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Preface

QUE"'TY ﬂf_ education depends a lot on the curriculum imparted. Since Computer Science Is a rapldly
evolving field, CBSE constituted a committee to look Into existing Computer Science curriculum and
TEEUTmEﬂd a curriculum that is modern, relatively light, teaches timeless concepts like computational
thinking, is upto international standards and focuses on problem solving skills than Just the syntax.

The new .wllul.:us of Camputer Science (083) Is the outcome of the recommendations by the curriculum
review cnmmmee: The objectives of this new syllabus are laudable — focus on clear understanding of
concepts, applications of concepts, problem salving skills, develop computational thinking etc.

This book h:fs been written keeping all this in mind. This book adheres to the CBSE curriculum for
Computer Science (083) for Class XI1. Based of the syllabus, the book has been divided into four units.

Unit 1 : Programming and Computational Thinking (PCT-2)

Llni.t .l has been divided into ten chapters {chapters 1-10). It covers Python programming through
revision tour, Python functions, Libraries, File handling in Python, Recursion in Pythan functions, Data

visualization using PyPlot, Data Structures in Python. This unit also covers basics of determining
algorithm efficiency.

Unit 2 : Computer Networks (CN)

This unit has been divided into two chapters (chapters 11-12). It covers computer networks’ basics such
as types of netwaorks, cloud technology, IoT, wired and wireless networks, client, server networks,
network devices, modulation techniques, collision in wireless networks, IPva, IPv6, TCP, other protacals
and network tools.

Unit 3 : Data Manogement (DM-2)

This unit has been divided into four chapters (chapters 13-16). It covers SQL revision, mare on SQL
commands, developing a minimal web application using Django web framework, and Python database
connectivity with MySQL databases.

Unit 4 : Society, Low and Ethics [SLE-2)

This unit has been covered in ane chapter (chopter 17). it covers many topics and issues related to
society, law and ethics, such as 1PR, plagiarism, digital rights and licencing, privacy laws and eyber crime,
IT act, e-waste management, challenges online and gender and disability issues.

Apart from the text book, we have also provided a practical book ‘Progress In Python’ that contains
additional practice exercises. Although the text book contains sufficient number of practice questions
and exercises, yel the additional practice of exercises given in the practical book will make the
foundation of programming and other concepls even stranger.




Syllabus

Distribution of Marks

Unit No. Unit Name Marks
1. Programming and Computational Thinking-2 30
2, Computer Networks 15
3. Data Management—2 15 A
4. Sociely, Law and Ethics—2 10
5. Practicals 30
100

Tatal

Unit 1 : Programming ond Compulational Thinking (PCT-2) (80 Theory + 70 Praclical)

4 Revision of the basics of Python

< Functions: scope, parameter passing, mutable/immutable properties of data objects, pass amays lo
functions, return values, functions using hbraries : mathematical, and string functions,

4 File handling: open and close a file, read, wrile, and append to a file, standard inpul, outpul and error
streams, relative and absolute paths.

4 Using Python libraries: create and import Python libranies.

4 Recursion: simple algorithms with recursion: factorial, Fibonacei numbers; recursion an arrays: binary

svarch.
% Idea of efficiency: performance defined as inversely proportional to the wall clock time, count the
number of operations a picee of code is performing, and measure the lime taken by a program. Example:
take two different programs for the same problem, and understand how the efficient one takes less time.

< Data visualization using 'vplot: line chart, pie chart, and bar chart.

4= Dala-structures: hsls, stacks, queues.
Unit 2: Computer Networks (CN) (30 Theory + 10 Practical)

< Structure of a network : Types of nelworks: [ocal

_ area and wide area (web and Internet), new
technologies such as cloud and IoT, public vs private cloud, wired and wireless nelworks;

concept of 2

client and server.
< Network devices such as a NIC, switch, hub, router, and access point,

% Network stack: amplitude and frequency modulation, collision in wircless networks, error checking
ancli the notion of a MAC address, main idea of routing. I addresses: (v4 and v(6), routing lable, roulen
DNS, and web URLs, TCP : basic idea of retransmission, and rate modulation when there is mngelshﬂ‘n
(analogy to a road netwaork), Protocols: 2G, 3G, 4G, Wi-Fi. What makes a protocol have 3 higher
bandwidth ? ' ‘

e S . . .

; i:mc.m I.'.s ork toals: traceroute, ping, ipconfig, nslookup, whois, speed-test. d
m};':;::cf:::‘ﬂﬂ”l%lﬂ IT" (basic idea), working of email, secure communication : *-'“':uscll Il:m;jl;{.

s ), nelwork lications: re » in, UTTP, FIF, ' '
POP/IMAR, SMTE Yo hork applications: remote deskiop, remote login, | , FTP. ol
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Unit 3: Data Management (DM-2)

- \:Urilu.- a minimal Django based web application that parses a GET and PC TeAUen S wiitey the
ficlds to a file - flat file and CSV file.

= Interface Python with an SQL database.
< SQL commands: aggregalion

Unit 4: Society, Law and Ethics (SLE-2)

< Intellectual Property rights,
GI'L and Apache)

(20 Theory + 20 Practical)

functions - having, group by, order by,

(10 Theory)
Plagiarism, digital nghts m

anagement, and licensing (Creative Commons,
4 o + UPrnsource, open data, privacy,
T Pnvacy laws, fraud; ‘ber-crime, ishi illeg i I g J .
foronsbo pin zmu.q “mme, phishing, illegal downloads, child pomography, scams; cyber
< Technology and society: undy

: rslanding of socivta) issues and cultural changes induce
¢ E-waste man

Proper disposal of used electronic padgets,
Is, and biometrics,

Agement :
= Identity thefy, unique i
< Gender and disability

d by technology.

