in Variables

=A =8 =8 -8 -8 -9

Before you can make games, you need to learn a few basic programming concept® Yiod t
make games in this chapter, but learning these concepts is the first step to programming video
gamesYou dGlalrts by | earning how to use Pythonos

Some Simple Math Stuff

Open IDLE using the steps in Chapter 1, then get Python to solve some simple math stuff. The

interactive shell can work just like a calculator. Tgpe 2 into the interactive she#lt the>>>

promptand press theNTERkey on your kyboard. (On some keyboards, this isREEURN key.)

Figure 21 shows how thiteractive sheltesponds with the number
[ A pyvom 140 5o T =
| e Ldit Shell Debug Qotom Windows  Meip

Mar 1€

04 bit (AMDOM)

Figure 21: Enter 2+2 into the interactive shell.

This math problem is a simple programming instruction. The + sign tells theutento add the
numbers 2 and 2. TableL2lists the other math symbols available in Python. -T$ign will
subtract numbers. The * asterisk will multiply numbers. The / slash will divide numbers.

Post questions to http://invpy.com/forum
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Table 21: The various math operators in Python.
Operatbor Operation

+ addition

subtraction
* multiplication
/ division

When used in this way, -, *, and/ are callebperators. Operators tell Pythowhat to do with
the numbers surrounding them.

Integers and Floating Point Numbers

Integers(or ints for short)are whole numbers such as 4, 99, arfddating point numbers(or
floats for short)are fractions or numbers with decimpaints like 3.5, 42.1 and 5.th Python,
the number 5 is an integer, but 5.0 is a flddkese numbers are calledlues

Expressions

These math problems are examples of expressions. Computers can solve millions of these
problems in secondExpressiongre made up ofalues(the numbers) connected bperators
(the math signs). Try entering some of these math problemthaioteractive shell, pressitige
ENTERKey after each one.

242+42+2+2
8*6

10- 546
2+ 2

After you type in the above instructions, the interactive shell will look like Figizre 2

FRreniaiid] L=
|
|
[

de Edit Sl Debug Qomons Wadows (e

| '.l (v3.4.0:04r7147€5c13, Mar 16 2014, 19:25:23) [MSC v, !
If 1 4 bit (AMDA4 on win
|

E
E:

Figure 22: What the IDLE window looks like after entering instars.

NS
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operator
value k value

2% 2

ey
expression

Figure 23: An expression is a made up of values and operators.

Inthe2 + 2 example, notice thahere can bany amount of spaces between the values
and operators. Howevealways start instructions at the beginning of the fiten enterig them
into the interactive shell.

Evaluating Expressions

When a computer solves the expresgions and gets the valuss, it hasevaluatedthe
expression. Evaluating an expressieduces the it to a single valyast like solving a math
problemreduces the problem to a single number: the an§erexpressionso +5 andi10+3
+2 both evaluate tas.

Expressions can be of any size, but they will always evaluate down to a single value. Even single
values are expressions: The expressioavallates to the values. For example, the expression

8*¥3/2+2+7 - 9 will evaluate dowrto the valuei2.0 through the following steps:
8*3/2+2+7 39
c
24 [2+2+7 39
<
120+2+7 09
c
140+7 89
<
210 8 9
<
12.0
You dond6t see all of these steps in the intera
shows you the results:
>>>8% 3/2+2+7 -9
12.0

Post questions to http://invpy.com/forum
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Notice that the division operator evaluates to a float value, astire  evaluating tai2.0 .
Math operations with float values also evaluate to float values,1a®im2 evaluating tai4.0 .

Syntax Errors

Ifyouenters+ intot he i nteractive shell, youol |l get an

>>> 5+
SyntaxError: invalid syntax

This error happened becasse i sndt an expression. Expressions
operators. But the + operator expects a value after sign. An error mesgye appears when this
value is missing.

SyntaxError means Pyt hon doesndt understand the inst
A |l ot of computer programming isndt just telldi
to tell it.

Dondét wwtr rrga kaibmg mi st akes t hough. Errors donot

instruction correctly into the interactive shell at the nextprompt.

Storing Values in Variables

You cansave the value an expression evaluates to so you can usehylstering therin
variables Think of variables like a box that can haldalue.

An assignment statementnstruction will store a valumside a variableType thename for the
variable, followed by the = sign (call¢ide assignment operata), and then the value to store in
the variable. For example, entgam = 15 into the interactive shell:

>>> spam = 15
>>>

Thespamv ar i abl ed s b o xi5storddin it,lasaskhosn ih Figered2 Tad nanse
Aspamd is the | abel on the box (so Python can
small note inside the box.

When you pressNTERyouw 0 nsée anything in response. In Python, the instrueti@tuted
was successful no error message appears. Fe prompt will appear so you can type in the
next instruction.
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Figure 24: Variables are like boxes that can hold values in them.

Unlike expressionsstatementsare instructions it do not evalate to any value. This why
t h e noevdlug displayed on the next line in the interactive sifigtspam =15 . If you are

confused abouwhich instructions are expressions and which are statememtsmber that

expressions evaluate to a single valiey other kind of instruction is a statement.

Variables store values, not expressions. For example, consider the expression in the statements
spam=10+5 andspam=10+7 - 2. They both evaluate tt5. The end result is the same:
Both assignmenstatenents store the valus in the variablepam.

The first time a variable is used in an assignment statement, Python will create that variable. To
check what value is in a variable, type the variable name into the interactive shell:

>>> spam = 15
>>> spam
15

The expressiospam evaluates to the value inside #pam variable:15. You can use variables in
expressions. Try entering the following in the interactive shell:

>>>spam = 15
>>>spam + 5
20

Youbdbve set t he spatbisesowifingspahies iy like writandthee
expressions +5 . Here are the steps gfam + 5 being evaluated:

spam + 5
c
15 +5
c
20

Post questions to http://invpy.com/forum
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You cannot use a variable before an assignment statement creates it. Python will give you a
NameError because no such vable by that namexists yet. Mistyping the variable name also
causes this error:

>>> spam = 15
>>> spma
Traceback (most recent call last):
File "<pyshell#8>", line 1, in <module>
spma
NameError: name 'spma’ is not defined

The error appeared becausd e span@agiable buno variable namesphma.

You can change the value stored in a variable by entering another assignment statement. For
example, tryenteringthe followinginto the interactive shell

>>> spam = 15
>>>spam +5
20

>>> spam = 3
>>>spam + 5
8

When you first entetpam + 5 , the expression evaluates2tobecause you storad insidespam.
However, when you entepam = 3 , the valuets is replaced, ooverwritten, with the values.
Now when you entespam + 5 , the expression evaluatesgbecause the value gfam is nows.
Overwriting is shown in Figure-3.

Figure 25: The 15 value in spam being overwritten by the 3 value.

You can even use the value in Hpam variable to assign a new valuesf@am:
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>>> spam =15
>>>spam = spam + 5
20

The assignment statemeppbm=spam+5 i s | i ke sayi ng,spafivaloble new v al
will be the current value gbamp | u s Kledp ineeasing the valuedpam by 5 several times
by entering the following intthe interactive shell

>>>spam = 15

>>> spam = spam + 5
>>>spam = spam + 5
>>>spam = spam + 5
>>> spam

30

Using More Than One Variable

Create as many variables as you nieegbur programs For exampl e, | et ds ass
to two variables namesligs andbacon , like so:

>>> pacon =10
>>>eggs = 15

Now thebacon variable hago inside it, andeggs hasis inside it.Each variable is its own box
with its own value, like in Figure-8.

Figure 26Y ¢da®dre a I yR aS33a¢ G NAlofSa KIF@gS gl fd

Try enteringspam = bacon +eggs into the interactive shell, then check the new valugah:

>>> pacon =10

>>>eggs = 15

>>>spam = bacon + eggs
>>> spam

Post questions to http://invpy.com/forum
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| 25

The value irspam is now2s. Whenyou addedbacon andeggs you are adding their values,
which are10 and15, respectivelyVariables contain values, not expressions. Spae variable
was assigned valus, and not the expressioacon + eggs . After thespam = bacon + eggs
assignment statement, changiiagon or eggs does not affectpam.

Summary

In this chapter, you learned the basics about writing Python instructions. Python needs you to tell
it exactly what to do in a strictyuwenptand Comput e
specific instructions.

Expressions are values (sucteas 5) combined with operators (such-aer -). Python can
evaluate expressionthat is, reduce the expression to a single value. You can store values inside
of variables so that yourggram can remember them and use them later.

There are many other types of operators and values in Python. In the next ghagte® over
some more basic noceptsand write your first progran¥ o U 1éarn about working with text in
expressions.Pytmo i snét | i mited to just numbers,; itos
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Chapter 3
WRITINGPROGRAMS

Topics Covered In This Chapter:

Flow of execution

Strings

String concatenation

Data types (such as strings or integers)
Usingthe file editor to write progams
Saving and running programs in IDLE
Theprint()  function

Theinput()  function

Comments

Casesensitivity

=4 =4 =8 -8 -8 _8_9_9_4_-49

That 6s enough math for now. Nolwn | tehibs hap twdra,t
learn how to store text in variables, combine tard display text on the screen.

Almost all programs display text to the user, and the user enters text into your programs through
the keyboard. Youdl | inaHisslaptandik mogram display$ther st pr og
greeting, AHel | d hWo rasuk!lr® sand asks for

Strings

In Python, text values are callsttings Sting values can be used just like integer or float values.
You can store strings in variables. In codang values start and end with a single quoje Try
entering thicode into the interactive shell

i >>> spam = ‘hello'

The single quotes tell Python where the string begins and ends. They are not part of the string
valued s . Nawxf tyou typespam into the interactive shell, you will see the contents okplae
variable.Remember, Python evaluates variables to the value stored inside the variable. In this
case, this is the stringello'

>>> spam = 'hello’
>>> spam
‘hello’

Post questions to http://invpy.com/forum
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Strings can have any keybdacharacter in therand can be as long as you wartiese are all
examples of strings:

‘hello’

'Hi there!'

'KITTENS'

'7 apples, 14 oranges, 3 lemons'

'‘Anything not pertaining to elephants is irrelephant.’
‘A long time ago , in a galaxy far, far away...'
'O *&HWY%*&OCfsdYO*&gfC%YO*&%3yc8r2'

String Concatenation

String values can combine with operators to make expressions, just like integer aval diksat
do. You can combinéwo strings with the- operator. This istring concatenation Try entering
‘Hello'  +'World!" into the interactive shell:

>>> 'Hello' + 'World!'
'HelloWorld!"

The expression evaluates to a single string valagWworld! . There is no space between the
words because there was no space in either of the two concatenated stringshiardiaple

>>>'Hello ' + 'World!"
'Hello World!"

The+ operator works differently on string and integer values because they are different data
types. All values have a data type. The data type of the w&lwe is a string. The data type of
the values is an integer. The data type tells Python what operators should do when evaluating
expressions. Theoperator will concatenate string values but add intagdfloat values.

Writing Programs ir. 5 [ FleEaditor

Unt i | now, Vyouoviasittot ©h Eifewmptiversigelbnie at s tinte.WAMthén you
write programs though, you type in several
your first program!

IDLE has another part called thike editor. Click on theFile menu at the {o of theinteractive
shellwindow. Then seledilew Window. A blank window will appear for you to type your
progr amo slikednoFtywe 3l.nt o
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P ot fomet n Oreown Nedowr tielp

- - iy
A Pyteon 342 Unipies i‘:‘?“

———————— ——————
P Lot el Detag QOpticen  YWradows s

{Zyshon 2.4.0 (v3.4.0:047734783c13, Mar 16 2014, 19:25:331 [M3C =]
| 7. 16 B4 bin 1AE4]] an wind2

Typs "sopyright®™, “crudits® oz “"lizasan()® for sorze inforsetio

Figure 31: The file editor windowleft) and the interactive shell window (right)

The two windowsdok similar, but just remember this: Timeractive shell windowwill have
the>>> prompt. Theile editor window will not.

Hello World!

ltdéds traditional

for programmers to make

Youdl | cowre HelloéVond pragram now.

When you enter your

program, dondot enter

so this book can refer to code by line number. The betight corner of the file editor window
will tell you where the blinkingursor is. Figure -2 showshatthe cursor i®n line 1 and column

0.

Lr:1|Col: 0

Figure 32: The bottom right of the file editor window tells you what line the cursor is on.

hello.py

Enter the foll owi

t ext i nt o t hseurceedeltf i

contains the instructions Python will follow when the program is run.

Post questions to http://invpy.com/forum
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IMPORTANT NOTE! The programs in this book will only run on Python 3, not
Python 2. When the | DLE windRythonst arts, i

34 at t loehate®yhon 2linstallgd, you can have Python 3 insta|

led

ok wbhpE

hello

# This program says hello and asks for my name.
print("Hello world!")

print('What is your name?")

myName = input()

print('lt is good to meet you, ' + myName)

Py

The

| DLE program will write different

done typing the code, the window should look like this:

o

& Python 542 heflagy - Co¥ysmon Whelio oy

fde Edit fgrmat Bun Qpoom  Windows  Help

Figure 33: The file editor window wilook like this after you type in the code.

Saving Your Program

Once

types

y 0 u 0 v e oueca ¢oder save it by olicking &sle 3 Save AsOr press CteS to

save with a keyboard shortciigure 34 shows the Save As window that will open. Enter
hellopyin theFile nametext field then clickSave

t

of
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Sove Pymond vl »E28- ‘
’ Narme Date modified o
-y _pycacte_ ‘
Fotect Paces
DLy
L Doc
Dusine foofcie
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41]
trysen Vit
'h Sonpes
e v
Caoguni
L)
R A
Netwah N blaneppgame oy
- oMo
'
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Bavw s hpe |Pymen thes (" 2y pree) - Concal

Figure 34: Saving the program.

You should save your prograraienwhile you type them. That way, if the computer crashes or
you accidentally exit from IDLE yow o nldsé¢ much work.

Opening The Programs 2 dzZQ @S { I SR

To loadyour previouslysaved program, clickile 3 Open. Choose the file ithe window that
appears and click tl@penbutton. Your savetiello.pyprogram will open in the File Editor
window.

Now itdés ti me t oFikdRunt3ZhRun Nodute@rruatpressEfiorn thek
file editor window Your program will run in the interactive shell window.

Enter your name when the program asks fdrhits will look like Figure 35.

& Pymon 349 Shell
Fie Eair Swil Dsbog Options Windows  He

Python 3.4.0 (v3.4.0:04£714783¢1,
{06411 or 2

Figure 35: The interactive shell after running hello.py.
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When you type your name and pustmER, the program will greet you by name.
Congratulations! Youdve written your first pro
F5againto run the program a second tiaued enter another name.

If yougotanerror,comar e your code to this bookébés code wi
theCompare buttonThls tool will highlight any differences between your code and the code in
this book, like in Figure 8.

o

Diff Tool
PORRRRPRUIN 1o atff ot can ks vou frd tpes b yrase cacde by shumbeg yous the ftararcns betwwen oot pragam 1il fhe ograms ir the ok
Satruddt Povem
Sabect programt
Lvmirvath
L ook
Weers
Fantn Contarn
Lale )
Fte Descrara

Py parmiaAAN b 1y
PegaTIrERL Py
Authar's w3y

 py

A Sourei 3y

vt MEcok Setacioe gy

Abect the Mither

While coding, f you getaNameError that looks like this:

Hello world!
What is your name?
Albert
Traceback (most recent call last):
File "C:/Python26/test1.py", line 4, in <module>
myName = input()
File "<string>", line 1, in <module>
NameError: name 'Albert' is not defined

..thatmeans you are using Python 2, instead of Python 3. Install a version of Python 3 from
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Each line of code is an instruction interpreted by Python. These instructions make up the
program. A comput e areligerthe gtepaimabekbobkredpe.Eacle t i§ on s
instruction executes in order, beginning from the top of the programgangdown the list of
instructions.

Thestep Python iatin the program is called trexecution When the program starts, the
execution is at the firshstruction After executing the instruction, the execution moves dtwn
the next instruction.

Letds | ook at each | i nedllednwithlideenuntberl.see what

Comments

1. # This program says hello and asks for my name.

Thisinstructionis acomment Any text following a# sign (called thgpound sign) is a comment.
Comments are not for Python, but for you, the programmer. Python ignores comments.
Comments are h e pr o ghotes abow whatdhe code doésu can write anything in a
comment. D makeit easier to read the source catltés book prints comments in a light gray
colored text.

