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Preface
The creation of this book has provided m e, M ike M cG rath, a w elcom e opportunity to
produce an introduction to coding com puter program s for readers w ith no previous coding
experience. A lthough this is a book for beginners, it goes beyond the m ere basics so som e
topics m ay be m ore easily understood after gaining som e coding experience w ith the
sim pler listed program s. A ll the exam ples dem onstrate coding features using the popular
Python program m ing language and the book‒s screenshots illustrate the actual results
produced by executing the listed code.

Conventions in this book

In order to clarify the code listed in the steps given in each exam ple, I have adopted the
sam e default colorization convention provided by Python‒s code editor. K eyw ords of the
Python language itself are colored orange, built-in function nam es are purple, coder-
specified function nam es are blue, text strings are green, com m ents are red, and all other
code is black, like this:
# A function to display a greeting

def greet( reader ) :
print( ‐W elcom e to Coding for Beginners‒ , reader )

A dditionally, in order to identify each source code file described in the steps, an icon and
file nam e appears in the m argin alongside the steps, like this:

program .py

G rabbing the source code

For convenience I have placed source code files from  the exam ples featured in this book
into a single ZIP archive. You can obtain the com plete archive by follow ing these easy
steps:

B row se to www.ineasysteps.com  then navigate to Free R esources and choose the
D ow nloads section

Find C oding for B eginners in easy steps in the list, then click on the hyperlink
entitled A ll C ode Exam ples to dow nload the archive

N ow , extract the archive contents to any convenient location on your com puter



1
G etting started

W elcom e to the exciting, fun w orld of com puter coding! This chapter describes how  to create your ow n program m ing

environm ent and dem onstrates how  to code your very first program .

Program m ing code
Setting up
Exploring IDLE
G etting help
Saving program s
Storing values
Adding com m ents
Nam ing rules
Sum m ary





Program m ing code
A  com puter is m erely a m achine that can process a set of sim ple instructions very quickly.
The set of instructions it processes is know n as a ―program ‖, and the instructions are
know n as ―code‖.

People w ho w rite com puter program s are know n as ―program m ers‖ or ―coders‖. Their
program s have enabled com puters to becom e useful in alm ost every area of m odern life:

‛ In the hand ‌ com puters are found in cellphone devices for tasks such as
com m unication via voice, text, and social m edia

‛ In the hom e ‌ com puters are found in household devices such as TV  sets, gam ing
consoles, and w ashing m achines

‛ In the office ‌ com puters are found in desktop devices for tasks such as w ord
processing, payroll, and graphic design

‛ In the store ‌ com puters are found in retail devices such as autom atic teller m achines
(ATM s) and bar code scanners

‛ In the car ‌ com puters are found in control devices for tasks such as engine
m anagem ent, anti-lock braking and security

‛ In the sky ‌ com puters are found in airplanes for piloting and in air traffic control
centers for safe navigation

These are, in fact, just a few  exam ples of how  com puters affect our lives today. Yet,
com puters are really dum b! They can only count from  zero to one, and cannot think for
them selves.

A  com puter is a collection of electronic com ponents ‌ collectively know n as ―hardw are‖.
To m ake the com puter function it m ust be given a set of program  instructions ‌ know n as
―softw are‖.

It is im portant that each com puter program  provides clear step-by-step instructions that the
com puter can execute w ithout errors. The coder m ust therefore break dow n the task
required of the com puter into sim ple unam biguous steps. For exam ple, a program  to m ove
a m obile robot from  indoors to outdoors m ust include instructions to have the robot locate
a doorw ay and navigate around any obstacles. So the coder m ust alw ays consider w hat
possible unexpected difficulties a program  m ay encounter.

Program  instructions m ust be presented to the com puter in a language it can understand.
A t the m ost basic level the com puter can understand ―m achine code‖, w hich m oves item s
around in its m em ory to perform  tasks. This type of obscure low -level code is incredibly



tedious as it requires m any lines of instruction to perform  even a sim ple task.

Fortunately, over the years, m any ―high-level‖ program m ing languages have been
developed that allow  the coder to com pose instructions in m ore hum an-readable form .
These m odern high-level program s are autom atically translated into the m achine code that
the com puter can understand by a ―com piler‖ or by an ―interpreter‖. In order to becom e a
coder you m ust typically learn at least one of these high-level program m ing languages:

‛ C  ‌ a pow erful com piled language that is closely m apped to m achine code and used to
develop operating system s

‛ C++ ‌ an enhanced com piled language developing on C  to provide classes for O bject
O riented Program m ing (O O P)

‛ C# ‌ a m odern com piled language designed by M icrosoft for the .N ET fram ew ork and
C om m on Language Infrastructure

‛ Java ‌ a portable com piled language that is designed to run on any platform  regardless
of the hardw are architecture

‛ Python ‌ a dynam ic interpreted language that allow s both functional and O bject
O riented Program m ing (O O P)

Program s written in an interpreted language can be run im m ediately but those
written in com piled languages m ust first be com piled before they can be run.

Just as hum an languages have sim ilarities, such as verbs and nouns, these program m ing
languages have certain sim ilarities as they each possess ―data structures‖, in w hich to store
inform ation, and ―control structures‖ that determ ine how  the program  proceeds.

The exam ples in this book use the Python language to dem onstrate how  to code com puter
program s as it has a sim ple language syntax, requires no com pilation, includes a large
library of standard functions, and can be used to create both C onsole program s and
w indow ed G U I (G raphical U ser Interface) apps.

Python is a total package of ―batteries included‖.





Setting up
B efore you can begin coding program s in the Python language you need to set up a
program m ing environm ent on your com puter by installing the Python interpreter and the
standard library of tested code m odules that com es along w ith it. This is available online
as a free dow nload from  the Python Softw are Foundation.

Launch a w eb brow ser and navigate to python.org/dow nloads then click the
D ow nloads button to grab the latest version for your system  ‌ in this case it‒s
―Python 3.4.2‖

W hen the dow nload com pletes run the installer and choose w hether to install for
all users or just yourself, then click the N ext button to proceed

N ow , accept the suggested default installation location, w hich w ill be a directory
on your root C:\ drive nam ed ―Python‖ and version num ber ‌ in this exam ple it‒s a
directory at C:\Python34 for Python version 3.4.2

Installers for M ac O S X and O ther Platform s are also freely available at
python.org/dow nloads

Do accept the suggested destination directory ‌ such as C:\Python34 that is
suggested here.

C lick the N ext button to proceed then be sure to select the feature to ―A dd
python.exe to Path‖



C lick on N ext to begin copying files onto your com puter then click the Finish
button to com plete the installation

U pon com pletion the Python group is added to your Start/A pps m enu. M ost im portant of
this group is the ID LE item  that launches the Python integrated developm ent environm ent.

Adding Python to the system  Path m akes it available from  within any directory.
After installation, you can exactly enter the com m and python -V at a Com m and
Prom pt to see the interpreter respond with its version num ber.

You will use the IDLE launcher often so right-click on its icon and choose ―Pin to
taskbar‖ to m ake it readily available from  the W indows Desktop.





Exploring IDLE
The installed Python softw are package includes the Integrated D eveLopm ent Environm ent
(ID LE) in w hich you can easily code and run program s, or snippets, w ritten in the Python
language. ID LE provides tw o different w indow s for program  developm ent:

‛ Shell W indow

‛ Edit W indow

W hen you start up ID LE it opens a new  w indow  containing a m enu bar, a banner
describing the version, and a >>> prom pt. This is the Shell W indow  in w hich you can
interact directly w ith the Python interpreter by entering statem ents at the prom pt.

If the interpreter understands your entry it w ill respond w ith an appropriate reply,
otherw ise it w ill report an error.

You can m ake the interpreter print out a string of text by entering a Python print() function
statem ent that encloses your string w ithin quote m arks inside the parentheses at the
interactive prom pt.

M ost program m ing languages require text strings to be enclosed in quote m arks
to differentiate them  from  program  code. By convention, Python coders use single
quotes.

You can also m ake the interpreter print out the result of a sim ple arithm etic sum  by
entering a valid sum  statem ent at the prom pt.

If your statem ent is not valid, such as a sum  that attem pts to divide a num ber by zero, the
interpreter w ill print out an error m essage helpfully describing the nature of the error.

O pen an ID LE Shell W indow  then precisely enter this statem ent at the interactive
prom pt
print( ‐Hello W orld!‒ )

N ext, hit the R eturn key to see the interpreter‒s response



N ow , enter this sum  statem ent at the interactive prom pt

8 + 4

Spaces in statem ents are ignored ‌ so 8+4 can be entered without spaces.

H it R eturn to see the interpreter print the result total

Enter this invalid statem ent at the interactive prom pt

8 / 0

H it R eturn to see the interpreter print an error m essage

The Shell W indow is m ostly used to test snippets of code.





G etting help
The ID LE Shell W indow  provides a great H elp utility w here you can find help on any
Python topic w hen coding Python program s. H elp can be sought by entering a Python
help() statem ent at the interactive >>> prom pt. A  w elcom e m essage appears and the prom pt
changes to help> to denote you are now  in H elp m ode.

O pen an ID LE Shell W indow  then precisely enter this statem ent at the interactive
prom pt
help( )

N ext, hit the R eturn key to enter H elp m ode

N ow , enter this topic nam e at the H elp utility prom pt keyw ords

H it R eturn to list all keyw ords of the Python language

The Help utility welcom e m essage also contains handy hints ‌ but are om itted
here for brevity.

Keywords are the vocabulary of a program m ing language. Note that Python
keywords are case-sensitive ‌ these are all in lowercase except False, None, and
True.



Then, enter this com m and at the H elp utility prom pt quit

H it R eturn to exit H elp and return to an interactive Shell W indow  prom pt

There are no parentheses required after the quit instruction ‌ here it is a Help
utility com m and, not a Python statem ent.

W hen you just w ant help on a single topic you can sim ply enter the topic nam e w ithin
quote m arks inside the parentheses of a help() statem ent at the interactive prom pt:

Precisely enter this statem ent at the interactive prom pt

help( ‐keyw ords‒ )

H it R eturn to list all keyw ords of the Python language and rem ain at an interactive
Shell W indow  prom pt

Keywords have special m eaning in a program m ing language ‌ they cannot be
used to nam e item s in your code.





Saving program s
The ID LE Shell W indow , described on the previous page, is a great place to try out
snippets of code, but cannot save your code. H appily ID LE also provides an Edit W indow
w here you can create longer pieces of program m ing code that can be stored in a (.py) file
on your com puter. This m eans you can easily re-run the code w ithout re-typing all the
instructions at the Shell W indow  >>> prom pt and this lets you edit your code to try new
ideas. The procedure to create, save, and run your code looks like this:

‛ O pen an Edit W indow  from  the Shell W indow  by selecting File, N ew  File from  the
Shell W indow  m enu item s ‌ or by pressing the C trl + N  shortcut keys

‛ Type code into the Edit W indow  then save it by selecting File, Save from  the Edit
W indow  m enu item s ‌ or by pressing the C trl + S shortcut keys

‛ R un saved code from  the Edit W indow  by selecting R un, R un M odule from  the Edit
W indow  m enu item s ‌ or by pressing the F5 shortcut key

The procedure described here will be used to dem onstrate the code exam ples
given throughout this book.

O utput from  your program  code w ill appear in the Shell W indow  as the program  runs, or a
helpful error m essage w ill appear there if the interpreter discovers an error in your code.

O pen an ID LE Shell W indow  then select the File, N ew  File m enu item  to open an
ID LE Edit W indow

Notice the File, O pen and File, Recent Files m enu item s that can be used to re-
run program  code previously saved.



helloworld.py

N ow , in the ID LE Edit W indow , precisely enter this code

print( ‐Hello W orld!‒ )

N ext, in the ID LE Edit W indow , select the File, Save m enu item s, to open the Save
A s dialog, then save your program  code as a file nam ed hellow orld.py

Finally, in the ID LE Edit W indow , select the R un, R un M odule m enu item s, to run
your program  code and see the output appear in the Shell W indow

Your program  code can be saved at any convenient location on your com puter ‌
here it is saved in a directory created at C:\M yCode that will be used for all
exam ples in this book.

Notice that the Shell W indow restarts whenever it runs your program  code afresh.





Storing values
O ne essential feature of all com puter program m ing languages is the ability to store data
values in the program  code. This ability is provided by a sim ple data structure called a
―variable‖. A  variable is a container in w hich an item  of data can be stored, m uch like a
real-life object can be stored in a box.

W hen creating a variable you give it a nam e of your choice, subject to the nam ing
conventions of the program m ing language, that acts like a label on a box. The data item
stored w ithin the variable can subsequently be retrieved using its given nam e ‌ just as you
can find a real-life object in a box by reading its label.

D ata to be stored in a variable is assigned in a Python program  declaration statem ent w ith
the = assignm ent operator. For exam ple, to store the num eric value eight in a variable
nam ed ―a‖:
a = 8

The stored value can then be retrieved using the variable‒s nam e, so that the statem ent
print( a ) w ill output the stored value 8. That variable can subsequently be assigned a
different value, so its value can vary as the program  proceeds ‌ hence the term  ―variable‖.

