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Preface

The creation of this book has provided me, Mike McGrath, awelcome opportunity to
produce an introduction to coding computer programs for readers with no previous coding
experience. Although thisis abook for beginners, it goes beyond the mere basics so some
topics may be more easily understood after gaining some coding experience with the
simpler listed programs. All the examples demonstrate coding features using the popular
Python programming language and the book-s screenshots illustrate the actual results
produced by executing the listed code.

Conventionsin this book

In order to clarify the code listed in the steps given in each example, | have adopted the
same default colorization convention provided by Python-s code editor. Keywords of the
Python language itself are colored orange, built-in function names are purple, coder-
specified function names are blue, text strings are green, comments are red, and all other
codeisblack, like this:

# A function to display a greeting
greet( reader):
print( -Welcome to Coding for Beginners—, reader )

Additionally, in order to identify each source code file described in the steps, an icon and
file name appears in the margin alongside the steps, like this:

(.

program.py
Grabbing the source code

For convenience | have placed source code files from the examples featured in this book
into asingle ZIP archive. You can obtain the complete archive by following these easy

steps.
Browse to www.ineasysteps.com then navigate to Free Resources and choose the
Downloads section

Find Coding for Beginnersin easy stepsin the list, then click on the hyperlink
entitled All Code Examples to download the archive

Now, extract the archive contents to any convenient location on your computer
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Programming code

A computer is merely a machine that can process a set of simple instructions very quickly.
The set of instructions it processes is known as a—programll, and the instructions are
known as —eodell.

People who write computer programs are known as —programmersll or —eodersll. Their
programs have enabled computers to become useful in aimost every area of modern life:

* Inthehand| computersare found in cellphone devices for tasks such as
communication viavoice, text, and social media

* Inthehome| computersare found in household devices such as TV sets, gaming
consoles, and washing machines

* Intheoffice| computersare found in desktop devices for tasks such asword
processing, payroll, and graphic design

" Inthestore| computersarefound in retail devices such as automatic teller machines
(ATMs) and bar code scanners

Inthecar | computersarefound in control devices for tasks such as engine
management, anti-lock braking and security

Inthesky| computersare found in airplanesfor piloting and in air traffic control
centers for safe navigation

These are, in fact, just afew examples of how computers affect our lives today. Yet,
computers are really dumb! They can only count from zero to one, and cannot think for
themselves.

A compuiter is acollection of electronic components| collectively known as —hardwarell.
To make the computer function it must be given a set of program instructions| known as
—softwarell.

It is important that each computer program provides clear step-by-step instructions that the
computer can execute without errors. The coder must therefore break down the task
required of the computer into simple unambiguous steps. For example, a program to move
amobile robot from indoors to outdoors must include instructions to have the robot locate
a doorway and navigate around any obstacles. So the coder must always consider what
possible unexpected difficulties a program may encounter.

Program instructions must be presented to the computer in alanguage it can understand.
At the most basic level the computer can understand —machine codell, which moves items
around in its memory to perform tasks. This type of obscure low-level code is incredibly



tedious as it requires many lines of instruction to perform even a simple task.

Fortunately, over the years, many —kigh-levelll programming languages have been
developed that allow the coder to compose instructions in more human-readable form.
These modern high-level programs are automatically translated into the machine code that
the computer can understand by a—eompilerll or by an —nterpreterll. In order to become a
coder you must typically learn at least one of these high-level programming languages:

C| apowerful compiled language that is closely mapped to machine code and used to
develop operating systems

C++| an enhanced compiled language developing on C to provide classes for Object
Oriented Programming (OOP)

C#| amodern compiled language designed by Microsoft for the .NET framework and
Common Language Infrastructure

Java| aportable compiled language that is designed to run on any platform regardless
of the hardware architecture

Python| adynamic interpreted language that allows both functional and Object
Oriented Programming (OOP)
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Programs written in an interpreted language can be run immediately but those
written in compiled languages must first be compiled before they can be run.

Just as human languages have similarities, such as verbs and nouns, these programming
languages have certain similarities as they each possess —data structuresll, in which to store
information, and —eontrol structuresll that determine how the program proceeds.

The examplesin this book use the Python language to demonstrate how to code computer
programs as it has a simple language syntax, requires no compilation, includes alarge
library of standard functions, and can be used to create both Console programs and
windowed GUI (Graphical User Interface) apps.
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Python is a total package of 4katteries includedll.






Setting up

Before you can begin coding programs in the Python language you need to set up a
programming environment on your computer by installing the Python interpreter and the
standard library of tested code modules that comes along with it. Thisis available online
as a free download from the Python Software Foundation.

o Launch aweb browser and navigate to python.org/downloads then click the
Downloads button to grab the latest version for your system| inthiscaseits
—Rython 3.4.2Il

o When the download completes run the installer and choose whether to install for
al usersor just yourself, then click the Next button to proceed

o Now, accept the suggested default installation location, which will be a directory

on your root c¢:\ drive named —Pythonll and version number| inthisexampleit-sa
directory at c:\Python34 for Python version 3.4.2

I Python 3.42 Setup
J Select Destination Directory
Please select a directory for the Python 3.4.2 files.
(3 python34 v |Up| New

Ob
(CAScripts

python

. ¥ [c:\Python34y
windows
ack !r_ﬂéig_a%‘ Cancel

A

Installers for Mac OS X and Other Platforms are also freely available at
python.org/downloads

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

o Click the Next button to proceed then be sure to select the feature to -Add
python.exe to Pathll



iel Python 34.2 Setup EX|

Customize Python 3.4.2
| Select the way you want features to be installe

d.
Click on the icons in the tree below to change the
way features wil be installed.

=] Test suite

=1} Add python.exe to Path v

hon34\ to the system Path

\!
is 2lows you to type 'python’ into 2
d prompt without needing the full path.

‘ pgthf)n

ature requires OKB on your hard drive.

windows

Disk Usage Advanced < Back Next > Q Cancel

o Click on Next to begin copying files onto your computer then click the Finish
button to complete the installation

Upon completion the Python group is added to your Start/A pps menu. Most important of
this group isthe IDLE item that launches the Python integrated devel opment environment.

h IDLE (Python 3.4 GUI - 32 bit)

N

ﬂn‘tﬂ?
Adding Python to the system Path makes it available from within any directory.
After installation, you can exactly enter the command python -V at a Command
Prompt to see the interpreter respond with its version number.

N
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You will use the IDLE launcher often so right-click on its icon and choose -Rin to
taskbarll to make it readily available from the Windows Desktop.






Exploring IDLE

The installed Python software package includes the I ntegrated Devel opment Environment
(IDLE) in which you can easily code and run programs, or snippets, written in the Python
language. IDLE provides two different windows for program devel opment:

* Shell Window
* Edit Window

When you start up IDLE it opens a new window containing a menu bar, a banner
describing the version, and a>>> prompt. Thisis the Shell Window in which you can
interact directly with the Python interpreter by entering statements at the prompt.

Menu Bar \\ ‘ l& Python Shell - °IEN

TP Eile Edit Shell Debug Options Windows Help
___»Python 3.4.2 (v3.4.2:ab2c023a9432, Oct 6 2014, 22:15:05) =l
Version Banner — [MSC v.1600 32 bit (Intel)] on win32
Type "copyright”, "credits” or "license()" for more information.

>

-

Ln: 3/Col: 4

If the interpreter understands your entry it will respond with an appropriate reply,
otherwise it will report an error.

You can make the interpreter print out a string of text by entering a Python print() function
statement that encloses your string within quote marks inside the parentheses at the
Interactive prompt.

N
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Most programming languages require text strings to be enclosed in quote marks
to differentiate them from program code. By convention, Python coders use single
quotes.

You can also make the interpreter print out the result of a ssmple arithmetic sum by
entering avalid sum statement at the prompt.

If your statement is not valid, such as a sum that attempts to divide a number by zero, the
interpreter will print out an error message helpfully describing the nature of the error.

o Open an IDLE Shell Window then precisely enter this statement at the interactive
prompt
print( -Hello World!-)

o Next, hit the Return key to see the interpreter-s response



Le Python Shell = =

File Edit Shell Debug QOptions Windows Help

>>> print{ 'Hello World!" ) -
Hello World!

>35>

o Now, enter this sum statement at the interactive prompt

8+4

N
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Spaces in statements are ignored| so 8+4 can be entered without spaces.
o Hit Return to see the interpreter print the result total

L& Python Shell = =

File Edit Shell Debug Options Windows Help

>>>8+4 =}
12

-

o Enter thisinvalid statement at the interactive prompt
8/0

o Hit Return to see the interpreter print an error message

s Python Shell - o
File Edit Shell Debug Options Windows Help
>>>8/0 -

Traceback (most recent call last):
File "<pyshell#2>", line 1, in <module>
8/0
ZeroDivisionError: division by zero
>>>|

"
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The Shell Window is mostly used to test snippets of code.






Getting help

The IDLE Shell Window provides a great Help utility where you can find help on any
Python topic when coding Python programs. Help can be sought by entering a Python
help() Statement at the interactive >>> prompt. A welcome message appears and the prompt
changes to help> to denote you are now in Help mode.

o Open an IDLE Shell Window then precisely enter this statement at the interactive
prompt
help()

o Next, hit the Return key to enter Help mode

i Python Shell -0

File Edit Shell Debug Options Windows Help
| >>> help() B

Welcome to Python 3.4's help utility!

‘help>|

Now, enter this topic name at the Help utility prompt keywords

Hit Return to list all keywords of the Python language

Lo Python Shell = = “
File Edit Shell Debug Options Windows Help

help> keywords =
Here is a list of the Python keywords.

Enter any keyword to get more help.

False def if raise

None del import return

True elif in try

and else is while

as except lambda with

assert finally nonlocal yield

break for not

class from or

continue global pass

help> |

N

“ntﬁ'P
The Help utility welcome message also contains handy hints| but are omitted
here for breuvity.

¥

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



o Then, enter this command at the Help utility prompt quit
o Hit Return to exit Help and return to an interactive Shell Window prompt

r Python Shell - olEl
Eile Edit Shell Debug Options Windows Help
help> quit =]

| You are now leaving help and returning to the Python interpreter.
If you want to ask for help on a particular object directly from the
‘ interpreter, you can type "help(object)”. Executing "help(string)"
| has tl'lle same effect as typing a particular string at the help> prompt.
>>>

L
Poraet
There are no parentheses required after the quit instruction| here itis a Help
utility command, not a Python statement.

When you just want help on asingle topic you can ssimply enter the topic name within
guote marks inside the parentheses of ahelp() Statement at the interactive prompt:

o Precisely enter this statement at the interactive prompt
help( -keywords-)

0 Hit Return to list all keywords of the Python language and remain at an interactive
Shell Window prompt

| ) Python Shell - o ‘
File Edit Shell Debug Options Windows Help
>>> help(keywords’) B
Here is a list of the Python keywords.
Enter any keyword to get more help.
False def if raise
None del import return
True elif in try
and else is while
as except lambda with
assert finally nonlocal yield
break for not
class from or
continue global pass
>>>|

@
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Keywords have special meaning in a programming language | they cannot be
used to name items in your code.






Saving programs

The IDLE Shell Window, described on the previous page, is a great place to try out
snippets of code, but cannot save your code. Happily IDLE also provides an Edit Window
where you can create longer pieces of programming code that can be stored in a(.py) file
on your computer. This means you can easily re-run the code without re-typing all the
instructions at the Shell Window >>> prompt and this lets you edit your code to try new
ideas. The procedure to create, save, and run your code looks like this:

" Open an Edit Window from the Shell Window by selecting File, New File from the
Shell Window menu items| or by pressing the Ctrl + N shortcut keys

" Type code into the Edit Window then save it by selecting File, Save from the Edit
Window menu items| or by pressing the Ctrl + S shortcut keys

" Run saved code from the Edit Window by selecting Run, Run Module from the Edit
Window menu items| or by pressing the F5 shortcut key

N
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The procedure described here will be used to demonstrate the code examples
given throughout this book.

