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Python2.0(#4,Dec122000,19:19:57)
[GCC2.95.220000220(DebianGNU/Linux)]onlinux2
Type"copyright","credits"or"license"formoreinformation.
IDLE0.6--pressF1forhelp
>>>

The>>>isPythonwayoftellingyouthatyouareininteractivemode.Ininteractivemodewhatyoutypeisimmedi-
atelyrun.Trytyping1+1in.Pythonwillrespondwith2.InteractivemodeallowsyoutotestoutandseewhatPython
willdo.IfyoueverfeelyouneedtoplaywithnewPythonstatementsgointointeractivemodeandtrythemout.

1.4CreatingandRunningPrograms

GointoIDLEifyouarenotalready.GotoFilethenNewWindow.Inthiswindowtypethefollowing:

print"Hello,World!"

Firstsavetheprogram.GotoFilethenSave.Saveitas‘hello.py’.(Ifyouwantyoucansaveittosomeother
directorythanthedefault.)Nowthatitissaveditcanberun.

NextruntheprogrambygoingtoEditthenRunscript.ThiswilloutputHello,World!onthe
*PythonShell*window.

Confusedstill?TrythistutorialforIDLEathttp://hkn.eecs.berkeley.edu/dyoo/python/idleintro/index.html

1.5UsingPythonfromthecommandline

Ifyoudon’twanttousePythonfromthecommandline,youdon’thavetoo,justuseIDLE.Togetintointeractive
modejusttypepythonwithoutanyarguments.Torunaprogramcreateitwithatexteditor(Emacshasagood
pythonmode)andthenrunitwithpythonprogramname.
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CHAPTER

ONE

Intro

1.1 First things first

So, you’ve never programmed before. As we go through this tutorial I will attempt to teach you how to program.
There really is only one way to learn to program. You must read code and write code. I’m going to show you lots of
code. You should type in code that I show you to see what happens. Play around with it and make changes. The worst
that can happen is that it won’t work. When I type in code it will be formatted like this:

##Python is easy to learn
print "Hello, World!"

That’s so it is easy to distinguish from the other text. To make it confusing I will also print what the computer outputs
in that same font.

Now, on to more important things. In order to program in Python you need the Python software. If you don’t
already have the Python software go to http://www.python.org/download/ and get the proper version for your platform.
Download it, read the instructions and get it installed.

1.2 Installing Python

First you need to download the appropriate file for your computer from http://www.python.org/download. Go to the 2.0
link (or newer) and then get the windows installer if you use Windows or the rpm or source if you use Unix.

The Windows installer will download to file. The file can then be run by double clicking on the icon that is downloaded.
The installation will then proceed.

If you get the Unix source make sure you compile in the tk extension if you want to use IDLE.

1.3 Interactive Mode

Go into IDLE (also called the Python GUI). You should see a window that has some text like this:
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CHAPTER

TWO

Hello,World

2.1Whatyoushouldknow

YoushouldknowhowtoeditprogramsinatexteditororIDLE,savethemtodisk(floppyorhard)andrunthemonce
theyhavebeensaved.

2.2Printing

ProgrammingtutorialssincethebeginningoftimehavestartedwithalittleprogramcalledHello,World!Sohereitis:

print"Hello,World!"

Ifyouareusingthecommandlinetorunprogramsthentypeitinwithatexteditor,saveitas‘hello.py’andrunitwith
“pythonhello.py”

OtherwisegointoIDLE,createanewwindow,andcreatetheprogramasinsection1.4.

Whenthisprogramisrunhere’swhatitprints:

Hello,World!

NowI’mnotgoingtotellyouthiseverytime,butwhenIshowyouaprogramIrecommendthatyoutypeitinandrun
it.IlearnbetterwhenItypeitinandyouprobablydotoo.

Nowhereisamorecomplicatedprogram:

print"JackandJillwentupahill"
print"tofetchapailofwater;"
print"Jackfelldown,andbrokehiscrown,"
print"andJillcametumblingafter."

Whenyourunthisprogramitprintsout:

JackandJillwentupahill
tofetchapailofwater;
Jackfelldown,andbrokehiscrown,
andJillcametumblingafter.

3

2.5Examples

Eachchapter(eventually)willcontainexamplesoftheprogrammingfeaturesintroducedinthechapter.Youshouldat
leastlookoverthemseeifyouunderstandthem.Ifyoudon’t,youmaywanttotypetheminandseewhathappens.
Messaroundthem,changethemandseewhathappens.

Denmark.py

print"Something’srotteninthestateofDenmark."
print"--Shakespeare"

Output:

Something’srotteninthestateofDenmark.
--Shakespeare

School.py

#ThisisnotquitetrueoutsideofUSA
#andisbasedonmydimmemoriesofmyyoungeryears
print"FirstishGrade"
print"1+1=",1+1
print"2+4=",2+4
print"5-2=",5-2
print
print"ThirdishGrade"
print"243-23=",243-23
print"12*4=",12*4
print"12/3=",12/3
print"13/3=",13/3,"R",13%3
print
print"JuniorHigh"
print"123.56-62.12=",123.56-62.12
print"(4+3)*2=",(4+3)*2
print"4+3*2=",4+3*2
print"3**2=",3**2
print

Output:

6Chapter2.Hello,World



When the computer runs this program it first sees the line:

print "Jack and Jill went up a hill"

so the computer prints:

Jack and Jill went up a hill

Then the computer goes down to the next line and sees:

print "to fetch a pail of water;"

So the computer prints to the screen:

to fetch a pail of water;

The computer keeps looking at each line, follows the command and then goes on to the next line. The computer keeps
running commands until it reaches the end of the program.

2.3 Expressions

Here is another program:

print "2 + 2 is", 2+2
print "3 * 4 is", 3 * 4
print 100 - 1, " = 100 - 1"
print "(33 + 2) / 5 + 11.5 = ",(33 + 2) / 5 + 11.5

And here is the output when the program is run:

2 + 2 is 4
3 * 4 is 12
99 = 100 - 1
(33 + 2) / 5 + 11.5 = 18.5

As you can see Python can turn your thousand dollar computer into a 5 dollar calculator.

Python has six basic operations:

Operation Symbol Example
Exponentiation ** 5 ** 2 == 25
Multiplication * 2 * 3 == 6
Division / 14 / 3 == 4
Remainder % 14 % 3 == 2
Addition + 1 + 2 == 3
Subtraction - 4 - 3 == 1

Notice that division follows the rule, if there are no decimals to start with, there will be no decimals to end with. (Note:
This will be changing in Python 2.3) The following program shows this:

4 Chapter 2. Hello, World

print "14 / 3 = ",14 / 3
print "14 % 3 = ",14 % 3
print
print "14.0 / 3.0 =",14.0 / 3.0
print "14.0 % 3.0 =",14 % 3.0
print
print "14.0 / 3 =",14.0 / 3
print "14.0 % 3 =",14.0 % 3
print
print "14 / 3.0 =",14 / 3.0
print "14 % 3.0 =",14 % 3.0
print

With the output:

14 / 3 = 4
14 % 3 = 2

14.0 / 3.0 = 4.66666666667
14.0 % 3.0 = 2.0

14.0 / 3 = 4.66666666667
14.0 % 3 = 2.0

14 / 3.0 = 4.66666666667
14 % 3.0 = 2.0

Notice how Python gives different answers for some problems depending on whether or not there decimal values are
used.

The order of operations is the same as in math:

1. parentheses ()

2. exponents **

3. multiplication *, division \, and remainder %

4. addition + and subtraction -

2.4 Talking to humans (and other intelligent beings)

Often in programming you are doing something complicated and may not in the future remember what you did.
When this happens the program should probably be commented. A comment is a note to you and other programmers
explaining what is happening. For example:

#Not quite PI, but an incredible simulation
print 22.0/7.0

Notice that the comment starts with a #. Comments are used to communicate with others who read the program and
your future self to make clear what is complicated.

2.4. Talking to humans (and other intelligent beings) 5



FirstishGrade
1+1=2
2+4=6
5-2=3

ThirdishGrade
243-23=220
12*4=48
12/3=4
13/3=4R1

JuniorHigh
123.56-62.12=61.44
(4+3)*2=14
4+3*2=10
3**2=9

2.6Exercises

Writeaprogramthatprintsyourfullnameandyourbirthdayasseparatestrings.

Writeaprogramthatshowstheuseofall6mathfunctions.

2.6.Exercises7

Variablesstoredata.Thevariablesintheaboveprogramarea,b23,first_name,b,andc.Thetwobasictypes
arestringsandnumbers.Stringsareasequenceofletters,numbersandothercharacters.Inthisexampleb23and
first_namearevariablesthatarestoringstrings.Spam,Bill,a+bis,andfirst_nameisarethestrings
inthisprogram.Thecharactersaresurroundedby"or’.Theothertypeofvariablesarenumbers.

Okay,sowehavetheseboxescalledvariablesandalsodatathatcangointothevariable.Thecomputerwillseealine
likefirst_name="Bill"anditreadsitasPutthestringBillintothebox(orvariable)first_name.Later
onitseesthestatementc=a+banditreadsitasPuta+bor123.4+432or555.4intoc.

Hereisanotherexampleofvariableusage:

a=1
printa
a=a+1
printa
a=a*2
printa

Andofcoursehereistheoutput:

1
2
4

Evenifitisthesamevariableonbothsidesthecomputerstillreadsitas:Firstfindoutthedatatostoreandthanfind
outwherethedatagoes.

OnemoreprogrambeforeIendthischapter:

num=input("TypeinaNumber:")
str=raw_input("TypeinaString:")
print"num=",num
print"numisa",type(num)
print"num*2=",num*2
print"str=",str
print"strisa",type(str)
print"str*2=",str*2

TheoutputIgotwas:

TypeinaNumber:12.34
TypeinaString:Hello
num=12.34
numisa<type’float’>
num*2=24.68
str=Hello
strisa<type’string’>
str*2=HelloHello

Noticethatnumwasgottenwithinputwhilestrwasgottenwithraw_input.raw_inputreturnsastring
whileinputreturnsanumber.Whenyouwanttheusertotypeinanumberuseinputbutifyouwanttheuserto
typeinastringuseraw_input.

Thesecondhalfoftheprogramusestypewhichtellswhatavariableis.Numbersareoftypeintorfloat(which

10Chapter3.WhoGoesThere?



8

CHAPTER

THREE

Who Goes There?

3.1 Input and Variables

Now I feel it is time for a really complicated program. Here it is:

print "Halt!"
s = raw_input("Who Goes there? ")
print "You may pass,", s

When I ran it here is what my screen showed:

Halt!
Who Goes there? Josh
You may pass, Josh

Of course when you run the program your screen will look different because of the raw_input statement. When
you ran the program you probably noticed (you did run the program, right?) how you had to type in your name and
then press Enter. Then the program printed out some more text and also your name. This is an example of input. The
program reaches a certain point and then waits for the user to input some data that the program can use later.

Of course, getting information from the user would be useless if we didn’t have anywhere to put that information and
this is where variables come in. In the previous program s is a variable. Variables are like a box that can store some
piece of data. Here is a program to show examples of variables:

a = 123.4
b23 = ’Spam’
first_name = "Bill"
b = 432
c = a + b
print "a + b is", c
print "first_name is", first_name
print "Sorted Parts, After Midnight or",b23

And here is the output:

a + b is 555.4
first_name is Bill
Sorted Parts, After Midnight or Spam

9



areshortfor’integer’and’floatingpoint’respectively).Stringsareoftypestring.Integersandfloatscanbe
workedonbymathematicalfunctions,stringscannot.Noticehowwhenpythonmultiplesanumberbyaintegerthe
expectedthinghappens.Howeverwhenastringismultipliedbyaintegerthestringhasthatmanycopiesofitadded
i.e.str*2=HelloHello.