In Python program m ing a variable m ust be assigned an initial value (―initialized‖) in the
statem ent that declares it in a program  ‌ otherw ise the interpreter w ill report a ―not
defined‖ error.

M ultiple variables can be initialized w ith a com m on value in a single statem ent using a
sequence of = assignm ents. For exam ple, to initialize variables nam ed ―a‖, ―b‖ and ―c‖
each w ith a num eric value of eight like this:
a = b = c = 8

Som e program m ing languages, such as Java, dem and you specify in its declaration w hat
type of data a variable m ay contain. This reserves a specific am ount of m em ory space and
is know n as ―static typing‖. Python variables, on the other hand, have no such lim itation
and adjust the m em ory allocation to suit the various data values assigned to their variables
(―dynam ic typing‖). This m eans they can store integer w hole num bers, floating-point
num bers, text strings, or B oolean values of True or False as required.

Program m ing languages that require variable types to be specified are



alternatively known as ―strongly typed‖, whereas those that do not are
alternatively known as ―loosely typed‖.

firstvar.py

O pen an ID LE Edit W indow  then enter code to create a variable nam ed ―var‖ to
store a w hole num ber integer
var = 8

N ext, add a statem ent to display the stored integer value

print( var )

A ssign a new  floating-point num ber to the variable then add a statem ent to display
the stored float value
var = 3.142

print( var )

N ow , assign a text string to the variable then add a statem ent to display the stored
string value
var = ‐Coding for Beginners in easy steps‒
print( var )

Finally, assign a logical truth value to the variable then add a statem ent to display
the stored B oolean value
var = True

print( var )

Save the file (File, Save) then run the program  (R un, R un M odule) to see the stored
values displayed in output

Text string data m ust be enclosed within quote m arks to denote the start and end
of that particular string.





Adding com m ents
W hen you begin to code longer program s it is useful to add com m ents at the start of each
piece of code describing the purpose of that piece. This m akes the code m ore easily
understood by others, and by yourself w hen revisiting the code at a later date. In the
Python program m ing language everything on a single line after a # hash character is
ignored by the interpreter. This m eans that a single-line com m ent can be inserted after a #
character.

com m ent.py

O pen an ID LE Edit W indow  then enter com m ented code to initialize a variable and
display its status
# Initialize program  status

running = True
print( ‐Run state: ‐ , running )

Save the file then run the program  to see the com m ent get ignored and the stored
value displayed in output

To readily identify aspects of your code, ID LE autom atically colorizes your code, both in
the Shell W indow  and the Edit W indow , w ith the default colors listed in the table below :

Code listed in the steps throughout this book also use the default IDLE colors for



consistency.





Nam ing rules

Keyw ords:

False None True

and as assert

break class continue

def del elif

else except finally

for from global

if im port in

is lam bda nonlocal

not or pass

raise return try

w hile w ith yield

It is good program m ing practice to choose m eaningful nam es that reflect the
nature of the variable‒s content.

Variable containers that you create in your code to store data w ithin a program  can be
given any nam e of your choosing ‌ providing you do not use any of the program m ing
language keyw ords, such as the Python keyw ords in the table above, and the nam e adheres
to the nam ing rules listed in the table below :

Nam ing rule: Exam ple:

CANNO T contain any keywords True



CANNO T contain arithm etic operators a+b*c

CANNO T contain sym bols % $#@ !

CANNO T contain any spaces no spaces

CANNO T start with a num ber 2bad

CAN contain num bers elsewhere good1

CAN contain letters of m ixed case UPdow n

CAN contain underscores is_ok

Variable nam es are case-sensitive in Python ‌ so variables nam ed ―VAR‖, ―Var‖,
and ―var‖ would be treated as three separate variables.





Sum m ary
‛ A  com puter program  is a set of instructions, w ritten by a coder, that enable com puters

to becom e useful

‛ The electronic com ponents of a com puter are its hardw are, w hereas program
instructions are its softw are

‛ C om puters understand low -level m achine code

‛ H igh-level program m ing languages in hum an-readable form  get autom atically
translated into low -level m achine code

‛ Program m ing languages possess data structures to store inform ation and control
structures to determ ine progress

‛ The Python program m ing language has sim ple syntax, requires no com pilation, and
includes a library of functions

‛ Python‒s developm ent environm ent is called ID LE

‛ ID LE provides a Shell W indow  containing an interactive prom pt for testing and an Edit
W indow  for coding program s

‛ The ID LE H elp utility is accessed by entering a help() statem ent at a Shell W indow
prom pt

‛ A fter typing program  code into an ID LE Edit W indow  it m ust first be saved as a file
before the program  can be run

‛ O utput from  a program  run from  the Edit W indow  appears in the Shell W indow , or a
helpful error m essage appears there

‛ A  variable data structure is a nam ed container that allow s a single item  of data to be
stored for use by a program

‛ D ata stored in a variable can be retrieved using that variable‒s nam e and m ay be
replaced by assigning a new  value

‛ Variables in Python program m ing can store any type of data

‛ C om m ent lines can usefully be added to program  code after beginning the line w ith a #
hash character

‛ Variable nam es m ust not use any of the program m ing language keyw ords and m ust
adhere to its nam ing rules



2
Saving data

This chapter dem onstrates how  to create code to use various types of data stored inside your program s.

Storing input
Controlling output
Recognizing types
Converting data
G uessing gam e
Correcting errors
Sum m ary





Storing input
The ability to store and replace coded program  data in a variable is great, but this ability
can also be used to store data input by a user ‌ allow ing your program s to becom e
interactive.

In Python program m ing a built-in input() function can be used to accept user input from  a
keyboard and assign it to a variable. O ptionally, this function can specify a string, w ithin
quote m arks inside its parentheses, that w ill be displayed to request the input. The
program  w ill w ait until the user hits the R eturn key before assigning their input to the
variable and proceeding onw ards.

Stored variable values can be output by the built-in print() function by specifying the
variable nam e w ithin the function‒s parentheses. M ultiple values m ay also be specified for
output as a com m a-separated list w ithin the parentheses.

input.py

O pen an ID LE Edit W indow  then enter this code to request user input w ith w hich
to initialize a variable
nam e = input( ‐Please enter your nam e: ‐ )

N ext, add a statem ent to output both a string and the value stored w ithin the
variable
print( ‐Hello‒ , nam e )

N ow , add statem ents to output a string then both a string and the value stored
w ithin the variable once m ore
print( ‐W elcom e to Coding for Beginners‒ )

print( ‐Rem em ber to have fun‒ , nam e , ‐!‒ )

Save then run the program , enter your nam e w hen requested, and hit R eturn to see
your nam e in the output



There is no need to include spaces in the com m a-separated lists ‌ they are
ignored by the interpreter but are shown here for clarity.





Controlling output
A s the exam ple on the facing page dem onstrates, a value stored in a variable rem ains
available for repeated use until it is replaced by a new  value or until the program  ends.

There are also tw o points w orth noting w ith regard to this exam ple‒s output. Firstly, the
print() function autom atically adds an invisible \n new line character after its output ‌ so the
next print() function output w ill by default appear on the next line below . Secondly, the
print() function autom atically adds a space betw een each item  w hen a com m a-separated list
is specified for output.

You can override the autom atic new line behavior by specifying that the line should end
w ith a space, rather than the \n default. You can also avoid the autom atic spacing behavior
by ―concatenating‖ item s w ith a + sym bol, rather than a com m a.

concat.py

O pen an ID LE Edit W indow  then enter this code to request user input w ith w hich
to initialize a variable
nam e = input( ‐Please enter your nam e: ‐ )

N ext, add a statem ent to output a string and the value stored w ithin the variable ‌
but w ithout a final new line
print( ‐Hello ‒ + nam e , end = ‐ ‐ )

N ow , add statem ents to output a string then a string concatenated to the value
stored w ithin the variable
print( ‐W elcom e to Coding for Beginners‒ )

print( ‐Rem em ber to have fun ‒ + nam e + ‐!‒ )

Save then run the program , enter your nam e w hen requested, and hit R eturn to see
controlled output



Notice that the strings have been edited to nicely form at the output.





Recognizing types
There are four essential types of data you can represent w hen coding a com puter program
and that can be stored in variables. A lthough variables in the Python language can store
any type of data it is im portant to understand the different types as you w ill som etim es
need to convert from  one type to another in your code:

Data
type: Description: Exam ple:

str A string of characters, which can include letters, num bers, spaces, and
sym bols

‐Daytona
500‒

int An integer whole num ber, which DO ES NO T have a decim al point part 1000

float A floating-point num ber, which DO ES have a decim al point part 98.6

bool A Boolean logical truth value, which is either True or False True

Integer int num bers should not include any punctuation ‌ so code one thousand
as 1000 rather than 1,000.

Strings are sim ply any collection of characters you can enter from  the com puter keyboard,
grouped together w ithin quote m arks. Variables recognize a value being assigned to it as
belonging to the str ―class‖ if that value is enclosed w ithin quote m arks.

String str values m ust always be enclosed with quote m arks.
N um bers are any num eric value you can enter from  the keyboard but are defined by the
inclusion or om ission of a decim al point. Variables recognize a num eric value being
assigned to it as belonging to the int ―class‖ if that value has no decim al point or as
belonging to the float class if it does indeed have a decim al point.

B ooleans are a logical truth value. Variables recognize a B oolean value being assigned to
it as belonging to the bool ―class‖ by the keyw ords True and False, or if that value evaluates
to True or False.



In Python program m ing you can easily discover the type of data stored w ithin a variable
by specifying that variable‒s nam e w ithin the parentheses of the built-in type() function.

types.py

O pen an ID LE Edit W indow  and initialize a variable by assigning it a string, then
display its value and data type
race = ‐Daytona 500‒

print( race , ‐is‐ + type( race ) )

N ext, initialize a variable by assigning it a w hole num ber then display its value and
data type
kilo = 1000
print( kilo , ‐is‐ + type( kilo ) )

N ow , initialize a variable by assigning it a decim al num ber, then display its value
and data type
tem p = 98.6

print( tem p , ‐is‐ + type( tem p ) )

Initialize a variable by assigning it a truth keyw ord then display its value and data
type
flag = True
print( flag , ‐is‐ + type( flag ) )

Finally, replace the last variable value w ith a truth result of a com parison, then
again display its value and data type
flag = 4 > 8

print( flag , ‐is‐ + type( flag ) )

Save then run the program  to discover the types of data stored w ithin the variables
you have created



The com parison here exam ines whether 4 is greater than 8, which is of course
untrue. Com parisons are dem onstrated fully in the next chapter.





Converting data
O ften you w ill need to convert data in your program s to perform  som e kind of
m anipulation ‌ such as arithm etic or concatenation. A rithm etic can only be perform ed on
num eric data types, such as int and float data, w hereas concatenation can only be
perform ed on string data types, such as str data.

Python provides several built-in functions that allow  you to easily convert data in your
program s to a different data type. These do not convert the original specified value itself
but m erely return a converted representation of its value. In program m ing term s this is
know n as a ―cast‖ operation:

Function: Description:

int( x ) Converts x to an integer whole num ber

float( x ) Converts x to a decim al floating-point num ber

str( x ) Converts x to a string representation

Num eric values in your code should not be enclosed within quote m arks ‌
num bers within quotes will be seen as string values!

N um eric values assigned to variables m anually in your code are autom atically appointed
the appropriate data type of int or float. Values assigned to variables from  users by the
built-in input() function are, how ever, alw ays autom atically appointed the str string data
type ‌ even w hen they are sim ply num eric values! This m eans they m ust be converted
(cast) to an appropriate num eric type of int or float before you can perform  arithm etic w ith
them .

C onversely num eric values assigned to variables m anually in your code, w hich are
autom atically appointed the appropriate data type of int or float, cannot be concatenated
into a string. This m eans they m ust be converted to a str data type for inclusion in a string.

In Python, as in m any other program m ing languages, the + sym bol has m ore than one
purpose according to its context. W here the + sym bol is used betw een tw o num eric values
it perform s an addition (seen as an ―addition operator‖) but w here the + sym bol is used
betw een tw o string values it perform s a concatenation (seen as a ―concatenation
operator‖). Variables that are assigned the result of either kind of operation w ill
autom atically be appointed the appropriate data type of the result.



Arithm etic perform ed on an int and float data type together will be autom atically
cast into a float result. Cast values to the float data type to allow for decim al
num ber input.

cast.py

O pen an ID LE Edit W indow  and initialize tw o variables by assigning them
num eric user input
num 1= input( ‐Please enter a w hole num ber: ‒ )

num 2= input( ‐Now  enter another w hole num ber: ‒ )

N ext, display the data type of each variable to see the num eric values are, in fact,
stored as strings
print( ‐Input is: ‐ , type( num 1 ) , type( num 2 ) )

N ow , use the + operator to attem pt addition, but see the result gets concatenated as
a str data type
total = num 1 + num 2
print( ‐Total:‐ , total , type( total ) )

A gain, use the + operator to attem pt addition, but cast the stored values to see the
result as an int data type
total = int( num 1 ) + int( num 2 )

print( ‐Total:‐ , total , type( total ) )

Finally, cast the stored values as a float data type and concatenate the float result
value to the output str string
total = float( num 1 ) + float( num 2 )
print( ‐Total: ‐ + str( total ) , type( total ) )

Save then run the program  to see the stored data types converted by casting them
w ith the built-in functions



If you forget to convert to the correct data type the interpreter will report an error ‌
try adding an int to a str data type to see the error m essage.