Output from your program code will appear in the Shell Window as the program runs, or a
helpful error message will appear there if the interpreter discovers an error in your code.

o Open an IDLE Shell Window then select the File, New File menu item to open an
IDLE Edit Window

¥ Python Shell - oIEN

| File | Edit Shell Debug Options Windows Help

[ NewFie _CuiN_, |

Open... Ctrl+0
Recent Files 4

<]

Open Module... Alt+M
Class Browser  Alt+C
Path Browser

Save Ctrl+S
Save As... Ctrl+Shift+S
Save Copy As... Alt+Shift+S

Print Window  Ctrl+P

Close Alt+F4
Exit Ctrl+Q

N

“ntﬁ?
Notice the File, Open and File, Recent Files menu items that can be used to re-
run program code previously saved.



helloworld.py
o Now, in the IDLE Edit Window, precisely enter this code

print( -Hello World!-)

e *Untitled* = =)
l Eile Edit Format Run QOptions Windows Help
print( 'Hello World!" ) =

o Next, in the IDLE Edit Window, select the File, Save menu items, to open the Save
As diaog, then save your program code as afile named helloworld.py

L& Save As n
Savein: | L. MyCode ~| « ®@erE-
5= helloworld.py
oo F PY File
Recert places 25 bytes
File name: |heluwnﬂd.ny ;] Save
Saveastpe:  [Pythonfiies ("py."pyw) | Cancel

o Finaly, in the IDLE Edit Window, select the Run, Run Module menu items, to run
your program code and see the output appear in the Shell Window

Lo helloworld.py - C:\MyCode\helloworld.py = =)

File Edit Format | Run @ Options Windows Help

print('Hellowg-~~~~-~~--~----- =]
Python Shell

Check Module Alt+X
Run Module  F5 k

T Python Shell - OIRd
File Edit Shell Debug Options Windows Help
T 7 T, S
>>>

Hello World!

> |

N

“nt‘ﬁ-?
Your program code can be saved at any convenient location on your computer |
here it is saved in a directory created at C:\MyCode that will be used for all
examples in this book.

N
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Notice that the Shell Window restarts whenever it runs your program code afresh.






Storing values

One essential feature of all computer programming languages is the ability to store data
valuesin the program code. This ability is provided by a simple data structure called a
—variablell. A variable is acontainer in which an item of data can be stored, much like a
real-life object can be stored in a box.

When creating a variable you give it a name of your choice, subject to the naming
conventions of the programming language, that acts like alabel on a box. The dataitem
stored within the variable can subsequently be retrieved using its given name| just asyou
can find areal-life object in abox by reading its label.

Datato be stored in avariable is assigned in a Python program declaration statement with
the = assignment operator. For example, to store the numeric value eight in avariable
named —all:

a=8

The stored value can then be retrieved using the variable-s name, so that the statement
print(a) Will 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 —variablell.

In Python programming a variable must be assigned an initial value (—nitializedll) in the
statement that declaresit in aprogram| otherwise the interpreter will report a—not
definedll error.

Multiple variables can be initialized with a common value in a single statement using a
sequence of = assignments. For example, to initialize variables named —all, bl and —€ll
each with a numeric value of eight like this:

a=b=c=8

Some programming languages, such as Java, demand you specify in its declaration what
type of data a variable may contain. This reserves a specific amount of memory space and
is known as —static typingll. Python variables, on the other hand, have no such limitation
and adjust the memory allocation to suit the various data values assigned to their variables
(—dynamic typingll). This means they can store integer whole numbers, floating-point
numbers, text strings, or Boolean values of True or False as required.

N
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Programming languages that require variable types to be specified are



alternatively known as -strongly typedl, whereas those that do not are
alternatively known as -eosely typedlIl.

Wf’

firstvar.py

Open an IDLE Edit Window then enter code to create a variable named —varll to
store awhole number integer

var =8

Next, add a statement to display the stored integer value

print( var)

Assign a new floating-point number to the variable then add a statement to display
the stored float value
var = 3.142

print( var)

Now, assign atext string to the variable then add a statement to display the stored
string value
var = -Coding for Beginners in easy steps—
print( var)
o Finally, assign alogical truth value to the variable then add a statement to display
the stored Boolean value
var =
print( var)
o Save the file (File, Save) then run the program (Run, Run Module) to see the stored
values displayed in output

i Python Shell = = “
'Eile Edit Shell Debug Options Windows Help
555> m============ RESTART =============== |

3.142

Coding for Beginners in easy steps
True

>35>

¥
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Text string data must be enclosed within quote marks to denote the start and end
of that particular string.






Adding comments

When you begin to code longer programsit is useful to add comments at the start of each
piece of code describing the purpose of that piece. This makes the code more easily
understood by others, and by yourself when revisiting the code at a later date. In the
Python programming language everything on asingle line after a# hash character is
ignored by the interpreter. This means that a single-line comment can be inserted after a#
character.

N

comment.py

o Open an IDLE Edit Window then enter commented code to initialize a variable and
display its status
# Initialize program status
running =
print( -Run state: -, running )

o Save the file then run the program to see the comment get ignored and the stored
value displayed in output

P Python Shell - o IEN|
Eile Edit Shell Debug Options Windows Help
>>> ============= RESTART =============== _|
>

Run state: True
>>>|

To readily identify aspects of your code, IDLE automatically colorizes your code, both in
the Shell Window and the Edit Window, with the default colors listed in the table bel ow:

Description: Example:

Built-in function names print()
Strings in quote marks ‘Hello World!"
Symbols, numbers and names 8 + 4

Shell Window output Hello World!
Coder-created function names my_function()

Keywords True

Edit Window comments and  # My comments
Shell Window errors ZeroDivisionError

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



consistency.






Naming rules

False None True
and as assert
break class continue
def del elif
else except finally
for from global
if import in
is lambda nonlocal
not or pass
raise return try
while with yield

LN
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It is good programming practice to choose meaningful names that reflect the
nature of the variable-s content.

Variable containers that you create in your code to store data within a program can be
given any name of your choosing| providing you do not use any of the programming
language keywords, such as the Python keywords in the table above, and the name adheres
to the naming rules listed in the table below:

True

CANNOT contain any keywords




CANNOT contain arithmetic operators atb*c
CANNOT contain symbols %$HQ@!
CANNOT contain any spaces no spaces
CANNOT start with a number 2bad
CAN contain numbers elsewhere goodl
CAN contain letters of mixed case UPdown
CAN contain underscores is_ok
@
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Variable names are case-sensitive in Python| so variables named VARII, Marll,
and —~varll would be treated as three separate variables.






Summary

* A computer program is a set of instructions, written by a coder, that enable computers
to become useful

" The electronic components of a computer are its hardware, whereas program
Instructions are its software

* Computers understand low-level machine code

*High-level programming languages in human-readable form get automatically
translated into low-level machine code

" Programming languages possess data structures to store information and control
structures to determine progress

* The Python programming language has simple syntax, requires no compilation, and
includes alibrary of functions

" Pythons development environment is called IDLE

IDLE provides a Shell Window containing an interactive prompt for testing and an Edit
Window for coding programs

The IDLE Help utility is accessed by entering ahelp() statement at a Shell Window
prompt

After typing program code into an IDLE Edit Window it must first be saved as afile
before the program can be run

Output from a program run from the Edit Window appears in the Shell Window, or a
helpful error message appears there

A variable data structure is a named container that allows a single item of datato be
stored for use by a program

Data stored in avariable can be retrieved using that variable-s name and may be
replaced by assigning a new value

Variables in Python programming can store any type of data

Comment lines can usefully be added to program code after beginning the line with a #
hash character

Variable names must not use any of the programming language keywords and must
adhere to its naming rules



2
Saving data

This chapter demonstrates how to create code to use various types of data stored inside your programs.
Storing input

Controlling output

Recognizing types

Converting data

Guessing game

Correcting errors

Summary






Storing input

The ability to store and replace coded program datain avariableis great, but this ability
can also be used to store data input by auser| allowing your programs to become
interactive.

In Python programming a built-in input() function can be used to accept user input from a
keyboard and assign it to a variable. Optionally, this function can specify a string, within
guote marksinside its parentheses, that will be displayed to request the input. The
program will wait until the user hits the Return key before assigning their input to the
variable and proceeding onwards.

Stored variable values can be output by the built-in print() function by specifying the
variable name within the function-s parentheses. Multiple values may also be specified for
output as a comma-separated list within the parentheses.

w

input.py
o Open an IDLE Edit Window then enter this code to request user input with which
toinitialize avariable
name = input( -Please enter your name: -)
o Next, add a statement to output both a string and the value stored within the
variable
print( -Hello—, name)
o Now, add statements to output a string then both a string and the value stored
within the variable once more
print( -Welcome to Coding for Beginners—)
print( -Remember to have fun—, name , -1-)
o Save then run the program, enter your name when requested, and hit Return to see
your name in the output
i' v '  Python Shell - ol EN

M >>>

‘ Please enter your name: Mike

|| Hello Mike
Welcome to Coding for Beginners
Remember to have fun Mike !

H>>>]

|




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






Controlling output

As the example on the facing page demonstrates, a value stored in avariable remains
available for repeated use until it is replaced by a new value or until the program ends.

There are also two points worth noting with regard to this examples output. Firstly, the
print() function automatically adds an invisible \n newline character after its output| so the
next print() function output will by default appear on the next line below. Secondly, the
print() function automatically adds a space between each item when a comma-separated list
Is specified for output.

You can override the automatic newline behavior by specifying that the line should end
with a space, rather than the \n default. You can also avoid the automatic spacing behavior
by —eoncatenatingll items with a+ symbol, rather than a comma.

W

concat.py

Open an IDLE Edit Window then enter this code to request user input with which
toinitialize avariable

name = input( -Please enter your name: -)

Next, add a statement to output a string and the value stored within the variable|
but without a final newline

print( -Hello —+ name ,end =--)

e O

Now, add statements to output a string then a string concatenated to the value
stored within the variable

print( -Welcome to Coding for Beginners-)

print( -Remember to have fun —+ name + -1-)

&

Save then run the program, enter your name when requested, and hit Return to see
controlled output

r Python Shell - olEM|

File Edit Shell Debug Options Windows Help

>>>

Please enter your name: Sandra

Hello Sandra - Welcome to Coding for Beginners
Remember to have fun Sandral

>>>

N
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Notice that the strings have been edited to nicely format the output.






Recognizing types

There are four essential types of data you can represent when coding a computer program
and that can be stored in variables. Although variables in the Python language can store
any type of datait isimportant to understand the different types as you will sometimes
need to convert from one type to another in your code:

type:

str A string of characters, which can include letters, numbers, spaces, and -Daytona
symbols 500-

int An integer whole number, which DOES NOT have a decimal point part 1000

float A floating-point number, which DOES have a decimal point part 98.6

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

@
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Integer int numbers should not include any punctuation| so code one thousand
as 1000 rather than 1,000.

Strings are simply any collection of characters you can enter from the computer keyboard,
grouped together within quote marks. Variables recognize a value being assigned to it as
belonging to the str —elassll if that value is enclosed within quote marks.

¥
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String str values must always be enclosed with quote marks.

Numbers are any numeric value you can enter from the keyboard but are defined by the
inclusion or omission of adecimal point. Variables recognize a numeric value being
assigned to it as belonging to the int —elassll if that value has no decimal point or as
belonging to the float classif it does indeed have a decimal point.

Booleans are alogical truth value. Variables recognize a Boolean value being assigned to
it as belonging to the bool —€lassll by the keywords True and False, or if that value evaluates
to True or False.



In Python programming you can easily discover the type of data stored within avariable
by specifying that variable-s name within the parentheses of the built-in type() function.

types.py

Open an IDLE Edit Window and initialize avariable by assigning it a string, then
display its value and data type

race = -Daytona 500—

print(race, -is- + type(race))

Next, initialize a variable by assigning it a whole number then display its value and
datatype

kilo = 1000

print( kilo , -is- + type(kilo))

Now, initialize a variable by assigning it adecimal number, then display its value
and datatype

temp = 98.6

print(temp , -is- + type(temp))

Initialize a variable by assigning it atruth keyword then display its value and data
type

flag =

print( flag , -is- + type(flag))

Finally, replace the last variable value with atruth result of a comparison, 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 within the variables
you have created

P Python Shell - olEl
File Edit Shell Debug Options Windows Help
55> ============= RESTART =============== -}

>>>

Daytona 500 is <class "str'>
1000 is <class 'int">

98.6 is <class 'float">

True is <class 'bool'>

False is <class 'bool>

B>




The comparison here examines whether 4 is greater than 8, which is of course
untrue. Comparisons are demonstrated fully in the next chapter.