3.2Examples

Ratetimes.py

#Thisprogramscalculatesrateanddistanceproblems
print"Inputarateandadistance"
rate=input("Rate:")
distance=input("Distance:")
print"Time:",distance/rate

Sampleruns:

>pythonrate_times.py
Inputarateandadistance
Rate:5
Distance:10
Time:2
>pythonrate_times.py
Inputarateandadistance
Rate:3.52
Distance:45.6
Time:12.9545454545

Area.py

#Thisprogramcalculatestheperimeterandareaofarectangle
print"Calculateinformationaboutarectangle"
length=input("Length:")
width=input("Width:")
print"Area",length*width
print"Perimeter",2*length+2*width

Sampleruns:

>pythonarea.py
Calculateinformationaboutarectangle
Length:4
Width:3
Area12
Perimeter14
>pythonarea.py
Calculateinformationaboutarectangle
Length:2.53
Width:5.2
Area13.156
Perimeter15.46

3.2.Examples11

a=1
s=0
print’EnterNumberstoaddtothesum.’
print’Enter0toquit.’
whilea!=0:

print’CurrentSum:’,s
a=input(’Number?’)
s=s+a

print’TotalSum=’,s

ThefirsttimeIranthisprogramPythonprintedout:

File"sum.py",line3
whilea!=0

ˆ
SyntaxError:invalidsyntax

Ihadforgottentoputthe:afterthewhile.Theerrormessagecomplainedaboutthatproblemandpointedoutwhere
itthoughttheproblemwaswiththeˆ.AftertheproblemwasfixedherewaswhatIdidwiththeprogram:

EnterNumberstoaddtothesum.
Enter0toquit.
CurrentSum:0
Number?200
CurrentSum:200
Number?-15.25
CurrentSum:184.75
Number?-151.85
CurrentSum:32.9
Number?10.00
CurrentSum:42.9
Number?0
TotalSum=42.9

Noticehowprint’TotalSum=’,sisonlyrunattheend.Thewhilestatementonlyaffectsthelinethatare
tabbedin(a.k.a.indented).The!=meansdoesnotequalsowhilea!=0:meansuntilaiszerorunthetabbed
instatementsthatareafterwards.

Nowthatwehavewhileloops,itispossibletohaveprogramsthatrunforever.Aneasywaytodothisistowritea
programlikethis:

while1==1:
print"Help,I’mstuckinaloop."

ThisprogramwilloutputHelp,I’mstuckinaloop.untiltheheatdeathoftheuniverseoryoustopit.
ThewaytostopitistohittheControl(orCtrl)buttonand‘c’(theletter)atthesametime.Thiswillkilltheprogram.
(Note:sometimesyouwillhavetohitenteraftertheControlC.)

4.2Examples

Fibonnacci.py

14Chapter4.Countto10



temperature.py

#Converts Fahrenheit to Celsius
temp = input("Farenheit temperature:")
print (temp-32.0)*5.0/9.0

Sample runs:

> python temperature.py
Farenheit temperature:32
0.0
> python temperature.py
Farenheit temperature:-40
-40.0
> python temperature.py
Farenheit temperature:212
100.0
> python temperature.py
Farenheit temperature:98.6
37.0

3.3 Exercises

Write a program that gets 2 string variables and 2 integer variables from the user, concatenates (joins them together
with no spaces) and displays the strings, then multiplies the two numbers on a new line.

12 Chapter 3. Who Goes There?

CHAPTER

FOUR

Count to 10

4.1 While loops

Presenting our first control structure. Ordinarily the computer starts with the first line and then goes down from there.
Control structures change the order that statements are executed or decide if a certain statement will be run. Here’s the
source for a program that uses the while control structure:

a = 0
while a < 10:

a = a + 1
print a

And here is the extremely exciting output:

1
2
3
4
5
6
7
8
9
10

(And you thought it couldn’t get any worse after turning your computer into a five dollar calculator?) So what does
the program do? First it sees the line a = 0 and makes a zero. Then it sees while a < 10: and so the computer
checks to see if a < 10. The first time the computer sees this statement a is zero so it is less than 10. In other words
while a is less than ten the computer will run the tabbed in statements.

Here is another example of the use of while:

13



#Thisprogramcalulatesthefibonnaccisequence
a=0
b=1
count=0
max_count=20
whilecount<max_count:

count=count+1
#weneedtokeeptrackofasincewechangeit
old_a=a
old_b=b
a=old_b
b=old_a+old_b
#Noticethatthe,attheendofaprintstatementkeepsit
#fromswitchingtoanewline
printold_a,

print

Output:

01123581321345589144233377610987159725844181

Password.py

#Waitsuntilapasswordhasbeenentered.Usecontrol-Ctobreakoutwithout
#thepassword

#Notethatthismustnotbethepasswordsothatthe
#whilelooprunsatleastonce.
password="foobar"

#notethat!=meansnotequal
whilepassword!="unicorn":

password=raw_input("Password:")
print"Welcomein"

Samplerun:

Password:auo
Password:y22
Password:password
Password:opensesame
Password:unicorn
Welcomein

4.2.Examples15

isfalseandthentheelifpartistruedothatpart.Here’saexample:

a=0
whilea<10:

a=a+1
ifa>5:

printa,">",5
elifa<=7:

printa,"<=",7
else:

print"Neithertestwastrue"

andtheoutput:

1<=7
2<=7
3<=7
4<=7
5<=7
6>5
7>5
8>5
9>5
10>5

Noticehowtheelifa<=7isonlytestedwhentheifstatementfailtobetrue.elifallowsmultipleteststobe
doneinasingleifstatement.

5.2Examples

Highlow.py

#Playstheguessinggamehigherorlower
#(originallywrittenbyJoshCogliati,improvedbyQuique)

#Thisshouldactuallybesomethingthatissemirandomlikethe
#lastdigitsofthetimeorsomethingelse,butthatwillhaveto
#waittillalaterchapter.(ExtraCredit,modifyittoberandom
#aftertheModuleschapter)
number=78
guess=0

whileguess!=number:
guess=input("Guessanumber:")

ifguess>number:
print"Toohigh"

elifguess<number:
print"Toolow"

print"Justright"

18Chapter5.Decisions
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CHAPTER

FIVE

Decisions

5.1 If statement

As always I believe I should start each chapter with a warm up typing exercise so here is a short program to compute
the absolute value of a number:

n = input("Number? ")
if n < 0:

print "The absolute value of",n,"is",-n
else:

print "The absolute value of",n,"is",n

Here is the output from the two times that I ran this program:

Number? -34
The absolute value of -34 is 34

Number? 1
The absolute value of 1 is 1

So what does the computer do when when it sees this piece of code? First it prompts the user for a number with the
statement n = input("Number? "). Next it reads the line if n < 0: If n is less than zero Python runs
the line print "The absolute value of",n,"is",-n. Otherwise python runs the line print "The
absolute value of",n,"is",n.

More formally Python looks at whether the expression n < 0 is true or false. A if statement is followed by a block
of statements that are run when the expression is true. Optionally after the if statement is a else statement. The
else statement is run if the expression is false.

There are several different tests that a expression can have. Here is a table of all of them:

operator function
< less than
<= less than or equal to
> greater than
>= greater than or equal to
== equal
!= not equal
<> another way to say not equal

Another feature of the if command is the elif statement. It stands for else if and means if the original if statement

17



Samplerun:

Guessanumber:100
Toohigh
Guessanumber:50
Toolow
Guessanumber:75
Toolow
Guessanumber:87
Toohigh
Guessanumber:81
Toohigh
Guessanumber:78
Justright

even.py

#Asksforanumber.
#Printsifitisevenorodd

number=input("Tellmeanumber:")
ifnumber%2==0:

printnumber,"iseven."
elifnumber%2==1:

printnumber,"isodd."
else:

printnumber,"isverystrange."

Sampleruns.

Tellmeanumber:3
3isodd.

Tellmeanumber:2
2iseven.

Tellmeanumber:3.14159
3.14159isverystrange.

5.3Exercises

Modifythepasswordguessingprogramtokeeptrackofhowmanytimestheuserhasenteredthepasswordwrong.If
itismorethan3times,print“Thatmusthavebeencomplicated.”

Writeaprogramthatasksfortwonumbers.Ifthesumofthenumbersisgreaterthan100,print“Thatisbignumber”.

Writeaprogramthataskstheusertheirname,iftheyenteryournamesay”Thatisanicename”,iftheyenter”John
Cleese”or”MichaelPalin”,tellthemhowyoufeelaboutthem;),otherwisetellthem”Youhaveanicename”.

5.3.Exercises19

Height:2
Width:3
perimeter=11

Height:4
Width:4
perimeter=16

Height:2
Width:2
perimeter=8

Height:5
Width:1
perimeter=8

Noticethatitdidn’tworkforthefirsttwoinputs,itworkedforthenexttwoanditdidn’tworkonthelastone.Tryand
figureoutwhatisincommonwiththeworkingones.Onceyouhavesomeideawhattheproblemisfindingthecause
iseasier.Withyourownprogramsyoushouldtrymoretestcasesifyouneedthem.

6.3Whatdoestheprogramdo?

Thenextthingtodoistolookatthesourcecode.Oneofthemostimportantthingstodowhileprogrammingis
readingsourcecode.Theprimarywaytodothisiscodewalkthroughs.

Acodewalkthroughstartsatthefirstline,andworksitswaydownuntiltheprogramisdone.Whileloopsandif
statementsmeanthatsomelinesmayneverberunandsomelinesarerunmanytimes.Ateachlineyoufigureout
whatPythonhasdone.

Letsstartwiththesimpleperimeterprogram.Don’ttypeitin,youaregoingtoreadit,notrunit.Thesourcecodeis:

height=input("Height:")
width=input("Width:")
print"perimeter=",width+height+width+width

Question:WhatisthefirstlinePythonruns?

Answer:Thefirstlineisalwayrunfirst.Inthiscaseitis:height=input("Height:")

Question:Whatdoesthatlinedo?

Answer:PrintsHeight:,waitsfortheusertotypeanumberin,andputsthatinthevariableheight.

Question:Whatisthenextlinethatruns?

Answer:Ingeneral,itisthenextlinedownwhichis:width=input("Width:")

Question:Whatdoesthatlinedo?

Answer:PrintsWidth:,waitsfortheusertotypeanumberin,andputswhattheusertypesinthevariablewidth.

Question:Whatisthenextlinethatruns?

22Chapter6.Debugging
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CHAPTER

SIX

Debugging

6.1 What is debugging?

As soon as we started programming, we found to our surprise that it wasn’t as easy to get programs
right as we had thought. Debugging had to be discovered. I can remember the exact instant when I
realized that a large part of my life from then on was going to be spent in finding mistakes in my own
programs.

– Maurice Wilkes discovers debugging, 1949

By now if you have been messing around with the programs you have probably found that sometimes the program
does something you didn’t want it to do. This is fairly common. Debugging is the process of figuring out what the
computer is doing and then getting it to do what you want it to do. This can be tricky. I once spent nearly a week
tracking down and fixing a bug that was caused by someone putting an x where a y should have been.

This chapter will be more abstract than previous chapters. Please tell me if it is useful.

6.2 What should the program do?

The first thing to do (this sounds obvious) is to figure out what the program should be doing if it is running correctly.
Come up with some test cases and see what happens. For example, let’s say I have a program to compute the perimeter
of a rectangle (the sum of the length of all the edges). I have the following test cases:

width height perimeter
3 4 14
2 3 10
4 4 16
2 2 8
5 1 12

I now run my program on all of the test cases and see if the program does what I expect it to do. If it doesn’t then I
need to find out what the computer is doing.

More commonly some of the test cases will work and some will not. If that is the case you should try and figure out
what the working ones have in common. For example here is the output for a perimeter program (you get to see the
code in a minute):

Height: 3
Width: 4
perimeter = 15
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Answer:Whenthenextlineisnotindentedmoreorlessthanthecurrentline,itisthelinerightafterwards,soitis:
print"perimeter=",width+height+width+width(Itmayalsorunafunctioninthecurrentline,but
thatsafuturechapter.)

Question:Whatdoesthatlinedo?

Answer:Firstitprintsperimeter=,thenitprintswidth+height+width+width.

Question:Doeswidth+height+width+widthcalculatetheperimeterproperly?

Answer:Let’ssee,perimeterofarectangleisthebottom(width)plustheleftside(height)plusthetop(width)plus
therightside(huh?).Thelastitemshouldbetherightside’slength,ortheheight.