Programmers usually put a comment at the top of their code to give their program a title.
Functions

A function is kind of like a miniprogram inside your prograrRunctions contaiiseveral
instructions to execute when the function is called. Pytlmowigies some builin functions
already Two functionsprint)  andinput() , are described next. The great thing about
functions is that you only need to know what thection does, but not how it does it.

A function callis an instructiornthat tells Python to run the code inside a function. For example,
your program calls thgrint()  functionto display a string on the screen. het) function
takes the string you pe between the parentheses as input @pays the text on the screen.

To displayHello world! on the screen, type tipent  function name, followed by an opening
parenthesis, followed by theelio world! string and a closing parenthesis.

Theprint() function

2. print('Hello world!")

Post questions to http://invpy.com/forum
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3. print('What is your name?")

Lines 2 and 3 are calls tbeprint)  function A value between the parentheses in a function
call is anargument The ar gumgnm)t functionlcall isigello Rodd!s . The
argume@t o n pilin{) N éuncBod sall iswhat is your name?' . This is callepassingthe
argument to therint)  function.

In this book function names have parentheses at the end. This makes it cleginlpat means
this book is talking aboutfainction namedgrint) , andnot a variable nameglint . This is like
the quotes around the number telling Python that you are talking abaustring'42’ and not
aninteger42.

Theinputy  function

4. myName = input()

Line 4is an assignment statement with a variabigNamg and a function callifput) ). When

input)  is called, the program waits for the user to enter text. The text string that the user enters
becomes the value that the function call evaluates to. Functisrceallbe used in expressions
anywhere a value can be used.

The value that the function call evaluates tcaledthereturn value (In fact, fthe value a
functioncallr et ur nss dh e me aam ethetvdiuie a fgnctimrscadifialuatesod . ) | n t hi
case, the return value of theut)  functionis the string that the user typedtheir name. If the
user typed ihpm) Afukctibneall evaluatesttctiee stringbertt . Theevaluation

looks like this:

myName = input()
<

myName = 'Albert'

This is how the string valugibertt  gets stored in theyNamevariable.

Using Expressions in Function Calls

5. print('lt is good to meet you, ' + myName)

The last line is anotherint)  functioncall. The expression is good to meet you, ' +
myNamein between the parenthesesaft) . However, arguments are always single values.
Python will first evaluatehtis expression and then pass traltie as the argument.'AMibert' s
stored inmyName the evaluation looks like this:



22  nhttp:/finventwithpython.com

print(lt is good to meet you, ' + myName)
c

print('lt is good to meet you, ' + 'Albert)
3

print(lt is good to meet you, Albert)

This is how the program greets the user by name.
Ending the Program

Once the program exutes the last line, erminates or exits. This means the program stops
running. Python forgets all of tha@lues stored imariables, including the string storednigName
If you run the program agaand enter different name, the program will thitikatis your name.

Hello world!

What is your name?

Carolyn

It is good to meet you, Carolyn

Remember, the computer does exactly what you program it to do. Computers arndyjosi

follow the instructions you give itexactly Th e ¢ o mp ut eoutypedneysunnarne, c ar e i
someone | snandesor just something sillfype in anything you wanfThe computer will treat

it the same way:

Hello world!

What is your name?

poop

It is good to meet you, poop

Variable Names

Giving variables descriptive namamkes it easier to understand what a program does. Imagine if
you were moving to a new house and you | abeled
helpful at all!

Instead ofmyName, you could have called this variabdérahamLincoln  or nAmE Pythonde s n 6 t
care. It will run the program just the same.

Variable names are casensitive Casesensitivemeans the same variable name in a different

case ixonsidered different variable. Sepam, SPAM Spam andsPAMare four different variables

in Python.They each contain their own separatevalues.6 s a bad i dea to have
variables in your prograntise descriptive names for your variables instead.

Post questions to http://invpy.com/forum
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Variable names are usually lowercasd. i e maredtlsan one word in the variable name,
cgpitalize each word after the first. This makes your code more readable. For example, the
variable namevhatiHadForBreakfastThisMorning is much easier to read than
whatihadforbreakfastthismorning . This is aconvention an optional but standard way of
doingthings in Python programming.

Short variable names are better than long nabne@sfast  or foodThisMorning IS more
readable thawhatiHadForBreakfastThisMorning

This bookdés interactive s bpen dygs,@an amdygadne Bisuse var
is because the variable names in these exampl e
use descriptive names. Your programs should use descriptive variabletoames

Summary

Once you learn about strings and functions, you can start makingupr®¢hat interact with

users. This is important because text is the main way the user and the computer will communicate
with each other. The user enters text through the keyboard witiptkge  function The

computer will display text on the screen wileprint)  function

Strings are justalues ofanewdata type. All values have a data type, and there are many data
types in Python. The operator can concatenate strings.

Functions are used to carry out some complicated instruction as part of your program. Python has
manybuilti n functi ons t hat y dunétibnlicalld carabe mseddalb out i n t
expressions anywhere a value is used.

The instruction in your program that Python is curreatig calledthe execution. In the next
chapter, youdll l earn more about making the ex
the program.One you | earn this, youodl |l be ready to ci



24 nhttp:/finventwithpython.com

Chapter 4
GQUESS THINUMBER

Topics Covered In This Chapter:
import Statemers

Modules

while statemerg

Conditions

Blocks

Booleans

Comparison operators

The difference betweenand==
if statemerd

Thebreak keyword

Thestr() andint() andfloat () functiors
Therandom.randint() function

=4 =8 -8 -8 -8 _8_9_9_4_-4._-°_-2°

In this chapter, youdre going to make a fAGuess
random number from 1 to 20, and ask you to guess it. The computer lwitiudgf each guess is
too high or too low. You win if yoganguess the number within six tries.

This is a good game to code because it uses random numbers, loops, and input from the user in a
short program. Youoll | e a data tyhegamnd whyoyouowoutdv e r t v a |
need to do this. Since this program is a game, &call the user thplayerBut Auser 6 woul d
correct too.

Sample Run oGuess the Number

H e r whiatghe program looks like to the player when run. The text that ther pyas in is in
bold.

Hello! What is your name?

Albert

Well, Albert, | am thinking of a number between 1 and 20.
Take a guess.

10

Your guess is too high.

Take a guess.

2
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Your guess is too low.

Take a guess.

4

Good job, Albert! You guessed my numberin 3 g uesses!

Source Codef Guess the Number

Open a new file editor window by clicking on th#e 3 New Window. In the blank window
that appeardype in the source code and s@vasguesspy. Then run the program by pressing
F5. When you enter this codieto the file editor, be sure to pay attention to the spacing at the
front of some of the lines. Some lines have four or eight spaces of indentation.

IMPORTANT NOTE! The programs in this book will only run on Python 3, not
Python 2. When the | DLE windRythonst art s,
3420 at the top. |If you have Python 2 i

If you get errors after typing this code in, compdwecode youtyped 0 t he bookds

guess.py
# This is a guess the number game.
import random

guessesTaken =0

1.
2.
3.
4.
5.
6. print('Hello! What is your name?’)

7. myName = input()

8

9. number = random.randint(1, 20)

10. print('Well, ' + myName + ', | am thinking of a number between 1 and 20.")

11.

12.  while guessesTaken < 6:

13. print(Take a guess.') # There are four spaces in front of print.

14. guess = input()

15. guess = int(guess)

16.

17. guessesTaken = guessesTaken + 1

18.

19. if guess < number:

20. print("Your guess is too low.") # There are e ight spaces in front
of print.

21.

22. if guess > number:

it V
nst al

code
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23. print("Your guess is too high.")

24,

25. if guess == number:

26. break

27.

28. if guess == number:

29. guessesTaken = str(guessesTaken)

30. print('Good job, ' + myName + '! You guessed my number in ' +
guessesTaken + ' guesses!’)

31.

32. if guess != number:

33. number = str(number)

34. print(Nope. The number | was thinking of was ' + number)

import  Statements

1. #Thisis agues s the number game.
2. import random

The first line is a comment. Remember that Python will ignore everything after the # sign. This
just reminds us what this program does.

The second line ianimport statement. Remember, statements are instructions tedbmm
some action but dondét evaluate to a value |i ke
assignmat statements store a valueaivariable.

While Python includes many buith functions, some functions exist in separate programs called
modules You can e theefunctions by importing their modules into your program with an
import  Statement

Line 2 imports the module nameshdom so that the program can cedhdom.randint() . This
functionwill come up witharandom number for the user to guess.

4. guessesTaken =0

Line 4creates a new variable namg@ssesTaken . Youobl | store the number
pl ayer has made in this wvari ab attispodtinnhee t he pl
program stoe the integeo here.

6. print('Hello! What is your name?’)
7. myName = input()
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Lines 6 and 7 are the same as the lines in the Hello World program that you saw in Chapter 3.
Programmers often reuse code from their other programs to save themselves work.

Line 6 is a function call to theint()  function Remember that a function is like a mini
program inside your program. When your program calls a function, it runs thiprogram.
The code inside theint)  functiondisplays the string argument you pabgen the screen

Line 7 lets the user type in their name and stores it imgRemevariable. (Remember, the string
mi ght not really be the playerds name. l'tds ju
dumb and just follow theinstructionsno matter what.)

Therandom.randint() Function

9. number = random.randint(1, 20)

Line 9 calls a new function nameshdint)  and stores the return valuenimmber . Remember,
function calls can be part of expressions because they evaluate to a value.

Therandint)  functionis provided by theandom module,so you musprecede it withrandom.
(dondét forget the peri orghdin)) tisdntherantoh mdtiyld. hon t hat

Therandint()  functionwill return a random integer between (and including) the two integer
arguments you pass to it. Line 9 passasd20 between the parenthess=parated by commas
that follow the function name. The random integer thatint)  returns is stored in a vabke
namecdhumber ; this is the secret number the player is trying to guess.

Just for a moment, go back to the interactive shell and ietpi@t random  to import therandom
module. Then enteandom.randint(1, 20) to see what the function call evaluatedtavill
return an integer betwearand20. Repeat the codayain and the function call witketurn a
different integer. Theandint() ~ functionreturnsrandom integer each time, just as rolling dice
y o lgetla random number each time:

>>> import random

>>> random.randint(1, 20)
12

>>> random.randint(1, 20)
18

>>> random.randint(1, 20)
3

>>> random.randint(1, 20)
18

>>> random.randint(1, 20)
7
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Use therandint()

functionwhen you want to add randomness to your gaiviesu 6 | | use

randomness imanygames(Think of how many board games use dice.

You can also try different ranges of numbers by changing the arguments. For example, enter

random.randint(1, 4)

random.randint(1000, 2000)

For example, enter the following into the interactive shell. The results you get when you call the
functionwill probably be different (it is random, after all).

random.randint()

to only get integers betwearand4 (including bothi and4). Or try
to getintegers betweernoo and2000.

>>> random.randint(1, 4)
3

>>> random.randint
1294

(1000, 2000)

You can change the gamebés code slightly to
9 and 10 from this:
9. number = random.randint(1, 20)
10. print(Well, ' + name + ', | am thinking of a number between 1 and 20.")
éintolnshese
9. number = random.randint(1, 100)
10.  print('Well, ' + name + ', | am thinking of a number between 1 and 100.")

And now the computer will think of an integer betwaeand100 instead of. and20. Changing
line 9 will change the range of thendom number, but remember to change line 10 so that the
game also tells the player the new range instead of the old one.

Welcoming the Player

10. print('Well, ' + myName + ', | am thinking of a number between 1 and 20.")

On line 10 theprint()
is thinking of a random number.

I't may | ook | ike thereds more than one
The plus signs concatenate the three strings to evaluatetdame string. And that one striigy
theargument passed to thént)  function I f you |l ook closely,
inside the quotes and part of the strings themselves.

Post questions to http://invpy.com/forum

functionwelcomes the player by name, and tells them that the computer

stri

ma k

ng

youbodl



Chapter 47 Guess the Number 29

Loops

12. while guessesTaken < 6:

Line 12 is awhile statementwhich indicates the beginning ofsaile loop. Loopslet you

execute code over and over again. However, you need to learn a few other concepts first before
learning about loops. Those concepts are blocks, Booleans, comparison operators, conditions, and
thewnile statement

Blocks

Several lines of code cdme groupedtogether in a blockEvery line in ablock of code has the
same minimum amount of indentation. You can tell where a block begins and ends by looking at
the number of spaces at the front of thedine T hi s inhdentation.e | i ne 6 s

A bl ock begins when a |ineés indentation incre
also indented by four spaces is part of the block. The block endstwhes a lené of code with

the same indentation beéthe block started. This means blocks can exist within other blocks.

Figure 41 is a diagram of code withdtblocks outlined and numbered.

In Figure 41 , l ine 12 has no indentation and i snot i
four spaces.8ice this indentation is | arger than the
started. This block is labeled (1) in Figuré 4This block will continue until a line with zero

spaces (the original indentation before the block began). Blank linagared.

Line 20 has an indentation of eight spaces. Eight spaces is more than four spaces, which starts a
new block. This block is labeled (2) in Figurd 4This block is inside of another block.

12, while guessesTaken < 6 @
13, sssaprint('Take a guess.')

14, sereeguess = inputl)

15. s==s=guess = int{guess)

16.

17. seseguessesTaken = guessesTaken + 1
18,

19, ss«eeif guess < number:

0. sssssuss printi'Your guess is too low.')
21.

22, weweif guess > number:
23, sssdenas print("Your guess is too high.')

OO

Figure 41: Blocks and their indentation. The blaiits represent spaces.
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Line 22 hanly four spaces. Because the indentation has decreased, you know that block has
ended. Line 20 is the only line in that block. Line 22 is in the same block as the other lines with
four spaces.

Line 23 increases the indation to eight spaces, so again a new block has started. It is labeled
(3) in Figure 41.

To recap, | i ne 1in& 13tse28alltin onerblockarked(1p Line @Ckis in aL
block in a block marked g&). Line 23 is the only line in anothblock in a block marked 48).

The Boolean Data Type

The Boolean data type has only two valuese or False . These values must be typed with a
capital ATO and AF0O. The rest of the valuebs
values (calledbools for short)with comparison operators to form conditions. (Conditions are
explained later.)

For example, try storing the Boolean values in variables:

>>> spam = True
>>> eggs = False

The data types that have been introduced so far are integers diioags, and now bool&very
value in Python belongs to one data type.

Comparison Operators

Line 12 has ahile statement

12. while guessesTaken < 6:

The expression that follows thwile keyword(theguessesTaken <6  part) contains two values
(the value in the variablgiessesTaken , and the integer valug connected by an operator (the
il ess t hasasignisaagnparisonoferater.

Comparison operators compare two values and evaluatede ar False Boolean value. A list
of all the comparison operators is in Tabi&.4
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Table 41: Comparison operators.

Operator Sign Operator Name
< Less than
> Greater than
<= Less than or equal to
>= Greater than or equal to
== Equal to
I= Not equal to

Youbve already,*rardddathafe@tors. Like larg operator, the comparison
operators combine with values to form expressions sugtiegsesTaken < 6

Conditions

A condition is an expression that combines two values with a comparigratop (such as or

>) and evaluates to a Boolean value. A condition is just another name for an expression that
evaluates tarue or False . Conditions are used imile statements (and a few other
instructions explained later.)

For example, the conditiguessesTaken<6 a s k s, i s t lyuessestakeh Uess st or ed
than the numbes? 0 | f S 0, t hen t tre.|foad, thd ¢onditiom pvalgatesitb u at e s
False .

In the case of the fAGuess the Nuormber 6 progr am,
guessesTaken . Becaus® is less tham, this condition evaluates to the Boolean valugres .
The evaluation would look like this:

guessesTaken < 6
3

0 <6
3

True

Experiment with Booleans, Comparis@perators, and Conditions

Enter the following expressions in the interactive shell to see their Boolean results:

>>>0<6
True
>>>6<0
False
>>>50<10
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False
>>>10<11
True
>>>10< 10
False

The conditiorn <6 returns the Boolean valueue becausd¢he numbep is less than the
numbers. But becausei s n 6 t d, thescenditiols @on evaluates tGalse .501 S n O t | ess
than10, so50<10 isFalse . 10 is less than1, so10<11 S True .