Converting data

Often you will need to convert data in your programs to perform some kind of
manipulation| such as arithmetic or concatenation. Arithmetic can only be performed on
numeric data types, such asint and float data, whereas concatenation can only be
performed on string data types, such as str data.

Python provides several built-in functions that allow you to easily convert datain your
programs to a different data type. These do not convert the original specified value itself
but merely return a converted representation of its value. In programming termsthisis
known as a—eastll operation:

int(x) Converts x to an integer whole number
float( x ) Converts x to a decimal floating-point number
str(x) Converts x to a string representation

; lt
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Numeric values in your code should not be enclosed within quote marks |
numbers within quotes will be seen as string values!

Numeric values assigned to variables manually in your code are automatically appointed
the appropriate data type of int or float. Values assigned to variables from users by the
built-in input() function are, however, always automatically appointed the str string data
type| even when they are ssimply numeric values! This means they must be converted
(cast) to an appropriate numeric type of int or float before you can perform arithmetic with
them.

Conversely numeric values assigned to variables manually in your code, which are
automatically appointed the appropriate data type of int or float, cannot be concatenated
into a string. This means they must be converted to a str data type for inclusion in a string.

In Python, asin many other programming languages, the + symbol has more than one
purpose according to its context. Where the + symbol is used between two numeric values
it performs an addition (seen as an —addition operatorll) but where the + symbol is used
between two string values it performs a concatenation (seen as a—eoncatenation
operatorll). Variables that are assigned the result of either kind of operation will
automatically be appointed the appropriate data type of the result.
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Arithmetic performed on an int and float data type together will be automatically
cast into a float result. Cast values to the float data type to allow for decimal
number input.

cast.py

Open an IDLE Edit Window and initialize two variables by assigning them
numeric user input

numl=input(-Please enter a whole number: -)

num2=input( -Now enter another whole number: —)

Next, display the datatype of each variable to see the numeric values are, in fact,
stored as strings

print( -Inputis: -, type(numl), type(num2))

Now, use the + operator to attempt addition, but see the result gets concatenated as
astr datatype

total = num1l + num2

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

Again, use the + operator to attempt addition, but cast the stored values to see the
result as an int datatype

total =int(numl1) +int(num2)

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(num1l) + float(num2)

print( -Total: - + str(total ) , type(total ))

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



File Edit Shell Debug Options Windows Help

S>> ============= RESTART ===============
>>>

Please enter a whole number: 3

Now enter another whole number: 9

Input is: <class 'str'> <class 'str'>

Total: 39 <class 'str'>

Total: 12 <class "int'>

Total: 12.0 <class 'float">

>

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 message.






Guessing game

The previous simple examples have illustrated how variables can be used to store text
string values, numeric integer and floating-point decimal values, and Boolean truth values
in your programs. Now, they can be used to create a Guessing Game program by storing a
random generated integer whose value the user will have to guess, a Boolean truth value
that will end the game when the user guesses correctly, and a string containing the user-s
guess.

The code in this example includes some features that are only demonstrated later in this
book, but as Python is an easily human-readable programming language you should be
able to understand in principle how this program works.

e
guess.py

o Open an IDLE Edit Window and begin a program by importing a—+andomll library
class that provides random number generator functions

random

o Now, initialize three variables| agenerated random number between one and 20, a

Boolean value that will remain True aslong asthe gameisin progress, and a zero
value that will later store a number input by the user

num =random.randint( 1, 20)

flag =

guess =0

©

Next, display a message asking the user to make a guess

print( -Guess my number 1-20 : -, end =--)

&

Then, precisely copy this code that will compare the stored user-s guess to the
stored random number
flag ==
guess =input()
guess.isdigit() :
print( -Invalid! Enter only digits 1-20-)

elifint(guess ) <num :
print( -Too low, try again : -, end =--)
int(guess ) >num :

print( -Too high, try again : -, end =--)

print( -Correct® My number is -+ guess)



flag =

gew?™®

Many program languages use characters such as { } to group statements together
but Python uses indentation| so the indentation shown here must be correctly
preserved.

9 Save then run the program and enter guesses to see your input compared to a stored

random number

¥ Python Shell - olEN
VEiIe Edit Shell Debug Options Windows Help
R A —————

| >>>
| Guess My Number 1-20 : ten
Invalid! Enter only digits 1-20
B e RESTART ———————— e
oo
Guess My Number 1-20 - 10.0
Invalid! Enter only digits 1-20
| >>> ============= RESTART ===============
>3
Guess My Number 1-20 : 10
Too high,try again : 2
| Too low, try again : 7
Too high,try again : 4
| Correct... My number is 4
>>>|
|

N
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Notice that the program rejects user input of str string or float values.

Guessing Gamein Python| program analysis

Therandom library class-srandint() function specifies an upper and lower random range
within its parentheses

The flag variable specifies an initial program condition that will allow the program to
start examining the user-s input

The while keyword specifies a—oopll control structure that will repeat the statementsiit
contains until atested condition fails

Theif not guess.isdigit() test specifies an action to break the loop if the user input is not
an integer whole number

Theelif int( guess ) < num test specifies an alternative action if the cast user input is lower
than the stored random number

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



The else keyword specifies afinal alternative action to change the program condition,
thereby ending the program

¥
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You need not yet understand this program in detail| each aspect is explained by
examples later in this book.






Correctingerrors

When coding programs there are three common types of error that can occur. It is useful to
recognize these different error types in Python programming so they can be corrected
more easily:

Syntax Error | occurswhen the interpreter encounters code that does not conform to
the Python language rules. For example, a missing quote mark around a string. The
interpreter halts and reports the error without executing the program.

Runtime Error | occurs during execution of the program, at the time when the
program runs. For example, when a variable name is later mis-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 —Exceptionll.

Semantic Error | occurs when the program performs unexpectedly. For example,
when order precedence has not been specified in an expression. The interpreter runs
the program and does not report an error.

Programming errors are often called -bugsll and the process of tracking them
down is often called -debuggingll.

Correcting syntax and runtime errorsisfairly straightforward, as the interpreter reports
where the error occurred or the nature of the error type, but semantic errors require code
examination.

e

syntax.py

o Open an IDLE Edit Window then add a statement to output a string that omits a
closing quote mark
print( -Coding for Beginners in easy steps )

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



i syntax.py - CA\MyCode\syntax.py = = “

‘FI|E Edlt Format Run Opt|ons Wmdows Help o 1

print( '‘Coding for Beginners in easy steps \— _I
[ SyntaxError Bl

|e} EOL while scanning string literal

gew?™®

The red syntax error indicator points to the line where the End Of Line (EOL) error
OCCurs.

o Insert a quote mark before the closing parenthesis to terminate the string and save
then run the program again| to seethe error has been corrected

N

runtime.py

o Next, begin anew program by initializing a variable then try to output its value
with an incorrect variable name| to seethe interpreter report aruntime error

title = -Coding for Beginners in easy steps—

print( titel )
P Python Shell - o IEN|
File Edit Shell Debug Options Windows Help ]
>>> mmmmmmmmm——== RESTART === === mmmm === 4]
>>>

Traceback (most recent call last)
File "C:/MyCode/runtime.py", line 2, in <module> ‘
print( titel )
NameError: name 'titel' is not defined ‘
s> ‘

o Amend the variable name to match that in the variable declaration and save then
run the program again| to see the error has been corrected

N

semantic.py

o Now, begin a new program by initializing a variable then try to output an

expression using its value without explicit precedence| to seeapossibly
unexpected result of 28



num =3

print( -Result: -, num *8 + 4)

Lo Python Shell - o IEN
File Edit Shell Debug Options Windows Help

Fr» ============= RESTART =============== ;I
>>>

Result: 28

>>>|

o Add parentheses to group the expression as 3 * ( 8 + 4 ) then save the file and run the
program again| to seethe expected result of 36, correcting the semantic error

N
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Details of how to handle runtime Exception errors in your script code are provided
here.






Summary

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 avariable remains available for repeated use until it isreplaced by a
new value or until the program ends

The Python built-in input() function can assign input to a variable and may optionally
specify astring to be displayed

The Python built-in print() function can specify multiple values for output as a comma-
separated list in its parentheses

By default, the print() function will automatically add a\n newline after its output unless
an end alternative is specified

The + concatenation operator can join two strings together

Datatypes are essentially str text strings, int integer numbers, float decimal numbers, or
bool Boolean truth values

Booleans are logical truth values that are represented in Python by the True and False
keywords

The Python built-in type() function can identify to which class datatype avaluein any
specified variable belongs

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

Data types can be converted for manipulation using the Python built-in int(), float(), and
str() casting functions

Arithmetic performed on an int integer number and a float decimal number will produce
afloat datatype result

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

Runtime errors due to exceptions are recognized by the interpreter during execution of
the program

Semantic errors due to unexpected performance are not recognized by the interpreter
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Perfor ming oper ations

This chapter demonstrates how to use operator symbolsin your code statements.
Doing arithmetic

Assigning values

Comparing values

Finding truth

Testing condition

Setting order

Summary






Doing arithmetic

The arithmetical —eperatorsll commonly used in coding computer programs use a+ symbol
for addition and a - symbol for subtraction, as you would expect. Typically, they also use
an » asterisk for multiplication, rather than an x symbol, and a/ forward slash for division,
rather than ad symbol.

The arithmetical operators used to code Python programs are listed in the table below,
together with the operation they perform:

+ Addition
Subtraction
* Multiplication
/ Division
% Remainder
1l Floor division
*x Exponent

The + operator adds two numbers together and the - operator subtracts the second number
from the first number.

The * operator multiplies the first number by the second number and the / operator divides
the first number by the second number.

The % remainder operator divides the first number by the second number and returns the
remainder of the operation. Thisis useful to determineif anumber has an odd or even
value.

The i/ floor division operator performs just like the / division operator but truncates the
result at the decimal point| removing any floating point part from the resulting number.

The ** exponent operator returns the result of the first number raised to the power of the
second number.




Values used with operators to form expressions are called -eperandsll| in the
expression 2 + 3 the numerical values 2 and 3 are the operands.

N

arithmetic.py

@ @ © @

e @

Start a new program by creating two variables containing whole numbers (integers)

a=8
b=2

Next, display the result of adding the numbers

print( -Addition: \t—,a, -+ b,=—a+b)

Now, display the result of subtracting the numbers
print( -Subtraction:\t—,a, -—,b,-=a-b)

Then, display the result of multiplying the numbers
print( -Multiplication:\t—,a, x—, b,-=—a*b)

Display the result of dividing the numbers, both with and without the floating-point
part

print( -Division: \t-,a, -0—,b,=—a/b)

print( -Floor Division:\t—,a, -0—, b ,-= allb)

Next, display the remainder after dividing the numbers
print( -Remainder:\t—, a,-%—,b,-=—-2a%b)

Finally, display the result of raising the first number to the power of the second
number

print( -Exponent:\t-,a,-*=—,a* b ,sep=-)

Save then run the program to see the result of the arithmetical operations

e Python Shell - o IEM|
File Edit Shell Debug Options Windows Help
T T S —————————— .
===

Addition:
Subtraction:

[e=]

8
8
Multiplication: 8
Division: 8
8
8
8

T o

Floor Division:
Remainder
Exponent:
>>>|

O php=N o
o

|| T ! |

(]
Il
=2}
P
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Here, the special \t character sequence adds an invisible tab character to format
the output.

1

You can use the sep parameter to explicitly specify the separation between output
| here, it specifies no spaces by assigning two unspaced single quote marks.






Assigning values

The assignment operator commonly used in coding computer programs simply uses a =
symbol to assign avalue to a variable. Optionally, this may be combined with an
arithmetical operator to perform arithmetic and assignment in one single operation.

The assignment operators used to code Python programs are listed in the table below
together with the operation they perform:

= a=b a=b

+= a+=b a=(a+b)
= a-=b a=(a-b)
*= a*=bhb a=(a*b)
/= al=b a=(alb)
%= a%=>b a=(a%b)
1= all=b a=(allb)
ek a*=pb a=(a*b)

In the example above, variable a is assigned the value contained in variable b | so that
becomes the new value in the a variable.

The += operator is useful to add avalue onto an existing value stored in the a variable|
making it acombined total value.

In the example above the += operator first adds the value contained in variable a to the
value contained in variable b. It then assigns the result to become the new value stored in
variable a.

All these other operators work in the same way by making the arithmetical operation
between the two values first, then assigning the result of that operation to the first variable
| to become its new stored value.