G uessing gam e
The previous sim ple exam ples have illustrated how  variables can be used to store text
string values, num eric integer and floating-point decim al values, and B oolean truth values
in your program s. N ow , they can be used to create a G uessing G am e program  by storing a
random  generated integer w hose value the user w ill have to guess, a B oolean truth value
that w ill end the gam e w hen the user guesses correctly, and a string containing the user‒s
guess.

The code in this exam ple includes som e features that are only dem onstrated later in this
book, but as Python is an easily hum an-readable program m ing language you should be
able to understand in principle how  this program  w orks.

guess.py

O pen an ID LE Edit W indow  and begin a program  by im porting a ―random ‖ library
class that provides random  num ber generator functions
im port random

N ow , initialize three variables ‌ a generated random  num ber betw een one and 20, a
B oolean value that w ill rem ain True as long as the gam e is in progress, and a zero
value that w ill later store a num ber input by the user
num  = random .randint( 1 , 20 )

flag = True
guess = 0

N ext, display a m essage asking the user to m ake a guess

print( ‐G uess m y num ber 1-20 : ‐ , end = ‐ ‐ )

Then, precisely copy this code that w ill com pare the stored user‒s guess to the
stored random  num ber
w hile flag == True :

guess = input( )
if not guess.isdigit() :

print( ‐Invalid! Enter only digits 1-20‐ )
break

elif int( guess ) < num  :
print( ‐Too low , try again : ‐ , end = ‐ ‐ )

elif int( guess ) > num  :
print( ‐Too high, try again : ‐ , end = ‐ ‐ )

else :
print( ‐Correct“  M y num ber is ‐ + guess )



flag = False

M any program  languages use characters such as { } to group statem ents together
but Python uses indentation ‌ so the indentation shown here m ust be correctly
preserved.

Save then run the program  and enter guesses to see your input com pared to a stored
random  num ber

Notice that the program  rejects user input of str string or float values.
G uessing G am e in Python ‌ program  analysis

‛ The random  library class‒s randint() function specifies an upper and low er random  range
w ithin its parentheses

‛ The flag variable specifies an initial program  condition that w ill allow  the program  to
start exam ining the user‒s input

‛ The w hile keyw ord specifies a ―loop‖ control structure that w ill repeat the statem ents it
contains until a tested condition fails

‛ The if not guess.isdigit() test specifies an action to break the loop if the user input is not
an integer w hole num ber

‛ The elif int( guess ) < num  test specifies an alternative action if the cast user input is low er
than the stored random  num ber

‛ The elif int( guess ) > num  test specifies an alternative action if the cast user input is
higher than the stored random  num ber



‛ The else keyw ord specifies a final alternative action to change the program  condition,
thereby ending the program

You need not yet understand this program  in detail ‌ each aspect is explained by
exam ples later in this book.





Correcting errors
W hen coding program s there are three com m on types of error that can occur. It is useful to
recognize these different error types in Python program m ing so they can be corrected
m ore easily:

‛ Syntax Error ‌ occurs w hen the interpreter encounters code that does not conform  to
the Python language rules. For exam ple, a m issing quote m ark around a string. The
interpreter halts and reports the error w ithout executing the program .

‛ Runtim e Error ‌ occurs during execution of the program , at the tim e w hen the
program  runs. For exam ple, w hen a variable nam e is later m is-typed so the variable
cannot be recognized. The interpreter runs the program  but halts at the error and
reports the nature of the error as an ―Exception‖.

‛ Sem antic Error ‌ occurs w hen the program  perform s unexpectedly. For exam ple,
w hen order precedence has not been specified in an expression. The interpreter runs
the program  and does not report an error.

Program m ing errors are often called ―bugs‖ and the process of tracking them
down is often called ―debugging‖.

C orrecting syntax and runtim e errors is fairly straightforw ard, as the interpreter reports
w here the error occurred or the nature of the error type, but sem antic errors require code
exam ination.

syntax.py

O pen an ID LE Edit W indow  then add a statem ent to output a string that om its a
closing quote m ark
print( ‐Coding for Beginners in easy steps )

Save then run the program  to see the interpreter highlight the syntax error and
indicate its nature



The red syntax error indicator points to the line where the End O f Line (EO L) error
occurs.

Insert a quote m ark before the closing parenthesis to term inate the string and save
then run the program  again ‌ to see the error has been corrected

runtim e.py

N ext, begin a new  program  by initializing a variable then try to output its value
w ith an incorrect variable nam e ‌ to see the interpreter report a runtim e error
title = ‐Coding for Beginners in easy steps‒

print( titel )

A m end the variable nam e to m atch that in the variable declaration and save then
run the program  again ‌ to see the error has been corrected

sem antic.py

N ow , begin a new  program  by initializing a variable then try to output an
expression using its value w ithout explicit precedence ‌ to see a possibly
unexpected result of 28



num  = 3

print( ‐Result: ‐ , num  * 8 + 4 )

A dd parentheses to group the expression as 3 * ( 8 + 4 ) then save the file and run the
program  again ‌ to see the expected result of 36, correcting the sem antic error

Details of how to handle runtim e Exception errors in your script code are provided
here.





Sum m ary
‛ Variables can be used to store data values specified in program  code and to store data

values input by a user

‛ A  value stored in a variable rem ains available for repeated use until it is replaced by a
new  value or until the program  ends

‛ The Python built-in input() function can assign input to a variable and m ay optionally
specify a string to be displayed

‛ The Python built-in print() function can specify m ultiple values for output as a com m a-
separated list in its parentheses

‛ B y default, the print() function w ill autom atically add a \n new line after its output unless
an end alternative is specified

‛ The + concatenation operator can join tw o strings together

‛ D ata types are essentially str text strings, int integer num bers, float decim al num bers, or
bool B oolean truth values

‛ B ooleans are logical truth values that are represented in Python by the True and False
keyw ords

‛ The Python built-in type() function can identify to w hich class data type a value in any
specified variable belongs

‛ Values assigned to a variable by the Python built-in input() function are alw ays
appointed the str string data type

‛ D ata types can be converted for m anipulation using the Python built-in int(), float(), and
str() casting functions

‛ A rithm etic perform ed on an int integer num ber and a float decim al num ber w ill produce
a float data type result

‛ Syntax errors due to incorrect code are recognized by the interpreter before execution
of the program

‛ R untim e errors due to exceptions are recognized by the interpreter during execution of
the program

‛ Sem antic errors due to unexpected perform ance are not recognized by the interpreter



3
Perform ing operations

This chapter dem onstrates how  to use operator sym bols in your code statem ents.

Doing arithm etic
Assigning values
Com paring values
Finding truth
Testing condition
Setting order
Sum m ary





Doing arithm etic
The arithm etical ―operators‖ com m only used in coding com puter program s use a + sym bol
for addition and a - sym bol for subtraction, as you w ould expect. Typically, they also use
an * asterisk for m ultiplication, rather than an x sym bol, and a / forw ard slash for division,
rather than a õ sym bol.

The arithm etical operators used to code Python program s are listed in the table below ,
together w ith the operation they perform :

O perator: O peration:

+ Addition

- Subtraction

* M ultiplication

/ Division

% Rem ainder

// Floor division

** Exponent

The + operator adds tw o num bers together and the - operator subtracts the second num ber
from  the first num ber.

The * operator m ultiplies the first num ber by the second num ber and the / operator divides
the first num ber by the second num ber.

The %  rem ainder operator divides the first num ber by the second num ber and returns the
rem ainder of the operation. This is useful to determ ine if a num ber has an odd or even
value.

The // floor division operator perform s just like the / division operator but truncates the
result at the decim al point ‌ rem oving any floating point part from  the resulting num ber.

The ** exponent operator returns the result of the first num ber raised to the pow er of the
second num ber.



Values used with operators to form  expressions are called ―operands‖ ‌ in the
expression 2 + 3 the num erical values 2 and 3 are the operands.

arithm etic.py

Start a new  program  by creating tw o variables containing w hole num bers (integers)

a = 8

b = 2

N ext, display the result of adding the num bers

print( ‐Addition: \t‒ , a , ‐+‒ , b , ‐=‒ , a + b )

N ow , display the result of subtracting the num bers

print( ‐Subtraction:\t‒ , a , ‐-‒ , b , ‐=‒ , a - b )

Then, display the result of m ultiplying the num bers

print( ‐M ultiplication:\t‒ , a , ‐x‒ , b , ‐=‒ , a * b )

D isplay the result of dividing the num bers, both w ith and w ithout the floating-point
part
print( ‐Division: \t‒ , a , ‐õ‒ , b , ‐=‒ , a / b )
print( ‐Floor Division:\t‒ , a , ‐õ‒ , b , ‐=‒ , a // b )

N ext, display the rem ainder after dividing the num bers

print( ‐Rem ainder:\t‒ , a , ‐% ‒ , b , ‐=‒ , a %  b )

Finally, display the result of raising the first num ber to the pow er of the second
num ber
print( ‐Exponent:\t ‐ , a , ‐° = ‒ , a ** b , sep = ‐‒ )

Save then run the program  to see the result of the arithm etical operations



Here, the special \t character sequence adds an invisible tab character to form at
the output.

You can use the sep param eter to explicitly specify the separation between output
‌ here, it specifies no spaces by assigning two unspaced single quote m arks.





Assigning values
The assignm ent operator com m only used in coding com puter program s sim ply uses a =
sym bol to assign a value to a variable. O ptionally, this m ay be com bined w ith an
arithm etical operator to perform  arithm etic and assignm ent in one single operation.

The assignm ent operators used to code Python program s are listed in the table below
together w ith the operation they perform :

O perator: Exam ple: Equivalent:

= a = b a = b

+= a += b a = ( a + b )

-= a -= b a = ( a - b )

*= a *= b a = ( a * b )

/= a /= b a = ( a / b )

% = a % = b a = ( a %  b )

//= a //= b a = ( a // b )

**= a **= b a = ( a ** b )

In the exam ple above, variable a is assigned the value contained in variable b ‌ so that
becom es the new  value in the a variable.

The += operator is useful to add a value onto an existing value stored in the a variable ‌
m aking it a com bined total value.

In the exam ple above the += operator first adds the value contained in variable a to the
value contained in variable b. It then assigns the result to becom e the new  value stored in
variable a.

A ll these other operators w ork in the sam e w ay by m aking the arithm etical operation
betw een the tw o values first, then assigning the result of that operation to the first variable
‌ to becom e its new  stored value.

W ith the % = operator the first operand a is divided by the second operand b then the
rem ainder is assigned to the a variable.



It is im portant to regard the = operator to m ean ―assign‖ rather than ―equals‖ to
avoid confusion with the == equality operator.

assign.py

Start a new  program  by creating tw o variables containing integer num bers and
displays both assigned values
a = 8

b = 4
print( ‐Assign Values:\t‒ , ‒a =‒ , a , ‐\tb =‒ , b )

N ext, add and assign a new  value to the first variable and display its stored value

a += b

print( ‐Add & Assign:\t‒ ,‒a =‒ , a , ‐\t(8 += 4)‒ )

N ow , subtract and assign a new  value to the first variable and display its stored
value, then m ultiply and assign a value to the first variable and display its stored
value
a -= b
print( ‐Subtract & Assign:\t‒ , ‒a =‒ , a , ‐\t(12 - 4)‒ )

a *= b
print( ‐M ultiply & Assign:\t‒ , ‒a =‒ , a , ‐\t(8 x 4)‒ )

Finally, divide and assign a new  value to the first variable and display its stored
value, then rem ainder and assign a value to the first variable and display its stored
value
a /= b

print( ‐Divide & Assign:\t‒ , ‒a =‒ , a , ‐\t(32 õ 4)‒ )
a % = b

print( ‐Rem ainder & Assign:\t‒ , ‒a =‒ , a , ‐\t(8 %  4)‒ )

Save then run the program  to see the result of the assignm ent operations



Unlike the = assign operator, the == equality operator com pares operands and is
described here.





Com paring values
The operators that are com m only used in Python program m ing to com pare tw o operand
values are listed in the table below :

O perator: Com parative test:

== Equality

!= Inequality

> G reater than

< Less than

>= G reater than or equal to

<= Less than or equal to

The == equality operator com pares tw o operands and w ill return True if both are equal in
value, otherw ise it w ill return a False value. If both are the sam e num ber they are equal, or
if both are characters their A SC II code values are com pared num erically to achieve the
com parison result.

C onversely, the != inequality operator returns True if tw o operands are not equal, using the
sam e rules as the == equality operator, otherw ise it returns False. Equality and inequality
operators are useful in testing the state of tw o variables to perform  conditional branching
in a program  according to the result.

The > ―greater than‖ operator com pares tw o operands and w ill return True if the first is
greater in value than the second, or it w ill return False if it is equal or less in value. The <
―less than‖ operator m akes the sam e com parison but returns True if the first operand is less
in value than the second, otherw ise it returns False. A  > ―greater than‖ or < ―less than‖
operator is often used to test the value of an iteration counter in a loop.