Question:Doyouunderstandwhysomeofthetimestheperimeterwascalculated‘correctly’?

Answer:Itwascalculatedcorrectlywhenthewidthandtheheightwereequal.

Thenextprogramwewilldoacodewalkthroughforisaprogramthatissupposedtoprintout5dotsonthescreen.
However,thisiswhattheprogramisoutputting:

....

Andhereistheprogram:

number=5
whilenumber>1:

print".",
number=number-1

print

Thisprogramwillbemorecomplextowalkthroughsinceitnowhasindentedportions(orcontrolstructures).Letus
begin.

Question:Whatisthefirstlinetoberun?

Answer:Thefirstlineofthefile:number=5

Question:Whatdoesitdo?

Answer:Putsthenumber5inthevariablenumber.

Question:Whatisthenextline?

Answer:Thenextlineis:whilenumber>1:

Question:Whatdoesitdo?

Answer:Well,whilestatementsingenerallookattheirexpression,andifitistruetheydothenextindentedblock
ofcode,otherwisetheyskipthenextindentedblockofcode.

Question:Sowhatdoesitdorightnow?

Answer:Ifnumber>1istruethenthenexttwolineswillberun.

Question:Soisnumber>1?

Answer:Thelastvalueputintonumberwas5and5>1soyes.

Question:Sowhatisthenextline?

Answer:Sincethewhilewastruethenextlineis:print".",

Question:Whatdoesthatlinedo?

Answer:Printsonedotandsincethestatementendswitha,thenextprintstatementwillnotbeonadifferentscreen
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line.

Question: What is the next line?

Answer: number = number - 1 since that is following line and there are no indent changes.

Question: What does it do?

Answer: It calculates number - 1, which is the current value of number (or 5) subtracts 1 from it, and makes that
the new value of number. So basically it changes number’s value from 5 to 4.

Question: What is the next line?

Answer: Well, the indent level decreases so we have to look at what type of control structure it is. It is a while loop,
so we have to go back to the while clause which is while number > 1:

Question: What does it do?

Answer: It looks at the value of number, which is 4, and compares it to 1 and since 4 > 1 the while loop continues.

Question: What is the next line?

Answer: Since the while loop was true, the next line is: print ".",

Question: What does it do?

Answer: It prints a second dot on the line.

Question: What is the next line?

Answer: No indent change so it is: number = number - 1

Question: And what does it do?

Answer: It talks the current value of number (4), subtracts 1 from it, which gives it 3 and then finally makes 3 the new
value of number.

Question: What is the next line?

Answer: Since there is an indent change caused by the end of the while loop, the next line is: while number > 1:

Question: What does it do?

Answer: It compares the current value of number (3) to 1. 3 > 1 so the while loop continues.

Question: What is the next line?

Answer: Since the while loop condition was true the next line is: print ".",

Question: And it does what?

Answer: A third dot is printed on the line.

Question: What is the next line?

Answer: It is: number = number - 1

Question: What does it do?

Answer: It takes the current value of number (3) subtracts from it 1 and makes the 2 the new value of number.

Question: What is the next line?

Answer: Back up to the start of the while loop: while number > 1:

Question: What does it do?

Answer: It compares the current value of number (2) to 1. Since 2 > 1 the while loop continues.

Question: What is the next line?

Answer: Since the while loop is continuing: print ".",
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Question: What does it do?

Answer: It discovers the meaning of life, the universe and everything. I’m joking. (I had to make sure you were
awake.) The line prints a fourth dot on the screen.

Question: What is the next line?

Answer: It’s: number = number - 1

Question: What does it do?

Answer: Takes the current value of number (2) subtracts 1 and makes 1 the new value of number.

Question: What is the next line?

Answer: Back up to the while loop: while number > 1:

Question: What does the line do?

Answer: It compares the current value of number (1) to 1. Since 1 > 1 is false (one is not greater than one), the
while loop exits.

Question: What is the next line?

Answer: Since the while loop condition was false the next line is the line after the while loop exits, or: print

Question: What does that line do?

Answer: Makes the screen go to the next line.

Question: Why doesn’t the program print 5 dots?

Answer: The loop exits 1 dot too soon.

Question: How can we fix that?

Answer: Make the loop exit 1 dot later.

Question: And how do we do that?

Answer: There are several ways. One way would be to change the while loop to: while number > 0: Another
way would be to change the conditional to: number >= 1 There are a couple others.

6.4 How do I fix the program?

You need to figure out what the program is doing. You need to figure out what the program should do. Figure out what
the difference between the two is. Debugging is a skill that has to be done to be learned. If you can’t figure it out after
an hour or so take a break, talk to someone about the problem or contemplate the lint in your navel. Come back in a
while and you will probably have new ideas about the problem. Good luck.
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CHAPTER

SEVEN

DefiningFunctions

7.1CreatingFunctions

TostartoffthischapterIamgoingtogiveyouaexampleofwhatyoucoulddobutshouldn’t(sodon’ttypeitin):

a=23
b=-23

ifa<0:
a=-a

ifb<0:
b=-b

ifa==b:
print"Theabsolutevaluesof",a,"and",b,"areequal"

else:
print"Theabsolutevaluesofaandbaredifferent"

withtheoutputbeing:

Theabsolutevaluesof23and23areequal

Theprogramseemsalittlerepetitive.(Programmershatetorepeatthings(That’swhatcomputersareforaren’tthey?))
FortunatelyPythonallowsyoutocreatefunctionstoremoveduplication.Here’stherewrittenexample:

a=23
b=-23

defmy_abs(num):
ifnum<0:

num=-num
returnnum

ifmy_abs(a)==my_abs(b):
print"Theabsolutevaluesof",a,"and",b,"areequal"

else:
print"Theabsolutevaluesofaandbaredifferent"

withtheoutputbeing:
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7.3Functionwalkthrough

TODOMovethissectiontoanewchapter,AdvancedFunctions.

Nowwewilldoawalkthroughforthefollowingprogram:

defmult(a,b):
ifb==0:

return0
rest=mult(a,b-1)
value=a+rest
returnvalue

print"3*2=",mult(3,2)

Basicallythisprogramcreatesapositiveintegermultiplicationfunction(thatisfarslowerthanthebuiltinmultiplica-
tionfunction)andthendemonstratesthisfunctionwithauseofthefunction.

Question:Whatisthefirstthingtheprogramdoes?

Answer:Thefirstthingdoneisthefunctionmultisdefinedwiththelines:

defmult(a,b):
ifb==0:

return0
rest=mult(a,b-1)
value=a+rest
returnvalue

Thiscreatesafunctionthattakestwoparametersandreturnsavaluewhenitisdone.Laterthisfunctioncanberun.

Question:Whathappensnext?

Answer:Thenextlineafterthefunction,print"3*2=",mult(3,2)isrun.

Question:Andwhatdoesthisdo?

Answer:Itprints3*2=andthereturnvalueofmult(3,2)

Question:Andwhatdoesmult(3,2)return?

Answer:Weneedtodoawalkthroughofthemultfunctiontofindout.

Question:Whathappensnext?

Answer:Thevariableagetsthevalue3assignedtoitandthevariablebgetsthevalue2assignedtoit.

Question:Andthen?

Answer:Thelineifb==0:isrun.Sincebhasthevalue2thisisfalsesothelinereturn0isskipped.

Question:Andwhatthen?

Answer:Thelinerest=mult(a,b-1)isrun.Thislinesetsthelocalvariableresttothevalueof
mult(a,b-1).Thevalueofais3andthevalueofbis2sothefunctioncallismult(3,1)

Question:Sowhatisthevalueofmult(3,1)?

Answer:Wewillneedtorunthefunctionmultwiththeparameters3and1.

Question:Sowhathappensnext?

Answer:Thelocalvariablesinthenewrunofthefunctionaresetsothatahasthevalue3andbhasthevalue1.
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The absolute values of 23 and -23 are equal

The key feature of this program is the def statement. def (short for define) starts a function definition. def is
followed by the name of the function my abs. Next comes a ( followed by the parameter num (num is passed from
the program into the function when the function is called). The statements after the : are executed when the function
is used. The statements continue until either the indented statements end or a return is encountered. The return
statement returns a value back to the place where the function was called.

Notice how the values of a and b are not changed. Functions of course can be used to repeat tasks that don’t return
values. Here’s some examples:

def hello():
print "Hello"

def area(width,height):
return width*height

def print_welcome(name):
print "Welcome",name

hello()
hello()

print_welcome("Fred")
w = 4
h = 5
print "width =",w,"height =",h,"area =",area(w,h)

with output being:

Hello
Hello
Welcome Fred
width = 4 height = 5 area = 20

That example just shows some more stuff that you can do with functions. Notice that you can use no arguments or two
or more. Notice also when a function doesn’t need to send back a value, a return is optional.

7.2 Variables in functions

Of course, when eliminiating repeated code, you often have variables in the repeated code. These are dealt with in a
special way in Python. Up till now, all variables we have see are global variables. Functions have a special type of
variable called local variables. These variables only exist while the function is running. When a local variable has the
same name as another variable such as a global variable, the local variable hides the other variable. Sound confusing?
Well, hopefully this next example (which is a bit contrived) will clear things up.
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a_var = 10
b_var = 15
e_var = 25

def a_func(a_var):
print "in a_func a_var = ",a_var
b_var = 100 + a_var
d_var = 2*a_var
print "in a_func b_var = ",b_var
print "in a_func d_var = ",d_var
print "in a_func e_var = ",e_var
return b_var + 10

c_var = a_func(b_var)

print "a_var = ",a_var
print "b_var = ",b_var
print "c_var = ",c_var
print "d_var = ",d_var

The output is:

in a_func a_var = 15
in a_func b_var = 115
in a_func d_var = 30
in a_func e_var = 25
a_var = 10
b_var = 15
c_var = 125
d_var =
Traceback (innermost last):

File "separate.py", line 20, in ?
print "d_var = ",d_var

NameError: d_var

In this example the variables a var, b var, and d var are all local variables when they are inside the func-
tion a func. After the statement return b var + 10 is run, they all cease to exist. The variable a var is
automatically a local variable since it is a parameter name. The variables b var and d var are local variables
since they appear on the left of an equals sign in the function in the statements b_var = 100 + a_var and
d_var = 2*a_var .

As you can see, once the function finishes running, the local variables a var and b var that had hidden the global
variables of the same name are gone. Then the statement print "a_var = ",a_var prints the value 10 rather
than the value 15 since the local variable that hid the global variable is gone.

Another thing to notice is the NameError that happens at the end. This appears since the variable d var no longer
exists since a func finished. All the local variables are deleted when the function exits. If you want to get something
from a function, then you will have to use return something.

One last thing to notice is that the value of e var remains unchanged inside a func since it is not a parameter and
it never appears on the left of an equals sign inside of the function a func. When a global variable is accessed inside
a function it is the global variable from the outside.

Functions allow local variables that exist only inside the function and can hide other variables that are outside the
function.
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Sincethesearelocalvaluesthesedonotaffectthepreviousvaluesofaandb.

Question:Andthen?

Answer:Sincebhasthevalue1theifstatementisfalse,sothenextlinebecomesrest=mult(a,b-1).

Question:Whatdoesthislinedo?

Answer:Thislinewillassignthevalueofmult(3,0)torest.

Question:Sowhatisthatvalue?

Answer:Wewillhavetorunthefunctiononemoretimetofindthatout.Thistimeahasthevalue3andbhasthe
value0.

Question:Sowhathappensnext?

Answer:Thefirstlineinthefunctiontorunisifb==0:.bhasthevalue0sothenextlinetorunisreturn0

Question:Andwhatdoesthelinereturn0do?

Answer:Thislinereturnsthevalue0outofthefunction.

Question:So?

Answer:Sonowweknowthatmult(3,0)hasthevalue0.Nowweknowwhattheline
rest=mult(a,b-1)didsincewehaverunthefunctionmultwiththeparameters3and0.Wehavefinished
runningmult(3,0)andarenowbacktorunningmult(3,1).Thevariablerestgetsassignedthevalue0.

Question:Whatlineisrunnext?