With the %= operator the first operand a is divided by the second operand b then the
remainder is assigned to the a variable.
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It is important to regard the = operator to mean -assignll rather than -equalsll to
avoid confusion with the == equality operator.

N

assign.py

2

Start a new program by creating two variables containing integer numbers and
displays both assigned values

a=8

b=4

print( -Assign Values:\t—, a =—,a,-\tb =—, b))

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

a+t=b
print( -Add & Assign:\t—,-a =—, a, -\t(8 += 4)-)

Now, subtract and assign anew value to the first variable and display its stored

value, then multiply 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( -Multiply & 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 remainder and assign avalue to the first variable and display its stored
value

al=b

print( -Divide & Assign:\t—, a =—, a, \t(32 6 4)-)
a%=»hb

print( -Remainder & Assign:\t—, a=—, a, -\t(8 % 4)-)

Save then run the program to see the result of the assignment operations



Unlike the = assign operator, the == equality operator compares operands and is

described here.

File Edit Shell Debug Options Windows Help

P2
Hello World!
-5

Assign Values:
Add & Assign:

Subtract & Assign:
Multiply & Assign:

Divide & Assign:

Modulus & Assign:

>>> |

a=28
a=12
a=28
a=32
a=8.0
a=0.0

RESTART ===============

b=4
B +=4)
(12 -4)
8x4)
(32 = 4)
(8%4)







Comparing values

The operators that are commonly used in Python programming to compare two operand
values are listed in the table below:

== Equality

= Inequality

> Greater than

< Less than

>= Greater than or equal to
<= Less than or equal to

The == equality operator compares two operands and will return True if both are equal in
value, otherwise it will return aFalse value. If both are the same number they are equal, or
If both are characterstheir ASCII code values are compared numerically to achieve the
comparison result.

Conversely, the 1= inequality operator returns True if two operands are not equal, using the
same rules as the == equality operator, otherwise it returns False. Equality and inequality
operators are useful in testing the state of two variables to perform conditional branching
In a program according to the result.

The > —greater thanll operator compares two operands and will return True if thefirstis
greater in value than the second, or it will return Faise if it isequal or lessin value. The <
—ess thanll operator makes the same comparison but returns True if the first operand isless
in value than the second, otherwise it returns False. A > —greater thanll or < —ess thanll
operator is often used to test the value of an iteration counter in aloop.

Adding the = operator after a> —greater thanll or < —tess thanll operator makesit also return
True If the two operands are exactly equal in value.

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

@ e

Start a new program by initializing five variables with values for comparison
nil =0

num =0

top=1

cap = -A-

low = -a—

Next, add statements to display the results of numeric and character equality
comparisons

print( -Equality : \t—, nil , -==—, num , nil == num )

print( -Equality : \t—, cap , -==—, low , cap == low )

Now, add a statement to display the result of an inequality comparison

print( -Inequality :\t—, nil , -I=—, top , nil I=top )

Then, add statements to display the results of greater and lesser comparisons

print( -Greater : \t—, nil , ->—, top , nil >top)
print( -Lesser : \t—, nil , <—, top , nil <top)

Finally, add statements to display the results of greater or equal and lesser or equal
comparisons
print( -More Or 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 comparison operations

e Python Shell - DR
File Edit Shell Debug Options Windows Help i
N P T S
>

Equality : 0 == 0 True

Equality : A == a False

Inequality : 0!=1 True

Greater : 0 > 1 False

Lesser : 0 <1 True

More Or Equal : 0 >=0 True

Less or Equal : 1 <= 0 False

>>>|




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

1

The ASCII code value for uppercase -Allis 65 but for lowercase -all its 97| so
their comparison here returns False.






Finding truth

The logical operators most commonly used in Python programming are listed in the table
below:

and Logical AND
or Logical OR
not Logical NOT

The logical operators are used with operands that have Boolean values of True or False, or
are values that convert to True Or False.

The (logical AND) and operator will evaluate two operands and return True only if both
operands themselves are True. Otherwise the and operator will return False. Thisis useful

In programming to perform —eonditional branchingll where the direction of a program is
determined by testing two conditions| if both conditions are satisfied, the program will go
in acertain direction, otherwise it will take a different direction.

Unlike the and operator that needs both operands to be True, the (logical OR) or operator
will evaluate its two operands and return True if either one of the operandsitself returns
True. If neither operand returns True, then the or operator will return Faise. Thisis useful in
programming to perform acertain action if either one of two test conditions has been met.

The (logical NOT) 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 avalue of True then
not a would have avalue of False. The not operator is useful in programming to toggle the
value of avariable in successive loop iterations with a statement like a = not a. This ensures
that on each iteration of the loop the Boolean value is reversed, like flicking alight switch
on and off.

N
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The term -Booleanll refers to a system of logical thought developed by the English
mathematician George Boole (1815-1864).

N



logic.py

evauation
a=
b=

print( -AND Logic:-)

print(-aand a=, a a)
print(-aand b =— a b)
print(-b and b =—, b b)

print( \nOR Logic:-)

print(-aora=—aora)
print(-aorb =—,ao0rb)
print(-borb=-borb)

print( \nNOT Logic:-)
print( -a =—, a, -\tnot a =—, a)
print(-b =—, b, -\tnot b =—, b)

Add statements to display the results of AND evaluations

Add statements to display the results of OR evaluations

Add statements to display the results of NOT evaluations

Start a new program by initializing two variables with Boolean values for logical

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

aand a = True
a and b = False
b and b = False

OR Logic:
aora= True
aorb = True

b or b = False

NOT Logic:

a= True not a = False
b = False not b = True
>>>|

e Python Shell = ':'-
File Edit Shell Debug Options Windows Help
- 7Y S —————————
>>>

AND Logic:

N
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In Python programming, Boolean values can also be represented numerically

where True is 1 and False is 0 (zero).



Note that the expression False and False returns False, not True| perhaps
demonstrating the maxim -two wrongs don-t make a rightll.






Testing condition

Many programming languages, such as C++ or Java, have a?: —ternaryll operator that
evaluates an expression for a True or False condition then returns one of two 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
Unlike other programming languages, Python does not have a »:

ternary operator but has instead a—eonditional expressionll that worksin asimilar way
using if and else keywords with this syntax:

if-true-return-this if ( test-expression ) else if-false-return-this

Although the conditional expression syntax can initially appear confusing it iswell worth
becoming familiar with this expression as it can execute powerful program branching with
minimal code. For example, to branch when avariable 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 programming to assign the maximum or
minimum value of two variables to athird variable. For example, to assign a minimum
like this:

c=aif(a<b)elseb

The expression in parentheses returns True when the value of variable a is less than that of
variableb| sointhiscase the lesser value of variable a gets assigned to variablec.

Similarly, replacing the < less than operator in the test expression with the > greater than
operator would assign the greater value of variableb to variablec.

Another common use of the conditional expression incorporates the % remainder operator
In the test expression to determine if the value of avariable is an odd number or an even
number:

if-true(odd)-do-this if (var % 2 '=0) else if-false(even)-do-this

Where the result of dividing the variable value by two does |eave a remainder, the number
Isodd| wherethereisno remainder the number is even. The test expression (var %2==1)
would have the same effect but it is preferable to test for inequality | it-s easier to spot
when something is different than when it-s identical.

N
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In general programming terms an -expressionll always returns a value, whereas a
-statementll need not| but a statement may include one or more expressions.
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The conditional expression has, in effect, three operands| the test expression
and two possible return values.

N

condition.py

o Start a new program by initializing two variables with integer values for
conditional evaluation

a=1
b=2

o Next, add statements to display the results of conditional evaluation| describing
the first variables value
print( \nVariable a Is :—, -One—if (a==1) -Not One-)
print( -Variable als :—, -Even—if (a% 2==0) -0dd-)

o Now, add statements to display the results of conditional evaluation| describing
the second variables value
print( \nVariable b Is :—, -One—if (b ==1) -Not One-)
print( -Variable b Is :—, -Even—if (b % 2==0) -0Odd-)

o Then, add a statement to assign the result of a conditional evaluation to a new
variable
top=aif(a>b) b

o Finally, add a statement to display the assigned result| identifying the greater of
the two variable values

print( \nGreater Value Is:—, top )

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



File Edit Shell Debug Options Windows Help

>>> ============= RESTART ===============
Variable a Is : One
Variable a Is : Odd

Variable b Is - Not One
Variable b Is : Even

Greater Value Is: 2
=5 |

You may find that some Python programmers dislike conditional expressions as
they consider its syntax contradicts the principle of easy readability.






Setting order

Operator precedence determines the order in which expressions get evaluated. For
example, in the expression 3 * 8 + 4 the default order of precedence determines that
multiplication with the * multiply operator is completed first, so theresult 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 lower rows have successively lower precedence.
The precedence of operators on the same row is chained L eft-To-Right.

*x Exponent
+ Positive
Negative
= Bitwise NOT
* Multiplication
/ Division
1 Floor division
% Remainder
+ Addition
Subtraction
Bitwise OR
A Bitwise XOR
& Bitwise AND
>> Bitwise right shift
<< Bitwise left shift
> >= <, <=, ==, 1= Comparison




=,%=,/=,/l=,-=,+4=, *= **= Assignment
is, is not Identity
in, notin Membership
not Boolean NOT
and Boolean AND
or Boolean OR

) 4
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The * multiply operator is on a higher row than the + addition operator| so in the
expression 3 * 8 + 4 multiplication is completed first, before the addition.

LN
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Bitwise operators are used for low-level manipulation so are omitted from this
book. Identity and membership operators are introduced later but are included
here for completeness.

N

order.py

o Start a new program by initializing three variables with integer values for
precedence comparison
a=2
b=4
c=8
o Next, add statements to display the results of default precedence and forcing
addition before multiplication
print( \nDefault Order:\t5 a, *5c,<+5b,=a*c+b)
print( -Forced Order:\t5a, * (-, ¢c,+5b,-)=a*(c+hb))



Now, add statements to display the results of default precedence and forcing
subtraction before division

print( \nDefault Order:\t= ¢, -//s b, - a,=5c/lb-a)

print( -Forced Order:\t< ¢, -// ( b,—a,-)=wc/l(b-a))

Finally, add statementsto display the results of default precedence and forcing
addition before remainder operation and before exponent operation

print( \nDefault Order:\t5 ¢, %~ a, -+ b, =c%a+b)

print( -Forced Order:\t5 ¢, % (-, a,-+5b,-)=c% (a+b))

print( \nDefault Order:\t5 ¢, **5a, -+ b, =sc**a+b)

print( -Forced Order:\t5 ¢, ** (-, a, -+ b,-)=c** (a+b))

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

| e Python Shell - o IEl
File Edit Shell Debug Options Windows Help
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Default Order: 2*8+4=20
Forced Order: 2*(8B+4)=24
Default Order: 8//4-2=0
Forced Order: 8//(4-2)=4
Default Order: 8%2+4=4
Forced Order: 8%(2+4)=2
Default Order: 8§ 2 +4 =068
Forced Order: 8* (2 +4)=262144
>>> |

"
Ooraet

The /I floor division operator truncates floating point values at the decimal point |

but the

@

/ division operator retains them.
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Do not
expres

rely upon default precedence| always use parentheses to clarify your
sions.






Summary

Arithmetical operators can form expressions with two operands for addition +,
subtraction -, multiplication *, division /, floor division //, remainder %, or exponent *

The % remainder operator is useful to determine whether a number isan odd or even
value

Floor division with the // operator removes any floating-point part from the result

The assignment = operator can be combined with an arithmetical operator to perform
an arithmetical calculation then assign its result

The += operator is useful to add a value onto an existing value stored in a variable to
make a combined total value

Comparison operators can form expressions comparing two operands for equality ==,
inequality !=, greater >, lesser <, greater or equal >=, and lesser or equal <= values

Logical and and or operators form expressions evaluating two operands to return a
Boolean value of True Or False

Thelogical not operator returns the inverse Boolean value of a single operand - turning
True tO False , and vice versa

The not operator is useful to toggle a value between True and False on successive
iterations of aloop

A conditional if-else expression evaluates a given expression for a Boolean True or False
value then returns one of two operands depending on its result

Expressions containing multiple operators will execute their operations in accordance
with the default precedence rules unless explicitly determined by the addition of
parentheses ()

Typically, addition + and subtraction - will be performed before multiplication * and
division/ unless explicitly specified



4
Making lists

This chapter demonstrates how to create code to store data in lists and how to retrieve data from lists.
Writing lists

Changing lists

Fixing lists

Setting lists

Naming elements

Summary






Writing lists

Some programming languages allow variables to be declared with no initial value, but in
Python programming a variable must be assigned an initial value (initialized) in the
statement that declaresit| otherwise the interpreter will report a—not definedll error.