Notice thatto < 10 evaluates t@als e because the numbesi s n 6t smal |l eto. t han t I
They are the same size. If Alice were the same height as Bob, you wouldn't say that Alice is taller
than Bob or that Alice is shorter than Bob. Both of those statements woultde f

Now try entering these expressiant the interactive shell:

>>>10==10

True

>>>10==11

False

>>>11==10

False

>>>101=10

False

>>>101=11

True

>>> 'Hello' == 'Hello'
True

>>>'Hello' == 'Goodbye'
False

>>> 'Hello' =='HELLO'
False

>>>'Goodbye' I="Hello'
True

The Difference Betweenand--

Try not to confuse the assignmentoperatpr(and t he fAequal f=pThecompar.i
equal sign4) is used in assignment statements to store a value to a variable, while the equal

equal sign{=)isusedinexpesi ons t o see whether two values ¢
accidentally use one when you meant to use the other.

remember that t he =fbagtwadhardctersinitjostgsthe i son o
equal t oo e)haspwacharasteinitoper at or (
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String and integer values willeverbe equal to each other. For example, try entering the
following into the interactive shell:

>>> 42 =="Hello'
False

>>> 42 1="'42'
True

Looping withwhie Statements

Thewhile statementnarks the begiming of a loop. Loops can execute the same code repeatedly.
When the execution reachestde statementit evaluates the condition next to thigle

keyword If the condition evaluates tue , the execution moves inside tfalowing block,

called thewnhile-block. (Inthe program, the whildlock begins on line 13.) If the condition
evaluates t@alse , the execution moves all the way past the whiteck. In Guess the Number,

the first line after the whildlock is line 28.

A while statemenalways has acolon after the conditiorBtatements that end with a colon
expect a new block on the next line.

12.  while guessesTaken < 6:

i I:LHSH___ it True..
(1. s
12. while guessesTaken < 6:
13. print('Take a guess.')
14. guess = input() . q .
15. guess = int(guess) o insidle +he
16. IOL‘F bilock +0 here
17. guessesTaken = guessesTaken + 1
18.
19. if guess < number:
20. print{'Your guess is too low.')
21.
22. if guess > number:
23. print(‘Your guess is too high.')
24.
25. if quess == number:
26. break
27.
28. if quess == number:

.0 past +he loop-block +0 here

Figure 42: Thewhie £ 22 LJQa O2yRAGAZ2Y ®

Figure 42 shows how the execution flows depending on the condition. If the condition evaluates
to True (which it does the first time, because the valugue$sesTaken is0), execution will
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enter the whileéblock at line 13 and keep going down. Once tlogm@am reaches the end of the
while-block, instead of going down to the next line, the execution loops back upviniighe
statement 6s | -evaleateq theicanditionl &s)efoaenifdhe coaditionrigs the
execution enters the whildock ayain. Each time the execution goes through the loop is called an
iteration.

This is how the loop works. As long as the conditiomris , the program keeps executing the
code inside the whilelock repeatedly until the first time the conditiorFigse . Think of the

while statemenas s ayi ng, 0 whtrué leepéxacutinghe code dihetfallosving i s
bl ocko.

The Player Guesses

13. print(Take a guess.') # There are four spaces in front of print.
14. guess = input()

Lines 13 to 17 ask thplayer to guess what the secret number is and lets them enter their guess.
That number is stored in a variable nargests .

ConvertingValueswith the inty , fioat ¢ ,srg , @aNdoool ¢ FUNCtIONS

15. guess = int(guess)

Line 15 caka new functiomamednt() . Theint) functiontakes one argument and returns
an integer value forraf that argument. Try entering the following into the interactive shell:

>>> int('42")
42

>>> 3 + int('2")
5

Theint(42') call will return the integer valu€. Howevereven though you can pass a string
to theint()  function you cannot pass just any string. Passing -two' toint)  will result
in an error. The string you passiig) must be made up of numbers:

>>> int(‘forty - two')
Traceback (most recent call last):
File "<pyshell#5>", line 1, in <module>
int(‘forty - two')
ValueError: invalid literal for int() with base 10: 'forty - two'
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The3s +int(2") line shows an expression that uses the return valia&)of as part of an
expression. It evaluates to the integalues:

3 +int('2")
3
3+2
c
5

Remember, thaput() functionalwaysreturnsa string of text the player typed. If the player
typess, theinput()  functionwill return the string valua' , not the integer valug Python
cannot use the and> comparison operators to compare a string and an integer value:

>>> 4 < 'G5
Traceback (most recent call last):
File "<pyshell#0>", line 1, in <module>
4<'5
TypeError: unorderable types: int() < str()

14. guess = input()
15. guess = int(gue SS)

On line 14theguess variable originally held the string valuéwhat the player typed. Line 15
overwrites the string value tuess with the integer value returned by() . This lets the code
later in the program comparegiiess is greater than, $&s than, or equal to the secret number in
thenumber variable.

One last thing: Callinght(guess)y doesndt ¢ han ggeesstvdriablevTaecode i n
int(guess) IS an expression that evaluates to the integer value form of the string stored in the
guess variable. What changegess is the assignment statemegiess = int(guess)

Thefloat() ,str() , andbool() functions will similarly return flogtstring and Boolean
versions of the arguments passed to them. Try entering the following into tlaetintshell:

>>> float('42")
42.0

>>> float(42)
42.0

>>> str(42)
4o

>>> str(42.0)
'42.00

>>> str(False)
'False’

>>> bool(")

t

he
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False
>>> bool(‘any nonempty string')
True

Using theint() ,float() ,str() , andbool() functions you can take a value of onetal#ype
and return it as a value of a different data type.

Incrementing Variables

17. guessesTaken = guessesTaken + 1

Once the player has taken a guess, the number of guesses should be increased by one.

On the first iteration of the looguessesTaken has the value af. Python will take this value
and addi to it. 0 +1 evaluates ta, which is stored as the new valueyaéssesTaken . Think of
' ine 17 asgudssestaken ngyr i abhe should be one more th

Addingonetoaar i abl eds i nt edlelincrementinthewvaiable \Sabkracteng i s
one from a vari abl edleddecrentedtingthe varable. f | oat val ue i

it Statements

19. if guess < number:
20. print("Your guess is too low.") # There are eight spaces in front
of print.

Line 19 is anf statement. The execution will run the code in the following block ifithe
statement 6s condi ti on e vFask ptten thescode io thefiffoak és . I f th
skipped. Usings statements, you can make the program only run certain code when you want it

to.

A

Line 19 checks if the playerbdés guess is |l ess t
execution movemside the ifblock online 20 and prints a message telling theypt this.

Theif statementorks almost the same asvéile statementtoo. But unlike the whildlock,
the executi on d oie stateinéenatjha eng of theaifidokk. Ittjust cantimees
down to the next line. In other wordss, statemergd o n 0 t Seé Figarp-B for a comparison
of the two statements.
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fizzy < 10:
?] | condition (doesn’t loop)
keyword
fizzy > 6:
| - loops)
while condition (loop
keyword

Figure 43: if andwhile statemens.

22. if guess > number:
23. print("Your guess is too high.")

Line 22 checks i f the sgetrat guebeff this goudtic ssrrué,s gr eat e
then theprint()  function call tells the player that their guess ishagh.

Leaving Loops Early with thea statement

25. if guess == number:
26. break

Theif statement on line 25 checks if the guess is equaéteettret numbelf it is, the program
runs theoreak statement on line 26.

A break statementtells the execution to jump immediately out of the wihileck to the first line
after the end of the whilblock. Thebreak statement o e s n 6t bot hehile reeh&s ki n
condition

Thebreak statemenis only found inside loops, such as in a witileck

I f the pl ayer 0s sereteambethe exedution reaghesathe bdttam of tihee
while-block. This means the esigtion will loop back to the top and recheck the condition on line
12 (uessesTaken<6 ). Remember after theiessesTaken = guessesTaken + 1 instruction
executed, the new value @fessesTaken iS1. Becausa <6 is True , the execution enters the
loop agan.

If the player keeps guessing too low or too high, the valgeesgesTaken will change to,
then3s, then4, thens, thens. WhenguessesTaken has the numbes stored in it, thevhile
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st at ement @usssedaRen<si ) i$Falsa ,sincesi s n & thand. Besause thehile
st at ement O0mlse ¢tbherexiecution maves itoghe first line after the whlileck, line 28

Check if the Player Won

28. if guess == number:

Line 28 has no indentation, which means the whitek has ended and this is the first line after
the whileblock. The execution left the whilelock either because thaile st at ement 6 s
condition wagralse (when the player runs out of guesses) omthek statemenon line 26 was
executed (when the playguesses the number correctly).

Line 28 checks to see if the player guessed correctly. If so, the executiattemiéblock at
line 29.

29. guessesTaken = str(guessesTaken)
30. print(Good jo b, '+ myName +'! You guessed my number in ' +
guessesTaken + ' guesses!’)

Lines 29 and 30 only execute if the condition inithestatemenbn line 28 wagrue (that is, if
the player correctly guessed the computerés nu

Line 29 calls thetr()  function, which returns the string form gfiessesTaken . Line 30
concatenates strings to tell the player they have won and how many guesses it took them. Only
string values can concatenate to other strings. This is why line 29 had to glangeraken to
thestring form. Otherwise, trying to concatenate a string to an integer would cause Python to
display an error.

Check if the Player Lost

32. if guess != number:

Line32usesthd n ot e cpmmatdisontoperatas t o check i f playarodos | as
to the secret number. If this condition evaluatesde , the executiormoves into the iblock on
line 33.

Lines 33 and 34 are inside thebibck, and only execute if the condition on line 32 was .

33. number = str(number)
34. print(Nope . The number | was thinking of was ' + number)
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In this block, the program tells the player what the secret number they failed to guess correctly
was. This requires concatenating strings,noaiber stores an integer value. Line 33 will
overwritenumber with a string form so that it can be concatenated tovtpe. The number |

was thinking of was ' string on line 34.

At this point, the execution has reached the end of the code, and the program terminates.
Congratul ations! Youfltvealgaimelst programmed your f

You can change the gameds difficulty by changi
the player only four guesses, change the code on line 12:

12.  while guessesTaken < 6:

into this line:

12.  while guessesTaken < 4:

Code later intie whileblock increases thguessesTaken variable byl on each iteration. By
setting the condition tguessesTaken <4 , you ensure that the code inside the loop only runs
four times instead of six. This makes the game much more difficult. To make thegsier set
the condition t@uessesTaken <8  Or guessesTaken <10 . This will cause the loop to run a few
moretimes and accephoreguesses from the player.

Flow Control Statements

In previous chapters, the program execution started at the top ingtrinmcgilogram and went

straight down, executing each instruction in order. But wittwitiie , if , else , andbreak

statements, you can cause the execution to loop and skip instructions based on conditions. The

name for these kinds of statementas control statement, si nce t hey change t |
program execution as it moves around your program.

Summary

If someone asked yoi,Wh at exactl y i s p whatgcouk yomsaptgtheam?y way ? O
Programming is just the action of writing code for progsathat is, creating programs that can
be executed by a computer.

ABut what e x ac tWhgnybuseesomean® uginga coMputer program (for
exampl e, playing your fAGuess the Number o game)
screen. Thepragam deci des what exact t ex toutpup, basddow on
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on its instructions and on the textinputhAt the p
programi s just a collection of instructions that

AWhat ki nd of Thereasetomlyuadetvdifferest Riras of instructions, really.

1. Expressionsare values connected by operators. Expressions are all evaluated down to a

single value, ag +2 evaluates t@ or 'Hello' + ' ' + "World' evaluates ttHello
world' . When expressions are next to the if antk keywords, youcanalso call them
conditions.

2. Assignment statementstore values in variables so you can remember the values later in
the program.
3. Theif ,while ,andbreak Statementsare flow contol statementshatcan cause the
executionto skip instructions, loop over instructions, or break out of loops. Function calls
also change the flow of execution by jumping toitisructions insidef a function.
4. Theprint) andinput) functions. Thesefunctions display text on the screen and get
text from the keyboard. Thisiscalld® ( pr onounced | i-okhed )t,h eb d cea u se
it deals with the Input and Output of the program.

And thatdés it, just t hose fisaboutthdsd fougtypes ofOf cour
instructions. I'n this book youol/| l earn about
statements, and many other functions that come with Python. There are also different types of I/O
such as input from the mouse otutting sound and graphics instead of just text.

For the person using your programs, they only care about that last type, I/O. The user types on the
keyboard and then sees thirgsthe screen or hears things from the speakers. But for the

computer to figure out what sights to show and what sounds to play, it needs a program, and
programs are just a bunch of instructitimstyou, the programmer, have written.
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Chapter 5
JOKES

Topics Covered In This Chapter:

9 Escape characters

9 Using single quotes and double quotes for strings

9 Usingpr i nt (énd keyword argument to skip newlines

Making the Most Ofprint

Most of the games in this book will have simple text for input and oufpetinput is typed by
the user on the keyboard. The output is the text displayed on the screen. In Pytham) the
functiondisplaystextual output on the screen. But th@rmore to learn about how strings and
print)  work in Python.

Thi s ¢ hagram tells éfew different jokes to the ysand demonstrates advanced string
andprint)  code

Sample Run of Jokes

What do you get when you cross a snowman with a vampire?
Frostbite!

What do dentists call an astronaut's cavity?

A black hole!

Knock knock .

Who's there?

Interrupting cow.

Interrupting cow wh - MOO!

Source Codef Jokes

Open a new file editor window by clicking on thige 3 New Window. In the blank window
that appears type in the source code and isaggokespy. Then run the program by pressirg

IMPORTANT NOTE! The programs in this book will only run on Python 3, pnot
Python 2. When the | DLE windRythonst art s
34 at the top. I f you have Bipstatedn 2

it V
nst al
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If you get errors after typing this code in, compids@code youtyped o t he bookds code

jokes.py
1. print (‘What do you get when you cross a snowman with a vampire?")
2. input()
3. print('Frostbite!")
4. print()
5. print(What do dentists call a astronaut \''s cavity?')
6. input()
7. print('A black hole!")
8. print()
9. print('Knock knock.")
10.  input()
11, print("Who's there?")
12, input()
13. print('Interrupting cow.")
14. input()
15.  print('Interrupting cow wh', end=")
16. print" - MOO!)
How the Code Works
1. print('What do you get when you cross a snowman with a vampire?")
2. input()
3. print(Fro sthitel’)
4. print()
Lines 1 to 4 have thraeint() functionc a |l | s . You dondét want the pl a)
joke punch | ine, snaut() t furctiopafites theafirsipri@() |. Thie player baa

read thgoke, presENTER, andthen read the punch line.

The user can still type in a string andENITER, but this returned string
variable. The program will just forget about it and move to the next line of code.

The lastrint()  functioncall has no stringrgument. This tells the program to just print a blank
line. Blank linesareuseful to keep the text from being bunched up.

Escape Characters

5. print('What do dentists call a astronaut \''s cavity?")
6. input()
7. print('A black hole!")
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8. print()

Onlin e 5 ,s atdtkeslash right before the single quote Note thal is a backslash, and / is

a forward slash. This backslash tells you that the letter right after it is an escape character. An
escape charactelets you print characters that are haranter into the source coden line 5

the escape character is the single quote.

The single quote escape character is there because otherwise Python would think the quote meant
the end of the string. But this quote needs ta part ofthe string. The esaped single quote tells

Python that the single quote is literally a part of the string rather than marking the end of the

string value.

Some Other Escape Characters

What if you really want to display a backslash? Timssructionwould not work:

>>>print (" They flew away in a green \ teal helicopter.")
They flew away in a green eal helicopter.

This is because the Ato in Ateal 06 was seen as
The escape character t simulates pushing the Tab key on yooakeymmstead, try this line:

>>> print(‘ They flew away in a green \'\ teal helicopter.")
They flew away in a green \ teal helicopter.

Table 51 is a list of escape characters in Python.

Table 51: Escape Characters

Escape Character What Is Actually Printed

\\ Backslash\|

\ Single quote ()
\" Double quote (")
\n Newline

\t Tab

Quotes and Double Quotes

Strings dondét always have to be between single
double quotes. These two lines print the same thing:

>>> print('Hello world")
Hello world
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>>> print("Hello world")
Hello world

But you cannot mix quotes. This line will give you an error if you try to use them:

>>> print(‘"Hello world")

SyntaxError: EOL while scanning single - quoted string
Iliketousesinglguotes so | dondét have to hold down thi
type, and Python doesndét care either way.

Just like you need the escape chardtterhave a single quote in a string surrounded by single
guotes, you need the escape chardtte have a double quote in a string surrounded by double
guotes. For example, look at these two lines:

>>> print('l asked to borrow Abe \''s car for a week. He said, "Sure.")
| asked to borrow Abe's car for a week. He said, "Sure."

>>> print(" She said, \"l candt bel i ev ¢eny barow yeut car. ™)
She said, "I candét bel ithanw korrgwgaur chré t

In the single quote strings you dondt need to
you donbdét need t:astr eosmgsa p €he Bythongntemreter is smad snough

to know that iif a string starts with one type
string is ending.

orint)  Q ada Keyword Argument

9. print('Knock knock.")