Answer:Thelinevalue=a+restisrunnext.Inthisrunofthefunction,a=3andrest=0sonowvalue=3.

Question:Whathappensnext?

Answer:Thelinereturnvalueisrun.Thisreturns3fromthefunction.Thisalsoexitsfromtherunofthe
functionmult(3,1).Afterreturniscalled,wegobacktorunningmult(3,2).

Question:Wherewereweinmult(3,2)?

Answer:Wehadthevariablesa=3andb=2andwereexaminingthelinerest=mult(a,b-1).

Question:Sowhathappensnow?

Answer:Thevariablerestget3assignedtoit.Thenextlinevalue=a+restsetsvalueto3+3or6.

Question:Sonowwhathappens?

Answer:Thenextlineruns,thisreturns6fromthefunction.Wearenowbacktorunningtheline
print"3*2=",mult(3,2)whichcannowprintoutthe6.

Question:Whatishappeningoverall?

Answer:Basicallyweusedtwofactstocalulatethemultipuleofthetwonumbers.Thefirstisthatanynumbertimes
0is0(x*0=0).Thesecondisthatanumbertimesanothernumberisequaltothefirstnumberplusthefirst
numbertimesonelessthanthesecondnumber(x*y=x+x*(y-1)).Sowhathappensis3*2isfirst
convertedinto3+3*1.Then3*1isconvertedinto3+3*0.Thenweknowthatanynumbertimes0is0so3*0
is0.Thenwecancalculatethat3+3*0is3+0whichis3.Nowweknowwhat3*1issowecancalculatethat
3+3*1is3+3whichis6.

Thisishowthewholethingworks:
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#ByAmosSatterlee
print
defhello():

print’Hello!’

defarea(width,height):
returnwidth*height

defprint_welcome(name):
print’Welcome,’,name

name=raw_input(’YourName:’)
hello(),
print_welcome(name)
print
print’Tofindtheareaofarectangle,’
print’Enterthewidthandheightbelow.’
print
w=input(’Width:’)
whilew<=0:

print’Mustbeapositivenumber’
w=input(’Width:’)

h=input(’Height:’)
whileh<=0:

print’Mustbeapositivenumber’
h=input(’Height:’)

print’Width=’,w,’Height=’,h,’soArea=’,area(w,h)

SampleRun:

YourName:Josh
Hello!
Welcome,Josh

Tofindtheareaofarectangle,
Enterthewidthandheightbelow.

Width:-4
Mustbeapositivenumber
Width:4
Height:3
Width=4Height=3soArea=12

7.5Exercises

Rewritethearea.pyprogramdonein3.2tohaveaseparatefunctionfortheareaofasquare,theareaofarectangle,
andtheareaofacircle.(3.14*radius**2).Thisprogramshouldincludeamenuinterface.
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3*2
3 + 3*1
3 + 3 + 3*0
3 + 3 + 0
3 + 3
6

These last two sections were recently written. If you have any comments, found any errors or think I need more/clearer
explanations please email. I have been known in the past to make simple things incomprehensible. If the rest of the
tutorial has made sense, but this section didn’t, it is probably my fault and I would like to know. Thanks.

7.4 Examples

factorial.py

#defines a function that calculates the factorial

def factorial(n):
if n <= 1:

return 1
return n*factorial(n-1)

print "2! = ",factorial(2)
print "3! = ",factorial(3)
print "4! = ",factorial(4)
print "5! = ",factorial(5)

Output:

2! = 2
3! = 6
4! = 24
5! = 120

temperature2.py
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#converts temperature to fahrenheit or celsius

def print_options():
print "Options:"
print " ’p’ print options"
print " ’c’ convert from celsius"
print " ’f’ convert from fahrenheit"
print " ’q’ quit the program"

def celsius_to_fahrenheit(c_temp):
return 9.0/5.0*c_temp+32

def fahrenheit_to_celsius(f_temp):
return (f_temp - 32.0)*5.0/9.0

choice = "p"
while choice != "q":

if choice == "c":
temp = input("Celsius temperature:")
print "Fahrenheit:",celsius_to_fahrenheit(temp)

elif choice == "f":
temp = input("Fahrenheit temperature:")
print "Celsius:",fahrenheit_to_celsius(temp)

elif choice != "q":
print_options()

choice = raw_input("option:")

Sample Run:

> python temperature2.py
Options:
’p’ print options
’c’ convert from celsius
’f’ convert from fahrenheit
’q’ quit the program

option:c
Celsius temperature:30
Fahrenheit: 86.0
option:f
Fahrenheit temperature:60
Celsius: 15.5555555556
option:q

area2.py
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CHAPTER

EIGHT

Lists

8.1Variableswithmorethanonevalue

Youhavealreadyseenordinaryvariablesthatstoreasinglevalue.Howeverothervariabletypescanholdmorethan
onevalue.Thesimplesttypeiscalledalist.Hereisaexampleofalistbeingused:

which_one=input("Whatmonth(1-12)?")
months=[’January’,’February’,’March’,’April’,’May’,’June’,’July’,\
’August’,’September’,’October’,’November’,’December’]
if1<=which_one<=12:

print"Themonthis",months[which_one-1]

andaoutputexample:

Whatmonth(1-12)?3
ThemonthisMarch

Inthisexamplethemonthsisalist.monthsisdefinedwiththelinesmonths=[’January’,
’February’,’March’,’April’,’May’,’June’,’July’,\’August’,’September’,
’October’,’November’,’December’](Notethata\canbeusedtosplitalongline).The[and]start
andendthelistwithcomma’s(“,”)separatingthelistitems.Thelistisusedinmonths[which_one-1].Alist
consistsofitemsthatarenumberedstartingat0.InotherwordsifyouwantedJanuaryyouwouldusemonths[0].
Givealistanumberanditwillreturnthevaluethatisstoredatthatlocation.

Thestatementif1<=whichone<=12:willonlybetrueifwhichoneisbetweenoneandtwelveinclu-
sive(inotherwordsitiswhatyouwouldexpectifyouhaveseenthatinalgebra).

Listscanbethoughtofasaseriesofboxes.Forexample,theboxescreatedbydemolist=[’life’,42,
’theuniverse’,6,’and’,7]wouldlooklikethis:

boxnumber012345
demolist‘life’42‘theuniverse’6‘and’7

Eachboxisreferencedbyitsnumbersothestatementdemolist[0]wouldget’life’,demolist[1]would
get42andsoonuptodemolist[5]getting7.

8.2Morefeaturesoflists

Thenextexampleisjusttoshowalotofotherstufflistscando(foronceIdon’texpectyoutotypeitin,butyou
shouldprobablyplayaroundwithlistsuntilyouarecomfortablewiththem.).Heregoes:
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menu_item=0
list=[]
whilemenu_item!=9:

print"--------------------"
print"1.Printthelist"
print"2.Addanametothelist"
print"3.Removeanamefromthelist"
print"4.Changeaniteminthelist"
print"9.Quit"
menu_item=input("Pickanitemfromthemenu:")
ifmenu_item==1:

current=0
iflen(list)>0:

whilecurrent<len(list):
printcurrent,".",list[current]
current=current+1

else:
print"Listisempty"

elifmenu_item==2:
name=raw_input("Typeinanametoadd:")
list.append(name)

elifmenu_item==3:
del_name=raw_input("Whatnamewouldyouliketoremove:")
ifdel_nameinlist:

item_number=list.index(del_name)
dellist[item_number]
#Thecodeaboveonlyremovesthefirstoccuranceof
#thename.ThecodebelowfromGeraldremovesall.
#whiledel_nameinlist:
#item_number=list.index(del_name)
#dellist[item_number]

else:
printdel_name,"wasnotfound"

elifmenu_item==4:
old_name=raw_input("Whatnamewouldyouliketochange:")
ifold_nameinlist:

item_number=list.index(old_name)
new_name=raw_input("Whatisthenewname:")
list[item_number]=new_name

else:
printold_name,"wasnotfound"

print"Goodbye"

Andhereispartoftheoutput:
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demolist = [’life’,42, ’the universe’, 6,’and’,7]
print ’demolist = ’,demolist
demolist.append(’everything’)
print "after ’everything’ was appended demolist is now:"
print demolist
print ’len(demolist) =’, len(demolist)
print ’demolist.index(42) =’,demolist.index(42)
print ’demolist[1] =’, demolist[1]
#Next we will loop through the list
c = 0
while c < len(demolist):

print ’demolist[’,c,’]=’,demolist[c]
c = c + 1

del demolist[2]
print "After ’the universe’ was removed demolist is now:"
print demolist
if ’life’ in demolist:

print "’life’ was found in demolist"
else:

print "’life’ was not found in demolist"
if ’amoeba’ in demolist:

print "’amoeba’ was found in demolist"
if ’amoeba’ not in demolist:

print "’amoeba’ was not found in demolist"
demolist.sort()
print ’The sorted demolist is ’,demolist

The output is:

demolist = [’life’, 42, ’the universe’, 6, ’and’, 7]
after ’everything’ was appended demolist is now:
[’life’, 42, ’the universe’, 6, ’and’, 7, ’everything’]
len(demolist) = 7
demolist.index(42) = 1
demolist[1] = 42
demolist[ 0 ]= life
demolist[ 1 ]= 42
demolist[ 2 ]= the universe
demolist[ 3 ]= 6
demolist[ 4 ]= and
demolist[ 5 ]= 7
demolist[ 6 ]= everything
After ’the universe’ was removed demolist is now:
[’life’, 42, 6, ’and’, 7, ’everything’]
’life’ was found in demolist
’amoeba’ was not found in demolist
The sorted demolist is [6, 7, 42, ’and’, ’everything’, ’life’]

This example uses a whole bunch of new functions. Notice that you can just print a whole list. Next the append
function is used to add a new item to the end of the list. len returns how many items are in a list. The valid indexes (as
in numbers that can be used inside of the []) of a list range from 0 to len - 1. The index function tell where the first
location of an item is located in a list. Notice how demolist.index(42) returns 1 and when demolist[1] is
run it returns 42. The line #Next we will loop through the list is a just a reminder to the programmer
(also called a comment). Python will ignore any lines that start with a #. Next the lines:
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c = 0
while c < len(demolist):

print ’demolist[’,c,’]=’,demolist[c]
c = c + 1

Create a variable c which starts at 0 and is incremented until it reaches the last index of the list. Meanwhile the print
statement prints out each element of the list.

The del command can be used to remove a given element in a list. The next few lines use the in operator to test if a
element is in or is not in a list.

The sort function sorts the list. This is useful if you need a list in order from smallest number to largest or alphabet-
ical. Note that this rearranges the list.

In summary for a list the following operations occur:

example explanation
list[2] accesses the element at index 2
list[2] = 3 sets the element at index 2 to be 3
del list[2] removes the element at index 2
len(list) returns the length of list
"value" in list is true if "value" is an element in list
"value" not in list is true if "value" is not an element in list
list.sort() sorts list
list.index("value") returns the index of the first place that "value" occurs
list.append("value") adds an element "value" at the end of the list

This next example uses these features in a more useful way:
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--------------------
1.Printthelist
2.Addanametothelist
3.Removeanamefromthelist
4.Changeaniteminthelist
9.Quit

Pickanitemfromthemenu:2
Typeinanametoadd:Jack

Pickanitemfromthemenu:2
Typeinanametoadd:Jill

Pickanitemfromthemenu:1
0.Jack
1.Jill

Pickanitemfromthemenu:3
Whatnamewouldyouliketoremove:Jack

Pickanitemfromthemenu:4
Whatnamewouldyouliketochange:Jill
Whatisthenewname:JillPeters

Pickanitemfromthemenu:1
0.JillPeters

Pickanitemfromthemenu:9
Goodbye

Thatwasalongprogram.Let’stakealookatthesourcecode.Thelinelist=[]makesthevariablelistalist
withnoitems(orelements).Thenextimportantlineiswhilemenu_item!=9:.Thislinestartsaloopthat
allowsthemenusystemforthisprogram.Thenextfewlinesdisplayamenuanddecidewhichpartoftheprogramto
run.