Multiple variables can be initialized with acommon value in a single statement using a
sequence of = assignments. For example, to simultaneously assign acommon value to
three variables:

a=b=c=10

Alternatively, multiple variables can be initialized with differing valuesin asingle
statement using comma separators. For example, to simultaneously assign different values
to three variables:

a,b,c=1,2,3

Unlike aregular variable, which can only store a single item of data, an array variable can
store multiple items of data. In Python these are known as —Hstll variables. The datais
stored sequentially in list -elementsll that are index numbered starting at zero. So the first
valueis stored in element zero, the second value is stored in element one, and so on. An
array list is created much like any other variable but isinitialized by assigning values as a
comma-separated list between square brackets. For example, creating a list named -rumsl|
like this:

nums=[0,1,2,3,4,5]

A single list element can be referenced using the list name followed by square brackets
containing that element-s index number. This means that nums[1] references the second
element in the example above| not the first element. As element numbering starts at zero
its first element is referenced with nums[o].

o1 [l [2]

o1y 1 2 5

ny] 4 5 6

Lists can have more than oneindex| to represent multiple dimensions, rather than the
single dimension of aregular list. Multi-dimensional lists of three indices and more are
uncommon but two-dimensional lists are useful to store grid-based information such as
X,Y coordinates.

A list of string values can even be considered to be a multi-dimensional list as each string
Isitself alist of characters. So each character can be referenced by itsindex number within



its particular string.

o Start anew program by initializing alist of three elements containing string values
guarter =[ -January—, -February—, -March—]

o Next, add statements to individually display the value contained in each list
element

print( -First Month :—, quarter[0O] )
print( -Second Month :—, quarter[1] )
print( -Third Month :—, quarter[2] )

9 Add a statement to create a multi-dimensional list of two elements, which
themselves are lists that each have three elements containing integer values
coords=[[1,2,3],[4,5,6]]

o Now, add statements to display the values contained in two specific inner list
elements
print( \nTop Left 0,0 :—, coords[0][0] )
print( -Bottom Right 1,2 :—, coords[1][2] )

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

o

print( \nSecond Month First Letter :—, quarter[1][0] )

Save then run the program| to seethelist element values get displayed

@

T Python Shell - o IEH|
Eile Edit Shell Debug Options Windows Help
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>
First Month : January
Second Month : February
Third Month : March

Top Left 0,0 : 1
Bottom Right 1,2 - 6

Second Month First Letter : F
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String indices may also be negative numbers| to start counting from the right
where -1 references the last letter.

1

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






Changing lists

List variables, which can contain multiple items of data, are widely used in Python
programming and have various function —methodsll that can be —dot-suffixedll to the list
name for manipulation:

list.append(x) Adds item x to the end of the list
list.extend(L) Adds all items in list L to the end of the list
list.insert(i,x) Inserts item x at index position i
list.remove(x) Removes first item x from the list
list.pop(i) Removes 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 number of times x appears in the list
list.sort() Sort all list items, in place
list.reverse() Reverse all list items, in place
L\
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For lists that contain both numerical and string values the sort() method returns
the list elements sorted first numerically then alphabetically | for example as
1,2,3,A,B,C.

Python also has a useful len(L) function that returns the length of thelist L as the total
number of elementsit contains. Like theindex() and count() methods the returned valueis
numeric so cannot be directly concatenated to atext string for output.

String representation of numeric values can, however, be produced by Python-s str(n)
function for concatenation to other strings, which returns a string version of the numeric n
value. Similarly, a string representation of an entire list can be returned by the str(L)
function for concatenation to other strings. In both cases remember that the original
version remains unchanged, as the returned versions are merely copies of the original



version.

Individual list elements can be deleted by specifying the list name and index number after
the Python del keyword. This can remove one element at a specified i index position, or a
—dlicell of elements using slice notation i1:i2 to specify the index number of the first and
last element. In this case, i1 isthe index number of the first element to be removed and all
elements up to, but not including, the element at thei2 index number will be removed.

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

w
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POp.py

o Start a new program by initializing two lists of three elements each containing
string values
basket =[ -Apple—, -Bun—, -Cola—]
crate = [ -Egg—, -Fig—, -Grape—]

o Next, add statements to display the contents of the first list-s elements and its
length

print( -Basket List:—, basket)
print( -Basket Elements:—, len( basket ) )

o Now, add statements to add an element and display all list elements, then remove
the final element and display all list elements once more

basket.append( -Damson-)

print( -Appended:—, basket )

print( -Last Item Removed:—, basket.pop() )
print( -Basket List:—, basket)

o Finally, add statements to add all elements of the second list to thefirst list and
display all the first list elements, then remove elements and display thefirst list
agan
basket.extend( crate)
print( -Extended:—, basket )

basket[1]
print( -ltem Removed:-, basket)



del basket[1:3]
print( -Slice Removed:—, basket )

o Save then run this program| to see lists get manipulated

Eile Edit Shell Debug Options Windows Help

B smmemeeae e e AFTART s==ceaeeeeoacae &
-2

Basket List: ['Apple’, 'Bun’, 'Cola’]

Basket Elements: 3

Appended: ['Apple’, 'Bun’, 'Cola’, 'Damson’]

Last Item Removed: Damson

Basket List: [Apple’, 'Bun’, 'Cola’l

Extended: ['Apple’, 'Bun’, 'Cola’, 'Egqg’, 'Fig', 'Grape']
Item Removed: ['Apple’, 'Cola’, 'Egqg’, 'Fig', 'Grape']
Slice Removed: ['Apple’, 'Fig', 'Grape']

> |

The last index number in the slice denotes at what point to stop removing
elements| but the element at that position does not get removed.






Fixing lists

Thevaluesin aregular list can be changed as the program proceeds. Each element may be
assigned a replacement value using the = assignment operator to specify the list name,
element index number, and the replacement value. In programming terms the values stored
inaregular list are —-mutablell | they can be changed. Elements can also be dynamically
added to aregular list, and dynamically removed from aregular list, as the program
proceeds. Thismeansthat aregular list isideal if your program will make changesto
element values.

Where alist will only contain constant values, that will never change when the program
runs, afixed list can better be created. In programming terms, the values stored in afixed
list are -#+mmutablell | they cannot be changed. Elements cannot be dynamically added to
afixed list, or dynamically removed from afixed list, as the program proceeds. This
means that afixed list isideal if your program will never make changes to element values.

_—
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Like index numbering, with lists the items in a tuple sequence are numbered from
zero.

A restrictive immutable Python list is known as a—tuplell and is created by assigning
values as a commar-separated list between parentheses in a process known as —ttple
packingll:

colors_tuple = ( -Red—, -Green—, -Red—, -Blue~ -Red-)

Anindividual tuple element can be referenced using the tuple name followed by square
brackets containing that element-s index number. Usefully, all values stored inside atuple
can be assigned to individual variablesin a process known as —sequence unpackingll:

a,b,c,d,e=colors_tuple
Regular list methods, 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.

pewd™

There must be the same number of variables as items to unpack a tuple.

Typically, atupleis used to store values that are a collection of constant unchanging
values such as day-of-the-week names, month-of-the-year names, or personal details of
first name, last name, date-of-birth, address, phone number, etc.



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

days = (-Mon—, -Tue—, -Wed-, -Thu—, -Fri—, -Sat—, -Sun-)
print( -days:—, type( days))

o Next, display the entire contents of the tuple, its length, and the value stored in its
first element

print( -Days of the week:—, days )
print( -No. of days in week:—, len( days ))
print( -Start day of week:—, days[0] )

Now, initialize another tuple containing some personal details of a user
user = (-John—, -Doe—, -Paris—, -555-1234-)

Then, display the user-s full name

print( -Name:—, user[0] , user[1])

Finally, display the user-s phone number

print( -Phone:—, user[3] )

@ @ & o

Save then run this program| to see the tuple values

Lo Python Shell - O
File Edit Shell Debug Options Windows Help
YT T S

b

days: <class "tuple'>

Days of the week: (‘Mon', Tue', 'Wed', Thu', 'Fri', 'Sat’, 'Sun’)
No. of days in week: 7

Start day of week: Mon

Name: John Doe

Phone: 555-1234

>>>|
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A tuple may contain items that are not unique to its other elements.






Setting lists

Thevauesin aregular list or afixed list tuple can be repeated in its elements, but alist of
unique values can be created where duplication is not allowed. A restrictive Python list of
unique valuesis known as a—setll and is created by assigning values as a comma-separated
list between curly brackets (braces) like this:

phonetic_set = { -Alpha—, -Bravo—, -Charlie-}

N
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A set may not contain items that are not unique to its other elements.

Unlike regular lists or tuples, individual elementsin a set cannot be referenced using the
set name followed by square brackets containing an index number. Instead, sets have
powerful methods that can be dot-suffixed to the set name for manipulation and
comparison of values:

set.add(x) Adds item x to the set
set.update(x,y,z) Adds multiple items to the set
set.copy() Returns a copy of the set

set.pop() Removes one random item from the set
set.discard(i) Removes item at position i from the set
setl.intersection(set2) Returns items that appear in both sets
setl.difference(set2) Returns items in setl 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. Additionally, the Python built-in
membership operator in can be used to find valuesin a set.

¥
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More set methods can be found in the Python documentation online at
docs.python.org

Typically, aset is used to store unique values that are a collection of changeable values,
which can easily be searched and compared using the powerful set methods. Although you
cannot access set element values by index, a set can be converted to aregular list using the
Python built-in list() function to alow element access.

ﬂ r

set.py

Start a new program by initializing a set with unigue name values then display its
classtype
party_goers ={ -Andrew—, -Barbara—, -Carole—, -David-}

print( -party_goers:—, type( party_goers))
Next, add statements to search the set elements for two specified values

print( -Did David go to the party?—, -David—in party_goers)

print( -Did Kelly go to the party?—, -Kelly—in party_goers)

Now, initialize another set with unique name values

students ={ -Andrew—, -Kelly—, -Lynn—, -David-}

Then, create afurther set containing only common values that appear in both
previous sets

commons = party_goers.intersection( students )

Initialize aregular list of the common values| so the elements values can be
individually accessed

party_students =list(commons)

@ © @ e o

Finaly, display al common values and the value stored in the first regular list
element

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



File Edit Shell Debug Options Windows Help

>>> m============x= RESTART ===============
-

party_goers: <class 'set'>

Did David go to the party? True

Did Kelly go to the party? False

Students at the party: ['David’, 'Andrew’]

First student at the party: David

>>>|

Notice that the list() function may not place element values in the same order as
they appear in the set.






Naming elements

In Python programming a—édictionaryll is a data container that can store multiple items of
dataasalist of key:value pairs. Unlike regular list container values, which are referenced
by their index number, values stored in dictionaries are referenced by their associated key.
The key must be unique within that dictionary and istypically a string name, although
numbers may be used.

Creating adictionary is simply a matter of assigning the key:value pairs as a comma-
separated list between curly brackets (braces) to a name of your choice. Strings must be
enclosed within quotes, as usual, and a: colon character must come between the key and
its associated value.

N
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In other programming languages a list is often called an -arrayll and a dictionary is
often called an -associative arrayll.

A key:value pair can be deleted from a dictionary by specifying the dictionary name and
the pair-s key to the del keyword. Conversely, akey:value pair can be added to a
dictionary by assigning a value to the dictionary-s name and a new key.

Python dictionaries have a keys() method that can be dot-suffixed to the dictionary name to
return alist, in random order, of all the keysin that dictionary. If you prefer the keys to be
sorted into a phanumeric order, ssmply enclose the statement within the parentheses of the
Python sorted() function.

A dictionary can be searched to see if it contains a particular key with the Python in
operator, using the syntax key in dictionary. The search will return a Boolean True value
when the key is found in the specified dictionary, otherwise it will return False.

Dictionaries are the final type of data container available in Python programming. In
summary, the various types are:

Variable| storesasinglevaue

List| stores multiple valuesin an ordered index array

Tuple| stores multiple fixed values in a sequence

Set| stores multiple unique values in an unordered collection
Dictionary| stores multiple unordered key:value pairs

N
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Data is frequently associated as key:value pairs| for example, when you submit a
web form a text value typed into an input field is typically associated with that text
fields name as its key.