A dding the = operator after a > ―greater than‖ or < ―less than‖ operator m akes it also return
True if the tw o operands are exactly equal in value.

A-Z uppercase characters have ASCII code values 65-90 and a-z lowercase
characters have ASCII code values 97-122.



com parison.py

Start a new  program  by initializing five variables w ith values for com parison

nil = 0

num  = 0
top = 1

cap = ‐A‒
low  = ‐a‒

N ext, add statem ents to display the results of num eric and character equality
com parisons
print( ‐Equality : \t‒ , nil , ‐==‒ , num  , nil == num  )

print( ‐Equality : \t‒ , cap , ‐==‒ , low  , cap == low  )

N ow , add a statem ent to display the result of an inequality com parison

print( ‐Inequality :\t‒ , nil , ‐!=‒ , top , nil != top )

Then, add statem ents to display the results of greater and lesser com parisons

print( ‐G reater : \t‒ , nil , ‐>‒ , top , nil > top )
print( ‐Lesser : \t‒ , nil , ‐<‒ , top , nil < top )

Finally, add statem ents to display the results of greater or equal and lesser or equal
com parisons
print( ‐M ore O r Equal :\t‒ , nil , ‐>=‒ , num  , nil >= num  )

print( ‐Less or Equal :\t‒ , top , ‐<=‒ , num  , top <= num  )

Save then run the program  ‌ to see the result of com parison operations



The \t escape sequence shown here adds an invisible tab character to form at the
output.

The ASCII code value for uppercase ―A‖ is 65 but for lowercase ―a‖ it‒s 97 ‌ so
their com parison here returns False.





Finding truth
The logical operators m ost com m only used in Python program m ing are listed in the table
below :

O perator: O peration:

and Logical AND

or Logical O R

not Logical NO T

The logical operators are used w ith operands that have B oolean values of True or False, or
are values that convert to True or False.

The (logical A N D ) and operator w ill evaluate tw o operands and return True only if both
operands them selves are True. O therw ise the and operator w ill return False. This is useful
in program m ing to perform  ―conditional branching‖ w here the direction of a program  is
determ ined by testing tw o conditions ‌ if both conditions are satisfied, the program  w ill go
in a certain direction, otherw ise it w ill take a different direction.

U nlike the and operator that needs both operands to be True, the (logical O R ) or operator
w ill evaluate its tw o operands and return True if either one of the operands itself returns
True. If neither operand returns True, then the or operator w ill return False. This is useful in
program m ing to perform  a certain action if either one of tw o test conditions has been m et.

The (logical N O T) not operator is a unary operator that is used before a single operand. It
returns the inverse value of the given operand, so if the variable a had a value of True then
not a w ould have a value of False. The not operator is useful in program m ing to toggle the
value of a variable in successive loop iterations w ith a statem ent like a = not a. This ensures
that on each iteration of the loop the B oolean value is reversed, like flicking a light sw itch
on and off.

The term  ―Boolean‖ refers to a system  of logical thought developed by the English
m athem atician G eorge Boole (1815-1864).



logic.py

Start a new  program  by initializing tw o variables w ith B oolean values for logical
evaluation
a = True

b = False

A dd statem ents to display the results of A N D  evaluations

print( ‐AND Logic:‒ )
print( ‐a and a =‒ , a and a )

print( ‐a and b =‒ , a and b )
print( ‐b and b =‒ , b and b )

A dd statem ents to display the results of O R  evaluations

print( ‐\nO R Logic:‒ )

print( ‐a or a =‒ , a or a )
print( ‐a or b =‒ , a or b )

print( ‐b or b =‒ , b or b )

A dd statem ents to display the results of N O T evaluations

print( ‐\nNO T Logic:‒ )
print( ‐a =‒ , a , ‐\tnot a =‒ , not a )

print( ‐b =‒ , b , ‐\tnot b =‒ , not b )

Save then run this program  ‌ to see the result of logic operations

In Python program m ing, Boolean values can also be represented num erically
where True is 1 and False is 0 (zero).



Note that the expression False and False returns False, not True ‌ perhaps
dem onstrating the m axim  ―two wrongs don‒t m ake a right‖.





Testing condition
M any program m ing languages, such as C ++ or Java, have a ?: ―ternary‖ operator that
evaluates an expression for a True or False condition then returns one of tw o specified
values depending on the result of the evaluation. A  ?: ternary operator has this syntax:
( test-expression ) ? if-true-return-this : if-false-return-this

U nlike other program m ing languages, Python does not have a ?:

ternary operator but has instead a ―conditional expression‖ that w orks in a sim ilar w ay
using if and else keyw ords w ith this syntax:
if-true-return-this if ( test-expression ) else if-false-return-this

A lthough the conditional expression syntax can initially appear confusing it is w ell w orth
becom ing fam iliar w ith this expression as it can execute pow erful program  branching w ith
m inim al code. For exam ple, to branch w hen a variable is not a value of one:
if-true-do-this if ( var != 1 ) else if-false-do-this

The conditional expression can be used in Python program m ing to assign the m axim um  or
m inim um  value of tw o variables to a third variable. For exam ple, to assign a m inim um
like this:
c = a if ( a < b ) else b

The expression in parentheses returns True w hen the value of variable a is less than that of
variable b ‌ so in this case the lesser value of variable a gets assigned to variable c.

Sim ilarly, replacing the < less than operator in the test expression w ith the > greater than
operator w ould assign the greater value of variable b to variable c.

A nother com m on use of the conditional expression incorporates the %  rem ainder operator
in the test expression to determ ine if the value of a variable is an odd num ber or an even
num ber:
if-true(odd)-do-this if ( var %  2 != 0 ) else if-false(even)-do-this

W here the result of dividing the variable value by tw o does leave a rem ainder, the num ber
is odd ‌ w here there is no rem ainder the num ber is even. The test expression ( var %  2 == 1 )
w ould have the sam e effect but it is preferable to test for inequality ‌ it‒s easier to spot
w hen som ething is different than w hen it‒s identical.

In general program m ing term s an ―expression‖ always returns a value, whereas a
―statem ent‖ need not ‌ but a statem ent m ay include one or m ore expressions.



The conditional expression has, in effect, three operands ‌ the test expression
and two possible return values.

condition.py

Start a new  program  by initializing tw o variables w ith integer values for
conditional evaluation
a = 1

b = 2

N ext, add statem ents to display the results of conditional evaluation ‌ describing
the first variable‒s value
print( ‐\nVariable a Is :‒ , ‐O ne‒ if ( a == 1 ) else ‐Not O ne‒ )
print( ‐Variable a Is :‒ , ‐Even‒ if ( a %  2 == 0 ) else ‐O dd‒ )

N ow , add statem ents to display the results of conditional evaluation ‌ describing
the second variable‒s value
print( ‐\nVariable b Is :‒ , ‐O ne‒ if ( b == 1 ) else ‐Not O ne‒ )

print( ‐Variable b Is :‒ , ‐Even‒ if ( b %  2 == 0 ) else ‐O dd‒ )

Then, add a statem ent to assign the result of a conditional evaluation to a new
variable
top = a if ( a > b ) else b

Finally, add a statem ent to display the assigned result ‌ identifying the greater of
the tw o variable values
print( ‐\nG reater Value Is:‒ , top )

Save then run this program  ‌ to see the result of conditional expression operations



You m ay find that som e Python program m ers dislike conditional expressions as
they consider its syntax contradicts the principle of easy readability.





Setting order
O perator precedence determ ines the order in w hich expressions get evaluated. For
exam ple, in the expression 3 * 8 + 4 the default order of precedence determ ines that
m ultiplication w ith the * m ultiply operator is com pleted first, so the result is 28 (24 + 4).

The table below  lists Python‒s operator precedence in descending order ‌ those on the top
row  have highest precedence, those on low er row s have successively low er precedence.
The precedence of operators on the sam e row  is chained Left-To-R ight.

O perator: Description:

** Exponent

+ Positive

- Negative

~ Bitwise NO T

* M ultiplication

/ Division

// Floor division

% Rem ainder

+ Addition

- Subtraction

| Bitwise O R

^ Bitwise XO R

& Bitwise AND

>> Bitwise right shift

<< Bitwise left shift

>, >=, <, <=, ==, != Com parison



= , % = , /= , //= , -= , += , *= , **= Assignm ent

is , is not Identity

in , not in M em bership

not Boolean NO T

and Boolean AND

or Boolean O R

The * m ultiply operator is on a higher row than the + addition operator ‌ so in the
expression 3 * 8 + 4 m ultiplication is com pleted first, before the addition.

Bitwise operators are used for low-level m anipulation so are om itted from  this
book. Identity and m em bership operators are introduced later but are included
here for com pleteness.

order.py

Start a new  program  by initializing three variables w ith integer values for
precedence com parison
a = 2

b = 4
c = 8

N ext, add statem ents to display the results of default precedence and forcing
addition before m ultiplication
print( ‐\nDefault O rder:\t‒, a, ‐*‒, c,‒+‒, b, ‐=‒, a * c + b )

print( ‐Forced O rder:\t‒, a, ‐* (‐, c,‒+‒, b, ‐) =‒, a * ( c + b ) )



N ow , add statem ents to display the results of default precedence and forcing
subtraction before division
print( ‐\nDefault O rder:\t‒, c, ‐//‒, b, ‐-‒, a, ‐=‒, c // b - a )

print( ‐Forced O rder:\t‒, c, ‐// (‐, b,‒-‒, a, ‐) =‒, c // ( b - a ) )

Finally, add statem ents to display the results of default precedence and forcing
addition before rem ainder operation and before exponent operation
print( ‐\nDefault O rder:\t‒, c, ‐% ‒, a, ‐+‒, b, ‐=‒, c %  a + b )
print( ‐Forced O rder:\t‒, c, ‐%  (‐, a, ‐+‒, b, ‐) =‒, c %  ( a + b ) )

print( ‐\nDefault O rder:\t‒, c, ‐**‒, a, ‐+‒, b, ‐=‒, c ** a + b )
print( ‐Forced O rder:\t‒, c, ‐** (‐, a, ‐+‒, b, ‐) =‒, c ** ( a + b ) )

Save then run this program  ‌ to see the results of default and explicit precedence

The // floor division operator truncates floating point values at the decim al point ‌
but the / division operator retains them .

Do not rely upon default precedence ‌ always use parentheses to clarify your
expressions.





Sum m ary
‛ A rithm etical operators can form  expressions w ith tw o operands for addition +,

subtraction -, m ultiplication *, division /, floor division //, rem ainder % , or exponent **

‛ The %  rem ainder operator is useful to determ ine w hether a num ber is an odd or even
value

‛ Floor division w ith the // operator rem oves any floating-point part from  the result

‛ The assignm ent = operator can be com bined w ith an arithm etical operator to perform
an arithm etical calculation then assign its result

‛ The += operator is useful to add a value onto an existing value stored in a variable to
m ake a com bined total value

‛ C om parison operators can form  expressions com paring tw o operands for equality ==,
inequality !=, greater >, lesser <, greater or equal >=, and lesser or equal <= values

‛ Logical and and or operators form  expressions evaluating tw o operands to return a
B oolean value of True or False

‛ The logical not operator returns the inverse B oolean value of a single operand - turning
True to False , and vice versa

‛ The not operator is useful to toggle a value betw een True and False on successive
iterations of a loop

‛ A  conditional if-else expression evaluates a given expression for a B oolean True or False
value then returns one of tw o operands depending on its result

‛ Expressions containing m ultiple operators w ill execute their operations in accordance
w ith the default precedence rules unless explicitly determ ined by the addition of
parentheses ( )

‛ Typically, addition + and subtraction - w ill be perform ed before m ultiplication * and
division / unless explicitly specified



4
M aking lists

This chapter dem onstrates how  to create code to store data in lists and how  to retrieve data from  lists.

W riting lists
Changing lists
Fixing lists
Setting lists
Nam ing elem ents
Sum m ary





W riting lists
Som e program m ing languages allow  variables to be declared w ith no initial value, but in
Python program m ing a variable m ust be assigned an initial value (initialized) in the
statem ent that declares it ‌ otherw ise the interpreter w ill report a ―not defined‖ error.

M ultiple variables can be initialized w ith a com m on value in a single statem ent using a
sequence of = assignm ents. For exam ple, to sim ultaneously assign a com m on value to
three variables:
a = b = c = 10

A lternatively, m ultiple variables can be initialized w ith differing values in a single
statem ent using com m a separators. For exam ple, to sim ultaneously assign different values
to three variables:
a , b , c = 1 , 2 , 3

U nlike a regular variable, w hich can only store a single item  of data, an array variable can
store m ultiple item s of data. In Python these are know n as ―list‖ variables. The data is
stored sequentially in list ―elem ents‖ that are index num bered starting at zero. So the first
value is stored in elem ent zero, the second value is stored in elem ent one, and so on. A n
array list is created m uch like any other variable but is initialized by assigning values as a
com m a-separated list betw een square brackets. For exam ple, creating a list nam ed ―num s‖
like this:
num s = [ 0 , 1 , 2 , 3 , 4 , 5 ]

A  single list elem ent can be referenced using the list nam e follow ed by square brackets
containing that elem ent‒s index num ber. This m eans that num s[1] references the second
elem ent in the exam ple above ‌ not the first elem ent. A s elem ent num bering starts at zero
its first elem ent is referenced w ith num s[0].