Thesection:

current=0
iflen(list)>0:

whilecurrent<len(list):
printcurrent,".",list[current]
current=current+1

else:
print"Listisempty"

goesthroughthelistandprintseachname.len(list_name)tellhowmanyitemsareinalist.Iflenreturns0
thenthelistisempty.

Thenafewlineslaterthestatementlist.append(name)appears.Itusestheappendfunctiontoaddaitemto
theendofthelist.Jumpdownanothertwolinesandnoticethissectionofcode:

item_number=list.index(del_name)
dellist[item_number]

Heretheindexfunctionisusedtofindtheindexvaluethatwillbeusedlatertoremovetheitem.
dellist[item_number]isusedtoremoveaelementofthelist.
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The next section

old_name = raw_input("What name would you like to change: ")
if old_name in list:

item_number = list.index(old_name)
new_name = raw_input("What is the new name: ")
list[item_number] = new_name

else:
print old_name," was not found"

uses index to find the item_number and then puts new_name where the old_name was.

8.3 Examples

test.py

## This program runs a test of knowledge

true = 1
false = 0

# First get the test questions
# Later this will be modified to use file io.
def get_questions():

# notice how the data is stored as a list of lists
return [["What color is the daytime sky on a clear day?","blue"],\

["What is the answer to life, the universe and everything?","42"],\
["What is a three letter word for mouse trap?","cat"]]

# This will test a single question
# it takes a single question in
# it returns true if the user typed the correct answer, otherwise false
def check_question(question_and_answer):

#extract the question and the answer from the list
question = question_and_answer[0]
answer = question_and_answer[1]
# give the question to the user
given_answer = raw_input(question)
# compare the user’s answer to the testers answer
if answer == given_answer:

print "Correct"
return true

else:
print "Incorrect, correct was:",answer
return false
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# This will run through all the questions
def run_test(questions):

if len(questions) == 0:
print "No questions were given."
# the return exits the function
return

index = 0
right = 0
while index < len(questions):

#Check the question
if check_question(questions[index]):

right = right + 1
#go to the next question
index = index + 1

#notice the order of the computation, first multiply, then divide
print "You got ",right*100/len(questions),"% right out of",len(questions)

#now lets run the questions
run_test(get_questions())

Sample Output:

What color is the daytime sky on a clear day?green
Incorrect, correct was: blue
What is the answer to life, the universe and everything?42
Correct
What is a three letter word for mouse trap?cat
Correct
You got 66 % right out of 3

8.4 Exercises

Expand the test.py program so it has menu giving the option of taking the test, viewing the list of questions and
answers, and an option to Quit. Also, add a new question to ask, ”What noise does a truly advanced machine make?”
with the answer of ”ping”.
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CHAPTER

NINE

ForLoops

Andhereisthenewtypingexerciseforthischapter:

onetoten=range(1,11)
forcountinonetoten:

printcount

andtheever-presentoutput:

1
2
3
4
5
6
7
8
9
10

Theoutputlooksawfullyfamiliarbuttheprogramcodelooksdifferent.Thefirstlineusestherangefunction.The
rangefunctionusestwoargumentslikethisrange(start,finish).startisthefirstnumberthatisproduced.
finishisonelargerthanthelastnumber.Notethatthisprogramcouldhavebeendoneinashorterway:

forcountinrange(1,11):
printcount

Herearesomeexamplestoshowwhathappenswiththerangecommand:

>>>range(1,10)
[1,2,3,4,5,6,7,8,9]
>>>range(-32,-20)
[-32,-31,-30,-29,-28,-27,-26,-25,-24,-23,-22,-21]
>>>range(5,21)
[5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20]
>>>range(21,5)
[]

Thenextlineforcountinonetoten:usestheforcontrolstructure.Aforcontrolstructurelookslikefor
variableinlist:.listisgonethroughstartingwiththefirstelementofthelistandgoingtothelast.As
forgoesthrougheachelementinalistitputseachintovariable.Thatallowsvariabletobeusedineach
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a=1
b=1
forcinrange(1,10):

printa,
n=a+b
a=b
b=n

withthesurprisingoutput:

112358132134

Everythingthatcanbedonewithforloopscanalsobedonewithwhileloopsbutforloopsgiveaeasywaytogo
throughalltheelementsinalistortodosomethingacertainnumberoftimes.
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successive time the for loop is run through. Here is another example (you don’t have to type this) to demonstrate:

demolist = [’life’,42, ’the universe’, 6,’and’,7,’everything’]
for item in demolist:

print "The Current item is:",
print item

The output is:

The Current item is: life
The Current item is: 42
The Current item is: the universe
The Current item is: 6
The Current item is: and
The Current item is: 7
The Current item is: everything

Notice how the for loop goes through and sets item to each element in the list. (Notice how if you don’t want print
to go to the next line add a comma at the end of the statement (i.e. if you want to print something else on that line). )
So, what is for good for? (groan) The first use is to go through all the elements of a list and do something with each
of them. Here a quick way to add up all the elements:

list = [2,4,6,8]
sum = 0
for num in list:

sum = sum + num
print "The sum is: ",sum

with the output simply being:

The sum is: 20

Or you could write a program to find out if there are any duplicates in a list like this program does:

list = [4, 5, 7, 8, 9, 1,0,7,10]
list.sort()
prev = list[0]
del list[0]
for item in list:

if prev == item:
print "Duplicate of ",prev," Found"

prev = item

and for good measure:

Duplicate of 7 Found

Okay, so how does it work? Here is a special debugging version to help you understand (you don’t need to type this
in):
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l = [4, 5, 7, 8, 9, 1,0,7,10]
print "l = [4, 5, 7, 8, 9, 1,0,7,10]","\tl:",l
l.sort()
print "l.sort()","\tl:",l
prev = l[0]
print "prev = l[0]","\tprev:",prev
del l[0]
print "del l[0]","\tl:",l
for item in l:

if prev == item:
print "Duplicate of ",prev," Found"

print "if prev == item:","\tprev:",prev,"\titem:",item
prev = item
print "prev = item","\t\tprev:",prev,"\titem:",item

with the output being:

l = [4, 5, 7, 8, 9, 1,0,7,10] l: [4, 5, 7, 8, 9, 1, 0, 7, 10]
l.sort() l: [0, 1, 4, 5, 7, 7, 8, 9, 10]
prev = l[0] prev: 0
del l[0] l: [1, 4, 5, 7, 7, 8, 9, 10]
if prev == item: prev: 0 item: 1
prev = item prev: 1 item: 1
if prev == item: prev: 1 item: 4
prev = item prev: 4 item: 4
if prev == item: prev: 4 item: 5
prev = item prev: 5 item: 5
if prev == item: prev: 5 item: 7
prev = item prev: 7 item: 7
Duplicate of 7 Found
if prev == item: prev: 7 item: 7
prev = item prev: 7 item: 7
if prev == item: prev: 7 item: 8
prev = item prev: 8 item: 8
if prev == item: prev: 8 item: 9
prev = item prev: 9 item: 9
if prev == item: prev: 9 item: 10
prev = item prev: 10 item: 10

The reason I put so many print statements in the code was so that you can see what is happening in each line.
(BTW, if you can’t figure out why a program is not working, try putting in lots of print statements to you can see
what is happening) First the program starts with a boring old list. Next the program sorts the list. This is so that any
duplicates get put next to each other. The program then initializes a prev(ious) variable. Next the first element of the
list is deleted so that the first item is not incorrectly thought to be a duplicate. Next a for loop is gone into. Each item
of the list is checked to see if it is the same as the previous. If it is a duplicate was found. The value of prev is then
changed so that the next time the for loop is run through prev is the previous item to the current. Sure enough, the 7 is
found to be a duplicate. (Notice how \t is used to print a tab.)

The other way to use for loops is to do something a certain number of times. Here is some code to print out the first
11 numbers of the Fibonacci series:
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CHAPTER

TEN

BooleanExpressions

Hereisalittleexampleofbooleanexpressions(youdon’thavetotypeitin):

a=6
b=7
c=42
print1,a==6
print2,a==7
print3,a==6andb==7
print4,a==7andb==7
print5,nota==7andb==7
print6,a==7orb==7
print7,a==7orb==6
print8,not(a==7andb==6)
print9,nota==7andb==6

Withtheoutputbeing:

11
20
31
40
51
61
70
81
90

Whatisgoingon?Theprogramconsistsofabunchoffunnylookingprintstatements.Eachprintstatement
printsanumberandaexpression.ThenumberistohelpkeeptrackofwhichstatementIamdealingwith.Noticehow
eachexpressionendsupbeingeither0or1.InPythonfalseiswrittenas0andtrueiswrittenas1.Thelines:

print1,a==6
print2,a==7

printouta1anda0respectivelyjustasexpectedsincethefirstistrueandthesecondisfalse.Thethirdprint,
print3,a==6andb==7,isalittledifferent.Theoperatorandmeansifboththestatementbeforeand
thestatementafteraretruethenthewholeexpressionistrueotherwisethewholeexpressionisfalse.Thenextline,
print4,a==7andb==7,showshowifpartofanandexpressionisfalse,thewholethingisfalse.The
behaviorofandcanbesummarizedasfollows:
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expression result
true and true true
true and false false
false and true false
false and false false

Notice that if the first expression is false Python does not check the second expression since it knows the whole
expression is false.

The next line, print 5,not a == 7 and b == 7, uses the not operator. not just gives the opposite of the
expression (The expression could be rewritten as print 5,a != 7 and b == 7). Heres the table:

expression result
not true false
not false true

The two following lines, print 6,a == 7 or b == 7 and print 7,a == 7 or b == 6, use the or
operator. The or operator returns true if the first expression is true, or if the second expression is true or both are
true. If neither are true it returns false. Here’s the table:

expression result
true or true true
true or false true
false or true true
false or false false

Notice that if the first expression is true Python doesn’t check the second expression since it knows the whole expres-
sion is true. This works since or is true if at least one half of the expression is true. The first part is true so the second
part could be either false or true, but the whole expression is still true.

The next two lines, print 8,not (a == 7 and b == 6) and print 9,not a == 7 and b == 6,
show that parentheses can be used to group expressions and force one part to be evaluated first. Notice that the
parentheses changed the expression from false to true. This occurred since the parentheses forced the not to apply to
the whole expression instead of just the a == 7 portion.

Here is an example of using a boolean expression:

list = ["Life","The Universe","Everything","Jack","Jill","Life","Jill"]

#make a copy of the list
copy = list[:]
#sort the copy
copy.sort()
prev = copy[0]
del copy[0]

count = 0

#go through the list searching for a match
while count < len(copy) and copy[count] != prev:

prev = copy[count]
count = count + 1

#If a match was not found then count can’t be < len
#since the while loop continues while count is < len
#and no match is found
if count < len(copy):

print "First Match: ",prev
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And here is the output:

First Match: Jill

This program works by continuing to check for match while count < len(copy and copy[count].
When either count is greater than the last index of copy or a match has been found the and is no longer true
so the loop exits. The if simply checks to make sure that the while exited because a match was found.

The other ‘trick’ of and is used in this example. If you look at the table for and notice that the third entry is “false
and won’t check”. If count >= len(copy) (in other words count < len(copy) is false) then copy[count]
is never looked at. This is because Python knows that if the first is false then they both can’t be true. This is known
as a short circuit and is useful if the second half of the and will cause an error if something is wrong. I used the first
expression (count < len(copy)) to check and see if count was a valid index for copy. (If you don’t believe
me remove the matches ‘Jill’ and ‘Life’, check that it still works and then reverse the order of count < len(copy)
and copy[count] != prev to copy[count] != prev and count < len(copy).)

Boolean expressions can be used when you need to check two or more different things at once.

10.1 Examples

password1.py

## This programs asks a user for a name and a password.
# It then checks them to make sure the the user is allowed in.

name = raw_input("What is your name? ")
password = raw_input("What is the password? ")
if name == "Josh" and password == "Friday":

print "Welcome Josh"
elif name == "Fred" and password == "Rock":

print "Welcome Fred"
else:

print "I don’t know you."

Sample runs

What is your name? Josh
What is the password? Friday
Welcome Josh

What is your name? Bill
What is the password? Money
I don’t know you.