N

dict.py

o Start a new program by initializing a dictionary then display its data class type and
its key:value contents
info ={ -name-: -Bob—, -ref—; -Python—, -sys—: -Win-}
print(-info:—, type(info))
print( -Dictionary:—, info )

o Next, display a single value referenced by its key

print( \nReference:—, info[ -ref-])

Now, display al keys within the dictionary
print( \nKeys:—, info.keys() )

Delete one pair from the dictionary and add a replacement pair then display the
new key:value contents

info[ -name-]
info[ -user—] = -Tom-—

print( \nDictionary:—, info )

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

print( \nls There A name Key?:—-name-in info )

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

@

o Python Shell - o IEM|
File Edit Shell Debug Options Windows Help ‘
>>>» ============= RESTART =============== ;I
>>> ‘

info: <class 'dict'> r
Dictionary: {'ref": 'Python’, 'sys': 'Win', 'name": 'Bob'}

Reference: Python
Keys: dict_keys(['ref', 'sys’, 'name’])
Dictionary: {'ref": 'Python’, 'sys': 'Win', 'user- Tom'}

Is There A name Key?: False 1
>>>|
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Notice that quotes within a string must be preceded by a backslash escape
character| to prevent the string being prematurely terminated.






Summary

Multiple variables can be initialized in a single statement using a sequence of =
assignments
A Python list is an array variable that can store multiple items of datain sequentially
numbered elements that start at zero
Datastored in alist element can be referenced using the list name followed by an index
number in [ ] square brackets
A list element can have more than one index to represent multiple dimensions, such as
X and'Y coordinates
List variables have a number of methods that can be dot-suffixed to the list name for
mani pulation
Thelen() function returns the length of a specified list
Anindividual list element can be deleted by specifying the list name and element index
number to the Python del keyword
A Python tuple is an immutable list whose values can be assigned to individual
variables by —sequence unpackingll
Data stored in a tuple element can be referenced using the tuple name followed by an
index number in [ ] square brackets
A Python set is an ordered collection of unique elements whose values can be
compared and manipulated by its methods
Data stored in a set cannot be referenced by its index number
Set variables have methods that can be dot-suffixed to the list name for manipulation
and comparison
The Python built-in membership in operator can be used to seek avalue within a set

A set can be converted to aregular list using the list() function to allow reference of
element data by index number

A Python dictionary isalist of key:value pairs of datain which each key must be
unigue

Data stored in adictionary element can be referenced using the dictionary name
followed by itskey in [ ] square brackets



This chapter demonstrates how to create code to control the flow of your programs.
Branching choices

Counting loops

Looping conditions

Skipping loops

Catching errors

Summary






Branching choices

Asin many programming languages the Python it keyword performs a basic conditional
test that evaluates a given expression for a Boolean value of True or False. Thisalows a
program to proceed in different directions according to the result of the test and is known
as—eonditional branchingll.

In Python, the tested expression must be followed by a: colon, then statements to execute
when the test succeeds should follow below on separate lines and each line must be
indented from the it test line. The size of the indentation is not important but it must be the
same for each line. So the syntax looks like this:

if test-expression :

statements-to-execute-when-test-expression-is-True
statements-to-execute-when-test-expression-is-True

The if: elif: else: sequence is the Python equivalent of the switch or case
statements found in other languages.

Optionally, an if test can offer aternative statements to execute when the test fails by
appending an else keyword after the statements to be executed when the test succeeds. The
else keyword must be followed by a: colon and aligned with theif keyword but its
statements must be indented in a likewise manner, so its syntax looks like this:

if test-expression :

statements-to-execute-when-test-expression-is-True
statements-to-execute-when-test-expression-is-True

else:
statements-to-execute-when-test-expression-is-False
statements-to-execute-when-test-expression-is-False

Anif test block can be followed by an alternative test using the elit keyword (—elseif Il)
that offers statements to be executed when the alternative test succeeds. This, too, must be
aligned with the it keyword, followed by a: colon, and its statements indented. A fina else
keyword can then be added to offer alternative statements to execute when the test fails.
The syntax for the complete if-elif-else structure looks like this:

if test-expression-1:

statements-to-execute-when-test-expression-1-is-True
statements-to-execute-when-test-expression-1-is-True

elif test-expression-2 :

statements-to-execute-when-test-expression-2-is-True
statements-to-execute-when-test-expression-2-is-True



else:

statements-to-execute-when-test-expressions-are-False
statements-to-execute-when-test-expressions-are-False

@
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Indentation of code is very important in Python as it identifies code blocks to the
interpreter| other programming languages use bracketing such as { } braces.

N

if.py

o Start a new program by initializing a variable with user input of an integer value
num = int(input( -Please Enter A Number: -))

e Next, test the variable and display an appropriate response

num>5:
print( -Number Exceeds 5-)
num<5:
print( -Number is Less Than 5-)

print( -Number Is 5-)

e Now, test the variable again using two expressions and display aresponse only
upoN success
num >7 num<9:
print( -Number is 8-)
num ==1o0r num == 3:

print( -Number Is 1 or 3-)

o Save then run the program| to see conditional branching in action



File Edit Shell Debug Options Windows Help

>>> mmmmmmmmm==== RESTART =======ea=e === 4
3552

Please Enter A Number: 4

Number is Less Than 5

e -2
Please Enter A Number: 6
Number Exceeds 5

>
Please Enter A Number: 5
Number Is 5

>

Please Enter A Number: 3
Number is Less Than 5
Numberls 1 or 3

>>>|

The user input is read as a string value by default so must be cast as an int data
type with int() for arithmetical comparison.

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

Asin other programming languages, the Python for keyword loops over all itemsin any
list specified to the in keyword. In Python, this statement must end with a: colon character
and statements to be executed on each iteration of the loop must be indented:

for each-item in list-name :

statements-to-execute-on-each-iteration
statements-to-execute-on-each-iteration

Because astring issimply alist of characters, the for in statement can loop over each
character. Similarly, afor in Statement can loop over each element in alist, each itemina
tuple, each member of aset, or each key in adictionary.

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 items of any list or string in the order that they appear in the
sequence but you cannot directly specify the number of iterations to make, a halting
condition, or the size of iteration step. You can, however, use the Python range() function
to iterate over a sequence of numbers by specifying a numeric end value within its
parentheses. Thiswill generate a sequence that starts at zero and continues up to, but not
including, the specified end value. For example, range(5) generates 0,1,2,3,4.

Optionally, you can specify both a start and end value within the parentheses of the range()
function, separated by a comma. For example, range(1,5) generates 1,2,3,4. Also, you can
specify a start value, end value, and a step value to the range() function as a comma-
separated list within its parentheses. For example, range(1,14,4) generates 1,5,9,13.

You can specify the list-s name within the parentheses of Python-s enumerate() function to
display each element-s index number and its associated value.
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The range() function can generate a sequence that decreases, counting down, as
well as those that count upward.

When looping through multiple lists simultaneously, the element values of the same index
number in each list can be displayed together by specifying the list names as a comma-
separated list within the parentheses of Python-s zip() function.



When looping through a dictionary, you can display each key and its associated value
using the dictionary items() method and specifying two comma-separated variable namesto
the for keyword| one for the key name and the other for its value.

(.

for.py
Start anew program by initializing aregular list, afixed tuple list, and an
associative dictionary list
chars =] , -B5 ]
fruit = ( : : )
info = { : , : , : }
Next, add statements to display all list element values
print( ,end=--)
item in chars :
print(item ,end =--)
Now, add statements to display all list element values and their relative index
number
print( ,end=--)
item in enumerate( chars ) :
print(item ,end =--)

Then, add statements to display all list and tuple elements

print( ,end=--)
item in zip( chars , fruit) :
print(item ,end =--)
Finally, add statements to display all dictionary key names and associated element
values
print( )
key , value in info.items() :
print( key , , value)

Save then run the program| to see the items displayed by the loop iterations



File Edit Shell Debug Options Windows Help

S T T
>>>

Elements: ABC

Enumerated: (0,'A) (1, 'B) (2, 'C)

Zipped: (A", 'Apple’) (B, 'Banana’) ('C', 'Cherry’)
Paired:

name = Mike

ref = Python

sys = Win

>>> |

In programming terms, anything that contains multiple items that can be looped
over is described as -terablell.






L ooping conditions

A loop isapiece of code in aprogram that automatically repeats. One complete execution

of all statements within aloop is called an —H#erationll or a—passl. The length of the loop is
controlled by a conditional test made within the loop. While the tested expression is found
to be True, the loop will continue| until the tested expression is found to be False, at which
point the loop ends.

In Python programming, the while keyword creates a loop. It is followed by the test
expression then a: colon character. Statements to execute when the test succeeds follow
below on separate lines, each line indented from the while test line. Importantly, the loop
statement block must include a statement that will change the result of the test expression
evaluation| otherwise an infinite loop is created.
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Unlike other Python keywords, the keywords True and False begin with
uppercase letters.

Indentation of code blocks must also be observed in Python-s interactive mode| like this
example that produces a Fibonacci sequence of numbers from awhile loop:

r Python Shell - o IEl
File Edit Shell Debug Options Windows Help
>>>a=b=1 -
> b < 100 :

print( b )

a,b=b,a+b

W R -

21
34
55
89

L oops can be nested, one within another, to allow complete execution of all iterations of
an inner nested loop on each iteration of the outer loop. A —eounterll variable can be
initialized with a starting value immediately before each loop definition, included in the
test expression, and incremented on each iteration until the test fails| at which point the
loop ends.

N
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| —



The interactive Python interpreter automatically indents and waits when it expects
further code statements from you.

N

while.py

o

2

Start a new program by initializing a—eounterll variable and define an outer loop
using the counter variable in its test expression
i=1
i<4:
Next, add indented statements to display the counter-s value and increment its
value on each iteration of the loop
print( -Outer Loop lteration:—, i)
i+=1
Now, (still indented) initialize a second —eounter|l variable and define an inner loop
using this variable in its test expression
j=1
j<4:
Finally, add further-indented statements to display this counter-s value and
increment its value on each iteration
print( -\tinner Loop lteration:-,j)
j+=1

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

Lo Python Shell - O R
File Edit Shell Debug Options Windows Help
S Y-, R
>>>

Quter Loop lteration: 1
Inner Loop Iteration: 1
Inner Loop Iteration: 2
Inner Loop lteration: 3
QOuter Loop lteration: 2
Inner Loop lteration: 1
Inner Loop lteration: 2
Inner Loop lteration: 3
Quter Loop lteration: 3
Inner Loop lteration: 1
Inner Loop lteration: 2
Inner Loop lteration: 3
> |




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

The += assignment statement i += 1 is simply a shorthand way to say i =i+1|
you can also use *= /= -= shorthand to assign values to variables.






Skipping loops

The Python break keyword can be used to prematurely terminate aloop when a specified
condition is met. The break statement is situated inside the loop statement block and is
preceded by atest expression. When the test returns True, the loop ends immediately and
the program proceeds on to the next task. For example, in a nested inner loop it proceeds
to the next iteration of the outer loop.

o

nest.py
£ Start anew program with a statement creating aloop that iterates three times
iinrange(1,4):
Next, add an indented statement creating a—restedll inner loop that also iterates
three times
jinrange(1,4):
Now, add a further-indented statement in the inner loop to display the counter

numbers (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

L Python Shell - o IEN|

Eile Edit Shell Debug Options Windows Help

B
Running i
Running i
Running i
Running i
Running i
i
i
i
i

Running
Running
Running
Running
>

nn

WA = R = W =

o
W WK NN = = -

N

wot e

| —

Compare these nested for loops with the nested while loops example here.