10. input()

11, print("Who's there? "
12. input()

13. print('Interrupting cow.")

14. input()

15. print('Interrupting cow wh', end=")
16. print" - MOOQOY)

Did you notice the second parameter on line g&dig) ? Normally,print)  adds a newline
character to the end of the string it printkislis why a blankrint)  functionwill just print a
newline. But therint)  functioncan optionally have a secopdrameter (which has the name
end.)
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The blank string passed is calledleyword argument Theend parameter haa specific name,
and to pas a keywordargument to this specific parameyeu must typend= before it.

By passing a blank string fend, theprint)  functionw o nadld a newline at the end of the
string, but instead add a blank string. This is whyoo! appears next to the previous line,
instead of on its own new line. There was no newline aftemtleupting cow wh' string
was printed

Summary

This chapter explores the different ways you can usgrithg  function Escape characters are
used for baracters that are difficult or impossible to type into the code with the keyboard. Escape
characters are typed into strings beginning with a backsltdlowed by a single letter for the
escape character. For examplewould be a newline. To includebackslash in a string, you

would use the escape charaater

Theprint)  functionautomatically appends a newline character to the end of the strirgglfiass

to be displayed on the screen. Most of the time, this is a helpful shortcut. But sometimes you
dondét want a newline character enakeyworie end. To
argument with a blank string. For example, to
character, you would caitint('spam’, end=")

Pythonprovides manylexible waysto display text on the screen.
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Chapter 6
DRAGONREALM

Topics Covered In This Chapter:

Thetime.sleep() function

Creating your own functions with thkief keyword
Thereturn keyword

Theand, or , andnot Boolean operators

Truth tables

Global and local variable scope

Parameters and Arguments

Flow charts

=4 =4 -8 -8 -8 _8_9_-9

Functions

Youdve already uwrist®g d,inmt) f,enomfandimOc t jse)n sandint()
Youdve calledexkesd¢ ef t et icone tmsi de t hem. I n
own functions for your programs to call. A function is like a airoagram inside a program.

Functions let you run the same code multiple times witbapticatingthe source codseveral

times Instead, you can put that code inside a function and call the function several times. This

has the added benefit that iif the functionds ¢
program to change it.

The game you will create inthischapterical | ed ADragon Real mdo. The |
two caves which hold either treasure or certain doom.

How to Play Dragon Realm

In this game, the player is in a land full of dragons. The dragons all live in caves with their large
piles of collected treaure. Some dragons are friendly and share their treasure with you. Other
dragons are hungry and eat anyone who enters their cave. The player is in front of two caves, one
with a friendly dragon and the other with a hungry dragon. The player must choeserbéte

two.

Open a new file editor window by clicking on th¢e 3 New Window. In the blank window
that appears type in the source code andisagelragon.py Then run the program by pressing
F5.
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Sample Run of Dragon Realm

You are in a land full of d ragons. In front of you,
you see two caves. In one cave, the dragon is friendly

and will share his treasure with you. The other dragon

is greedy and hungry, and will eat you on sight.

Which cave will you go into? (1 or 2)

1

You approach the cave...

Itis d ark and spooky...

A large dragon jumps out in front of you! He opens his jaws and...
Gobbles you down in one bite!

Do you want to play again? (yes or no)

no

Source Codef Dragon Realm

IMPORTANT NOTE! The programs in this book will only run on Python 3, not

34 at the top. I f you have Python

If you get errors after typing this code in, compdw@code youtyped 0 t he bookbs

2

dragon.py
1. import random
2. import time
3.
4. def displayIntro()
5. print("You are in a land full of dragons. In front of you,")
6. print('you see two caves. In one cave, the dragon is friendly')
7. print(‘and will share his treasure with you. The other dragon’)
8. print(‘'is greedy and hungry, and will eat you on sight.")
9. print()
10.
11. def chooseCave():
12. cave ="
13. while cave !="1" and cave !='2"
14. print("Which cave will you go into? (1 or 2)")
15. cave = input()
16.
17 return cave

[y
@

Python 2. When the | DLE windRythonst art s,

it V
nst al

code
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19. def checkCave(chosenCave):

20. print("You approach the cave...")

21. time.sleep(2)

22. print('lt is dark and spooky...")

23. time.sleep(2)

24. print('A large dragon jumps out in front of you! He opens his jaws
and...")

25. print()

26. time.sleep(2)

27.

28. friendlyCave = random.randint(1, 2)

29.

30. if chosenCave == str(friendlyCave):

31. print('Gives you his treasure!)

32. else:

33. print('Gobbles you down in one bite!")
34.

35. playAgain ='yes'
36. while playAgain == 'yes' or playAgain =="y":

37.

38. displayIntro()

39.

40. caveNumber = chooseCave()

41.

42. checkCave(caveNumber)

43.

44, print('Do you want to play again? (yes or no)")
45, playAgain = inpu t()

How the Code Works

Let 6s | ook at the source code in more detail

1. import random
2. import time

This program imports two modules. Tlaedom module will provide theandom.randint()
function | i ke it did in the @ GuedaedfunbhtensNumber 0
that thetime module includes, sline 2 imports theéme module

def Statements

4. def displaylIntro():
5. print("You are in a land full of dragons. In fr ont of you,")
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print('you see two caves. In one cave, the dragon is friendly’)
print(and will share his treasure with you. The other dragon’)
print(‘is greedy and hungry, and will eat you on sight.")

print()

© N

Line 4 is adef statement. Theef statementlefinesa new function that you can call later in the
program.Whenyou definethis function, youwspecify the instructions in its deéfock When you
call this function, the code inside the d#bck executes.

Figure 61 shows the parts ofdaf statement. It has thief keyword followed by a function
name with parentheses and then a colon:(8ign). The block after theef statementis called
the defblock.

def keyword parentheses

J

chooseCave () :

function name colon

Figure 61: Parts of a def statement.

Rememberedef st at e ment doesnodt execute the code.

when you call the function. When the execution reachies atatement it skips down to the first
line after the deblock.

But when thelisplayintro() function is called (suchs on line 38), the execution moves inside
of thedisplayIntro() function to the first line of the ddflock.

38. displayIntro()

Then dl of theprint) cal |l s are run and the AYou are i
displayed.

Where to Rit Function Definitions

A function'sdef statement and the dbfock must coméeforeyou call the function. This is like

how you must assign a value to a variable before you use the variable. If you put the function call

before the function definition, yo6 | | g e For easamplesdokrabthiis. code:

sayGoodbye()

def sayGoodbye():

t
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print(Goodbye!")

If you try to run it, Python will give you an error message that looks like this:

Traceback (most recent call last):

File "C:  \ Python34 \ spam.py", line 1, in <module>
sayGoodbye()
NamekError: name 'sayGoodbye' is not defined

To fix this, put the function definition before the function call:

def sayGoodbye():
print('Goodbye!")

sayGoodbye()

Defining thechoosecave() Function

11. def chooseCave():

Line 11 definesnother function callechooseCave () . This functiondbds code

which cave they want to go in, either 1 or 2.

12. cave ="
13. while cave !="1" and cave !="2"

Thisfunctionneeds to maksure the player typed 1 or 2, and not something else. A loop here will

keep asking the player until they enter one of these two valid respdh&eis callednput
validation.

Line 12 creates a new variable callede and stores a blank string in it. Thentdle loop
begins on line 13. The condition contains a new operator you haven't seen beforangaalledt
like the- or* are mathematical operators, andor = are comparison operators, thel
operator is a Bolean operator.

Boolean Operators

Boolean logic deals with things that are eithee or False . Boolean operators compare values
and evalate to a single Boolean value.

Post questions to http://invpy.com/forum
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Think of the sentence, fCats have wisfrus&andr s and
fdogs have tailso is also truenddegsthaeventareEks
true

But the sentence, fiCats have whEsé&mrtshawmghdibgas
have whi s klegsdomothhagewisg, ueso Adogs have wingso is f
things can only be entirely true or entirely f
only true ifboth parts are true. If one or both parts are falsen the entire sentence is false

Theand andor Operators

Theand operator in Python is the same. If the Boolean values on both sidesaod tkeyword
areTrue , then the expression evaluatesiee . If either or bothof the Boolean values araise ,
then the expression evaluateF4s e.

Try entering the following expressions with @ operator into the interactive shell:

>>> True and True
True

>>> True and False
False

>>> False and True
False

>>> False and False
False

>>> spam = 'Hello'
>>>10< 20 and spam =='Hello’
True

Theor operator is similar to thend operator, except it will evaluate teue if eitherof the two
Boolean values argue . The only time ther operator evaluates talse is if bothof the
Boolean values arealse .

Try entering the following into the interage shell:

>>> True or True

True

>>> True or False
True

>>> False or True
True

>>> False or False
False
>>>10>200r20>10
True
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Thenot Operator

Thenot operator only works on one value, instead of combining two valuesot heperator
evaluates tohte opposite Boolean value. The expressaian True will evaluate toFalse andnot
False will evaluate toTrue .

Try entering the following into the interactive shell:

>>> not True

False

>>> not False

True

>>>not ('black’ == 'white' )
True

Truth Tables

If you ever forget how the Boolean operators work, you can look at thelse¢ables:

Table 61: Theand operator's truth table.

A and B is Entire statement
True and True is True
True and False is False
False and True is False
False and False is False

Table 62: Theor operator's truth table.

A or B is Entire statement
True or True is True
True or False is True
False or True is True
False or False is False

Table 63: Thenot operator's truth table.

not A is Entire statement
not True is False
not False is True
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Evaluating Boolean Operators

Look at line 13 again:

13. while cave !="1' and cave !="2"

The condition has two parts connected bysifteBoolean operator. The conditionTise only if
both parts argrue .

The first time thevhie st at e ment 6 s ¢ ocavelis detitaothre blank string) .€loek e d
blank string is not equal to the string , so the left side evaluatestiwe . The blank string is
also not equal to the strirgy , so the right side evaluatesTioe .

Sothe condition then turns intoue and True . Because both values aree , the condition
finally evaluates tarue . So the program execution enters the whbileck.

This is what the evaluation looks like (if the valueafe is the blank string):

while cave !="1"and cave = "2"
¢

while " !="1"'and cave != 2"
¢

while  True and cave =2
&

while  True and " !'='2"
¢

while True and True:
¢

while True:

PN N

DSGGAY3 GKS tfl&S8SNRa Ly Lz

13. while cave !="'1" and cave !='2"
14. print("Which cave will you go into? (1 or 2)")
15. cave = input()

Line 14 asks the player which cave they choose. Line 1thikeglayer type the response and hit
ENTER. This response is storeddave . After this code is executed, the execution loops back to
the top of thevhile statemenand rechecks the condition.

If the player typed in 1 or 2, theave will either be'1r or'2 (sinceinput) always returns
strings).This makes the conditioralse , and the program execution will continue pastvhie
loop. For example, if the user entered '1' then the evaluation would look like this:
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while cave !="1" and cave !='2"
¢

while '1'!="1"and cave !='2"
¢

while  False and cave =2
¢

while False and 'l'!="2"
¢

while False and True:
¢

while False:

But if the player typed 3 or 4 or HELLO, that response would be invalid. The condition will be
True and enters the whilblock to ask the player again. The program will keep asking until the
player types 1 or 2. This will guarantee that once thewgi@ moves on, theave variable
contains a valid response.

Return Values

17. return cave

This is areturn  statement, which only appears inside-bieicks. Remember how theut()
functionreturns a string value that the player typed in? chhese Cave() function will also
return a value. Line 17 returns the string that is storedvin, either1 or 2

Once theeturn  statement executes, the program execution jumps immediately out of the def
block. (This is like how thereak statemenwill make the execution jump out of a whibdock.)

The program execution moves back to the line with the function call. The function call itself will
evaluate to the return value.

Skip down and look at line 40 for a moment:

40. caveNumber = chooseCave()

WhenthechooseCave() functionis later called by the program on line 40, the return value is
stored in theaveNumber variable. Thevhile loop guarantees thatiooseCave() will only
return eitherl’ or'2' as its return value.

So when line 17 returns a strirtge function call on line 40 evaluates to this string, which is then
stored incaveNumber .
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Global Scope and Local Scope

Your progr amds Vv a erihapgrdgramns teraminates. Tharialdes dreatedwhile f t
the execution is inside a functionllcare the same. The variables are created when the function is
called and forgotten when the function retufRemember, functions are kind of like mini

programs in your program.

When execution is insidefunction, you cannot change the variables outsfdbe function,
including variables inside other functions. This is because these variables exist in a different
Afscopeo. All wvariables exist in either the glo

The scope outside of all functions is calleddlabal scope The scope inside of a function (for
the duration of a particular function call) is callekbeal scope

The entire program has only one global sco@aiables defined in the global scope can be read
outside and inside functions, but can dméymodified outside of all functions. Variables created
in a function call can only be read or modified during that function call.

You can read the value of global variables from the local scope, but attempting to change a global
variable from the local spew o nwibtk. What Python actually does in that case is create a local
variable with thesame nameas the global variable. You could, for example, have a local variable
namedspam at the same time as having a global variable named Python will congiler these

to be two different variables.

Look at this example to see what happens when you try to change a global variable from inside a
local scope. The comments explain what is going on:

def bacon():
# We create a local variable named "spam”
#in stead of changing the value of the global
# variable "spam":
spam = 99
# The name "spam" now refers to the local
# variable only for the rest of this
# function:
print(spam) #99

spam =42 # A global variable named "spam":

print(spam) #42

bacon() # Call the bacon() function:

# The global variable was not changed in bacon ():
print(spam) #42

When run, this code will output the following:
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42
99
42

Where a variable is created determines what scope it is in. When the BRagjomprogram first
executes the line:

12. cave ="

...the variableave is created inside th#hooseCave() function. This means it is created in the
chooseCave() f uncti ondés | ocal S C ocpadeCavel) t retwwris,lahd witl e
be recreated ibhooseCave() i s call ed a second ti me. The
remembered between function calls.

Parameters

19. def checkCave(chosenCave):

The next function the program defines is nanrtedkCave() . Notice the textchosenCave
between the parentheses. This pmeameter. a local variable that is assigned the argument
passed when this function is called.

Remember how for some function calls lik& orrandint() , you would passne or more
argumens betweenhe parentheses:

>>> str(5)

5

>>> random.randint(1, 20)
14

You will also pass an argument when you eedtkCave() . This argument is stored in a new
variable namedhosenCave . These variables are also called parameters.

For example, here is a shprogram that demonstrates defining a function with a parameter:

def sayHello(name):
print('Hello, ' + name + . Your name has ' + str(len(name)) +' letters.")

sayHello(‘Alice’)
sayHello('Bob")
spam = 'Carol'

sayHello(spam)
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If you run this program, Mvould look like this:

Hello, Alice. Your name has 5 letters.
Hello, Bob. Your name has 3 letters.
Hello, Carol. Your name has 5 letters.

When you calbayHello() , the argument is assigned to thee parameter. Parameters are just
ordinary local variabled.ike all local variables, the values in parameters will be forgotten when
the function call returns.

Displaying the Game Results

Back to the gameb6és source code:

20. print("You approach the cave...")
21. time.sleep(2)

Thetime module has a funain calledsleep() that pauses the program. Line 21 passes the
integer value so thatime.sleep() will pause the program for 2 seconds.

22. print('lt is dark and spooky...")
23. time.sleep(2)

Here the code prints some more text and waits fohan@ seconds. These short pauses add
suspense to the game, instead of displaying th
program, you called theput)  functionto pause until the player pressed gtheER key. Here,

t he pl ay e rtodbangtking éxcepthwaitvaeouple seconds.

24, print('A large dragon jumps out in front of you! He opens his jaws
and...")

25. print()

26. time.sleep(2)

What happens next? And how does the program decide? This is explained in gectient

Deciding Which Cave has the Friendly Dragon

28. friendlyCave = random.randint(1, 2)

Line 28 calls theandom.randint() functionwhich will return eithern or 2. This integer value
is stored irfriendlyCave ~ and is the cave with the friendly dragon.
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30. if chosenCave == str(friendlyCave):
31. print('Gives you his treasure!)

Line 30 checks i f t hodosefcévea yagablé(® ocz2h pisequaltodhev e i n
friendly dragon cave.

But the value iririendlyCave IS an integer becausadom.randint() returns integers. You
candbét compar e st r i=nAgs, bewausk theywhlwagsbea net equitotedch t h e
other'1' is notequalto1 and2' is notequalto 2.