10.2 Exercises

Write a program that has a user guess your name, but they only get 3 chances to do so until the program quits.
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CHAPTER

ELEVEN

Dictionaries

Thischapterisaboutdictionaries.Dictionarieshavekeysandvalues.Thekeysareusedtofindthevalues.Hereisan
exampleofadictionaryinuse:

defprint_menu():
print’1.PrintPhoneNumbers’
print’2.AddaPhoneNumber’
print’3.RemoveaPhoneNumber’
print’4.LookupaPhoneNumber’
print’5.Quit’
print

numbers={}
menu_choice=0
print_menu()
whilemenu_choice!=5:

menu_choice=input("Typeinanumber(1-5):")
ifmenu_choice==1:

print"TelephoneNumbers:"
forxinnumbers.keys():

print"Name:",x,"\tNumber:",numbers[x]
print

elifmenu_choice==2:
print"AddNameandNumber"
name=raw_input("Name:")
phone=raw_input("Number:")
numbers[name]=phone

elifmenu_choice==3:
print"RemoveNameandNumber"
name=raw_input("Name:")
ifnumbers.has_key(name):

delnumbers[name]
else:

printname,"wasnotfound"
elifmenu_choice==4:

print"LookupNumber"
name=raw_input("Name:")
ifnumbers.has_key(name):

print"Thenumberis",numbers[name]
else:

printname,"wasnotfound"
elifmenu_choice!=5:

print_menu()

Andhereismyoutput:
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print_menu()
menu_choice=0
whilemenu_choice!=6:

print
menu_choice=input("MenuChoice(1-6):")
ifmenu_choice==1:

name=raw_input("Studenttoadd:")
students[name]=[0]*len(max_points)

elifmenu_choice==2:
name=raw_input("Studenttoremove:")
ifstudents.has_key(name):

delstudents[name]
else:

print"Student:",name,"notfound"
elifmenu_choice==3:

print_all_grades()

elifmenu_choice==4:
print"RecordGrade"
name=raw_input("Student:")
ifstudents.has_key(name):

grades=students[name]
print"Typeinthenumberofthegradetorecord"
print"Typea0(zero)toexit"
foriinrange(len(assignments)):

printi+1,’’,assignments[i],’\t’,
print
print_grades(grades)
which=1234
whilewhich!=-1:

which=input("ChangewhichGrade:")
which=which-1
if0<=which<len(grades):

grade=input("Grade:")
grades[which]=grade

elifwhich!=-1:
print"InvalidGradeNumber"

else:
print"Studentnotfound"

elifmenu_choice!=6:
print_menu()

andhereisasampleoutput:

1.Addstudent
2.Removestudent
3.Printgrades
4.Recordgrade
5.PrintMenu
6.Exit

MenuChoice(1-6):3
hwch1hwch2quizhwch3test

#Max25255025100
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1. Print Phone Numbers
2. Add a Phone Number
3. Remove a Phone Number
4. Lookup a Phone Number
5. Quit

Type in a number (1-5):2
Add Name and Number
Name:Joe
Number:545-4464
Type in a number (1-5):2
Add Name and Number
Name:Jill
Number:979-4654
Type in a number (1-5):2
Add Name and Number
Name:Fred
Number:132-9874
Type in a number (1-5):1
Telephone Numbers:
Name: Jill Number: 979-4654
Name: Joe Number: 545-4464
Name: Fred Number: 132-9874

Type in a number (1-5):4
Lookup Number
Name:Joe
The number is 545-4464
Type in a number (1-5):3
Remove Name and Number
Name:Fred
Type in a number (1-5):1
Telephone Numbers:
Name: Jill Number: 979-4654
Name: Joe Number: 545-4464

Type in a number (1-5):5

This program is similar to the name list earlier in the the chapter on lists. Heres how the program works. First the
function print_menu is defined. print_menu just prints a menu that is later used twice in the program. Next
comes the funny looking line numbers = {}. All that line does is tell Python that numbers is a dictionary. The
next few lines just make the menu work. The lines:

for x in numbers.keys():
print "Name: ",x," \tNumber: ",numbers[x]

go through the dictionary and print all the information. The function numbers.keys() returns a list that is then
used by the for loop. The list returned by keys is not in any particular order so if you want it in alphabetic order
it must be sorted. Similar to lists the statement numbers[x] is used to access a specific member of the dictionary.
Of course in this case x is a string. Next the line numbers[name] = phone adds a name and phone number to
the dictionary. If name had already been in the dictionary phone would replace whatever was there before. Next the
lines:
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if numbers.has_key(name):
del numbers[name]

see if a name is in the dictionary and remove it if it is. The function numbers.has_key(name) returns true if
name is in numbers but other wise returns false. The line del numbers[name] removes the key name and the
value associated with that key. The lines:

if numbers.has_key(name):
print "The number is",numbers[name]

check to see if the dictionary has a certain key and if it does prints out the number associated with it. Lastly if the
menu choice is invalid it reprints the menu for your viewing pleasure.

A recap: Dictionaries have keys and values. Keys can be strings or numbers. Keys point to values. Values can be any
type of variable (including lists or even dictionaries (those dictionaries or lists of course can contain dictionaries or
lists themselves (scary right? :) )). Here is an example of using a list in a dictionary:

max_points = [25,25,50,25,100]
assignments = [’hw ch 1’,’hw ch 2’,’quiz ’,’hw ch 3’,’test’]
students = {’#Max’:max_points}

def print_menu():
print "1. Add student"
print "2. Remove student"
print "3. Print grades"
print "4. Record grade"
print "5. Print Menu"
print "6. Exit"

def print_all_grades():
print ’\t’,
for i in range(len(assignments)):

print assignments[i],’\t’,
print
keys = students.keys()
keys.sort()
for x in keys:

print x,’\t’,
grades = students[x]
print_grades(grades)

def print_grades(grades):
for i in range(len(grades)):

print grades[i],’\t\t’,
print
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MenuChoice(1-6):6
1.Addstudent
2.Removestudent
3.Printgrades
4.Recordgrade
5.PrintMenu
6.Exit

MenuChoice(1-6):1
Studenttoadd:Bill

MenuChoice(1-6):4
RecordGrade
Student:Bill
Typeinthenumberofthegradetorecord
Typea0(zero)toexit
1hwch12hwch23quiz4hwch35test
00000
ChangewhichGrade:1
Grade:25
ChangewhichGrade:2
Grade:24
ChangewhichGrade:3
Grade:45
ChangewhichGrade:4
Grade:23
ChangewhichGrade:5
Grade:95
ChangewhichGrade:0

MenuChoice(1-6):3
hwch1hwch2quizhwch3test

#Max25255025100
Bill2524452395

MenuChoice(1-6):6

Hereshowtheprogramworks.Basicallythevariablestudentsisadictionarywiththekeysbeingthename
ofthestudentsandthevaluesbeingtheirgrades.Thefirsttwolinesjustcreatetwolists.Thenextline
students={’#Max’:max_points}createsanewdictionarywiththekey#Maxandthevalueissettobe
[25,25,50,25,100](sincethatswhatmax_pointswaswhentheassignmentismade)(Iusethekey#Max
since#issortedaheadofanyalphabeticcharacters).Nextprint_menuisdefined.Nexttheprint_all_grades
functionisdefinedinthelines:
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fromtimeimporttime,ctime

prev_time=""
while(1):

the_time=ctime(time())
if(prev_time!=the_time):

print"Thetimeis:",ctime(time())
prev_time=the_time

Withsomeoutputbeing:

Thetimeis:SunAug2013:40:042000
Thetimeis:SunAug2013:40:052000
Thetimeis:SunAug2013:40:062000
Thetimeis:SunAug2013:40:072000
Traceback(innermostlast):

File"clock.py",line5,in?
the_time=ctime(time())

KeyboardInterrupt

TheoutputisinfiniteofcoursesoIcanceledit(ortheoutputatleastcontinuesuntilCtrl+Cispressed).Theprogram
justdoesainfiniteloopandeachtimecheckstoseeifthetimehaschangedandprintsitifithas.Noticehowmultiple
namesaftertheimportstatementareusedinthelinefromtimeimporttime,ctime.

ThePythonLibrarycontainsmanyusefulfunctions.Thesefunctionsgiveyourprogramsmoreabilitiesandmanyof
themcansimplifyprogramminginPython.

12.1Exercises

Rewritethehighlow.pyprogramfromsection5.2tousethelasttwodigitsoftimeatthatmomenttobethe’random’
number.
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def print_all_grades():
print ’\t’,
for i in range(len(assignments)):

print assignments[i],’\t’,
print
keys = students.keys()
keys.sort()
for x in keys:

print x,’\t’,
grades = students[x]
print_grades(grades)

Notice how first the keys are gotten out of the students dictionary with the keys function in the line keys =
students.keys() . keys is a list so all the functions for lists can be used on it. Next the keys are sorted in the
line keys.sort() since it is a list. for is used to go through all the keys. The grades are stored as a list inside
the dictionary so the assignment grades = students[x] gives grades the list that is stored at the key x. The
function print_grades just prints a list and is defined a few lines later.

The later lines of the program implement the various options of the menu. The line
students[name] = [0]*len(max_points) adds a student to the key of their name. The notation
[0]*len(max_points) just creates a array of 0’s that is the same length as the max_points list.

The remove student entry just deletes a student similar to the telephone book example. The record grades choice is
a little more complex. The grades are retrieved in the line grades = students[name] gets a reference to the
grades of the student name. A grade is then recorded in the line grades[which] = grade. You may notice that
grades is never put back into the students dictionary (as in no students[name] = grades). The reason for
the missing statement is that grades is actually another name for students[name] and so changing grades
changes student[name].

Dictionaries provide a easy way to link keys to values. This can be used to easily keep track of data that is attached to
various keys.
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CHAPTER

TWELV

Using Modules

Here’s this chapter’s typing exercise (name it cal.py)1:

import calendar

year = input("Type in the year number:")
calendar.prcal(year)

And here is part of the output I got:

Type in the year number:2001
2001

January February March
Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su
1 2 3 4 5 6 7 1 2 3 4 1 2 3 4
8 9 10 11 12 13 14 5 6 7 8 9 10 11 5 6 7 8 9 10 11

15 16 17 18 19 20 21 12 13 14 15 16 17 18 12 13 14 15 16 17 18
22 23 24 25 26 27 28 19 20 21 22 23 24 25 19 20 21 22 23 24 25
29 30 31 26 27 28 26 27 28 29 30 31

(I skipped some of the output, but I think you get the idea.) So what does the program do? The first line import
calendar uses a new command import. The command import loads a module (in this case the calendar
module). To see the commands available in the standard modules either look in the library reference for python
(if you downloaded it) or go to http://www.python.org/doc/current/lib/lib.html. The calendar
module is described in 5.9. If you look at the documentation lists a function called prcal that prints a calendar for a
year. The line calendar.prcal(year) uses the function. In summary to use a module import it and then use
module name.function for functions in the module. Another way to write the program is:

from calendar import prcal

year = input("Type in the year number:")
prcal(year)

This version imports a specific function from a module. Here is another program that uses the Python Library (name
it something like clock.py) (press Ctrl and the ’c’ key at the same time to kill the program):

1import actually looks for a file named calendar.py and reads it in. If the file is named calendar.py and it sees a ’import calendar’ it tries to read
in itself which works poorly at best.
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CHAPTER

THIRTEEN

MoreonLists

Wehavealreadyseenlistsandhowtheycanbeused.NowthatyouhavesomemorebackgroundIwillgointomore
detailaboutlists.Firstwewilllookatmorewaystogetattheelementsinalistandthenwewilltalkaboutcopying
them.