Lists can have m ore than one index ‌ to represent m ultiple dim ensions, rather than the
single dim ension of a regular list. M ulti-dim ensional lists of three indices and m ore are
uncom m on but tw o-dim ensional lists are useful to store grid-based inform ation such as
X ,Y  coordinates.

A  list of string values can even be considered to be a m ulti-dim ensional list as each string
is itself a list of characters. So each character can be referenced by its index num ber w ithin



its particular string.

list.py

Start a new  program  by initializing a list of three elem ents containing string values

quarter = [ ‐January‒ , ‐February‒ , ‐M arch‒ ]

N ext, add statem ents to individually display the value contained in each list
elem ent
print( ‐First M onth :‒ , quarter[0] )

print( ‐Second M onth :‒ , quarter[1] )
print( ‐Third M onth :‒ , quarter[2] )

A dd a statem ent to create a m ulti-dim ensional list of tw o elem ents, w hich
them selves are lists that each have three elem ents containing integer values
coords = [ [ 1 , 2 , 3 ] , [ 4 , 5 , 6 ] ]

N ow , add statem ents to display the values contained in tw o specific inner list
elem ents
print( ‐\nTop Left 0,0 :‒ , coords[0][0] )

print( ‐Bottom  Right 1,2 :‒ , coords[1][2] )

Finally, add a statem ent to display just one character of a string value

print( ‐\nSecond M onth First Letter :‒ , quarter[1][0] )

Save then run the program  ‌ to see the list elem ent values get displayed



String indices m ay also be negative num bers ‌ to start counting from  the right
where -1 references the last letter.

Loop structures, which are introduced later in this chapter, are often used to
iterate through list elem ents.





Changing lists
List variables, w hich can contain m ultiple item s of data, are w idely used in Python
program m ing and have various function ―m ethods‖ that can be ―dot-suffixed‖ to the list
nam e for m anipulation:

List M ethod: Description:

list.append(x) Adds item  x to the end of the list

list.extend(L) Adds all item s in list L to the end of the list

list.insert(i,x) Inserts item  x at index position i

list.rem ove(x) Rem oves first item  x from  the list

list.pop(i) Rem oves item  at index position i and returns it

list.index(x) Returns the index position in the list of first item  x

list.count(x) Returns the num ber of tim es x appears in the list

list.sort() Sort all list item s, in place

list.reverse() Reverse all list item s, in place

For lists that contain both num erical and string values the sort() m ethod returns
the list elem ents sorted first num erically then alphabetically ‌ for exam ple as
1,2,3,A,B,C.

Python also has a useful len(L) function that returns the length of the list L as the total
num ber of elem ents it contains. Like the index() and count() m ethods the returned value is
num eric so cannot be directly concatenated to a text string for output.

String representation of num eric values can, how ever, be produced by Python‒s str(n)
function for concatenation to other strings, w hich returns a string version of the num eric n
value. Sim ilarly, a string representation of an entire list can be returned by the str(L)
function for concatenation to other strings. In both cases rem em ber that the original
version rem ains unchanged, as the returned versions are m erely copies of the original



version.

Individual list elem ents can be deleted by specifying the list nam e and index num ber after
the Python del keyw ord. This can rem ove one elem ent at a specified i index position, or a
―slice‖ of elem ents using slice notation i1:i2 to specify the index num ber of the first and
last elem ent. In this case, i1 is the index num ber of the first elem ent to be rem oved and all
elem ents up to, but not including, the elem ent at the i2 index num ber w ill be rem oved.

Python also has an int(s) function that returns a num eric version of the string s
value.

pop.py

Start a new  program  by initializing tw o lists of three elem ents each containing
string values
basket = [ ‐Apple‒ , ‐Bun‒ , ‐Cola‒ ]

crate = [ ‐Egg‒ , ‐Fig‒ , ‐G rape‒ ]

N ext, add statem ents to display the contents of the first list‒s elem ents and its
length
print( ‐Basket List:‒ , basket )
print( ‐Basket Elem ents:‒ , len( basket ) )

N ow , add statem ents to add an elem ent and display all list elem ents, then rem ove
the final elem ent and display all list elem ents once m ore
basket.append( ‐Dam son‒ )

print( ‐Appended:‒ , basket )
print( ‐Last Item  Rem oved:‒ , basket.pop() )

print( ‐Basket List:‒ , basket )

Finally, add statem ents to add all elem ents of the second list to the first list and
display all the first list elem ents, then rem ove elem ents and display the first list
again
basket.extend( crate )
print( ‐Extended:‒ , basket )

del basket[1]
print( ‐Item  Rem oved:‐ , basket )



del basket[1:3]

print( ‐Slice Rem oved:‒ , basket )

Save then run this program  ‌ to see lists get m anipulated

The last index num ber in the slice denotes at what point to stop rem oving
elem ents ‌ but the elem ent at that position does not get rem oved.





Fixing lists
The values in a regular list can be changed as the program  proceeds. Each elem ent m ay be
assigned a replacem ent value using the = assignm ent operator to specify the list nam e,
elem ent index num ber, and the replacem ent value. In program m ing term s the values stored
in a regular list are ―m utable‖ ‌ they can be changed. Elem ents can also be dynam ically
added to a regular list, and dynam ically rem oved from  a regular list, as the program
proceeds. This m eans that a regular list is ideal if your program  w ill m ake changes to
elem ent values.

W here a list w ill only contain constant values, that w ill never change w hen the program
runs, a fixed list can better be created. In program m ing term s, the values stored in a fixed
list are ―im m utable‖ ‌ they cannot be changed. Elem ents cannot be dynam ically added to
a fixed list, or dynam ically rem oved from  a fixed list, as the program  proceeds. This
m eans that a fixed list is ideal if your program  w ill never m ake changes to elem ent values.

Like index num bering, with lists the item s in a tuple sequence are num bered from
zero.

A  restrictive im m utable Python list is know n as a ―tuple‖ and is created by assigning
values as a com m a-separated list betw een parentheses in a process know n as ―tuple
packing‖:
colors_tuple = ( ‐Red‒ , ‐G reen‒ , ‐Red‒ , ‐Blue‒, ‐Red‒ )

A n individual tuple elem ent can be referenced using the tuple nam e follow ed by square
brackets containing that elem ent‒s index num ber. U sefully, all values stored inside a tuple
can be assigned to individual variables in a process know n as ―sequence unpacking‖:
a , b , c , d , e = colors_tuple

R egular list m ethods, such as sort() and reverse(), cannot be used on tuples but the built-in
Python type() function can be used to reveal the data class type and the built-in len()
function can be used to return the length of the tuple.

There m ust be the sam e num ber of variables as item s to unpack a tuple.

Typically, a tuple is used to store values that are a collection of constant unchanging
values such as day-of-the-w eek nam es, m onth-of-the-year nam es, or personal details of
first nam e, last nam e, date-of-birth, address, phone num ber, etc.



tuple.py

Start a new  program  by initializing a tuple then display its class type

days = ( ‐M on‒ , ‐Tue‒ , ‐W ed‒ , ‐Thu‒ , ‐Fri‒ , ‐Sat‒ , ‐Sun‒ )

print( ‐days:‒ , type( days ) )

N ext, display the entire contents of the tuple, its length, and the value stored in its
first elem ent
print( ‐Days of the w eek:‒ , days )
print( ‐No. of days in w eek:‒ , len( days ) )

print( ‐Start day of w eek:‒ , days[0] )

N ow , initialize another tuple containing som e personal details of a user

user = ( ‐John‒ , ‐Doe‒ , ‐Paris‒ , ‐555-1234‒ )

Then, display the user‒s full nam e

print( ‐Nam e:‒ , user[0] , user[1] )

Finally, display the user‒s phone num ber

print( ‐Phone:‒ , user[3] )

Save then run this program  ‌ to see the tuple values

A tuple m ay contain item s that are not unique to its other elem ents.





Setting lists
The values in a regular list or a fixed list tuple can be repeated in its elem ents, but a list of
unique values can be created w here duplication is not allow ed. A  restrictive Python list of
unique values is know n as a ―set‖ and is created by assigning values as a com m a-separated
list betw een curly brackets (braces) like this:
phonetic_set = { ‐Alpha‒ , ‐Bravo‒ , ‐Charlie‒ }

A set m ay not contain item s that are not unique to its other elem ents.

U nlike regular lists or tuples, individual elem ents in a set cannot be referenced using the
set nam e follow ed by square brackets containing an index num ber. Instead, sets have
pow erful m ethods that can be dot-suffixed to the set nam e for m anipulation and
com parison of values:

Set M ethod: Description:

set.add(x) Adds item  x to the set

set.update(x,y,z) Adds m ultiple item s to the set

set.copy() Returns a copy of the set

set.pop() Rem oves one random  item  from  the set

set.discard( i ) Rem oves item  at position i from  the set

set1.intersection(set2) Returns item s that appear in both sets

set1.difference(set2) Returns item s in set1 but not in set2

The built-in Python type() function can be used to reveal the data class type and the built-in
len() function can be used to return the length of the set. A dditionally, the Python built-in
m em bership operator in can be used to find values in a set.



M ore set m ethods can be found in the Python docum entation online at
docs.python.org
Typically, a set is used to store unique values that are a collection of changeable values,
w hich can easily be searched and com pared using the pow erful set m ethods. A lthough you
cannot access set elem ent values by index, a set can be converted to a regular list using the
Python built-in list() function to allow  elem ent access.

set.py

Start a new  program  by initializing a set w ith unique nam e values then display its
class type
party_goers = { ‐Andrew ‒ , ‐Barbara‒ , ‐Carole‒ , ‐David‒ }

print( ‐party_goers:‒ , type( party_goers ) )

N ext, add statem ents to search the set elem ents for tw o specified values

print( ‐Did David go to the party?‒ , ‐David‒ in party_goers )
print( ‐Did Kelly go to the party?‒ , ‐Kelly‒ in party_goers )

N ow , initialize another set w ith unique nam e values

students = { ‐Andrew ‒ , ‐Kelly‒ , ‐Lynn‒ , ‐David‒ }

Then, create a further set containing only com m on values that appear in both
previous sets
com m ons = party_goers.intersection( students )

Initialize a regular list of the com m on values ‌ so the elem ents values can be
individually accessed
party_students = list( com m ons )

Finally, display all com m on values and the value stored in the first regular list
elem ent
print( ‐Students at the party:‒ , party_students )

print( ‐First student at the party:‒ , party_students[0] )

Save then run this program  ‌ to see the set values



Notice that the list() function m ay not place elem ent values in the sam e order as
they appear in the set.





Nam ing elem ents
In Python program m ing a ―dictionary‖ is a data container that can store m ultiple item s of
data as a list of key:value pairs. U nlike regular list container values, w hich are referenced
by their index num ber, values stored in dictionaries are referenced by their associated key.
The key m ust be unique w ithin that dictionary and is typically a string nam e, although
num bers m ay be used.

C reating a dictionary is sim ply a m atter of assigning the key:value pairs as a com m a-
separated list betw een curly brackets (braces) to a nam e of your choice. Strings m ust be
enclosed w ithin quotes, as usual, and a : colon character m ust com e betw een the key and
its associated value.

In other program m ing languages a list is often called an ―array‖ and a dictionary is
often called an ―associative array‖.

A  key:value pair can be deleted from  a dictionary by specifying the dictionary nam e and
the pair‒s key to the del keyw ord. C onversely, a key:value pair can be added to a
dictionary by assigning a value to the dictionary‒s nam e and a new  key.

Python dictionaries have a keys() m ethod that can be dot-suffixed to the dictionary nam e to
return a list, in random  order, of all the keys in that dictionary. If you prefer the keys to be
sorted into alphanum eric order, sim ply enclose the statem ent w ithin the parentheses of the
Python sorted() function.

A  dictionary can be searched to see if it contains a particular key w ith the Python in
operator, using the syntax key in dictionary. The search w ill return a B oolean True value
w hen the key is found in the specified dictionary, otherw ise it w ill return False.

D ictionaries are the final type of data container available in Python program m ing. In
sum m ary, the various types are:

‛ Variable ‌ stores a single value

‛ List ‌ stores m ultiple values in an ordered index array

‛ Tuple ‌ stores m ultiple fixed values in a sequence

‛ Set ‌ stores m ultiple unique values in an unordered collection

‛ Dictionary ‌ stores m ultiple unordered key:value pairs



Data is frequently associated as key:value pairs ‌ for exam ple, when you subm it a
web form  a text value typed into an input field is typically associated with that text
field‒s nam e as its key.

dict.py

Start a new  program  by initializing a dictionary then display its data class type and
its key:value contents
info = { ‐nam e‒ : ‐Bob‒ , ‐ref‒ : ‐Python‒ , ‐sys‒ : ‐W in‒ }

print( ‐info:‒ , type( info ) )
print( ‐Dictionary:‒ , info )

N ext, display a single value referenced by its key

print( ‐\nReference:‒ , info[ ‐ref‒ ] )

N ow , display all keys w ithin the dictionary

print( ‐\nKeys:‒ , info.keys() )

D elete one pair from  the dictionary and add a replacem ent pair then display the
new  key:value contents
del info[ ‐nam e‒ ]

info[ ‐user‒ ] = ‐Tom ‒
print( ‐\nDictionary:‒ , info )

Finally, search the dictionary for a specific key and display the result of the search

print( ‐\nIs There A nam e Key?:‒ ,‒nam e‒ in info )

Save the file then run this program  ‌ to see the dictionary keys and values



Notice that quotes within a string m ust be preceded by a backslash escape
character ‌ to prevent the string being prem aturely term inated.