N

break.py
o Insert abreak statement at the start of the inner loop to break from that loop| then
run the program again
i == J ==

print( -Breaks inner loop at i=2 j=1-)

te Python Shell - oIEl|
‘ File Edit Shell Debug Options Windows Help

T T
>>>
Running i =
Running i =
Running i =
Breaks inner
Running i =
Running i =
Running i =
>35> |

(o]

[ R e
T = A |
W =B W=

I

]

e

I
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The Python continue keyword can be used to skip asingle iteration of aloop when a
specified condition is met. The continue Statement is situated inside the loop statement
block and is preceded by atest expression. When the test returns True, that one iteration
ends and the program proceeds to the next iteration.
o Now, insert a continue statement at the start of the inner loop block to skip the first
iteration of that loop| then run the program once more
i==1andj==1:

print( -Continues inner loop at i=1 j=1-)

’ r Python Shell - o IEN
(Eile Edit Shell Debug Options Windows Help
T
et
Continues inner loop at i=1 j=1
Runningi=1 j=2
Runningi=1 j=3
Breaks inner loop at i=2 j=1
Runningi=3 j=1
Runningi=3 j=2
Runningi=3 j=3
>>> |

¥
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The break statement halts all three iterations of the inner loop when the outer
loop runs it for the second time.



continue.py

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






Catching errors

Sections of a program in which it is possible to anticipate errors, such as those handling
user input, can typically be enclosed in atry except block to handle —exception errorsll. The
statements to be executed are grouped in atry : block and exceptions are passed to the
ensuing except : block for handling. Optionally, this may be followed by afinally : block
containing statements to be executed after exceptions have been handled.

Python recognizes many built-in exceptions such as the NameError which occurs when a
variable name is not found, the indexError which occurs when trying to address a non-
existent list index, and the valueError which occurs when a built-in operation or function
receives an inappropriate value.

Each exception returns a descriptive message that can usefully be assigned to avariable
with the as keyword. This can then be used to display the nature of the exception when it
ocCcurs.

(.

try.py
Start a new program by initializing a variable with a string value
title = -Coding for Beginners In Easy Steps—

Next, add atry statement block that attempts to display the variable value| but
specifies the name incorrectly

print( titel )

Now, add an except Statement block to display an error message when a NameError
occurs

NameError msg :

print( msg)
Save then run the program| to see how the error gets handled

! Python Shell - o IEN
File Edit Shell Debug Options Windows Help
I T S —

name 'titel' is not defined




N

wot e

| —

In some programming languages this structure is known as try-catch exception
handling.

Multiple exceptions can be handled by specifiying their type as a comma-separated list in
parentheses within the except block:

except ( NameError , IndexError ) as msg :

print( msg )

You can aso compel the interpreter to report an exception by using the raise keyword to
specify the type of exception to be recognized and a custom descriptive messagein
parentheses.

o

raise.py
) Start anew Python script by initializing a variable with an integer value
day = 32

Next, add atry statement block that tests the variable value then specifies an
exception and custom message

day > 31:
ValueError( -Invalid Day Number—)

# More statements to execute get added here.

Now, add an except statement block to display an error message when a valueError
occurs

ValueError as msg :

print( -The Program found An—, msg)

Then, add afinally statement block to display a message after the exception has
been handled succesfully

print( -But Today Is Beautiful Anyway.—)

Save then run the program| to seethe raised error get handled



File Edit Shell Debug Options Windows Help

>>> ============= RESTART =============== 2
Snbety

The Program Found An Invalid Day Number

But Today Is Beautiful Anyway.

> |

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






Summary

Theif keyword performs a conditional test on an expression for a Boolean value of True
Or False

Conditional branching provides alternatives to an if test with the else and elif keywords

Python tested expressions must be followed by a: colon character and statement blocks
be indented from the test line

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

Python for in l00p statements must be followed by a: colon character and statement
blocks be indented from the statement

The range() function generates a numerical sequence that can be used to specify the
length of aforin l0oOp

The enumerate() function can specify the name of alist to display each element index
number and its stored value

The zip() function can display the stored values of the same index number in multiple
lists

A while loop repeats while an initial test expression remains True and ends when that
test expression becomes False

Python while loop statements must be followed by a: colon character and statement
blocks be indented from the statement

The value of a counter variable can be tested in atest expression to control the number
of loop iterations

The break keyword can be used to test an expression for a True value and immediately
exit aloop when the test returns False

The continue keyword can be used to test an expression for a True value and exit a
single iteration when the test returns ralse

Anticipated runtime exception errors can be handled by enclosing statementsin atry
except block

Optionally, afinally statement can be used to specify statements to be executed after
exceptions have been handled

Python try, except, and finally statements must be followed by a: colon and statement
blocks be indented from the statement
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Creating functions

This chapter demonstrates how to code re-usable blocks of code in your programs.
Defining blocks

Adding parameters

Returning results

Storing functions

Importing functions

Summary






Defining blocks

Previous examplesin this book have used built-in functions of the Python programming
language, such as the print() function. However, most programs have a number of coder-
defined custom functions that can be called as required when the program runs.

A custom Python function is created using the def (definition) keyword followed by a
name of your choice and () parentheses. The coder can choose any name for a function
except the keywords of the programming language and the name of an existing built-in
function. Thisline must end with a: colon character, then the statements to be executed
whenever the function gets called must appear on lines below and indented. Syntax of a
function definition, therefore, looks like this:

def function-name () :

statements-to-be-executed
statements-to-be-executed

L

Function statements must be indented from the definition line by the same amount
so the Python interpreter can recognize the block.

Once the function statements have been executed, program flow resumes at the point
directly following the function call. This modularity is very useful in programming to
Isolate set routines so they can be called upon repeatedly.

To create custom functions it is necessary to understand the accessibility (—scopell) of
variablesin a program:

*  Variables created outside functions can be referenced by statements inside functions|
they have —globalll scope

*  Variables created inside functions cannot be referenced from outside the function in
which they have been created| these have —ecalll scope

The limited accessibility of local variables means that variables of the same name can
appear in different functions without conflict.

pewd™

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

If you want to coerce alocal variable to make it accessible elsewhere it must first be



declared with the Python global keyword followed by its name only. It may subsequently
be assigned a value that can be referenced from anywhere in the program. Where a global
variable and alocal variable have the same name, the function will use the local version.

w
def.py

Start a new program by initalizing aglobal variable
global_var =1

Next, create afunction named —my_varsl to display the value contained within the
global variable

my_vars() :

print( -Global variable:—, global_var)

o Now, add indented statements to the function block to initialize alocal variable and
display the value it contains

local_var =2

print( -Local variable:—, local_var)

o Then, add indented statements to the function block to create a coerced global
variable and assign an initial value
inner_var
inner_var =3
o Add a statement after the function to call upon that function to execute the
statements it contains

my_vars()

o Finally, add a statement to display the value contained in the coerced global
variable

print( -Coerced Global:—, inner_var)

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

[ Python Shell - o IEH|
|

File Edit Shell Debug Options Windows Help |
N~ N, |

S

Global variable: 1

Local variable: 2 |
Co-erced Global variable: 3

e
i




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






Adding parameters

When defining a custom function in a program you may optionally specify a—parameterli
name between the function-s parentheses. An —argumentll value can then be passed to that
parameter 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 viathe
parameter name. For example, defining a function to accept a parameter to print out:

def echo(user):

print( -User:—, user )

_—
q&f
nt
Poraet

Parameters are special variables for internal use only within a function| they
must adhere to the same naming rules as regular variables.

A call to this function must specify an argument value to be passed to the parameter inits
parentheses so it can be printed out:
echo( -Mike-)
Multiple parameters can be specified in the function definition by including a comma-
separated list of parameter names within the function parentheses:
def echo(user, lang, sys):
print( User:—, user , -Language:—, lang , -Platform:—, sys)
When calling a function whose definition specifies parameters, the call must include the

same number of arguments as parameters. For example, to call this example with multiple
parameters:

echo( -Mike—, -Python—, -Windows-)

The passed values must appear in the same order as the parameter list unlessthe caller
also specifies the parameter names like this:

echo( lang = -Python—, user = -Mike—, sys = -Windows-)

Optionally, a default value may be specified in the parameter list when defining a

function. Thiswill be overridden when the caller specifies avalue for that parameter but
will be used by the function when no argument value gets passed by the caller:

def echo(user, lang , sys =-Linux-) :
print( User:—, user , -Language:—, lang , -Platform:—, sys)
This means you may call the function passing fewer values than the number of parameters

specified in the function definition, to use the default parameter value, or pass the same
number of values as specified parameters to override the default value.



N
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Name parameters the same as variables passed to them to make the data
movement obvious.

o

param.py

Start a new program by defining a function with three parameters that will print
out passed-in argument values
echo(user,lang,sys):
print( -User:5 user, -Language:- lang, -Platform:— sys )
Next, call the function passing string argument values to the function parametersin
the order they appear
echo( -Mike—, -Python—, -Windows-)
Now, call the function passing string arguments to the function parameters by
specifying the parameter names
echo(lang = -Python—, sys = -Mac OS—, user = -Anne-)
Then, define another function with two parameters having default values that will
print out parameter values
mirror( user = -Carole—, lang = -Python-) :
print( \nUser:—, user , -Language:—, lang )
Finally, add statements to call the second function both using and overriding
default values
mirror()
mirror(lang = -Java-)
mirror( user = -Tony-)

mirror( -Susan—, -C++-)

Save then run the program| to see the function display the argument values or
default parameter values



File Edit Shell Debug Options Windows Help

>

User: Mike Language: Python Platform: Windows
User: Anne Language: Python Platform: Mac OS
User: Carole Language: Python

User: Carole Language: Java

User: Tony Language: Python

User: Susan Language: C++
>>> |

Arguments are the actual data values passed to function parameters by the
function call.






Returning results

Like Python-s built-in str() function, which returns a string representation of the value
specified as its argument by the caller, your custom functions can also return a value to
their caller by using the return keyword to specify avalue to be returned. For example, to
return to the caller the total of adding two specified parameter values like this:

def sum(a,b):

returna+b

The returned result may 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 )

Or the returned result may be used directly —n-linell like this:
print( -Eight Plus Four Is:—, sum(8,4))

Typically, areturn statement will appear at the very end of afunction block to return the
final result of executing all statements contained in that function.

A return statement may, however, appear earlier in the function block to halt execution of
all subsequent statementsin that block. Thisimmediately resumes execution of the
program at the caller. Optionally, the return statement may specify a value to be returned to
the caller or the value may be omitted. Where no value is specified, a default value of None
Isassumed. Typically, thisis used to halt execution of the function statements after a
conditional test isfound to be False. For example, where a passed argument value is below
a specified number:

def sum(a,b):
ifa<h:
return

returna+b

v
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You can specify a default value for a parameter in the function definition.

In this case, the function will return the default value None when the first passed argument
valueis below five and the final statement will not be executed.

Where the function is to perform arithmetic, user input can be validated for integer values
with the built-in isdigit() function.



"

return.py

Start a new program by initializing a variable with user input of an integer value
for manipulation
num = input(-Enter An Integer:—)
Next, add a function definition that accepts a single argument value to be passed
from the caller

square( num):
Now, insert into the function block an indented statement to validate the passed
argument value as an integer or halt further execution of the function-s statements

num.isdigit() :
-Invalid Entry—
Then, add indented statements to cast the passed argument value as an int data type
then return the sum of squaring that value to the caller
num =int( num )
num * num

Finally, add a statement 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

e Python Shell - DR
File Edit Shell Debug Options Windows Help
| >>> ====—=— === = RESTART === == === — == === ~

‘};,}

Enter An Integer-8

8 Squared Is: 64

>>> ============= RESTART ===============
| >>>

Enter An Integer:8.0

| 8.0 Squared Is: Invalid Entry

| >>> ============= RESTART ===============

Enter An Integer:Eight
Eight Squared Is: Invalid Entry
>>>|

imna'“
| —

Remember that user input is read as a str data type| so must be cast into an int



or float data type for arithmetic.






Storing functions

Function definitions can usefully be stored in one or more separate files for easier
maintenance and to allow them to be used in several programs without copying the
definitions into each one. Each Python file storing function definitionsis called a
—nodulell and the module name is the file name without the —pyll extension.

Functions stored in the module are made available to a program using the Python import
keyword followed by the module name. Although not essential, it is customary to put any
import Statements at the beginning of the program.

Imported functions can be called using their name dot suffixed after the module name. For
example, a—stepsll function from an imported module named —+heasyll can be called with
ineasy.steps().

Where functions stored in a module include parameters, it is often useful to assign a
default value to the parameter in the definition. This makes the function more versatile as
it becomes optional for the call to specify a parameter value.