Herearesomeexamplesofusingindexingtoaccessasingleelementofanlist:

>>>list=[’zero’,’one’,’two’,’three’,’four’,’five’]
>>>list[0]
’zero’
>>>list[4]
’four’
>>>list[5]
’five’

Allthoseexamplesshouldlookfamiliartoyou.Ifyouwantthefirstiteminthelistjustlookatindex0.Thesecond
itemisindex1andsoonthroughthelist.Howeverwhatifyouwantthelastiteminthelist?Onewaycouldbeto
usethelenfunctionlikelist[len(list)-1].Thiswayworkssincethelenfunctionalwaysreturnsthelast
indexplusone.Thesecondfromthelastwouldthenbelist[len(list)-2].Thereisaneasierwaytodothis.
InPythonthelastitemisalwaysindex-1.Thesecondtothelastisindex-2andsoon.Herearesomemoreexamples:

>>>list[len(list)-1]
’five’
>>>list[len(list)-2]
’four’
>>>list[-1]
’five’
>>>list[-2]
’four’
>>>list[-6]
’zero’

Thusanyiteminthelistcanbeindexedintwoways:fromthefrontandfromtheback.

Anotherusefulwaytogetintopartsoflistsisusingslices.Hereisanotherexampletogiveyouanideawhattheycan
beusedfor:
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Thisprobablylookssurprisingsinceamodificationtobresultedinabeingchangedaswell.Whathappenedisthat
thestatementb=amakesbareferencetoa.Thismeansthatbcanbethoughtofasanothernamefora.Hence
anymodificationtobchangesaaswell.Howeversomeassignmentsdon’tcreatetwonamesforonelist:

>>>a=[1,2,3]
>>>b=a*2
>>>printa
[1,2,3]
>>>printb
[1,2,3,1,2,3]
>>>a[1]=10
>>>printa
[1,10,3]
>>>printb
[1,2,3,1,2,3]

Inthiscasebisnotareferencetoasincetheexpressiona*2createsanewlist.Thenthestatementb=a*2gives
bareferencetoa*2ratherthanareferencetoa.Allassignmentoperationscreateareference.Whenyoupassalist
asaargumenttoafunctionyoucreateareferenceaswell.Mostofthetimeyoudon’thavetoworryaboutcreating
referencesratherthancopies.Howeverwhenyouneedtomakemodificationstoonelistwithoutchanginganother
nameofthelistyouhavetomakesurethatyouhaveactuallycreatedacopy.

Thereareseveralwaystomakeacopyofalist.Thesimplestthatworksmostofthetimeisthesliceoperatorsinceit
alwaysmakesanewlistevenifitisasliceofawholelist:

>>>a=[1,2,3]
>>>b=a[:]
>>>b[1]=10
>>>printa
[1,2,3]
>>>printb
[1,10,3]

Takingtheslice[:]createsanewcopyofthelist.Howeveritonlycopiestheouterlist.Anysublistinsideisstilla
referencestothesublistintheoriginallist.Therefore,whenthelistcontainsliststheinnerlistshavetobecopiedas
well.YoucoulddothatmanuallybutPythonalreadycontainsamoduletodoit.Youusethedeepcopyfunctionof
thecopymodule:

>>>importcopy
>>>a=[[1,2,3],[4,5,6]]
>>>b=a[:]
>>>c=copy.deepcopy(a)
>>>b[0][1]=10
>>>c[1][1]=12
>>>printa
[[1,10,3],[4,5,6]]
>>>printb
[[1,10,3],[4,5,6]]
>>>printc
[[1,2,3],[4,12,6]]

Firstofallnoticethataisanarrayofarrays.Thennoticethatwhenb[0][1]=10isrunbothaandbarechanged,
butcisnot.Thishappensbecausetheinnerarraysarestillreferenceswhenthesliceoperatorisused.Howeverwith
deepcopycwasfullycopied.
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>>> list = [0,’Fred’,2,’S.P.A.M.’,’Stocking’,42,"Jack","Jill"]
>>> list[0]
0
>>> list[7]
’Jill’
>>> list[0:8]
[0, ’Fred’, 2, ’S.P.A.M.’, ’Stocking’, 42, ’Jack’, ’Jill’]
>>> list[2:4]
[2, ’S.P.A.M.’]
>>> list[4:7]
[’Stocking’, 42, ’Jack’]
>>> list[1:5]
[’Fred’, 2, ’S.P.A.M.’, ’Stocking’]

Slices are used to return part of a list. The slice operator is in the form
list[first_index:following_index]. The slice goes from the first_index to the index before
the following_index. You can use both types of indexing:

>>> list[-4:-2]
[’Stocking’, 42]
>>> list[-4]
’Stocking’
>>> list[-4:6]
[’Stocking’, 42]

Another trick with slices is the unspecified index. If the first index is not specified the beginning of the list is assumed.
If the following index is not specified the whole rest of the list is assumed. Here are some examples:

>>> list[:2]
[0, ’Fred’]
>>> list[-2:]
[’Jack’, ’Jill’]
>>> list[:3]
[0, ’Fred’, 2]
>>> list[:-5]
[0, ’Fred’, 2]

Here is a program example (copy and paste in the poem definition if you want):
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poem = ["<B>","Jack","and","Jill","</B>","went","up","the","hill","to","<B>",\
"fetch","a","pail","of","</B>","water.","Jack","fell","<B>","down","and",\
"broke","</B>","his","crown","and","<B>","Jill","came","</B>","tumbling",\
"after"]

def get_bolds(list):
true = 1
false = 0
## is_bold tells whether or not the we are currently looking at
## a bold section of text.
is_bold = false
## start_block is the index of the start of either an unbolded
## segment of text or a bolded segment.
start_block = 0
for index in range(len(list)):

##Handle a starting of bold text
if list[index] == "<B>":

if is_bold:
print "Error: Extra Bold"

##print "Not Bold:",list[start_block:index]
is_bold = true
start_block = index+1

##Handle end of bold text
if list[index] == "</B>":

if not is_bold:
print "Error: Extra Close Bold"

print "Bold [",start_block,":",index,"] ",\
list[start_block:index]
is_bold = false
start_block = index+1

get_bolds(poem)

with the output being:

Bold [ 1 : 4 ] [’Jack’, ’and’, ’Jill’]
Bold [ 11 : 15 ] [’fetch’, ’a’, ’pail’, ’of’]
Bold [ 20 : 23 ] [’down’, ’and’, ’broke’]
Bold [ 28 : 30 ] [’Jill’, ’came’]

The get_bold function takes in a list that is broken into words and token’s. The tokens that it looks for are <B>
which starts the bold text and <\B> which ends bold text. The function get_bold goes through and searches for the
start and end tokens.

The next feature of lists is copying them. If you try something simple like:

>>> a = [1,2,3]
>>> b = a
>>> print b
[1, 2, 3]
>>> b[1] = 10
>>> print b
[1, 10, 3]
>>> print a
[1, 10, 3]
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So,shouldIworryaboutreferenceseverytimeIuseafunctionor=?Thegoodnewsisthatyouonlyhavetoworry
aboutreferenceswhenusingdictionariesandlists.Numbersandstringscreatereferenceswhenassignedbutevery
operationonnumbersandstringsthatmodifiesthemcreatesanewcopysoyoucannevermodifythemunexpectedly.
Youdohavetothinkaboutreferenceswhenyouaremodifyingalistoradictionary.

Bynowyouareprobablywonderingwhyarereferencesusedatall?Thebasicreasonisspeed.Itismuchfasterto
makeareferencetoathousandelementlistthantocopyalltheelements.Theotherreasonisthatitallowsyouto
haveafunctiontomodifytheinputedlistordictionary.Justrememberaboutreferencesifyoueverhavesomeweird
problemwithdatabeingchangedwhenitshouldn’tbe.
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defto_upper(string):
##Convertsastringtouppercase
upper_case=""
forcharacterinstring:

if’a’<=character<=’z’:
location=ord(character)-ord(’a’)
new_ascii=location+ord(’A’)
character=chr(new_ascii)

upper_case=upper_case+character
returnupper_case

printto_upper("ThisisText")

withtheoutputbeing:

THISISTEXT

Thisworksbecausethecomputerrepresentsthecharactersofastringasnumbersfrom0to255.Pythonhas
afunctioncalledord(shortforordinal)thatreturnsacharacterasanumber.Thereisalsoacorrespond-
ingfunctioncalledchrthatconvertsanumberintoacharacter.Withthisinmindtheprogramshouldstart
tobeclear.Thefirstdetailistheline:if’a’<=character<=’z’:whichcheckstoseeifalet-
terislowercase.Ifitisthanthenextlinesareused.Firstitisconvertedintoalocationsothata=0,b=1,c=2
andsoonwiththeline:location=ord(character)-ord(’a’).Nextthenewvalueisfoundwith
new_ascii=location+ord(’A’).Thisvalueisconvertedbacktoacharacterthatisnowuppercase.

Nowforsomeinteractivetypingexercise:
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FOURTEEN

Revenge of the Strings

And now presenting a cool trick that can be done with strings:

def shout(string):
for character in string:

print "Gimme a "+character
print "’"+character+"’"

shout("Lose")

def middle(string):
print "The middle character is:",string[len(string)/2]

middle("abcdefg")
middle("The Python Programming Language")
middle("Atlanta")

And the output is:

Gimme a L
’L’
Gimme a o
’o’
Gimme a s
’s’
Gimme a e
’e’
The middle character is: d
The middle character is: r
The middle character is: a

What these programs demonstrate is that strings are similar to lists in several ways. The shout procedure shows that
for loops can be used with strings just as they can be used with lists. The middle procedure shows that that strings
can also use the len function and array indexes and slices. Most list features work on strings as well.

The next feature demonstrates some string specific features:
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>>>#IntegertoString
...
>>>2
2
>>>repr(2)
’2’
>>>-123
-123
>>>repr(-123)
’-123’
>>>#StringtoInteger
...
>>>"23"
’23’
>>>int("23")
23
>>>"23"*2
’2323’
>>>int("23")*2
46
>>>#FloattoString
...
>>>1.23
1.23
>>>repr(1.23)
’1.23’
>>>#FloattoInteger
...
>>>1.23
1.23
>>>int(1.23)
1
>>>int(-1.23)
-1
>>>#StringtoFloat
...
>>>float("1.23")
1.23
>>>"1.23"
’1.23’
>>>float("123")
123.0

Ifyouhaven’tguessedalreadythefunctionreprcanconvertaintegertoastringandthefunctionintcanconvert
astringtoaninteger.Thefunctionfloatcanconvertastringtoafloat.Thereprfunctionreturnsaprintable
representationofsomething.Herearesomeexamplesofthis:

>>>repr(1)
’1’
>>>repr(234.14)
’234.14’
>>>repr([4,42,10])
’[4,42,10]’

Theintfunctiontriestoconvertastring(orafloat)intoainteger.Thereisalsoasimilarfunctioncalledfloat
thatwillconvertaintegerorastringintoafloat.AnotherfunctionthatPythonhasistheevalfunction.Theeval
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function takes a string and returns data of the type that python thinks it found. For example:

>>> v=eval(’123’)
>>> print v,type(v)
123 <type ’int’>
>>> v=eval(’645.123’)
>>> print v,type(v)
645.123 <type ’float’>
>>> v=eval(’[1,2,3]’)
>>> print v,type(v)
[1, 2, 3] <type ’list’>

If you use the eval function you should check that it returns the type that you expect.

One useful string function is the split function. Here’s the example:

>>> import string
>>> string.split("This is a bunch of words")
[’This’, ’is’, ’a’, ’bunch’, ’of’, ’words’]
>>> string.split("First batch, second batch, third, fourth",",")
[’First batch’, ’ second batch’, ’ third’, ’ fourth’]

Notice how split converts a string into a list of strings. The string is split by spaces by default or by the optional
second argument (in this case a comma).
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14.1 Examples

#This program requires a excellent understanding of decimal numbers
def to_string(in_int):

"Converts an integer to a string"
out_str = ""
prefix = ""
if in_int < 0:

prefix = "-"
in_int = -in_int

while in_int / 10 != 0:
out_str = chr(ord(’0’)+in_int % 10) + out_str
in_int = in_int / 10

out_str = chr(ord(’0’)+in_int % 10) + out_str
return prefix + out_str

def to_int(in_str):
"Converts a string to an integer"
out_num = 0
if in_str[0] == "-":

multiplier = -1
in_str = in_str[1:]

else:
multiplier = 1

for x in range(0,len(in_str)):
out_num = out_num * 10 + ord(in_str[x]) - ord(’0’)

return out_num * multiplier

print to_string(2)
print to_string(23445)
print to_string(-23445)
print to_int("14234")
print to_int("12345")
print to_int("-3512")

The output is:

2
23445
-23445
14234
12345
-3512
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CHAPTER

FIFTEEN

FileIO

HereisasimpleexampleoffileIO:

#Writeafile
out_file=open("test.txt","w")
out_file.write("ThisTextisgoingtooutfile\nLookatitandsee\n")
out_file.close()

#Readafile
in_file=open("test.txt","r")
text=in_file.read()
in_file.close()

printtext,

Theoutputandthecontentsofthefiletest.txtare:

ThisTextisgoingtooutfile
Lookatitandsee

Noticethatitwroteafilecalledtest.txtinthedirectorythatyourantheprogramfrom.The\ninthestringtells
Pythontoputanewlinewhereitis.