Sofriendly  Cave is passed tetr) function which returns the string value f@éndlyCave
This way the values will be the same data type and can be meaningfully compared to each other.
This code could also have been usedonverichosenCave to an integer value

if int(chosenCave) == friendlyCave:

If the condition isTrue , line 31 tells the player they have won the treasure.

32. else:
33. print('Gobbles you down in one bite!")

Line 32 is arelsestatement. Thelse statement can only conadteranif-block. The elsélock
executes if th& statemeris ¢ on dratei. Di mwlkasof it as the progra
Al f this conditi onrblodksrelserexeeuteth elsd oecxke.cout e t he i f

Remember to put the colon (the : sign) afterelse keyword

Where the Main Part Begins

35. playAgain ='yes'
36. while playAgain == 'yes' or playAgain =="y":

Line 35 i s t h edeffstatersent orlinsicea dbfotkaThis linesismddre thee main
part of the program begins. Theepiousdef statements merely defined the functiohisey
di dndét run the code inside of the functions.

Line 35 and 36 are setting up a loop that the rest of the gamésandAt the end of the game,

the player can enter if they want to play again. If/ttle, the execution enters theile loop to

run the entire game awnhle sotveetre naegnati ons. mhigkn dihteiyo nd o
and the execution will move on to the end of the program and terminate.
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The first time the execution comes to thisle statementline 35 will have just assignegs'
to theplayAgain  variable. That means the condition will hee . This guarantees that the
execution enters the loop at least once.

Calling the Functions in the Program

38. displaylIntro()

Line 38calls thedisplayintro() function. This isndédt a Python
you defined earlier on line 4. When this function is called, the program execution jumps to the
first line in thedisplaylntro() function on line 5. When all the ks in the function are done,

the execution jumps back to line 38 and continues moving down.

40. caveNumber = chooseCave()

Line 40 also calls a function that you defined. Remember thahdheeCave() function lets the

player type in the cave theyartt o0 go i nt o. Wirecae t dxecutdsjthee 170 s
program execution jumps back to line 40, andctlieseCave() call evaluates to the return

value. This return value is stored in a new variable nazmediumber . Then the program

execution moves oto line 42.

42. checkCave(caveNumber)

Line 42calls yourcheckCave() function, passing the value éave Number as an argument. Not
only does execution jump to line 20, but the valueaieNumber is copied to the parameter
chosenCave inside thecheck Cave() function. This is the function that will display eithewes

you his treasure!" Or 'Gobbles you down in one bite!" depending on the cave the player
chose to go ito.

Asking the Player to Play Again

44. print('Do you want to play again? (yes or no)")
45. playAgain = input()

Whether the player won or lost, they are asked if they want to play again. The variable
playAgain  storeswhatthe player typed. Line 45 is the last line of the whileck, so the
program jumps back to line 36 to chebkwhile | 0 o qoradision:playAgain == 'yes' or
playAgain ==y’

If the player typed in the stringes' or'y' , then the execution would enter the loop again at
line 38.
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If the player typed imo' or'n' or something silly likeAbraham Lincoln’ , then he condition
would beralse . The program executiomould continueon to the line after the whilelock. But
since there are no more lines after the whiteck, the program terminates.

One thing to note: the stringes' is not equal to the stringes' . If the player typed in the

string'YES' , then thewhile st at ement 6 s ¢ ondirFasd andthenpoogrdnd eval ua

would still terminate. Later programs in this book will show you how to avoid this problem.

You've just completed your second game! In Dragon Realm, you usedfavhat you learned

in theGuess the Number game and picked up a few new tricks. If you didn't understand some of
the concepts in this program, then go over each line of the soure@gaith, and try changing

the source code and see how the program changes.

In the next chapter yow o ncoetite a game, but instead learn how to use a feature of IDLE called
the debugger.

Designing the Program

Dragon Realm is a simple game. The other gaiméhis book will be a bit more complicated. It
sometimes helps to write down everything you want your game or program to do before you start

writing code. This is called fidesigning the pr

For example, it may help to draw a flow chartfléw chart is a picture that shows every possible
action that can happen in the game, and which actions lead to which other actions.-Biguee 6
flow chart for Dragon Realm.

To see what happens in the game, putrowfrorur f i ng

the box to another box. Your finger is like the program execution. The program terminates when
your finger |l ands on the AENndoO box.

When you get to the ACheck for friendly or hun

box or t e sPlbaoywer Tlha s branching point shows
t hings. Either way, both paths wild/l end up at

Summary

In the Dragon Realm game, you created your own functions. Functions are@agi@m within
your progam. The code inside the function runs when the function is called. By breaking up your
code into functions, you can organize your code into smaller and easier to understand sections.

Arguments are values copied t oonistaked.Thencti onds
function call itself evaluates to the return value.
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Figure 62: Flow chart for the Dragon Realm game.

You also learned about variable scopes. Variables created inside of a function exist in the local
scope, and variables created outsiflall functions exist in the global scope. Code in the global
scope cannot make use of local variables. If a local variable has the same name as a variable in
the global scope, Python considers it a separate variable and assigning new values to the local
variablew o ncbange the value in the global variable.

Variable scopes might seem complicated, but they are useful for organizing functions as separate
pieces of code from the rest of the program. Because each function has its own local scope, you
can besure that the code in one functimro ncause bugs in other functions.

Almost every program uses functions because they are so useful. By understanding how functions
work, you can s& yourselfa lot of typing and make bugs easier to fix.
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Chapter 7
USING THEDEBUGGER

Topics Covered In This Chapter:

9 3 Different Types of Errors

T I DLEb6s Debugger
9 Stepping Into, Over, and Out

9 Go and Quit

I Break Points

Bugs!

iOn t wo o0 c c asasked) '®rayl MrhBabbage, ib y@eput into the machine wrong
figures, will the right answers come out?' | am not able rightly to apprehend the kind of confusion
of ideas that could provoke such a question. o

-Charles Babbage, 19th centunyiginator the cancept of a programmable computer.

If you enter the wrong code, the computeo ngivé you the right program. A computer program
will always do what you tell it to, but what you tell the program to do might not be the same as
what youwantedthe program to do. These errors buogs in a computer program. Bugs happen
when the programmer has not carefully thought about what exactly the program is doing. There
are three types of bugs that can happen with your program:

1 Syntax Errorare a type obug that comes from typos. When the Python interpreter sees
a syntax error, it is because your <code i sn
program with even a single syntax emoo nrént
1 Runtime Errorsare bugs that happen while the progiamunning. The program will
work up until it reaches the line of code with the error, and then the program terminates
with an error message (this is calt@dshing. The Python interpreter will display a
Aitracebacko and show ppems. | i ne where the pro
1 SemanticErrorar e t he trickiest to fi x. These bugs
doing what the programmer intended for the program to do. For example, if the
programmer wants the variahteal to be thesumof the values in variables b, andc
but writestotal = a * p*c ,then the value in total will be wrong. This could crash
the program later on, but it is not immediately obvious where the semantic bug happened.
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Finding bugs in a program can be hard, if you even notice them attaih Vdnning your

program, you may discover that sometimes functions are not called when they aredstgppese
or maybe they are called too many times. You may code the conditiomtits aloop wrong, so
that it loops the wrong number of times. (A Idagyour program that never exits is a kind of bug
called aninfinite loop. To stop this program, you can pré&dsl -C in the interactive shetb
terminate the programAny of these things could mistakenly happen in your code if you are not
careful.

In fact, from the interactive shell, go ahead and create an infinite loop by typing this code in (you
have topressENTER twice to let the interactive shell know you are done typintpéwhile
block

>>> while True:
print('Press Ctrl - C to stop this i nfinite loop!!")

Now press and hold down the Ctrl key and press the C key to stop the program. The interactive
shell will look like this:

Press Ctrl - C to stop this infinite loop!!!
Press Ctrl - C to stop this infinite loop!!!
Press Ctrl - C to stop this i nfinite loop!!!
Press Ctrl - C to stop this infinite loop!!!
Press Ctrl - C to stop this infinite loop!!!
Traceback (most recent call last):

File "<pyshell#1>", line 1, in <module>

while True: print(‘Press Ctrl - C to stop this infinite loop!!!")

KeyboardIinterrupt

The Debugger

It can be hard to figure out how your code could be causing a bug. The lines of code get executed
quickly and the values in variables change so oftettelfuggeris a program that lets you step

through your code one line atime in the same order that Python executes them. The debugger
also shows you what values are stored in variables at each step.

Starting the Debugger

In IDLE, open the Dragon Realm ganjou made in the last chaptafter opening thedragon.py
file, click on theDebug3 Debuggerto make the Debug Control window appear (Figug.7
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Figure 71: The Debug Control window.
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Figure 72: Running the Dragon Realm game under the debugger.
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Now when you run the Dragon Realmgame by predsihg | DLES6s debugger will

is called running a program Aunder aSamedbugger o
andGlobals checkboxes.

When you run Python programader thedebugger, the program will stop before it executes the
firstinstruction | f you c¢click on the file ediSowage wi ndow
checkbox in the Debug Control window), the firsgtructionis highlighted in gray. The Debug

Control window shows the execution is on line 1, which igrbpert random line.

Stepping

The debugger lets you execute @m&ructionat a timeThis iscalledstepping To execute a

single instruction, click th&tepbutton in the Debug Window. Go ahead and do this now. Python
will execute themport random  instruction, and then stop before it executes the next instruction.
The Debug Control window will show the execution is now on line 2ipth@t time  line.

Click theQuit button to terminate the program for now.

Here is a summary of what happens when you clickstap button when you run the Dragon
Realm game under a debugger. PEst start running Dragon Realm again, then follow these
instructions:

Click the Stepbutton twice to run the twimport lines.

Click the Stepbutton three more times to execute theédef statements.
Click the Stepbutton again to define th#ayAgain  variable.

Click Goto run the rest of the program, or cliGkiit to terminate the program.

HwnNPE

The Debug Control window will show you what lineailsoutto be executed when you click the
Step button in the Debug Control window. The deljue r s ki pp e d sablankdine3 becau
Notice you can only step forward with the debugger, you cannot go backwards.

Globals Area

The Globak areain the Debug Conti window is where all the global variablean be seen
Remember, global variables are the variables that are created outside of any functions (that is, in
the global scope).

As the threelef statements execute and define functions, they will appeae iBltbals area of
the Debug Control window.

The text next to the function names in the GIlo
O0x012859B0>1. The module names also have confu
fi module 'random' from 'GPython3Nlib\r andom.Ypwc de»Mmob6t need to know
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means to debug your programs. Just seeing that the functions and modules are there in the Global
area will tell you if the function has been defined or the module fasibgorted.

You can also ignore thebuiltins_ ,__doc__, and__name__ lines in the Global area. (Those
are variables that appear in every Python program.)

When theplayAgain  variable is created it will show up in the Global area. Next to the variable
name will be the stringes' . The debugger lets you see the values of all the variables in the
program as the program runs. This is useful for fixing bugs.

Locals Area

There is also Aocak area, which shows you the local scope variables and their valieslocal
area will only have variables in it when the program execution is inside of a function. When the
execution is in the global scope, this area is blank.

The Go and Quit Buttons

If you get tired of clicking th&tepbutton repeatedly and just wahetprogram to run normally,
click theGo button at the top of the Debug Control window. This will tell the program to run
normally instead of stepping.

To terminate the program entirely, just click Qeit button at the top of the Debug Control
window. The program will exit immediately. This is helpful if yoouststart debugging again
from the beginning of the program.

Stepping Into, Over, and Out

Start the Dragon Realm program with the debugger. Keep stepping until the debugger is at line
38. As shown irFigure 73, this is the line withiisplaylintro() . When you clickStepagain,

the debugger will jump into this function call and appear on line 5, the first line in the
displayIntro() function. The kind of stepping you have been doing is caliegping irto.

This is different from stepping over, explained next.
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Figure #3: Keep stepping until you reach line 38.

When the execution is paused at line 5, clickbtepone more time will step into theint()

function. Theprint) functi on | sbulthe dfunkyt mesds so it i sni
through with the debuggeprint) Pipttth gsw@® sorown functi
random.randint() have been carefully checked for errors

causing bugs in your program.

So you don6t want to waste tprimpe fenttienpSoi ng t hr ou
instead of clickindStepto step into therint) f unct i on 6 ©vercThid will stemver c k

the code inside theint)  function. The code insideint)  will be executed at normal speed,

and then the debugger will pause once the execution returngrfingin

Stepping over is a convenient way to skip stepping through code inside a function. The debugger
will now be paused at line 46aveNumber = chooseC  ave() .

Click Stepone more time to step into thieooseCave() function. Keep stepping through the
code until line 15, theput()  call. The program will wait until you type a response into the
interactive shell, just like when you run the program normé#liyou try clicking theStepbutton
now, nothing will happen because the program is waiting for a keyboard response.
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Click back on the interactive shell window and type which cave you want to enter. The blinking
cursor must be on the bottom line in theemactive shell before you can type. Otherwise the text
you type will not appear.

Once you preseNTER, the debugger will continue to step lines of code again. Clicthe

button on the Debug Control window. This is cakepping out because it will ause the

debugger to step over as many lines as it needs to until execution has returned from the function it
is in. After it jumps out, the execution will be on the line after the line that called the function.

For example, clickin@ut inside thedisplay Intro()  function on line 6 would step until the
function returned to the line after the calbtsplayintro() . Stepping out can save you from
having to clickSteprepeatedly to jump out of the function.

If you are not inside a function, clickir@ut will cause the debugger will execute all the
remaining lines in the program. This is the same behavior as clicki@pthatton.

H e r arécap of what each button does:

1 Go - Executes the rest of the code as normal, or until it reaches a break point. (Break
points are described later.)

9 Step- Step onenstruction If the line is a function call, the debugger will step into the
function.

1 Over - Step onenstruction If the line is a function call, the debuggeio nstep intothe
function, but insteadtep ovethe call.

1 Out - Keeps stepping over lines of code until the debugger leaves the function it was in
whenOut was clicked. Thisteps oubf the function.

1 Quit - Immediately terminates the program.

Find the Bug

The debugger can help you find the cause of bugs in your program. As an example, here is a
small program with a bug. The program comes up with a random addition problem for the user to
solve. In the interactive shell window, click on File, then New Wintmapen a new file editor
window. Type this program into that window, and save the progrduags/.py

buggy.py
import random
numberl = random.randint(1, 10)
number2 = random.randint(1, 10)
print(What is ' + str(numberl) + ' + ' + str(number2 ) +'?)
answer = input()
if answer == numberl + number2:

o gk wNE
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7. print('Correct!’)
8. else:
9. print('Nope! The answer is ' + str(numberl + number2))

Type the program as it is above, even if you can already tell what the bug is. Then trying runni
the program by pressirkgp. This is a simple arithmetic quiz that comes up with two random
numbers and asks you to add théhe r whatst might look like when you run the program:

What is 5 + 1?
6
Nope! The answer is 6

That 6s a bug! tTrash bupitris;gt warking abroeetly. A& program says the
user is wrong even if they type the correct answer.

Running the program under a debugger will/l hel p
interactive shell window, click oBebug3 Debuggerto display the Debug Control window. In

the Debug Control window, check all four checkboxes (Stack, Source, Locals, and Globals). This
makes the Debug Control window provide the most information. Then lpBéaghe file editor

window to run the program. Téitime it will be run under the debugger.

1. import random

The debugger starts at tirgort random  line. Nothing special happens here, so just citdp
to execute it. You will see thendom module added to the Globals area.

2. numberl = random.randint(1, 10)

Click Stepagain to run line 2. A new file editor window will appear with taedom.pyfile. You

have stepped inside thendint)  functioninside theandom mo d u |l e . Pyitr hondés buil
functionsw o nb@ the source of yolugs, so cliclOut to step out of theandint()  function

and back to your program. Then closeridwedom.pyfile's window.

3. number2 = random.randint(1, 10)

Next time, you can cliclover to step over theandint)  function instead of stepping into it.
Line 3is also andint()  functioncall. Skip stepping into this code by clickifyer.

4. print(What is ' + str(numberl) + ' + ' + str(number2) + '?')
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Line 4 is aprint()  call to show the player the random numbers. You know what numbers the
program will print even before it prints them! Just look at the Globals area of the Debug Control
window. You can see themberl andnumber2 variables, and next to them are the integdues
stored in those variables.

Thenumber1 variable has the valueand thenumber2 variable has the value When you click

Step, the program will display the string in thent()  call with these values. Th&()

functionwill concatenate the string version of these integers. When | ran the debugger, it looked
like Figure 74. (Your random numbers will probably be different.)