(.

cat.py

o Start a new module by defining a function that supplies a default string valueto its
parameter for display
purr( pet =-A Cat-) :
print( pet, -Says MEOW!-)
o Next, add two more function definitions that also supply default string values to
their parameters for display
lick( pet =-A Cat-):
print( pet, -Drinks Milk—-)
nap( pet =-A Cat-) :
print( pet, -Sleeps By The Fire-)

Now, save the file as —at.pyll so the module is hamed —atll

Start a new program with a statement to make the —eatll module functions available

cat

Kitty.py



o Next, call each function without supplying an argument

cat.purr()
cat.lick()
cat.nap()

o Now, call each function again and pass an argument to each then save thefile
cat.purr( -Kitty-)

cat.lick( -Kitty—)
cat.nap( -Kitty-)

Start another program by making the —eatll modul e functions available once more

cat

Then request the user enters a name to overwrite the default parameter value

pet = input( -Enter A Pet Name: -)

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

cat.purr( pet)
cat.lick( pet)
cat.nap( pet)
@ Save then run these programs| to see output from the imported module in each
program

Le: Pythan Shell - o IEN
File Edit Shell Debug Options Windows Help
A ) A
>

A Cat Says MEOW!

A Cat Drinks Milk

A Cat Sleeps By The Fire

Kitty Says MEOW!

Kitty Drinks Milk

Kitty Sleeps By The Fire

>>> ============= RESTART ===============
>

Enter A Pet Name: Tiger

Tiger Says MEOW!

Tiger Drinks Milk

Tiger Sleeps By The Fire

>>> |

o

—

tiger.py
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You can create an alias when importing a module using import as keywords. For
example, import cat as tom allows you to use tom as the function prefix in calls.






| mporting functions

Internally, each Python module and program has its own —symbol tablell which is used by
all functions defined in that context only. This avoids possible conflicts with functions of
the same name in another module if both modules were imported into one program.

When you import a module with an import statement, that module-s symbol table does not
get added to the program-s symbol table| only the module-s name gets added. That iswhy
you need to call the module-s functions using their module name prefix. Importing a
—stepsll function from a module named —+heasyll and another —stepsll function from a
module named —dancell means they can be called without conflict asineasy.steps() and
dance.steps().
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Where you import individual function names, the module name does not get
imported| so it cannot be used as a prefix.

Generally, it is preferable to avoid conflicts by importing the module name and calling its
functions with the module name prefix, but you can import individual function names
instead with a from import Statement. The module name is specified after the from keyword,
and functions to import are specified as a comma-separated list after the import keyword.
Alternatively, the  wildcard character can be specified after import to import all function
names into the program-s own symbol table. This means the functions can be called
without a module name prefix.

(.

dog.py
o Start a new module by defining a function that supplies a default string valueto its
parameter
bark( pet =-A Dog-) :
print( pet , -Says WOOF!-)
o Next, add two more function definitions that also supply default string values to
their parameters
lick( pet =-A Dog-) :
print( pet, -Drinks water-)
nap( pet =-A Dog-) :
print( pet, - Sleeps In The Sun-)



o Save the file as —dog.pyll so the module is named —dogll

o

pooch.py

Start a new program with a statement to make individual —dogll module functions
available

dog bark , lick , nap
Next, call each function without supplying an argument

bark()
lick()
nap()

Now, call each function again and pass an argument value to each then save thefile
bark( -Pooch-)
lick( -Pooch-)
nap( -Pooch-)
Start another program by making all —dogll module functions available
dog *
Request a user entry to overwrite the default parameter
pet = input( -Enter A Pet Name: -)
Finally, call each function passing the user-defined value as the argument

bark( pet)
lick( pet)
nap( pet)

Save then run these programs| to see output from the imported functions

Le Python Shell = = “
Eile Edit Shell Debug Options Windows Help _
[>>> ======cc==c== RESTART ========c====a= 4]

5 32

A Dog Says WOOF!

| A Dog Drinks Water

| A Dog Sleeps In The Sun
Pooch Says WOOF!
Pooch Drinks Water

. Pooch Sleeps In The Sun
53 mmmmmmeeennes RESTART == m-——-——————
>>>

| Enter A Pet Name: Fido

| Fido Says WOQOF!

| Fido Drinks Water

Fido Sleeps In The Sun

>




fido.py

For larger programs you can import modules into other modules to build a module
hierarchy.






Summary

Functions are defined using the def keyword followed by a name of your choice and ()
parentheses

A function definition line must end with a: colon character and its block of statements
to execute when the function gets called must be indented below that line

Variables with global scope can be referenced from anywhere within that program

Variables with local scope can only be referenced from within the function in which
they are declared

A local variable can be coerced to make it globally accessible by first declaring it using
the global keyword

Function parameters are special variables for use only within a function, and arguments
are data values passed to parameters

Parameters are declared as a comma-separated list within the parentheses of a function
definition

Function calls must supply argument data for each function parameter unless a default
valueis specified in their declaration

Data passed to parameters in afunction call must appear in the same order as the
parameters unless their names are specified

Optionally, the return keyword can be used within afunction to return avalueto the
caller

Functions can be stored in modules that are named as the file name without the —pyl
file extension

Animport statement makes module functions available in a program by dot-suffixing
their name after the module name

Internally, each Python module has its own symbol table so like-named functionsin
different modules do not conflict

A from import statement makes module functions available in a program without the
need to dot-suffix their name

Animport * statement can be used to import a modul e-s functions into the program-s
own symbol table
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Sorting algorithms

This chapter demonstrates how to code a variety of sorting algorithm instruction
seguences.

Copying sorts
Selecting sorts
Inserting sorts
Bubbling sorts
Merging sorts
Partitioning sorts
Summary






Copying sorts

An —agorithmll is awell-defined sequence of instructions to perform a specific task. Each
algorithm takes one or more values as input and produces one or more resulting values as
output.

An agorithm may be created in code as a function whose statements define a sequence of
Instructions to perform the task. Input values can be passed as arguments in the function
call and resulting values can be returned as output from the function. Algorithms can be
coded, using data structures and control structuresin avariety of ways, to perform tasks
such as sorting lists into order.

S

&

Python provides the sort() method for lists (described here) but examples in this
chapter demonstrate how to code various sorting algorithms that are found in
many programming languages.

Sorting efficiency may depend upon the nature of the list to be sorted so different
algorithms may be best-suited to particular tasks. Where the task requires alist to be
sorted, while the original unsorted list remains intact, an algorithm function can be passed
areference to thelist in an argument as input. The function can then make a copy of the
original list, sort elements of that copy into order, then return the sorted copy list as
output. This algorithm simply copies element values from the original list into anew list
array then arranges them in ascending value order.

[s[3[1[2]6] 4]




Array list elements are numbered from zero. So here, element [0] contains 5,
element [1] contains 3, and so on.

o
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copy.py

Start a new program by declaring a function to receive alist reference as input and
return a sorted copy as output
copy_sort(array ) :
copy =array[ : |
sorted_copy =[]

# Algorithm sequence to be added here.
sorted_copy

Next, add the indented algorithm sequence to insert the copied element values into
the empty list in order
len(copy)>0:
minimum =0
element in range( 0, len(copy)):

copy[ element ] < copy[ minimum ] :
minimum = element
print( \tRemoving value—, copy[ minimum ], \
-from—, copy )

sorted_copy.append( copy.pop( minimum ))
Now, add statements to create and display an unsorted list

array=[5,3,1,2,6,4]
print( -Copy Sort* \nArray :—, array )

Finally, add statements to display the unsorted list and its sorted copy then save
and run the program| to seethe original list remains intact in unsorted order
print( -Copy :—, copy_sort( array ))

print( -Array :—, array )



File Edit Shell Debug Options Windows Help

>>> ============= RESTART ===============

Copy Sort...

Array - [5, 3,1, 2, 6, 4]
Removing value 1 from [5, 3, 1, 2
Removing value 2 from [5, 3, 2, 6, 4]
Removing value 3 from [5, 3, 6, 4
Removing value 4 from [5, 6, 4]
Removing value 5 from [5, 6]
Removing value 6 from [6]

Copy:I1,2,3,4,5,6]

Array - [5,3,1, 2, 6, 4]

>>>|

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






Selecting sorts

Often you will want to sort the elements of an unsorted list array —n placell rather than
sort acopy of the original list, as demonstrated in the previous example. There are several
popular algorithms you can employ to sort arrays in place, each using a different technique
with their own strengths and weaknesses.

A —selection sortll algorithm examines each element in the unsorted part of an array list
and selects the element containing the lowest value. It then swaps the selected element
value with that contained in the element 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 processis repeated until all element values are sorted into ascending order.

Selection sort is a simple swap-based algorithm that isrelatively easy to understand and
code as afunction algorithm. It is one of the two most efficient algorithms for sorting
small arrays of 20 or so elements.
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In this example, the final element will already contain the highest value when the
penultimate element has been sorted.

o

selection.py

o Start a new program by declaring a function to receive alist reference as input and
begin aloop to store each element-s value and current index number

selection_sort( array ) :



index in range(0, len(array )-1):
value = array[ index ]
current = index

# Algorithm sequence to be added here.

o Next, add the algorithm sequence to repeatedly swap the smallest unsorted value
with the first unsorted value

element in range(index+1, len(array)):
array[ element | < array|[ current ] :
current = element
array[ index ] = array[ current ]
array[ current ]= value

print( \tResolving element[-, index , -| to -, array )

o Now, add statements to create and display an unsorted list

array=[5,3,1,2,6,4]
print( -Selection Sort" \nArray :—, array )

o Finally, add statements to call the algorithm function and display the list once more
| to seethelist sorted in place

selection_sort( array )
print( -Array :—, array )
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>>>

Selection Sort...

Array - [5,3,1, 2,6, 4]
Resolving element[ 0 ] to [1, 3,
Resolving element[ 1 ] to [1, 2,
Resolving element[ 2 ] to [1, 2,
Resolving element[ 3 ] to [1, 2, 3, 4,
Resolving element[ 4 ] to [1, 2,

Array - [1, 2, 3,4, 5, 6]

>>>|
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Sorting in place swaps the element values contained in the original referenced
array list.






Inserting sorts

The technigue of swapping elements with a selection sort algorithm, demonstrated in the
previous example, works well but an alternative technique can be employed to simply
insert elements into an array list at the correct ascending order position.

An —nsertion sortll algorithm examines the next element in the unsorted part of an array
list and, if required, inserts the element at the correct ascending order position in the array
list. To accommodate the inserted element, all other elementsin the unsorted part of the
list shift to theright| increasing the size of the sorted part of the array and decreasing its
unsorted part. This processis repeated for each element in turn until al element values are
sorted into ascending order.

Insertion sort is a simple algorithm that is relatively easy to understand and code as a
function algorithm. Along with the selection sort algorithm it is one of the two most
efficient algorithms for sorting small arrays of 20 or so elements. Typically, insertion sort
will require fewer comparisons than a selection sort so is often seen as the best method for
sorting small arrays.
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In this example, two steps are needed to get the lowest value into the very first
element| as 3islessthan 5, then 1 is less than 3.

o

insertion.py

o Start a new program by declaring a function to receive alist reference as input and
begin aloop to store the current el ement-s value

insertion_sort( array ) :



index inrange(1, len(array)):
value = array[ index ]
# Algorithm sequence to be added here.

print( \tResolving element[-, index , -] to -, array )

o Next, add the algorithm sequence to repeatedly insert the current value if smaller
than that in the current element
array[ index-11 > value index >=1:
array[ index | = array[ index-1 ]
index -=1

array[ index ] = value

o Now, add statements to create and display an unsorted list

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

print( -Insertion Sort" \nArray :—, array )

o Finally, add statements to call the algorithm function and display the list once more
| to seethelist sorted in place
insertion_sort( array )
print( -Array :—, array )
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On some iterations this algorithm recognizes that elements in the -unsortedIl part
are already sorted following earlier insertions.






Bubbling sorts

A —bubble sortll agorithm is afurther simple alternative to the selection and insertion sort
techniques. This algorithm repeatedly examines each adjacent pair of elementsin an array
list and, if required, swaps them around to place alower value before a higher value|

until all elements are sorted into ascending order.

Bubble sort isasimple algorithm that is very easy to understand and code as a function
algorithm. Although the bubble sort technique is generally less efficient than insertion sort
or selection sort, it is one of the quickest algorithms for nearly-sorted arrays.
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In this example, no swap is needed on the first pass for element [3] and [4] as
their values 5 and 6 are in correct order.

N

bubble.py

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

index in range(len(array )):

# Algorithm sequence to be added here.

o Next, add the algorithm sequence to iterate through the array list elements, up to