Sum m ary
‛ M ultiple variables can be initialized in a single statem ent using a sequence of =

assignm ents

‛ A  Python list is an array variable that can store m ultiple item s of data in sequentially
num bered elem ents that start at zero

‛ D ata stored in a list elem ent can be referenced using the list nam e follow ed by an index
num ber in [ ] square brackets

‛ A  list elem ent can have m ore than one index to represent m ultiple dim ensions, such as
X  and Y  coordinates

‛ List variables have a num ber of m ethods that can be dot-suffixed to the list nam e for
m anipulation

‛ The len() function returns the length of a specified list

‛ A n individual list elem ent can be deleted by specifying the list nam e and elem ent index
num ber to the Python del keyw ord

‛ A  Python tuple is an im m utable list w hose values can be assigned to individual
variables by ―sequence unpacking‖

‛ D ata stored in a tuple elem ent can be referenced using the tuple nam e follow ed by an
index num ber in [ ] square brackets

‛ A  Python set is an ordered collection of unique elem ents w hose values can be
com pared and m anipulated by its m ethods

‛ D ata stored in a set cannot be referenced by its index num ber

‛ Set variables have m ethods that can be dot-suffixed to the list nam e for m anipulation
and com parison

‛ The Python built-in m em bership in operator can be used to seek a value w ithin a set

‛ A  set can be converted to a regular list using the list() function to allow  reference of
elem ent data by index num ber

‛ A  Python dictionary is a list of key:value pairs of data in w hich each key m ust be
unique

‛ D ata stored in a dictionary elem ent can be referenced using the dictionary nam e
follow ed by its key in [ ] square brackets



5
Controlling blocks

This chapter dem onstrates how  to create code to control the flow  of your program s.

Branching choices
Counting loops
Looping conditions
Skipping loops
Catching errors
Sum m ary





Branching choices
A s in m any program m ing languages the Python if keyw ord perform s a basic conditional
test that evaluates a given expression for a B oolean value of True or False. This allow s a
program  to proceed in different directions according to the result of the test and is know n
as ―conditional branching‖.

In Python, the tested expression m ust be follow ed by a : colon, then statem ents to execute
w hen the test succeeds should follow  below  on separate lines and each line m ust be
indented from  the if test line. The size of the indentation is not im portant but it m ust be the
sam e for each line. So the syntax looks like this:
if test-expression :

statem ents-to-execute-when-test-expression-is-True
statem ents-to-execute-when-test-expression-is-True

The if: elif: else: sequence is the Python equivalent of the sw itch or case
statem ents found in other languages.

O ptionally, an if test can offer alternative statem ents to execute w hen the test fails by
appending an else keyw ord after the statem ents to be executed w hen the test succeeds. The
else keyw ord m ust be follow ed by a : colon and aligned w ith the if keyw ord but its
statem ents m ust be indented in a likew ise m anner, so its syntax looks like this:
if test-expression :

statem ents-to-execute-when-test-expression-is-True
statem ents-to-execute-when-test-expression-is-True

else :
statem ents-to-execute-when-test-expression-is-False
statem ents-to-execute-when-test-expression-is-False

A n if test block can be follow ed by an alternative test using the elif keyw ord (―else if ‖)
that offers statem ents to be executed w hen the alternative test succeeds. This, too, m ust be
aligned w ith the if keyw ord, follow ed by a : colon, and its statem ents indented. A  final else
keyw ord can then be added to offer alternative statem ents to execute w hen the test fails.
The syntax for the com plete if-elif-else structure looks like this:
if test-expression-1 :

statem ents-to-execute-when-test-expression-1-is-True
statem ents-to-execute-when-test-expression-1-is-True

elif test-expression-2 :

statem ents-to-execute-when-test-expression-2-is-True
statem ents-to-execute-when-test-expression-2-is-True



else :

statem ents-to-execute-when-test-expressions-are-False
statem ents-to-execute-when-test-expressions-are-False

Indentation of code is very im portant in Python as it identifies code blocks to the
interpreter ‌ other program m ing languages use bracketing such as { } braces.

if.py

Start a new  program  by initializing a variable w ith user input of an integer value

num  = int( input( ‐Please Enter A Num ber: ‐ ) )

N ext, test the variable and display an appropriate response

if num  > 5 :
print( ‐Num ber Exceeds 5‒ )

elif num  < 5 :
print( ‐Num ber is Less Than 5‒ )

else :
print( ‐Num ber Is 5‒ )

N ow , test the variable again using tw o expressions and display a response only
upon success
if num  > 7 and num  < 9 :

print( ‐Num ber is 8‒ )
if num  == 1 or num  == 3 :

print( ‐Num ber Is 1 or 3‒ )

Save then run the program  ‌ to see conditional branching in action



The user input is read as a string value by default so m ust be cast as an int data
type with int() for arithm etical com parison.

The and keyword ensures the evaluation is True only when both tests succeed,
whereas the or keyword ensures the evaluation is True when either test
succeeds.





Counting loops
A s in other program m ing languages, the Python for keyw ord loops over all item s in any
list specified to the in keyw ord. In Python, this statem ent m ust end w ith a : colon character
and statem ents to be executed on each iteration of the loop m ust be indented:
for each-item  in list-nam e :

statem ents-to-execute-on-each-iteration
statem ents-to-execute-on-each-iteration

B ecause a string is sim ply a list of characters, the for in statem ent can loop over each
character. Sim ilarly, a for in statem ent can loop over each elem ent in a list, each item  in a
tuple, each m em ber of a set, or each key in a dictionary.

The for loop in Python is unlike that in other languages such as C as it does not
allow step size and end to be specified.

A  for in loop iterates over the item s of any list or string in the order that they appear in the
sequence but you cannot directly specify the num ber of iterations to m ake, a halting
condition, or the size of iteration step. You can, how ever, use the Python range() function
to iterate over a sequence of num bers by specifying a num eric end value w ithin its
parentheses. This w ill generate a sequence that starts at zero and continues up to, but not
including, the specified end value. For exam ple, range(5) generates 0,1,2,3,4.

O ptionally, you can specify both a start and end value w ithin the parentheses of the range()
function, separated by a com m a. For exam ple, range(1,5) generates 1,2,3,4. A lso, you can
specify a start value, end value, and a step value to the range() function as a com m a-
separated list w ithin its parentheses. For exam ple, range(1,14,4) generates 1,5,9,13.

You can specify the list‒s nam e w ithin the parentheses of Python‒s enum erate() function to
display each elem ent‒s index num ber and its associated value.

The range() function can generate a sequence that decreases, counting down, as
well as those that count upward.

W hen looping through m ultiple lists sim ultaneously, the elem ent values of the sam e index
num ber in each list can be displayed together by specifying the list nam es as a com m a-
separated list w ithin the parentheses of Python‒s zip() function.



W hen looping through a dictionary, you can display each key and its associated value
using the dictionary item s() m ethod and specifying tw o com m a-separated variable nam es to
the for keyw ord ‌ one for the key nam e and the other for its value.

for.py

Start a new  program  by initializing a regular list, a fixed tuple list, and an
associative dictionary list
chars = [ ‐A‒ , ‐B‒, ‐C‒ ]

fruit = ( ‐Apple‒ , ‐Banana‒ , ‐Cherry‒ )
info = { ‐nam e‒ : ‒M ike‒ , ‐ref‒ : ‒Python‒ , ‐sys‒ : ‒W in‒ }

N ext, add statem ents to display all list elem ent values

print( ‐Elem ents: \t‒ , end = ‐ ‐ )

for item  in chars :
print( item  , end = ‐ ‐ )

N ow , add statem ents to display all list elem ent values and their relative index
num ber
print( ‐\nEnum erated:\t‒ , end = ‐ ‐ )

for item  in enum erate( chars ) :
print( item  , end = ‐ ‐ )

Then, add statem ents to display all list and tuple elem ents

print( ‐\nZipped: \t‒ , end = ‐ ‐ )

for item  in zip( chars , fruit ) :
print( item  , end = ‐ ‐ )

Finally, add statem ents to display all dictionary key nam es and associated elem ent
values
print( ‐\nPaired:‒ )

for key , value in info.item s() :
print( key , ‐=‒ , value )

Save then run the program  ‌ to see the item s displayed by the loop iterations



In program m ing term s, anything that contains m ultiple item s that can be looped
over is described as ―iterable‖.





Looping conditions
A  loop is a piece of code in a program  that autom atically repeats. O ne com plete execution
of all statem ents w ithin a loop is called an ―iteration‖ or a ―pass‖. The length of the loop is
controlled by a conditional test m ade w ithin the loop. W hile the tested expression is found
to be True, the loop w ill continue ‌ until the tested expression is found to be False, at w hich
point the loop ends.

In Python program m ing, the w hile keyw ord creates a loop. It is follow ed by the test
expression then a : colon character. Statem ents to execute w hen the test succeeds follow
below  on separate lines, each line indented from  the w hile test line. Im portantly, the loop
statem ent block m ust include a statem ent that w ill change the result of the test expression
evaluation ‌ otherw ise an infinite loop is created.

Unlike other Python keywords, the keywords True and False begin with
uppercase letters.

Indentation of code blocks m ust also be observed in Python‒s interactive m ode ‌ like this
exam ple that produces a Fibonacci sequence of num bers from  a w hile loop:

Loops can be nested, one w ithin another, to allow  com plete execution of all iterations of
an inner nested loop on each iteration of the outer loop. A  ―counter‖ variable can be
initialized w ith a starting value im m ediately before each loop definition, included in the
test expression, and increm ented on each iteration until the test fails ‌ at w hich point the
loop ends.



The interactive Python interpreter autom atically indents and waits when it expects
further code statem ents from  you.

while.py

Start a new  program  by initializing a ―counter‖ variable and define an outer loop
using the counter variable in its test expression
i = 1

w hile i < 4 :

N ext, add indented statem ents to display the counter‒s value and increm ent its
value on each iteration of the loop

print( ‐O uter Loop Iteration:‒ , i )
i += 1

N ow , (still indented) initialize a second ―counter‖ variable and define an inner loop
using this variable in its test expression

j = 1

w hile j < 4 :

Finally, add further-indented statem ents to display this counter‒s value and
increm ent its value on each iteration

print( ‐\tInner Loop Iteration:‐ , j )
j += 1

Save then run this program  ‌ to see the output displayed on each loop iteration



The output printed from  the inner loop is indented from  that of the outer loop by
the \t tab character.

The += assignm ent statem ent i += 1 is sim ply a shorthand way to say i = i+1 ‌
you can also use *= /= -= shorthand to assign values to variables.





Skipping loops
The Python break keyw ord can be used to prem aturely term inate a loop w hen a specified
condition is m et. The break statem ent is situated inside the loop statem ent block and is
preceded by a test expression. W hen the test returns True, the loop ends im m ediately and
the program  proceeds on to the next task. For exam ple, in a nested inner loop it proceeds
to the next iteration of the outer loop.

nest.py

Start a new  program  w ith a statem ent creating a loop that iterates three tim es

for i in range( 1, 4 ) :

N ext, add an indented statem ent creating a ―nested‖ inner loop that also iterates
three tim es

for j in range( 1, 4 ) :

N ow , add a further-indented statem ent in the inner loop to display the counter
num bers (of both the outer loop and the inner loop) on each iteration of the inner
loop

print( ‐Running i=‒ + i + ‐ j=‒ + j )

Save then run this program  ‌ to see the counter values on each loop iteration

Com pare these nested for loops with the nested w hile loops exam ple here.



break.py

Insert a break statem ent at the start of the inner loop to break from  that loop ‌ then
run the program  again

if i == 2 and j == 1 :

print( ‐Breaks inner loop at i=2 j=1‒ )
break

The Python continue keyw ord can be used to skip a single iteration of a loop w hen a
specified condition is m et. The continue statem ent is situated inside the loop statem ent
block and is preceded by a test expression. W hen the test returns True, that one iteration
ends and the program  proceeds to the next iteration.

N ow , insert a continue statem ent at the start of the inner loop block to skip the first
iteration of that loop ‌ then run the program  once m ore

if i == 1 and j == 1 :

print( ‐Continues inner loop at i=1 j=1‒ )
continue

The break statem ent halts all three iterations of the inner loop when the outer
loop runs it for the second tim e.



continue.py

The continue statem ent skips the first iteration of the inner loop when the outer
loop first runs it.





Catching errors
Sections of a program  in w hich it is possible to anticipate errors, such as those handling
user input, can typically be enclosed in a try except block to handle ―exception errors‖. The
statem ents to be executed are grouped in a try : block and exceptions are passed to the
ensuing except : block for handling. O ptionally, this m ay be follow ed by a finally : block
containing statem ents to be executed after exceptions have been handled.