TN TS o)

| W Siacx W Souece
0o Step | Over | Cut| Quat
A ¥ Locan F Globals I

| uggyoyd: «madides|

Globais

3TN\ \eupoy.oy

wmber? 8
AOO0 «module ‘andom’ fom T4\ thon s Y\ g am pry ‘

Figure 74: numberl is set to 4 and number2 is set to 8.

5. answer = input()

Clicking onStepfrom line 5 will executenput) . The debugger waits until the player enters a
response into the program. Enter the correct answer (in my @setalthe interactive shell
window. The debugger will resume and move down to line 6.

6. if answer == numberl + number2:
7. print(‘Correct!’)

Line 6 is anf statementThe condition is that the valueanswer must match the sum of
numberl andnumber2 . If the condition istrue , then the debugger will move to line 7. If the
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condition isFalse , the debugger wilmove to line 9. Clickstep one more time to find out where
it goes.

8. else:
9. print('Nope! The answer is ' + str(numberl + number2))

The debugger is now on line 9! What happened? The condition in gtatemeniust have
beenrFalse . Take a look athe values fonumberl , number2 , andanswer . Notice thathumberi
andnumber2 are integers, so their sum would have also been an integensRat is a string.

That means thaihswer == number1 + number2 would have evaluated ta2'== 12. A string
value and an integer value will always not equal each other, so the condition evalgated .to

That is the bug in the program. The bug is thatcode hasnswer whenit shouldhave
intanswer) . Change line 6 tot(answer) == numberl + numb er2 , and run the program
again.

Whatis 2 + 3?
5
Correct!

This time, the program worked correctly. Run it one more time and enter a wrong answer on
purpose. This will completely test the program
the computerwil run your programs exactly as you type
you intend.

Break Points

Stepping through the code one | ine at a time nm
program to run at normal speed until it reaches a certa@nAibreak pointis set on a line when

you want the debugger to take control once execution reaches that line. If you thiaka e 6 s

problem with your code on, say, line 17, just set a break point on line 17 (or maybe a few lines

before that).

Whenexecui on reaches that | ine, the debugger wil/
through lines one at a time to see what is happening. Cli€ingill execute the program
normally until it reaches another break point or the end of the program.

To sd a break point, rightlick on the line in the file editor and sel&x#t Breakpointfrom the
menu that appears. The file editor will highlight that line with yellow. You can set break points
on as many lines as you want. To remove the break point,atiithe line and seleGlear
Breakpoint from the menu that appears.
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Figure #5: The file editor with two break points set.
Example Using Break Points

Here is a program that simulates coin flips by caltimgom.randint(0, 1) . The function
returning the integer wi | | be Aheadsodo and returrmipsng the int
variable will track how many coin flips have been done. fidags variablewill track how many

came up heads.

The program wi lelthousand timesoThismwotld take aspersoa over an hour to

do, but the computer can do it in one second! Type in the following code into the file editor and
save it azoinFlips.py If you get errors after typing this code in, compidue code you typetb

the bookds code wihttplinvpyicem/ddfiedinflipse di f f t ool at

coinFlips.py
1. import random
2. print('l will flip a coin 1000 times. Guess how many times it will come up
heads. (Press enter to begin)’)
3. input()
4. flips=0
5. heads=0
6. while flips < 1000:
7 if random.randint(0, 1) == 1:
8. heads = heads + 1
9. flips = flips + 1
10.
11. if flips == 900:
12. print("900 flips and there have been ' + str(heads) + ' heads.")
13. if flips == 100
14. print("‘At 100 tosses, heads has come up ' + str(heads) + ' times so
far.")
15. if flips == 500:
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16. print('Half way done, and heads has come up ' + str(heads) +'

times.")

17.

18. print()

19. print("Out of 1000 coin tosses, heads came up ' + str(heads) + ' times!")
20. print('Were you close?")

The program runs pretty fast. It spent more time waiting for the user toguessthan doing
t he coi n fybuwangedto &ee it dd soin fligs yne by one. On the interacteish
window, click onDebug3 Debuggerto bring up the Debug Control window. Then prESgo
run the program.

The program starts in the debugger on line 1. FB&gsthree times in the Debug Control

window to execute the first three lines (that is,dine 1 , 2, and 3). Youol | not
disabled becauseput() was called and the interactive shell window is waiting for the user to

type something. Click on the interactive shell window and mEE$ER. (Be sure to click beneath

the text inthe interactive shell window, otherwise IDLE might not receive your keystrokes.)

You can clickStepa f ew more times, but youoll find that
through the entire program. Instead, set a break point on lines 12, 14, ané fi: &ditor will
highlight these lines as shown in Figuré.7

— ——
| Python 3144 conf Apsay - Cheonnl kps.pry =
e Lo fgrmat Bun Qotom  Windows  Help

[as

S W=

Figure #6: Three break points set.

After setting the breakpoints, cli¢ko in the Debug Control window. The program will run at

normal speed until it reaches the next break point. Wipenis set to100, the condition for the

if statemenon line 13 isTrue . This causes line 14 (wheteh e a lerdalspoint set) to execute,

which tells the debugger to stop the program and take over. Look at the Debug Control window in
the Globals sectioto see what the value tips andheads are.

Click Go again and the program will continue until it reaches the next break point on line 16.
Again, see how the valuesiips andheads have changed.

If you click Go again, the execution will continue urttie next break point is reached, which is
on line 12.
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Summary

Writing programs is only the first part of programming. The next part is making sure the code you
wrote actually works. Debuggers let you step through the code one line at a time. You can
exanmne which lines execute in what order, and what values the variables contain. When this is
too slow, you can set break points to stop the debugger only at the lines you want.

Using the debugger is a great way to understand what a program is doing. While this book
provides explanations of all the game code in it, the debugger can help you find out more on your
own.
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Chapter 8
FLOWCHARTS

Topics Covered In This Chapter:

I Howto play Hangman

1 ASCIl art

1 Designing a program with flow charts

In this chapter, youbdll design a Hangman

game.

game, but also more fun. Because the game is advanced, you should first carefully plan it out by

creating a flow chart (explained later). In the next chagtar lladtually write out the code for
Hangman.

How to Play Hangman

Hangman is a game for two people usually played with paper and pencil. One player thinks of a
word, and then draws a blank dmetpage for each letter in the word. Then the second player tries

to guess letters that might be in the word.

If they guess correctly, the first player writes the letter in the proper blank. If they guess
incorrectly, the first player draws a single bodytmf the hanging man. If the second player can

guess all the letters in the word before the hangman is completely drawn, they win. But if they

canét figure it out in time, they | ose

Sample Run oHangman

Here is an example of what the player might seemthey run the Hangman progrgno U 6 |
write in the next chapteiThe text that the player enters in shown in bold.

HANGMAN
+o-- +

Missed letters:
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Guess a letter.
a
+--- +

Missed letters:

_a_
Guess a letter.
o}

+-—- +

[ 1

(O

Missed letters: o
a

Guess a letter.

Missed letters: or
a

Guess a letter.

Missed letters: or

_at

Guess a letter.

a

You have already guessed that letter. Choose again.
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Guess a letter.

c

Yes! The secret word is "cat"! You have won!
Do you want to play a gain? (yes or no)
no

ASCII Art

The graphics foHangman are keyboard characters printed on the screen. This type of graphics is
calledASCllar{ pr o n o u receeddpicinwassaksort of precursor to emdjiiere is a cat
drawn in ASCII art:

[ XX XXX \
_IXxx XX XXX XXX \
XXX XXX XX XXX \
IXXXXXXXXX XX XX XX XX XXX \
/ xx / \ XX XX \
/ / \ X XX \
|/ \ | \ XX X\
| \ | \_ Z X \
|| \_ 1/ \ z XXX |
[ \ oz |
\/ \ \
/ __ I I
_ ‘. I XXX|
/| [ |
I [ / |
o V' e \ _/ ! / XX/
[oo \ / | / xx/
\ \ 1 xx [
\ \ / x_/
\_ /
\ /

Designing a Program with a Flowchart

This game is a bit more complicated than the goe@é vseen so far, so take a moment to think
about pudtogethet 6Bi r st youbl |l create a flow chart
Realm chapter) to help visualize what this program will do. This chapter will go over what flow
charts are and whiyney are useful. The next chapter will go over the source code to the Hangman
game.

A flow chartis a diagram that shows a series of steps as boxes connected with arrows. Each box
represents a step, and the arrows show the steps leads to which other steps. Put your finger on the
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iStarto box of the flow chart theardwsttoothere t hr oug
boxes until you get to the AENdO box.

Figure 81 is a complete flow chart for Hangman. You can only move from one box to another in
the direction of the arrow. You can never go backwards unlds® a sedosd arrow going back,
likein the APlayer already guessed this |lettero b

START

C0me up with @
secred word.,

4

Show +he board and
blanks +0 +he player.

¥

QSK ployer +o
9U€SS Qa letter,

L Le+ter s in

Player already
9uess€d s le+ter.

Letter s not in
secret word. secret word,

L L

Player has guessed all Player has run
letters and wins. out of body

parts and loses.

FAsk player +o END |

play again,

Figure 81: The complete flow chart for what happens in the Hangman game.

Of ¢ our s ehavety make adl@wvrcidatt. You could just start writing code. But often once
you start pr og robthings thatgusthpecaddéd of chanded. Wdu may end up
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having to delete a | ot of your code, which wou
bestto plan how the program will work before you start writing it.

Creating the Flow Chart

Yourfowc hart s dondét al ways havgoutnderstarmth&flolwi ke t hi ¢
chart you made, it will be helpful when you start coding. A flow chart that begins with just a
fiStarto and an AENnde&: box, as shown in Figure 8

START

END

Figure 82: Begin your #iw chart with a Start and End box.
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Now think about what happens when you play Hangman. First, the computer thinks of a secret
word. Then the player will guess letters. Add boxes for these events, as shown in Bglire8
newboxesin each flow chart have a dashed outline around them.

The arrows show the order that the program should move. That is, first the program should come
up with a secret word, and after that it should ask the player to guess a letter.

START

COme up with a |,
secre+ word. |,

i -

\
Ask player +o |!
'
'

guess o let+ter.

END

Figure 83: Draw out thdirst two steps of Hangman as boxes with descriptions.

But the game doesnb6t end after the player gues
the secret word or not.
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Branching from a Flowchart Box

There are two possibilities: the letterisher in the word or no¥ o u &t two new boxes to the
flowchart, one for each case. This creates a branch in the flow chart, as show inHigure 8

START

N T

Come up with a
secre+ word.

1

Ask player +o
quess Q let+ter.

Let+ter is not inli
secre+ word. |!

Letter is in
secre+ word.

I
|
U |
| |
| |

END

Figure 84: The branch has two arrows going to separate boxes.



82  nhttp:/finventwithpython.com

If the letter is in the secret worcheck if the player has guessed all the letters and won the game.
If the |l etter isndét in the secret word, anothe
those cases too.

Youd onnbeted an arrow from the At greri haisnrsacio:

body parts and | oseso box, because itbés i mposs
Itds also impossible to win asyoldoonngd ta sn etehde tpo a

that arrow either. The flow chamow looks like Figure &.

START

—

COme up with @
secred+ word.

4

Ask player +o

quess a Ie++e:t;
Letter s in | Letter s not in
secre+ word.

secret word.

i —— e

’ \
| Player nas quessed all| v M piaver has run ;
! letters and wins. | v )] out of body |1
parts and loses. "

|
[
|
|
|
|
|

Figure 85: After the branch, the steps continue on their separate paths.
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Ending or Restarting the Game

Once the player has won or lost, ask them if they want to play again with a new secret word. If

t he

pl ayer

doesnot

want

up a new secret word. This is shown in Figuré.8

START

COme up with
secre+ word.

)

QSK player +o
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to pl ay

secred word.

L

guess a 'HK
Letter s in

secred word.

Letter

Plaver has 9uessed all

let+ers and wins,

Ask player +o
play 09010.

is Not in

L

Piayer has run
out of body
parts and loses.

END

agalitthinkst he

Figure 86: The flow chart branches when asking the player to play again.

pr o



84  nhttp:/linventwithpython.com

Guessing Again

The player doesn6ét guess a |l etter just once. T
l ose. Youol I draw two new arrows, as shown in
START

Come up wih a
secre+ word.

{

: o L
‘Letter s in Letter s not in|,

1 secre+ word. secret word, _
’
bie
Player has 9uessed all Plaver has run
let+ers and wins, out of body
parts and loses.

Ask player +0 END |
play agamn.

Figure 87: Thenew arrows (outlined) show the player can guess again.
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What if the player guesses the same letter again? Rather than have them win or lose in this case,
allow them to guess a different letter insteadsTfilew box is shown in Figure®

START| @ o,

el ‘
1
¢ Plaver already :
|

Come up with a quessed this letter.
secret+ word.

Q'SK player +o
9u€55 a letter.

secret word. secret word,

A L

Player has guessed all Player has run
letters and wins. out of body

parts and loses.

FAsk player +0
play again.

enD |

Figure 88: Adding a step in case the player guesses a letter they already guessed.

Offering Feedback to the Player

The player needs to know how theydre doing in
hangman board and the secret word (with blanks for the Idtey$iaven't guessed yet). These
visuals will let them see how close they are to winning or losing the game.
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Thisinformationsupdat ed every time the player guesses
bl anks to the player.pbheokComethp Wiow ahsetr &
AAsk player to guess a |l etter-8 boxes. These bo

START

Come up with @
secret word.,

- Player already
Show +he board and 9uessed His letter.
blanks +0 +he player.

=g

Fsk ployer +o
9uess Qa letter.

k Le+ter s in

Letter is not in
secred word. secre+ word,

L L

Player has quessed all Player has run
letters and wins. out of body

parts and loses.

st player +o
play again.

END

Figure 8pY ! RRAY3 a{K2g (KS o062 NR IyR oftlyla G2

That looks good! This flow chart completely psaout everything that can happen in Hangman
and in what order. When you design your own games, a flow chart can help you remember
everything you need to code.
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Summary

It may seem like a lot of work to sketch out a flow chart about the program firet.aft people
want to play games, not look at flowcharts! But it is much easier to make changes and notice
problems by thinking about how the program works before writing the code for it.

If you jump in to write the code first, you may discover problems that require you to change the

code youodove already written. Every time you ch
create new bugs by changing too little or too muctls hhiich better to know what you want to

build before you build it.
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Chapter 9
HANGMAN

Topics Covered In This Chapter:

9 Multi-line Strings

1 Methods

9 Lists

9 Theappend() andreverse() list method

9 Thelower() ,upper() , split () , startswith() , andendswith()  string methods

I Thein andnotin operators

9 Therange() andiist) functions

9 del statements

9 for loops

1 elif statemert

This chapterds game introduces many new concep
these programming concepts in the interactive
functions attached to val ueeopcafedaoblbopandd so | ear

new data type calledlst. Once you understand these concepts, it will be much easier to program
Hangman.

Source Codef Hangman

Thi s «hanp is & hit fonger than the previous games, but much of it is the ASCII art for
the hangman pictures. Enter the following into the file editor and savédingsnan.py

hangman.py
1. import random
2. HANGMANPICS = ["
3
4. +--- +
5 |
6 I
7 |
8 I
9. |
10. =========""
11.
12. -+
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13.

15.
16.
17.
18.
19.
20.
21.
22.
23.

25.
26.
27.
28.
29.
30.
31.
32.
33.

35.
36.
37.
38.
39.
40.
41.
42.
43.

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
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59. words = 'ant baboon badger bat bear beaver camel cat clam cobra cougar
coyote crow deer dog donkey duck eagle ferret fox frog goat goose hawk lion
lizard llama mole monkey moose mouse mule newt otter owl panda parrot pigeon
python rabbit ram rat raven rhino salmon seal shark sheep skunk sloth snake
spider stork swan tiger toad trout turkey turtle weasel whale wolf womba
zebra'.split()

60.

61. def getRandomWord(wordList):

62. # This function returns a random string from the passed list of
strings.

63. wordIndex = random.randint(0, len(wordList) - 1)

64. return wordList[wordIndex]

65.

66. def displayBoard(HANGMANPICS, missedLetters, correctLetters, secretWord):

67. print(HANGMANPICS[len(missedLetters)])

68. print()

69.

70. print('Missed letters:', end="")

71. for letter in missedLetters:

72. print(letter, end="")

73. print()

74.

75. blanks ="' * len(secretWord)

76.