AoverviewoffileIOis:

1.Getafileobjectwiththeopenfunction.

2.Readorwritetothefileobject(dependingonhowitwasopened)

3.Closeit

Thefirststepistogetafileobject.Thewaytodothisistousetheopenfunction.Theformatis
file_object=open(filename,mode)wherefile_objectisthevariabletoputthefileobject,
filenameisastringwiththefilename,andmodeiseither"r"toreadafileor"w"towriteafile.Nextthe
fileobjectsfunctionscanbecalled.Thetwomostcommonfunctionsarereadandwrite.Thewritefunction
addsastringtotheendofthefile.Thereadfunctionreadsthenextthinginthefileandreturnsitasastring.Ifno
argumentisgivenitwillreturnthewholefile(asdoneintheexample).

Nowhereisanewversionofthephonenumbersprogramthatwemadeearlier:
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>pythontele2.py
1.PrintPhoneNumbers
2.AddaPhoneNumber
3.RemoveaPhoneNumber
4.LookupaPhoneNumber
5.Loadnumbers
6.Savenumbers
7.Quit

Typeinanumber(1-7):2
AddNameandNumber
Name:Jill
Number:1234
Typeinanumber(1-7):2
AddNameandNumber
Name:Fred
Number:4321
Typeinanumber(1-7):1
TelephoneNumbers:
Name:JillNumber:1234
Name:FredNumber:4321

Typeinanumber(1-7):6
Filenametosave:numbers.txt
Typeinanumber(1-7):7
Goodbye

>pythontele2.py
1.PrintPhoneNumbers
2.AddaPhoneNumber
3.RemoveaPhoneNumber
4.LookupaPhoneNumber
5.Loadnumbers
6.Savenumbers
7.Quit

Typeinanumber(1-7):5
Filenametoload:numbers.txt
Typeinanumber(1-7):1
TelephoneNumbers:
Name:JillNumber:1234
Name:FredNumber:4321

Typeinanumber(1-7):7
Goodbye

Thenewportionsofthisprogramare:
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import string

true = 1
false = 0

def print_numbers(numbers):
print "Telephone Numbers:"
for x in numbers.keys():

print "Name: ",x," \tNumber: ",numbers[x]
print

def add_number(numbers,name,number):
numbers[name] = number

def lookup_number(numbers,name):
if numbers.has_key(name):

return "The number is "+numbers[name]
else:

return name+" was not found"

def remove_number(numbers,name):
if numbers.has_key(name):

del numbers[name]
else:

print name," was not found"

def load_numbers(numbers,filename):
in_file = open(filename,"r")
while true:

in_line = in_file.readline()
if in_line == "":

break
in_line = in_line[:-1]
[name,number] = string.split(in_line,",")
numbers[name] = number

in_file.close()

def save_numbers(numbers,filename):
out_file = open(filename,"w")
for x in numbers.keys():

out_file.write(x+","+numbers[x]+"\n")
out_file.close()

def print_menu():
print ’1. Print Phone Numbers’
print ’2. Add a Phone Number’
print ’3. Remove a Phone Number’
print ’4. Lookup a Phone Number’
print ’5. Load numbers’
print ’6. Save numbers’
print ’7. Quit’
print
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phone_list = {}
menu_choice = 0
print_menu()
while menu_choice != 7:

menu_choice = input("Type in a number (1-7):")
if menu_choice == 1:

print_numbers(phone_list)
elif menu_choice == 2:

print "Add Name and Number"
name = raw_input("Name:")
phone = raw_input("Number:")
add_number(phone_list,name,phone)

elif menu_choice == 3:
print "Remove Name and Number"
name = raw_input("Name:")
remove_number(phone_list,name)

elif menu_choice == 4:
print "Lookup Number"

name = raw_input("Name:")
print lookup_number(phone_list,name)

elif menu_choice == 5:
filename = raw_input("Filename to load:")
load_numbers(phone_list,filename)

elif menu_choice == 6:
filename = raw_input("Filename to save:")
save_numbers(phone_list,filename)

elif menu_choice == 7:
pass

else:
print_menu()

print "Goodbye"

Notice that it now includes saving and loading files. Here is some output of my running it twice:
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defload_numbers(numbers,filename):
in_file=open(filename,"r")
while1:

in_line=in_file.readline()
iflen(in_line)==0:

break
in_line=in_line[:-1]
[name,number]=string.split(in_line,",")
numbers[name]=number

in_file.close()

defsave_numbers(numbers,filename):
out_file=open(filename,"w")
forxinnumbers.keys():

out_file.write(x+","+numbers[x]+"\n")
out_file.close()

Firstwewilllookatthesaveportionoftheprogram.Firstitcreatesafileobjectwiththecommand
open(filename,"w").Nextitgoesthroughandcreatesalineforeachofthephonenumberswiththecom-
mandout_file.write(x+","+numbers[x]+"\n").Thiswritesoutalinethatcontainsthename,acomma,
thenumberandfollowsitbyanewline.

Theloadingportionisalittlemorecomplicated.Itstartsbygettingafileobject.Thenitusesa
while1:looptokeeploopinguntilabreakstatementisencountered.Nextitgetsalinewiththeline
in_line=in_file.readline().Thegetlinefunctionwillreturnaemptystring(len(string)==0)when
theendofthefileisreached.Theifstatementchecksforthisandbreaksoutofthewhileloopwhenthathappens.
Ofcourseifthereadlinefunctiondidnotreturnthenewlineattheendofthelinetherewouldbenowaytotellifan
emptystringwasanemptylineortheendofthefilesothenewlineisleftinwhatgetlinereturns.Hencewehaveto
getridofthenewline.Thelinein_line=in_line[:-1]doesthisforusbydroppingthelastcharacter.Next
theline[name,number]=string.split(in_line,",")splitsthelineatthecommaintoanameanda
number.Thisisthenaddedtothenumbersdictionary.

15.1Exercises

Nowmodifythegradesprogramfromsection11sothatisusesfileIOtokeeparecordofthestudents.
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16.1Exercises

Updateatleastthephonenumbersprogramsoitdoesn’tcrashifauserdoesn’tenteranydataatthemenu.
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SIXTEEN

Dealing with the imperfect (or how to
handle errors)

So you now have the perfect program, it runs flawlessly, except for one detail, it will crash on invalid user input. Have
no fear, for Python has a special control structure for you. It’s called try and it tries to do something. Here is an
example of a program with a problem:

print "Type Control C or -1 to exit"
number = 1
while number != -1:

number = int(raw_input("Enter a number: "))
print "You entered: ",number

Notice how when you enter @#& it outputs something like:

Traceback (innermost last):
File "try_less.py", line 4, in ?

number = int(raw_input("Enter a number: "))
ValueError: invalid literal for int(): @#&

As you can see the int function is unhappy with the number @#& (as well it should be). The last line shows what the
problem is; Python found a ValueError. How can our program deal with this? What we do is first: put the place
where the errors occurs in a try block, and second: tell Python how we want ValueErrors handled. The following
program does this:

print "Type Control C or -1 to exit"
number = 1
while number != -1:

try:
number = int(raw_input("Enter a number: "))
print "You entered: ",number

except ValueError:
print "That was not a number."

Now when we run the new program and give it @#& it tells us “That was not a number.” and continues with what it
was doing before.

When your program keeps having some error that you know how to handle, put code in a try block, and put the way
to handle the error in the except block.
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SEVENTEEN

TheEnd

Iamcurrentlyworkingonaddingmoresectionstothisdocument.ForthemomentIrecommendlookingatThe
PythonTutorialbyGuidovanRossum.Youshouldbeabletounderstandafairamountofit.

Thistutorialisverymuchaworkinprogress.Iwantanycommentsyouhaveonwhatfeaturesyouwouldlike
describedinit.Thankyouemailshavebeenknowntocausemetogetmassiveamountsofworkdone,improvements,
andlisteningcloselytocomments:).

Happyprogramming,mayitchangeyourlifeandtheworld.

TODO=[’errors’,’howtomakemodules’,’moreonloops’,’moreonstrings’,’fileio’,’howtouseonline
help’,’try’,’pickle’,’anythinganyonesuggeststhatIthinkisagoodidea’]
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2001-Nov-19,Addedpasswordexercise,revisedreferencessection.
2002-Feb-23,Moved3timespasswordexercise,changedltolistinlistexamplesquestion.Addedanew
exampletoDecisionschapter,addedtwonewexercises.
2002-Mar-14,Changedabstomyabssincepythonnowdefinesaabsfunction.
2002-May-15,Addedafaqaboutcreatinganexecutable.Addedacommentfromaboutthelistexample.Fixed
typosfromAxelKleiboemer.
2002-Jun-14,Changedaprogramtousewhiletrueinsteadofwhile1tobemoreclear.
2002-Jul-5,Rewrotefunctionschapter.Modifiedfibprogramtohopefullybeclearer.

82Chapter18.FAQ



80

CHAPTER

EIGHTEEN

FAQ

Can’t use programs with input. If you are using IDLE then try using command line. This problem seems to be fixed
in IDLE 0.6 and newer. If you are using an older version of IDLE try upgrading to Python 2.0 or newer.

Is there a printable version? Yes, see the next question.

Is there a PDF or zipped version? Yes, go to http://www.honors.montana.edu/˜jjc/easytut/ for several different ver-
sions.

What is the tutorial written with? LATEX, see the ‘easytut.tex’ file.

I can’t type in programs of more than one line. If the programs that you type in run as soon as you are typing them
in, you need to edit a file instead of typing them in interactive mode. (Hint: interactive mode is the mode with
the >>> prompt in front of it.)

My question is not answered here. Email me and ask. Please send me source code if at all relevent (even, (or maybe
especially) if it doesn’t work). Helpful things to include are what you were trying to do, what happened, what
you expected to happen, error messages, version of Python, Operating System, and whether or not your cat was
stepping on the keyboard. (The cat in my house has a fondness for space bars and control keys.)

I want to read it in a different language. The only translation I know of is in korean and is available at:
http://home.hanmir.com/ johnsonj/easytut/easytut.html. Several people have said they are doing a translation
in other languages such as French, but I never heard back from them. If you have done a translation or know of
any translations, please either send it to me or send me a link.

How do I make a GUI in Python? You can use either TKinter at http://www.python.org/topics/tkinter/ or WXPython
at http://www.wxpython.org/

How do I make a game in Python? The best method is probably to use PYgame at http://pygame.org/

How do I make an exectable from a Python program? Short answer: Python is an interepreted language so that
is impossible. Long answer is that something similar to an executable can be created by taking the Python
interpreter and the file and joining them together and distributing that. For more on that problem see
http://www.python.org/cgi-bin/faqw.py?req=all#4.28

I need help with the exercises Hint, the password program requires two variables, one to keep track of the number
of times the password was typed in, and another to keep track of the last password typed in. Also you can
download solutions from http://www.honors.montana.edu/˜jjc/easytut/

What and when was the last thing changed? 2000-Dec-16, added error handling chapter.
2000-Dec-22, Removed old install procedure.
2001-Jan-16, Fixed bug in program, Added example and data to lists section.
2001-Apr-5, Spelling, grammar, added another how to break programs, url fix for PDF version.
2001-May-13, Added chapter on debugging.
2001-Nov-11, Added exercises, fixed grammar, spelling, and hopefully improved explanations of some things.
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