Python recognizes m any built-in exceptions such as the Nam eError w hich occurs w hen a
variable nam e is not found, the IndexError w hich occurs w hen trying to address a non-
existent list index, and the ValueError w hich occurs w hen a built-in operation or function
receives an inappropriate value.

Each exception returns a descriptive m essage that can usefully be assigned to a variable
w ith the as keyw ord. This can then be used to display the nature of the exception w hen it
occurs.

try.py

Start a new  program  by initializing a variable w ith a string value

title = ‐Coding for Beginners In Easy Steps‒

N ext, add a try statem ent block that attem pts to display the variable value ‌ but
specifies the nam e incorrectly
try :

print( titel )

N ow , add an except statem ent block to display an error m essage w hen a Nam eError

occurs
except Nam eError as m sg :

print( m sg )

Save then run the program  ‌ to see how  the error gets handled



In som e program m ing languages this structure is known as try-catch exception
handling.

M ultiple exceptions can be handled by specifiying their type as a com m a-separated list in
parentheses w ithin the except block:
except ( Nam eError , IndexError ) as m sg :

print( m sg )

You can also com pel the interpreter to report an exception by using the raise keyw ord to
specify the type of exception to be recognized and a custom  descriptive m essage in
parentheses.

raise.py

Start a new  Python script by initializing a variable w ith an integer value

day = 32

N ext, add a try statem ent block that tests the variable value then specifies an
exception and custom  m essage
try :

if day > 31 :

raise ValueError( ‐Invalid Day Num ber‒ )
# M ore statem ents to execute get added here.

N ow , add an except statem ent block to display an error m essage w hen a ValueError
occurs
except ValueError as m sg :

print( ‐The Program  found An‒ , m sg )

Then, add a finally statem ent block to display a m essage after the exception has
been handled succesfully
finally :

print( ‐But Today Is Beautiful Anyw ay.‒ )

Save then run the program  ‌ to see the raised error get handled



Statem ents in the try block are all executed unless or until an exception occurs.





Sum m ary
‛ The if keyw ord perform s a conditional test on an expression for a B oolean value of True

or False

‛ C onditional branching provides alternatives to an if test w ith the else and elif keyw ords

‛ Python tested expressions m ust be follow ed by a : colon character and statem ent blocks
be indented from  the test line

‛ A  for in loop iterates over each item  in a specified list or string

‛ Python for in loop statem ents m ust be follow ed by a : colon character and statem ent
blocks be indented from  the statem ent

‛ The range() function generates a num erical sequence that can be used to specify the
length of a for in loop

‛ The enum erate() function can specify the nam e of a list to display each elem ent index
num ber and its stored value

‛ The zip() function can display the stored values of the sam e index num ber in m ultiple
lists

‛ A  w hile loop repeats w hile an initial test expression rem ains True and ends w hen that
test expression becom es False

‛ Python w hile loop statem ents m ust be follow ed by a : colon character and statem ent
blocks be indented from  the statem ent

‛ The value of a counter variable can be tested in a test expression to control the num ber
of loop iterations

‛ The break keyw ord can be used to test an expression for a True value and im m ediately
exit a loop w hen the test returns False

‛ The continue keyw ord can be used to test an expression for a True value and exit a
single iteration w hen the test returns False

‛ A nticipated runtim e exception errors can be handled by enclosing statem ents in a try
except block

‛ O ptionally, a finally statem ent can be used to specify statem ents to be executed after
exceptions have been handled

‛ Python try, except, and finally statem ents m ust be follow ed by a : colon and statem ent
blocks be indented from  the statem ent



6
Creating functions

This chapter dem onstrates how  to code re-usable blocks of code in your program s.

Defining blocks
Adding param eters
Returning results
Storing functions
Im porting functions
Sum m ary





Defining blocks
Previous exam ples in this book have used built-in functions of the Python program m ing
language, such as the print() function. H ow ever, m ost program s have a num ber of coder-
defined custom  functions that can be called as required w hen the program  runs.

A  custom  Python function is created using the def (definition) keyw ord follow ed by a
nam e of your choice and ( ) parentheses. The coder can choose any nam e for a function
except the keyw ords of the program m ing language and the nam e of an existing built-in
function. This line m ust end w ith a : colon character, then the statem ents to be executed
w henever the function gets called m ust appear on lines below  and indented. Syntax of a
function definition, therefore, looks like this:
def function-nam e ( ) :

statem ents-to-be-executed
statem ents-to-be-executed

Function statem ents m ust be indented from  the definition line by the sam e am ount
so the Python interpreter can recognize the block.

O nce the function statem ents have been executed, program  flow  resum es at the point
directly follow ing the function call. This m odularity is very useful in program m ing to
isolate set routines so they can be called upon repeatedly.

To create custom  functions it is necessary to understand the accessibility (―scope‖) of
variables in a program :

‛ Variables created outside functions can be referenced by statem ents inside functions ‌
they have ―global‖ scope

‛ Variables created inside functions cannot be referenced from  outside the function in
w hich they have been created ‌ these have ―local‖ scope

The lim ited accessibility of local variables m eans that variables of the sam e nam e can
appear in different functions w ithout conflict.

Avoid using global variables in order to prevent accidental conflict ‌ use only local
variables where possible.

If you w ant to coerce a local variable to m ake it accessible elsew here it m ust first be



declared w ith the Python global keyw ord follow ed by its nam e only. It m ay subsequently
be assigned a value that can be referenced from  anyw here in the program . W here a global
variable and a local variable have the sam e nam e, the function w ill use the local version.

def.py

Start a new  program  by initalizing a global variable

global_var = 1

N ext, create a function nam ed ―m y_vars‖ to display the value contained w ithin the
global variable
def m y_vars() :

print( ‐G lobal variable:‒ , global_var )

N ow , add indented statem ents to the function block to initialize a local variable and
display the value it contains

local_var = 2
print( ‐Local variable:‒ , local_var )

Then, add indented statem ents to the function block to create a coerced global
variable and assign an initial value

global inner_var

inner_var = 3

A dd a statem ent after the function to call upon that function to execute the
statem ents it contains
m y_vars()

Finally, add a statem ent to display the value contained in the coerced global
variable
print( ‐Coerced G lobal:‒ , inner_var )

Save then run the program  ‌ to see the custom  function display the variable values



Variables that are not global but appear in som e outer scope can be addressed
using the nonlocal keyword.





Adding param eters
W hen defining a custom  function in a program  you m ay optionally specify a ―param eter‖
nam e betw een the function‒s parentheses. A n ―argum ent‖ value can then be passed to that
param eter by specifying the value in the parentheses of the call to the function. The
function can now  use that passed in value during its execution by referencing it via the
param eter nam e. For exam ple, defining a function to accept a param eter to print out:
def echo( user ) :

print( ‐User:‒ , user )

Param eters are special variables for internal use only within a function ‌ they
m ust adhere to the sam e nam ing rules as regular variables.

A  call to this function m ust specify an argum ent value to be passed to the param eter in its
parentheses so it can be printed out:
echo( ‐M ike‒ )

M ultiple param eters can be specified in the function definition by including a com m a-
separated list of param eter nam es w ithin the function parentheses:
def echo( user , lang , sys ) :

print( User:‒ , user , ‐Language:‒ , lang , ‐Platform :‒ , sys )

W hen calling a function w hose definition specifies param eters, the call m ust include the
sam e num ber of argum ents as param eters. For exam ple, to call this exam ple w ith m ultiple
param eters:
echo( ‐M ike‒ , ‐Python‒ , ‐W indow s‒ )

The passed values m ust appear in the sam e order as the param eter list unless the caller
also specifies the param eter nam es like this:
echo( lang = ‐Python‒ , user = ‐M ike‒ , sys = ‐W indow s‒ )

O ptionally, a default value m ay be specified in the param eter list w hen defining a
function. This w ill be overridden w hen the caller specifies a value for that param eter but
w ill be used by the function w hen no argum ent value gets passed by the caller:
def echo( user , lang , sys = ‐Linux‒ ) :

print( User:‒ , user , ‐Language:‒ , lang , ‐Platform :‒ , sys )

This m eans you m ay call the function passing few er values than the num ber of param eters
specified in the function definition, to use the default param eter value, or pass the sam e
num ber of values as specified param eters to override the default value.



Nam e param eters the sam e as variables passed to them  to m ake the data
m ovem ent obvious.

param .py

Start a new  program  by defining a function w ith three param eters that w ill print
out passed-in argum ent values
def echo( user , lang , sys ) :

print( ‐User:‒, user, ‐Language:‒, lang, ‐Platform :‒, sys )

N ext, call the function passing string argum ent values to the function param eters in
the order they appear
echo( ‐M ike‒ , ‐Python‒ , ‐W indow s‒ )

N ow , call the function passing string argum ents to the function param eters by
specifying the param eter nam es
echo( lang = ‐Python‒ , sys = ‐M ac O S‒ , user = ‐Anne‒ )

Then, define another function w ith tw o param eters having default values that w ill
print out param eter values
def m irror( user = ‐Carole‒ , lang = ‐Python‒ ) :

print( ‐\nUser:‒ , user , ‐Language:‒ , lang )

Finally, add statem ents to call the second function both using and overriding
default values
m irror()

m irror( lang = ‐Java‒ )
m irror( user = ‐Tony‒ )

m irror( ‐Susan‒ , ‐C++‒ )

Save then run the program  ‌ to see the function display the argum ent values or
default param eter values



Argum ents are the actual data values passed to function param eters by the
function call.





Returning results
Like Python‒s built-in str() function, w hich returns a string representation of the value
specified as its argum ent by the caller, your custom  functions can also return a value to
their caller by using the return keyw ord to specify a value to be returned. For exam ple, to
return to the caller the total of adding tw o specified param eter values like this:
def sum ( a , b ) :

return a + b

The returned result m ay be assigned to a variable by the caller for subsequent use by the
program  like this:
total = sum ( 8 , 4 )
print( ‐Eight Plus Four Is:‒ , total )

O r the returned result m ay be used directly ―in-line‖ like this:
print( ‐Eight Plus Four Is:‒ , sum ( 8 , 4 ) )

Typically, a return statem ent w ill appear at the very end of a function block to return the
final result of executing all statem ents contained in that function.

A  return statem ent m ay, how ever, appear earlier in the function block to halt execution of
all subsequent statem ents in that block. This im m ediately resum es execution of the
program  at the caller. O ptionally, the return statem ent m ay specify a value to be returned to
the caller or the value m ay be om itted. W here no value is specified, a default value of None
is assum ed. Typically, this is used to halt execution of the function statem ents after a
conditional test is found to be False. For exam ple, w here a passed argum ent value is below
a specified num ber:
def sum ( a , b ) :

if a < 5 :
return

return a + b

You can specify a default value for a param eter in the function definition.

In this case, the function w ill return the default value None w hen the first passed argum ent
value is below  five and the final statem ent w ill not be executed.

W here the function is to perform  arithm etic, user input can be validated for integer values
w ith the built-in isdigit() function.



return.py

Start a new  program  by initializing a variable w ith user input of an integer value
for m anipulation
num  = input( ‐Enter An Integer:‒ )

N ext, add a function definition that accepts a single argum ent value to be passed
from  the caller
def square( num  ) :

N ow , insert into the function block an indented statem ent to validate the passed
argum ent value as an integer or halt further execution of the function‒s statem ents

if not num .isdigit() :

return ‐Invalid Entry‒

Then, add indented statem ents to cast the passed argum ent value as an int data type
then return the sum  of squaring that value to the caller

num  = int( num  )
return num  * num

Finally, add a statem ent to output a string and the returned value from  the function
call
print( num  , ‐Squared Is:‒ , square( num  ) )

Save then run the program  ‌ to see the function display the returned values

Rem em ber that user input is read as a str data type ‌ so m ust be cast into an int



or float data type for arithm etic.





Storing functions
Function definitions can usefully be stored in one or m ore separate files for easier
m aintenance and to allow  them  to be used in several program s w ithout copying the
definitions into each one. Each Python file storing function definitions is called a
―m odule‖ and the m odule nam e is the file nam e w ithout the ―.py‖ extension.

Functions stored in the m odule are m ade available to a program  using the Python im port
keyw ord follow ed by the m odule nam e. A lthough not essential, it is custom ary to put any
im port statem ents at the beginning of the program .

Im ported functions can be called using their nam e dot suffixed after the m odule nam e. For
exam ple, a ―steps‖ function from  an im ported m odule nam ed ―ineasy‖ can be called w ith
ineasy.steps().