77. for i in range(len(secretWord)): # replace blanks with correctly
guessed letters

78. if secretWord[i] in correctLetters:

79. blanks = blanks[:i] + secretWord[i] + blanks[i+1:]

80.

81. for letter in blanks: # show the secret word with spaces in between
each letter

82. print(letter, end="")

83. print()

84.

85. def getGuess(alreadyGuessed):

86. # Retu rns the letter the player entered. This function makes sure the
player entered a single letter, and not something else.

87. while True:

88. print('Guess a letter.")

89. guess = input()

90. guess = guess.lower()

91. if len(guess) =1

92. print('Please enter a single letter.")

93. elif guess in alreadyGuessed:

94. print("You have already guessed that letter. Choose agaln )

95. elif guess not in 'abcdefghijklmnopgrstuvwxyz'

96. print('Please enter a LETTER.")
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97.
98.
99.
100.
101.

else:
return guess

def playAgain():
# This function returns True if the player wants to play again,

otherwise it returns False.

102. print('Do you want to play again? (yes or no)’)

103. return input().lower().startswith('y")

104.

105.

106. printt(HANG M AN))

107. missedLetters ="

108. correctlLetters ="

109. secretWord = getRandomWord(words)

110. gamelsDone = False

111.

112, while True:

113. displayBoard(HANGMANPICS, missedLetters, correctlLetters, secretWord)
114.

115. # Let the player type in a letter.

116. guess = getGuess(missedLetters + correctLetters)

117.

118. if guess in secretWord:

119. correctLetters = correctLetters + guess

120.

121. # Check if the player has won

122. foundAllLetters = True

123. for i in range(len(secretWord)):

124. if secretWord][i] not in correctlLetters:

125. fo undAllLetters = False

126. break

127. if foundAllLetters:

128. print("Yes! The secret word is ™ + secretWord + ™! You have
won!")

129. gamelsDone = True

130. else:

131. missedLetters = missedLetters + guess

132.

133. # Check if player has guessed too many times and lost

134. if len(missedLetters) == len(HANGMANPICS) - 1
135. displayBoard(HANGMANPICS, missedLetters, correctlLetters,
se cretWord)

136. print("You have run out of guesses! \ nAfter ' +

str(len(missedLetters)) + ' missed guesses and ' + str(len(correctLetters)) +'
correct guesses, the word was ™ + secretWord + ")

137.
138.

gamelsDone = True
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139. # Ask the player if they want to play again (but only if the game is
done).

140. if gamelsDone:

141. if playAgain():

142. missedLetters ="

143. correctLetters = "

144. gamelsDone = False

145. secretWord = getRandomWord(words)

146. else:

147. break

How the Code Works

1. import random

The Hangman program randomly sedsta secret word from a list of secret words. Tdrglom
module will provide this abilityso line limports it

2. HANGMANPICS = ["
3
4. +-—- +
S
6. |
7 I
8 I
9. |
10. =========""
...the rest of the code is too big to show here...

This oneassignment statement stretches dwves 2 to 58 irthe source coddo help you
understand what this colhestringgans, | etds | earn

Multi-line Strings

So far all strings have been on one line and had one quote character at the start and end. However,
if you use three quotes at the stmtl end then the string can go across several lines:

>>> fizz = "'Dear Alice,

| will return to Carol's house at the end of the month. | will see you then.
Your friend,

Bob™

>>> print(fizz)
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Dear Alice,

| will return to Carol's house at the end of the mo nth. | will see you then.
Your friend,

Bob

These arenulti-line strings In a multiline string, the newline characters are included as part of
the string. You\ndsoapécharabter voer teos cuaspee tghueot es as |
use three of #am togetherThis makes the code easier to read for large amounts of text.

Constant Variables

TheHANGMANPICSY a1 i abl eds name is in al/l capitals. Thi
constant variable€onstantsare variables meant to have vatieat rever changegom their

first assignment statememtithough you can change the valugdsNGMANPIC§ust like any other

variable, the altaps name reminds you to not do so. SinceithesMANPICSariable never needs

to changei tnéasked as a constant.

Li ke al/l c 0 n v laveto folow it But fgllowing tthi® coréveéntion makes it easier
for other programmers to read your cotih e y 6 | | HRNGMmANPICSViIH @ways have the
value it was assigned on line 2.

Lists

A list value can contain several other values inside it. Try entering this into the interactive shell:.

>>>spam = [' Life ,* The Universe ' ' Everything ',42 ]
>>> spam
[ 'Life’, "'The Universe', 'Everything’, 42 ]

This list valuein spam containsfour values. When typing the list value into your code, it begins
with a [ square bracket and ends with a ] square brathistis like how strings begin and end
with a quote character.

Commas separate the individual values inside of a list. These valusaoalledtems.

Indexes

Try enteringanimals = [aardvark’, ‘anteater’, 'antelope’, 'albert] into the
interactive shell to store a list in the variakiénals . The square brackedsealso used to access
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an item inside a list. Try enterirgimals[0 ], animals[1] , animals[2] , andanimals[3] into
the interactiveshell to see how they evaluate:

>>> animals = ['aardvark’, ‘anteater’, ‘antelope’, ‘albert']
>>> animals[0]

‘aardvark'

>>> animals[1]

‘anteater’

>>> animals[2]

‘antelope’

>>> animals[3]

‘albert

The number between the square brackets istlex. In Python, the index of the first item in a
listiso. The second item is at indexthe third item is at index, and so on. Because the indexes
begin at 0, not 1, we say that Python listszam-indexed

Lists are good for storing several values without using a variable for each one. Otherwise, the
code would look like this:

>>> animalsl = 'aardvark’
>>> animals2 = 'anteater’
>>> animals3 = 'antelope’
>>> animals4 = 'albert’

This code wouldbe hardo managéf you have hundreds or thousands of strings. But a list can
easily contain any number of values. Using the square brackets, you can treat items in the list just
like any other value. Try enteringimals[0] + animals[2] into the interactive shie

>>> animals[0] + animals[2]
‘aardvarkantelope'

The evaluation looks like this:

animals[0] + animals[2]

3

‘aardvark’ + animals[2]
c

‘aardvark' + 'antelope’
c

‘aardvarkantelope’

IndexError
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I f you try accessing an Indexdt®nthattwhl edgshyos t oo | arg
program. Try entering the followirigto the interactive shell:

>>> animals = ['aardvark’, ‘anteater’, ‘antelope’, ‘albert']
>>> animals[9999]

Traceback (most re cent call last):

File "™, line 1, in

animals[9 999]

IndexError: list index out of range

Changing the Values of List Items with Index Assignment

You can also use the square brackets to change the value of an item in adistefing the
following into the interactive shell:

>>> animals = ['aardvark’, 'anteater’, ‘antelope’, 'albert’]
>>> animals[1] = 'ANTEATER'

>>> animals

['aardvark’, 'ANTEATER', 'antelope’, ‘albert’]

The newANTEATER' string overwrites the second item in thénals list. Soanimals[1 ] will
evaluate to thé i sdcdnd itenin expressionsbut you can also use it on the left side of an
assignment statement to assign a value as thesdcand item.

List Concatenation

You can join lists into one list with theoperator, just like yo can join strings. Joining lists with
the+ operator idist concatenation Try entering the followingnto the interactive shell:

>>>[1, 2, 3, 4] + ['apples’, 'oranges'] + ['Alice’, '‘Bob’]
[1, 2, 3, 4, 'apples’, ‘oranges’, 'Alice’, 'Bob’]

['apples] + [ 'oranges’]  will evaluate tQ'apples’, 'oranges'] . But['apples] +
‘oranges’  Will result in an error. You cannot add a list value and string value instead of two list
values. If you want to add ndist values to a list, use thgpend() method (describeldter).

Thein Operator

Thein operator can tell you if a value is in a list or not. Expressions that use tiperator
return a Boolean valugrue if the value isinthelistangase i f 1t i sndt. Try ent
following into the interactiveshell:

>>> animals = [‘aardvark’, ‘anteater’, ‘antelope’, 'albert']
>>>"antelope’ in animals
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i True

The expressionntelope' in animals returnsTrue because the stringntelope’  is one of
the valuesn theanimals list. It is located at indez.

But if you type the expressicamt' in animals , this will returnFalse because the string
ant doesndt exist in the | ist.

>>> animals = ['aardvark’, ‘anteater’, ‘antelope’, ‘albert']
>>>"antelope’ in animals

True

>>>'ant' in animals

False

Thein operabr also works for stringdt checls if one string exists in another. Try enteyithe
following into the interactive shell

>>> 'hello' in 'Alice said hello to Bob.'
True

Deletingltems from Lists withier Statements

A del statement willdeletean item at certain index from a lisT.ry entering the following into
the interactive shell:

>>>spam = [2, 4, 6, 8, 10]
>>> del spam[1]

>>> spam

[2, 6,8, 10]

Notice that when you deleted the item at index 1, the item that used to be at index 2 became the
new vale at index 1. The item that used to be at index 3 moved to be the new value at index 2.

Everything above thdeletedtem moved down one index.

You can typedel spam[1]  again and again to keep deleting items from the list:

>>>spam =[2, 4, 6, 8, 10]
>>> del spam[1]

>>> spam

[2, 6,8, 10]

>>> del spam[1]

>>> spam

[2, 8, 10]

>>> del spam[1]

>>> spam
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| [2,10]

Thedel st at ement is a statement, not a functio
evaluate to a return value.

Lists of Lists

Lists cancontain other valugsncluding otherlists Let 6 s say you have a
chores, and a list of your favorite pies. You can put all three lists into another list. Try entering
the followinginto the interactive shell:

>>> groceries = [ 'eggs’, 'milk’, 'soup’, ‘apples’, 'bread]

>>> chores = ['clean’, 'mow the lawn’, 'go grocery shopping’]

>>> favoritePies = ['apple’, 'frumbleberry’]

>>> listOfLists = [groceries, chores, favoritePies]

>>> [istOfLists

[['eggs', 'milk’, 'soup’, 'apples’, 'b read], [‘clean’, 'mow the lawn’, 'go
grocery shopping', ['apple’, 'frumbleberry]]

To get an item inside the list of lists, you would use two sets of square brackets like this:

listOfLists[1][2] which would evaluate to the strirg grocery shopping'
This is becauskstOfLists[1] [2] evaluates t(clean', 'mow the lawn’, 'go grocery
shopping[2] . That finally evaluates t@o grocery shopping'
listOfLists[1][2]
d

[['eggs', 'milk', 'soup', ‘apples', 'bread?, [‘clean’, 'mow the lawn', 'go
grocery shopping?, ['apple’, ‘frumbleberry][1][2]
c
[‘clean’, 'mow the lawn', 'go grocery shopping'[2]
3
‘go grocery shopping'

Figure 91 is another example of a list of lists, along with some of the indexes that point to the
items. The arrows point to indexes of the inner lists themselves. The image is also flipped on its
side to make it easier to read.

Methods

Methods are functions attached to a value. For example, all string values haee)a
method, which returns a copy of thieing value in lowercase. You can call it like
'Hello'.lower() , Which returnghellor . You cannot callbbwer() by itself and you do not
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pass a string argumentitover()

http://inventwithpython.com

(as inlower(Hello")

). You must attach the method call to a
specific string value liigg a period. The next section describes string methods further.

‘07l]

‘0z

oo o

x[0][1]

£ x[0][2]

| I:| | |
= _ ™~ - - x[1]
= < < < R !l || ”I
S Ao = TR = x[1][2]
e B e B 1 1 b
>SS poo oSS = ST <2
{I— [ I— [ I— I — Iy I ol
4 = k4 o4 o b
[[10, 20, 301, [3, 2, 1], [&, 8, B, 8], [42]] e x[2][1]
= x[2][2]
= x[2][3]
— x| 3
§m3 o [3]
Figure 91: The indexes of a list of lists.
ThEIower() andupper() Strlng Methods

Try enteringHello world!'.lower() into the interactive shell to see an example of this

method:

>>> 'Hello world ! "lower()

'hello world!"

method for strings, which returns a string with all the characters in
I"upper()  into the interactive shell:

There is also ampper()
uppercase. Try enteringello world

>>> 'Hello world ! ".upper()

'HELLO WORLD!'
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Because theupper() method returns a string, you can call a method on that string also. Try
enteringHello world!".upper().lower() into the interactive shell:

>>> 'Hello world ! ".upper().lower()
‘hello world!

'Hello world!".upper() evaluates to the stringeL LO WORLD!", and then stringiswer()
methodis called This returns the stringello world! , which is the final value in the
evaluation.

'Hello world ! ".upper().lower()

<
'HELLO WORLD!".lower()

<

'hello world I

The order is importantdelio world!".lower().upper() i snbt tHeto Same as
world!".upper().lower()

>>> 'Hello world !'"lower().upper()
'HELLO WORLDY'

Thatevaluation looks like this:

‘Hello world !"lower().upper()

c
‘hello world I .upper()

<
'HELLO WORLD!'

If a string is stored in a variable, you can call a string method on that variable. Look at this
example:

>>> spam = 'Hello world I
>>> spam.upper()
'HELLO WORLD

This does not change the valuespam. Thespam variable will still containHello world!

Note that the integer and fl oat data types

don
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ThEreverse() and append() List Methods

The list data type also has methods. Eerse () method will reverse the order of the items in
the list. Try enteringpam =11, 2, 3, 4, 5, 6, 'meow’, 'woof'] , and then
spam.reverse()  to reverse the list. Then entpam to view the contents of the variable.

>>>spam = [1, 2, 3, 4, 5, 6, 'meow’, 'wWoo f]
>>> spam.reverse()

>>> spam

[woof', 'meow, 6, 5, 4, 3, 2, 1]

The most common | iagpénd)m@&hishmetdod wilbaddthe value yo@ pass s
as an argument to the end of the list. Try entering the following into the interactive shell:

>>> eggs =]

>>> eggs.append(‘hovercraft')
>>> eggs

['hovercraft']

>>> eggs.append(‘eels’)

>>> eggs

[hovercraft', 'eels']

>>> eggs.append(42)

>>> eggs

[hovercraft', 'eels', 42]

These methods do change the | i stist Webagthatar e
these methods change the iisplace

Thespiry  List Method

Line 59 is a long line of code, but it is really just a simple assignment statement. This line also
uses theplit)  method, which is a method for the string data type likeotlee() and
upper() methods.

59. words = 'ant baboon badger bat bear beaver camel cat clam cobra cougar
coyote crow deer dog donkey duck eagle ferret fox frog goat goose hawk lion

lizard llama mo le monkey moose mouse mule newt otter owl panda parrot pigeon
python rabbit ram rat raven rhino salmon seal shark sheep skunk sloth snake

spider stork swan tiger toad trout turkey turtle weasel whale wolf wombat

zebra'.split()
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This assignment statement hiast one long string, full of words separated by spaces. And at the

end of the strings asplit() methodcall. Thesplit() method evaluates to a list with each

word in the string as a single |list item.
It is easier to type the code uskgt() . If you created it as a list to begin witlgu would

have to typefant , ‘baboon’, ‘badger’, ... and so on, with quotes and commas for every
word.

For example, try enterintpe followinginto the interactive shell:

>>> sentence = input()

My very energetic mother just served us nachos.

>>> sentence.split()

['My', ‘very', 'energ etic', 'mother’, 'just’, 'served’, 'us', 'nachos.]

The result is a list of nine strings, one string for each of the words in the original string. The
spaces are not included in any of the items in the list.

You can also add your own words to the strindonne 59, or remove any

the game. Just make sure that spaces separate the words.
How the Code Works

Line 61 defines thgetRandomword() function A list argument will be passed for itgrdList
parameterThis function will return aingle secret word from the list wordList

61. def getRandomWord(wordList):

62. # This function returns a random string from the passed list of
strings.

63. wordIndex = random.randint(0, len(wordList) - 1)

64. return wordList[wordIndex]

Line 63 storea random index for this list in therdindex variable.You do this by calling
randint)  with two arguments. The first argumenbigfor the first possible indexgnd the

second argument is the value that the expressigrordList) - 1 evaluates tdfor the last

possible index in aordList ).

List indexesstart at, not1. If youhavea list of three items, the index of the first iteno jshe
index of the second item is andthe index of the third item & The length of this list is 3, but
the index3 would be after the last index. This is why line 63 subtracts 1 from the I&rgth.
code on line 63 will work no matter what the sizevafiList is. Now you can add or remove

strings towordList if you like.

The

you
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Thewordindex variable will be set to a random index for the list passed agothist
parameterLine 64will return the element inordList  at the integer index storedwardindex .