W here functions stored in a m odule include param eters, it is often useful to assign a
default value to the param eter in the definition. This m akes the function m ore versatile as
it becom es optional for the call to specify a param eter value.

cat.py

Start a new  m odule by defining a function that supplies a default string value to its
param eter for display
def purr( pet = ‐A Cat‒ ) :

print( pet , ‐Says M EO W !‒ )

N ext, add tw o m ore function definitions that also supply default string values to
their param eters for display
def lick( pet = ‐A Cat‒ ) :

print( pet , ‐Drinks M ilk‒ )

def nap( pet = ‐A Cat‒ ) :
print( pet , ‐Sleeps By The Fire‒ )

N ow , save the file as ―cat.py‖ so the m odule is nam ed ―cat‖

Start a new  program  w ith a statem ent to m ake the ―cat‖ m odule functions available

im port cat

kitty.py



N ext, call each function w ithout supplying an argum ent

cat.purr()

cat.lick()
cat.nap()

N ow , call each function again and pass an argum ent to each then save the file

cat.purr( ‐Kitty‒ )

cat.lick( ‐Kitty‒ )
cat.nap( ‐Kitty‒ )

Start another program  by m aking the ―cat‖ m odule functions available once m ore

im port cat

Then request the user enters a nam e to overw rite the default param eter value

pet = input( ‐Enter A Pet Nam e: ‐ )

Finally, call each function passing the user-defined value as the argum ent

cat.purr( pet )

cat.lick( pet )
cat.nap( pet )

Save then run these program s ‌ to see output from  the im ported m odule in each
program

tiger.py



You can create an alias when im porting a m odule using im port as keywords. For
exam ple, im port cat as tom  allows you to use tom  as the function prefix in calls.





Im porting functions
Internally, each Python m odule and program  has its ow n ―sym bol table‖ w hich is used by
all functions defined in that context only. This avoids possible conflicts w ith functions of
the sam e nam e in another m odule if both m odules w ere im ported into one program .

W hen you im port a m odule w ith an im port statem ent, that m odule‒s sym bol table does not
get added to the program ‒s sym bol table ‌ only the m odule‒s nam e gets added. That is w hy
you need to call the m odule‒s functions using their m odule nam e prefix. Im porting a
―steps‖ function from  a m odule nam ed ―ineasy‖ and another ―steps‖ function from  a
m odule nam ed ―dance‖ m eans they can be called w ithout conflict as ineasy.steps() and
dance.steps().

W here you im port individual function nam es, the m odule nam e does not get
im ported ‌ so it cannot be used as a prefix.

G enerally, it is preferable to avoid conflicts by im porting the m odule nam e and calling its
functions w ith the m odule nam e prefix, but you can im port individual function nam es
instead w ith a from  im port statem ent. The m odule nam e is specified after the from  keyw ord,
and functions to im port are specified as a com m a-separated list after the im port keyw ord.
A lternatively, the * w ildcard character can be specified after im port to im port all function
nam es into the program ‒s ow n sym bol table. This m eans the functions can be called
w ithout a m odule nam e prefix.

dog.py

Start a new  m odule by defining a function that supplies a default string value to its
param eter
def bark( pet = ‐A Dog‒ ) :

print( pet , ‐Says W O O F!‒ )

N ext, add tw o m ore function definitions that also supply default string values to
their param eters
def lick( pet = ‐A Dog‒ ) :

print( pet , ‐Drinks w ater‒ )

def nap( pet = ‐A Dog‒ ) :
print( pet , ‐ Sleeps In The Sun‒ )



Save the file as ―dog.py‖ so the m odule is nam ed ―dog‖

pooch.py

Start a new  program  w ith a statem ent to m ake individual ―dog‖ m odule functions
available
from  dog im port bark , lick , nap

N ext, call each function w ithout supplying an argum ent

bark()

lick()
nap()

N ow , call each function again and pass an argum ent value to each then save the file

bark( ‐Pooch‒ )

lick( ‐Pooch‒ )
nap( ‐Pooch‒ )

Start another program  by m aking all ―dog‖ m odule functions available

from  dog im port *

R equest a user entry to overw rite the default param eter

pet = input( ‐Enter A Pet Nam e: ‐ )

Finally, call each function passing the user-defined value as the argum ent

bark( pet )

lick( pet )
nap( pet )

Save then run these program s ‌ to see output from  the im ported functions



fido.py

For larger program s you can im port m odules into other m odules to build a m odule
hierarchy.





Sum m ary
‛ Functions are defined using the def keyw ord follow ed by a nam e of your choice and ()

parentheses

‛ A  function definition line m ust end w ith a : colon character and its block of statem ents
to execute w hen the function gets called m ust be indented below  that line

‛ Variables w ith global scope can be referenced from  anyw here w ithin that program

‛ Variables w ith local scope can only be referenced from  w ithin the function in w hich
they are declared

‛ A  local variable can be coerced to m ake it globally accessible by first declaring it using
the global keyw ord

‛ Function param eters are special variables for use only w ithin a function, and argum ents
are data values passed to param eters

‛ Param eters are declared as a com m a-separated list w ithin the parentheses of a function
definition

‛ Function calls m ust supply argum ent data for each function param eter unless a default
value is specified in their declaration

‛ D ata passed to param eters in a function call m ust appear in the sam e order as the
param eters unless their nam es are specified

‛ O ptionally, the return keyw ord can be used w ithin a function to return a value to the
caller

‛ Functions can be stored in m odules that are nam ed as the file nam e w ithout the ―.py‖
file extension

‛ A n im port statem ent m akes m odule functions available in a program  by dot-suffixing
their nam e after the m odule nam e

‛ Internally, each Python m odule has its ow n sym bol table so like-nam ed functions in
different m odules do not conflict

‛ A  from  im port statem ent m akes m odule functions available in a program  w ithout the
need to dot-suffix their nam e

‛ A n im port * statem ent can be used to im port a m odule‒s functions into the program ‒s
ow n sym bol table



7
Sorting algorithm s

This chapter dem onstrates how  to code a variety of sorting algorithm  instruction
sequences.

Copying sorts
Selecting sorts
Inserting sorts
Bubbling sorts
M erging sorts
Partitioning sorts
Sum m ary





Copying sorts
A n ―algorithm ‖ is a w ell-defined sequence of instructions to perform  a specific task. Each
algorithm  takes one or m ore values as input and produces one or m ore resulting values as
output.

A n algorithm  m ay be created in code as a function w hose statem ents define a sequence of
instructions to perform  the task. Input values can be passed as argum ents in the function
call and resulting values can be returned as output from  the function. A lgorithm s can be
coded, using data structures and control structures in a variety of w ays, to perform  tasks
such as sorting lists into order.

Python provides the sort() m ethod for lists (described here) but exam ples in this
chapter dem onstrate how to code various sorting algorithm s that are found in
m any program m ing languages.

Sorting efficiency m ay depend upon the nature of the list to be sorted so different
algorithm s m ay be best-suited to particular tasks. W here the task requires a list to be
sorted, w hile the original unsorted list rem ains intact, an algorithm  function can be passed
a reference to the list in an argum ent as input. The function can then m ake a copy of the
original list, sort elem ents of that copy into order, then return the sorted copy list as
output. This algorithm  sim ply copies elem ent values from  the original list into a new  list
array then arranges them  in ascending value order.



Array list elem ents are num bered from  zero. So here, elem ent [0] contains 5,
elem ent [1] contains 3, and so on.

copy.py

Start a new  program  by declaring a function to receive a list reference as input and
return a sorted copy as output
def copy_sort( array ) :

copy = array[ : ]
sorted_copy = [ ]

# Algorithm  sequence to be added here.
return sorted_copy

N ext, add the indented algorithm  sequence to insert the copied elem ent values into
the em pty list in order

w hile len( copy ) > 0 :

m inim um  = 0
for elem ent in range( 0 , len( copy ) ) :

if copy[ elem ent ] < copy[ m inim um  ] :
m inim um  = elem ent

print( ‐\tRem oving value‒ , copy[ m inim um  ] , \
‐from ‒ , copy )

sorted_copy.append( copy.pop( m inim um  ) )

N ow , add statem ents to create and display an unsorted list

array = [ 5 , 3 , 1 , 2 , 6 , 4 ]
print( ‐Copy Sort“ \nArray :‒ , array )

Finally, add statem ents to display the unsorted list and its sorted copy then save
and run the program  ‌ to see the original list rem ains intact in unsorted order
print( ‐Copy :‒ , copy_sort( array ) )

print( ‐Array :‒ , array )



Each value is popped off the list copy in sequence ‌ to build the sorted version by
appending each to the em pty array.





Selecting sorts
O ften you w ill w ant to sort the elem ents of an unsorted list array ―in place‖ rather than
sort a copy of the original list, as dem onstrated in the previous exam ple. There are several
popular algorithm s you can em ploy to sort arrays in place, each using a different technique
w ith their ow n strengths and w eaknesses.

A  ―selection sort‖ algorithm  exam ines each elem ent in the unsorted part of an array list
and selects the elem ent containing the low est value. It then sw aps the selected elem ent
value w ith that contained in the elem ent at the beginning of the unsorted part of the array
list ‌ thereby increasing the size of the sorted part of the array and decreasing its unsorted
part. This process is repeated until all elem ent values are sorted into ascending order.

Selection sort is a sim ple sw ap-based algorithm  that is relatively easy to understand and
code as a function algorithm . It is one of the tw o m ost efficient algorithm s for sorting
sm all arrays of 20 or so elem ents.

In this exam ple, the final elem ent will already contain the highest value when the
penultim ate elem ent has been sorted.

selection.py

Start a new  program  by declaring a function to receive a list reference as input and
begin a loop to store each elem ent‒s value and current index num ber
def selection_sort( array ) :



for index in range( 0 , len( array ) -1 ) :

value = array[ index ]
current = index

# Algorithm  sequence to be added here.

N ext, add the algorithm  sequence to repeatedly sw ap the sm allest unsorted value
w ith the first unsorted value

for elem ent in range( index+1 , len( array ) ) :
if array[ elem ent ] < array[ current ] :

current = elem ent
array[ index ] = array[ current ]

array[ current ]= value
print( ‐\tResolving elem ent[‐ , index , ‐] to ‐ , array )

N ow , add statem ents to create and display an unsorted list

array = [ 5 , 3 , 1 , 2 , 6 , 4 ]

print( ‐Selection Sort“ \nArray :‒ , array )

Finally, add statem ents to call the algorithm  function and display the list once m ore
‌ to see the list sorted in place
selection_sort( array )
print( ‐Array :‒ , array )

Sorting in place swaps the elem ent values contained in the original referenced
array list.





Inserting sorts
The technique of sw apping elem ents w ith a selection sort algorithm , dem onstrated in the
previous exam ple, w orks w ell but an alternative technique can be em ployed to sim ply
insert elem ents into an array list at the correct ascending order position.

A n ―insertion sort‖ algorithm  exam ines the next elem ent in the unsorted part of an array
list and, if required, inserts the elem ent at the correct ascending order position in the array
list. To accom m odate the inserted elem ent, all other elem ents in the unsorted part of the
list shift to the right ‌ increasing the size of the sorted part of the array and decreasing its
unsorted part. This process is repeated for each elem ent in turn until all elem ent values are
sorted into ascending order.

Insertion sort is a sim ple algorithm  that is relatively easy to understand and code as a
function algorithm . A long w ith the selection sort algorithm  it is one of the tw o m ost
efficient algorithm s for sorting sm all arrays of 20 or so elem ents. Typically, insertion sort
w ill require few er com parisons than a selection sort so is often seen as the best m ethod for
sorting sm all arrays.

In this exam ple, two steps are needed to get the lowest value into the very first
elem ent ‌ as 3 is less than 5, then 1 is less than 3.

insertion.py

Start a new  program  by declaring a function to receive a list reference as input and
begin a loop to store the current elem ent‒s value
def insertion_sort( array ) :



for index in range( 1 , len( array ) ) :

value = array[ index ]
# Algorithm  sequence to be added here.

print( ‐\tResolving elem ent[‐ , index , ‐] to ‐ , array )

N ext, add the algorithm  sequence to repeatedly insert the current value if sm aller
than that in the current elem ent

w hile array[ index-1 ] > value and index >= 1 :
array[ index ] = array[ index-1 ]

index -=1
array[ index ] = value

N ow , add statem ents to create and display an unsorted list

array = [ 5 , 3 , 1 , 2 , 6 , 4 ]

print( ‐Insertion Sort“ \nArray :‒ , array )

Finally, add statem ents to call the algorithm  function and display the list once m ore
‌ to see the list sorted in place
insertion_sort( array )
print( ‐Array :‒ , array )

O n som e iterations this algorithm  recognizes that elem ents in the ―unsorted‖ part
are already sorted following earlier insertions.





Bubbling sorts
A  ―bubble sort‖ algorithm  is a further sim ple alternative to the selection and insertion sort
techniques. This algorithm  repeatedly exam ines each adjacent pair of elem ents in an array
list and, if required, sw aps them  around to place a low er value before a higher value ‌
until all elem ents are sorted into ascending order.

B ubble sort is a sim ple algorithm  that is very easy to understand and code as a function
algorithm . A lthough the bubble sort technique is generally less efficient than insertion sort
or selection sort, it is one of the quickest algorithm s for nearly-sorted arrays.

In this exam ple, no swap is needed on the first pass for elem ent [3] and [4] as
their values 5 and 6 are in correct order.

bubble.py

Start a new  program  by declaring a function to receive a list reference as input and
begin an outer loop to repeatedly iterate through the array list
def bubble_sort( array ) :

for index in range( len( array ) ) :
# Algorithm  sequence to be added here.

N ext, add the algorithm  sequence to iterate through the array list elem ents, up to