Let 0s [@ppleedamyd) dlape] was passed as the argumingetRandomword()
and thatandint(0, 2) returned the integer. That would mean that line 64 wowddaluate to
return wordList[2] , and therevaluate toeturn ‘grape’ . This is how th@etRandomword()

returns a random string in therdList  list.

So theinput togetRandomword() is a list of strings, and the return value output is a randomly
selected strinfrom that list. This will be useful for the Hangman gatmeelect a secret word for
the player to guess

Displaying the Board to the Player

Next, youneed a function to print the hangman board on the screen. It will also display how
many letters the player has correctly (and incorrectly) guessed.

66. def displayBoard(HANGMANPICS, missedLetters, correctLetters, secretWord):
67. printf(HANGMANPICS[le n(missedLetters)])
68. print()

This code defines a new function naniéglayBoard() . This function has four parameters:

1 HANGMANPICS A list of multi-line strings that will display the board as ASCIl art. (The
globalHANGMANPICSariable will be passed for this parameter.)

1 missedLetters - A string of the letters the player has guessed that are not in the secret
word.

9 correctLetters - A string of the letters the player has guessed that are in the secret
word.

9 secretword T A stringof the secret word that the player is trying to guess.

The firstprint)  functioncall will display the boarddANGMANPICSvill be a list of strings for
each possible board ANGMANPICS[0] shows an empty gallowsANGMANPICS[1] shows the head
(when the player misses one lettelANGMANPICS[2] shows a head and body (when the player
misses two letters), and so on URINGMANPICS[6] Which shows the full hangman.

The number of letters imissedLetters  will reflect how many incoect guesses the player has
made. Callen(missedLetters) to find out this number. So, ifissedLetters  iS'aetr  then
len(aetr' ) will return 4. PrintingHANGMANPICS[4] will display the appropriate hangman board
for 4 misses. This is whalaANGMANPICS[len(missedLetters)] on line 67evaluates to.
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70. print('Missed letters:', end="")
71. for letter in missedLetters:
72. print(letter, end="")
73. print()
Line 70 prints the stringyissed letters:' with a space character at the endead of a

newline. Remember that the keyword argument'*  uses onlyone = sigr(like =), not two
(like ==).

Line 71 is a new type of loop, calledoa loop. Afor loop often uses theange() function.
Both are explained in the next two sections.

Therange() and list() Functions

When called with one argumenringe() will return a range object of integers franup to (but
not including) the argument. This range object can be converted to the more familiar list data type
with thelist) ~ function. Try enteringjst(range(10)) into the interactive shell:

>>> [ist(range(10))
[0,1,2,3,4,56,7,8,9
>>> list('Hello")

Thelist() ~ function is similar to thewr() orint() functiors. Ittakes the valu@ is passdand
returnsa | i st . It 6s easy tawe)g Rncton ary enterimguige | i st s wi
list(range(10000)) into the interactive shell:

>>> list(range(10000))
[0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,...
...skipped for brevity. "
...9989, 9990, 9991, 9992, 9993, 9994, 9995, 9996, 9997, 9998, 9999]

The list is so huge, thatwt o neden all fit onto the screen. But you can store the list into a
variable:

>>> spam = list(range(10000))

If you pass twontegerarguments teange() , therange objecit returns is from the firghteger
argument up to (but not including) the secomdgerargument. Try enteringt(range(10,
20)) into the interactive shell:

>>> list(range(10, 20))
[10, 11, 12, 13, 14, 15, 16, 17, 18, 19]
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Therange( ) functionis often used ior loops,which are much like thehile loopsy o u 6 v e
already seen

for LOOPS

Thefor loop is useful for loopig over a list of values. This is different from thile loop,
which loops as long as a certain conditiofmrig . A for statemenbegins with théor keyword
followed by a new variable name, followed by thekeyword, followed by a iterable valugand
ending with a colon.

An iterable is a value of the list, range, or string data types. There are also othepekathdy
are considered iterables which will be introduced later.

Each time the program execution iterates through the loop the new variabléin gtaetement
is assignedhe value of the next item in the list.

>>> for i in range(5):
print('i is setto ' + str(i))

iissetto0
iissetto 1
iissetto 2
iissetto3
iis setto 4

The range object returned kyge(5) is equivalent to the ligo, 1, 2, 3, 4] in afor
statementThe first time the execution goes through the codberor -block, the variable will
be set tm. On the next iteration, will be set to1, and so on.

Thefor statemenautomatically converts the range object returnechtye() into a list, so
t h e noméed fofist(range(  5)) in thefor statement. Just usenge( 5).

Lists and strings are al#®rabledata type. You can use them far statemerd. Try entering
the followinginto the interactive shell:

>>> for thing in ['cats’, 'pasta’, ‘programming’, 'spam']:
print(’l really like ' + thing)

| really like cats
| really like pasta
| really like programming
| really like spam

>>> for i in 'Hello":
print(i)
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Awnile Loop Equivalent of & Loop

Thefor loop is similar to thevhile loop, but when you only need to iterate over items in a list,
using afor loop is much less code to typknis isawhile loop that acts the same the previous
for loop by adding extra code:

>>> jterableVal = ['cats', 'pasta’, ‘programming’, ‘'spam’]
>>> index =0
>>> while (index < len( iterableVal )):
thing = iterableVal [index]
print('l really like ' + thing )

index = index + 1

| really like cats

| really like pasta

| really like programming
| really like spam

But using theor statemenautomatically does this extra code and makes programming easier
sinceyou have less to type.

The rest of thelisplayBoard() function displays the missed letters and creates the string of the
secret word with all thaot yetguessed letters asalks.

70. print('Missed letters:', end="")
71. for letter in missedLetters:
72. print(letter, end="")

73. print()

Thefor loop on line 71 will iterate over each character inntitgedLetters  string and print
them on the screen. Remember thatktie'*  will replace the newline character that is printed
after the string with a single space character.

For example, ifnissedLetters ~ was'ajiw'  thisfor loop would display jtw
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Slicing

Listdicingcr eat es a new | ist value with a subset
indexes (the beginning and emd}h a colon in the square brackets after a list. For example, try
entering the following into the interactive shell:

>>>spam=[a pples', 'bananas', 'carrots’, 'dates']
>>> spam[1:3]
[bananas', 'carrots’]

The expressiospam[ 1: 3] evaluates to a list with items from indexip to (but not including)
index3 in spam.

If you leave out the first index, Python will automatically thinkiyeant indexo for the first
index:

>>> spam = [‘apples’, 'bananas', 'carrots’, 'dates']
>>> spam[:2]
['apples', 'bananas']

If you leave out the second index, Python will automatically think you want the rest of the list:

>>> spam = [‘apples’, 'bananas’, ' carrots', 'dates']
>>> spam([2:]
[‘carrots', 'dates']

Slicing is a simple way to get a subset of the items in a list. You use slices with strings in the
same way you use them with lists. Each character in the string is like an item in the list. Try
enteringthe following into the interactive shell:

>>> myName = 'Zophie the Fat Cat'
>>> myName[4:12]

‘ie the F'

>>> myName[:10]

'Zophie the'

>>> myName[7:]

‘the Fat Cat'

The next part of the code in Hangman uses slicing.
Displaying the Secret Word with Blanks

Now you want code to print the secret word, but with blank lines for the letters that have not been
guessed. You can use the _ character (called the underscore character)Hiostthigate a
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string with nothing but one underscore for each letterdrsdtret word. Then replace the blanks
for each letter irorrectLetters

So if the secret word waster  then the blanked out string would be ' (five _
characters). l€orrectLetters was the stringt  you would change the string tax_r'
Line 75 to 79 is the code that does that.

75. blanks ="_' * len(secretWord)

Line 75 creates thgtanks variable full of _ underscores using string replication. Remember that

the* operator can also be used on a string and an integer, so the expressios evaluates to
", This will make sure thatanks has the same number of underscoresastword

has letters.

77. for i in range(len(secretWord)): # replace blanks with correctly
guessed letters

78. if secretWord[i] in correctLett ers:

79. blanks = blanks[:i] + secretWord[i] + blanks[i+1:]

Line 77 has @r loop to go through each letterdecretword and replace the underscore with
the actual letter iit exists incorrectLetters

For example, etend the value ckcretword iS'otter  and the value iRorrectLetters is

t . Youwouldwantthestringtr di spl ayed to the player. Letd
this string.

L i n e len{sétréVveord) call would returrs. Therange(len(secretWord)) call becomes

ran ge(5) , which makes th&r loop iterate oveo, 1, 2, 3, and4.

Because thegalue ofi will take on each value [n, 1, 2, 3, 4] , thecode in thdor loop is
the same as this:

if secretWord[0] in correctLetters:
blanks = blanks[:0] + secretWord[0] + b lanks[1:]

if secretWord[1] in correctLetters:
blanks = blanks[:1] + secretWord[1] + blanks[2:]

if secretWord[2] in correctLetters:
blanks = blanks[:2] + secretWord[2] + blanks[3:]

if secretWord[3] in correctLetters:
blanks = blanks[:3] + sec retWord[3] + blanks[4:]
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if secretWord[4] in correctLetters:
blanks = blanks[:4] + secretWord[4] + blanks[5:]

If you are confused as to what the value of somethingdiéetword[0]  oOr blanks[3] is, then
look at Figure 2. It shows the value of thecretword andblanks variables, and the index for
each letter in the string.

blanks

secretWord o t t e r

L] 1 2 3 4

Figure 92: The indexes of theanks andsecretword strings.

If you replace theist slices and the list indexes with the values that they represent, the loop code
would be the same as this:

if '0"in 'tr": # False
blanks =" +'0' +"

if 't"in 'tr": # True
blanks =" "+t +'
if 't"in 'tr": # True

blanks =" t'+'t'+' '

if 'e"in 'tr": # False
blanks ="' tt'+'e' +" '

if'r'in 'tr'; # True
blanks =" tt "+'r+"

# This line is skipped.

# This line is

executed.

# This line is executed.

# This line is skipped.

# This line is executed.

# bla nks now has the value ' tt r'

The above code axples all do thesame thingvhensecretword iS'otter  and
correctLetters is'tr . The next few lines of ateprintthe new value oflanks with spaces
between each letter.
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81. for letter in blanks: # sh ow the secret word with spaces in between
each letter

82. print(letter, end="")

83. print()

DSG GKS tflFaSNRa DdzSaa

ThegetGuess() function will be calledso thathe playercan enter letter to guess. The function
returns the letter the plar guessed as a string. FurthyerGuess() will make sure that the
player types a valid letter before returning from the function.

85. def getGuess(alreadyGuessed):
86. # Returns the letter the player entered. This function makes sure the
player entered a single letter, and not something else.

A string of the letters the player has guessed is passed as the argumentifeidiiGessed
parameterThenthegetGuess() functionasks the player to guess a single letter. This single
letter will begetGuess) 6 s retwrn val ue

87. while True:

88. print('Guess a letter.")
89. guess = input()

90. guess = guess.lower()

Li n e whBe7l60pwill keep asking the player for a letter until they enter text that is:
1. Asingle letter
2. A letter they have not guessed previously.

The condition for thevhile loop is simply the Boolean valueue . That means the only way
execution will ever leave this loop is by executingeak statemenfwhich leaves the loop) or a
return  Statement (wich leavesot just the loop buhe entire function).

The code inside the loop asks the player to enter a letter, which is stored in the yagiablé
the player entered a capitalized letter, it willdwerwritten with a&o lowercaséetteron line90.

at 0G9fasS LTFE&0 {GF0SYSy(a

The next part of the Hangman program ugies statementsyou can think oklif el s e |
statements as saying fAlf this is true, do
none of them are true,dohi s | ast thing. 0

f o
t hi

S
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Take a look at the following code:

if catName == 'Fuzzball":
print("Your cat is fuzzy.")
elif catName == 'Spots'
print("Your cat is spotted.")
else:
print("Your cat is not fuzzy or spotted  .")

If the catName variable is qual to the stringFuzzball’ ,thenthef st at ement 6 s condi

True andthe if-blocktellsthe user thatheir cat is fuzzy. However, if this condition false ,

then Pythontriestheif ( iel se i f 0) st at eamanais'dpas ¢themthé t i

"Your cat is spotted.' string is printed to the screen. If both astse , thenthe coddells
the user t hespottedat i sndt fuzzy

You can have as maryf statements as you want:

if catName == "Fuzzball":
print("Your cat is fuzzy.")
elif catName == 'Spots'
print("Your cat is spotted.")
elif catName == 'Chubs'
print("Your cat is chubby.")
elif catName == "Puff'
print("Your cat is puffy.")
else:
print("Your cat is neither fuzzy nor spotted nor chubby nor puffy.")

When one of thelif conditions isTrue , its code is executed and then execution jumps to the
first line past the elsblock. Soone and aly oneof the blocks in thif -elif -else Statemerg

will be executed. You can also leave off e -block if you dan 6 t oneg andijust have -

el if statemerd

Making Sure the Player Entered a Valid Guess

91. if len(guess) != 1:

92. print('Please enter a single letter.")

93. elif guess in alreadyGuessed:

94. print("You have already guessed that letter. Choose again.")
95. elif guess not in 'abcdefghijkimnopgrstuvwxyz':

96. print('Please enter a LETTER.")

97. else:

98. return guess

Post questions to http://invpy.com/forum
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Theguess variablecormi ns pl ayerd6s | etter guess. The prog
a valid guessone and only one lowercase letter. If they didh&, executiorshould loop back
and ask therfor a letteragain.

Line 916s c o guadsi i$ notome chatacea k 4 oinfg . Line 936s condi
guess already exists inside thireadyGuessed v ar i abl e. Li ne O9gbefsds condi t
not a lowercase letter.

If all of these conditions amalse ,thenthelse st at ement 6 s bgegetauesd) execut es
returns the value iguess on line 98.

Remember, only onef the blocks inf -elif -else statements will be executed.

Asking the Player to Play Again

100. def playAgain():

101. # This function returns True if the player wants to play again,
otherwise it r eturns False.

102. print('Do you want to play again? (yes or no)’)

103. return input().lower().startswith('y")

TheplayAgain()  function has just @rint()  functioncall and aeturn  statement. Theeturn
statement has an expression that looks complicategipbwan break it dowrtd e r a giep by
step look at how Python evaluates this expression if the user types in YES.

input().lower().startswith('y")

<
'YES'.lower().startswith('y")
c
'yes'.startswith('y")
<

True

The point of thevlayAgain()  function is to let the player type in yes or no to tell the program if

they want to play another round of Hangmahe player should be able to type SHes, Y, or
anything el se that begi ndftheyplalyentypasimMYES, thentheor der
return value ofnput()  is the stringvyEs' . And'YES'.lower() returns the lowercase version of

the attached string. So the return valueres '.lower() iS 'yes'

But t her eds t h etartswih(@)o n d. Thissfundtiandetusuke if the
associated string begins with the string parameter between the parenthesese arfdt
doesndt . Th eyesstetdwithi(y)n Vv alilsTrue. o f
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Now you have evaluated this expression! What it does is let the player type in a response,
lowercases the response, checks if it begins with the lettethen returngrue if it does and
False i f it doesnobt.

On a side notd, h e also @ sndswith(s omeString)  string method that will returmrue if the
string ends with the string someString andralse i f i t endswiti®)s ns&adrt.of like the
opposite obtartswith()

Review of the Hangman Functions

That é6s all the f unhisgamelnest dwe ragwi ew etahém:g f or t

9 getRandomword(wordList)  will take a list of strings passed to it, and return one string
from it. That is howa word is chosefor the player to guess.

9 displayBoard(HANGMANPICS, missedLetters, correctLetters, secretWord) will
show the current state of the board, including how much of the secret word the player has
guessed so far and the wrong letters the player has guessed. This function needs four
parameters passed to work correciyNGMANPICSs a list of strings thatold the ASCII
art for each possible hangman boartdrectLetters andmissedlLetters  are strings
made up of the letters that the player has guessed that are in and not in the secret word
respectively And secretword  is the secret word the player is trgito guess. This
function has no return value.

I getGuess(alreadyGuessed) takes a string of letters the player has already guessed and
wi || keep asking t he ampalyauyseed .)Thisfuncdon!| et t er t h
returns the string of thealid letter the player guessed.

1 playAgain() is a function that asks if the player wants to play another round of
Hangman. This function returmaue if the player doesamnehise i f t he pl ayer do

After the functiongs the code for the main part of theogramat line 106. Everything previous
was just function definitions and a large assignment statememtf@MANPICS

Setting Up the Variables

106. print(HANGMANY)

107. missedLetters ="

108. correctLetters ="

109. secretWord = getRandomWord(words)
110. gamelsDone = False
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