1ssues while teaching and using computers,

PRACTICAL
[ Unit No. Unit Name Marks _|

1. Lab Test (10 marks)
Python pragram (60% logic + 20% documentation + 20% code quality) 7
Small Python program that sends a SQL query to a database and 3
displavs the result. A stub program can be provided,

2. Report File + Viva (9 marks)
Report file . Minimum 21 P'ython programs. Out of this at least 4 7
programs should send SQL commands to a database and retrieve the
result; at least | program should implement the web server o wnte
user data to a CSV file.
Viva voce @ (based on the report file) 5

3, Projecl + Viva (11 marks)
Project (thal uses most of the concepts that have been leamnt) 8
'roject viva voce 3

Programming in Python
Recursively find the faclorial of a natural number,
Read a file line by line and print it

- -t:‘l '.lk <

Remove all the lines that conlain the character ‘g’ in a file and wrile it to another file.

Write a Python function sin (v, 1) to caleulate the value of sin (x) using its Taylor series expansion up to n
lerms Ct-:mparu the values of sin (x) for different values of 1 with the correct value,

Write a random number generator that generates random numbers between 1 and 6 (simulates a dice).
Write a recursive code to find the sum of all clements of a list.

Write a recursive code to compute the o™ Fibonacci number,
Write a Python program to implement a stack and queue using a list data-structure,
% Write a recursive Python program to test if a string is a palindrome or not.

. vii
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g thing that i
im of the class project is to create something lhat is
R stud':mls. and should be started by students at least 6 months before the submissi

i the function ¥ = x? using the pyplot or matplotib librarios.

ser inputs, performs some operation on Lhe

ram ta plo
write a small calculator. Use the tkinger Iibr':;;nd thep

cation that accepls U
scrven. For example,
he urllib hibrary. ‘ -
he numpy or scipy libranes.

ils and find the most common words.

rite a Python Prog ;
hical appi!
Create a gRIP
writes the output n‘.lr.: the
n a webpuge using t l
Compute EMIs for a loan using
Take a sample of 10 phishing c=ma

sQlL and Web-Server

sum, and average of the marks in a studenl marks table.

Find the min, max, ' & j :
customers from ecach country in the table (customer ID, customer -

Find the total numh:;} of
# 1 rou . ' |
:.“Ttr} i;;in:ufﬂ' IE order the (student 1D, marks) table in descending order of the marks.
‘rite a . .
Integrate SQL with Python by importing the MySQL module. |
I-.-:E, Django based web server to parse a user request (POST), and wrile it to a CSV file,

tangible and useful. This should he done in

E:::E:: r-]i:]-:: 3]111 here is 1o find a real world problem that is worthwhile to solve. Students ape
aged to visit local businesses and ask them nlu.lrul the problems thalt they are facing. For example,
if 2 business is finding it hard to create invoices for filing GST claims, then students can do a project thay
takes Lhe raw data (list of lransactions), groups the transachions by category, accounts for the GST pay
rates and creates invoices in the appropriate formalt. Students can be extremely creative here. They can
use a wide variely of Python libraries to create user friendly applications such as games, software for
their school, software for their disabled fellow students, and mobile applications. Of course to do some
of this propects some addibanal learming is required; this should be encouraged. Students should know
how 10 teach themselves.
If three people work on a project for f months, at least 500 lines of code is expected. The commitice has
also been made aware aboul the degree of plagiarism in such projects. Teachers should take a very strict
i{:ll;:r::nu; ;12;;::; ‘;:dn:.:::i ;:r;l :.;:::} :ti-;;:iplln‘}:j-lrrilijnn J};alnﬁ'l shrd-.I*nl- who are cheatlng.nn lab
| y soitware lo do the same. Everything that is .
achieved using absolutely free, and legitimale open source soflware. ) ° M
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1.1 INTRODUCTION

You must have enjoyed learning, Pythonin el
by Guido Van Ressum in carly 1990s, has become a very popular programming |
among beginners as well as developers, The Jjourney of I

continue in class X as well. In class XI1, you shall e

ass XL Python progra mming language, developed
anguage
ython that you started in class X1 will
arm more about Python and some advanced
ython, let us revise all that you
same, e, take you to the revision

concepts, Before we start with newer opics and coneepts in P
have learmtin class X1 And this chapter will be doing just the
tour of Python that you learnt in your previous class.
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COMPUTER SCIENCE WITH PYTHOMN _

X

1.2 TOKENS IN PYTHON

The smallest individual unit in a program is known asa Token  TOKERSEL =g s
or a lexical unit. The smallest indrvidual unit i 5

Python has following tokens : :"f“;;::: :M‘L;*ﬂwn 3% 2 Token of
(1) Keywords (i) Identifiers (Names) (rif) Literals
(rr) Operators (v) Punctuators

z A sarple Python progras

for al_in range(1, 19):,
- .

punciualors
if ax% - B‘j

\
boywords Merals
print(al)
oparators
wenifiers

Figure 1.1 Some tokens in a Python program.

Let us revise our understanding of tokens.

1.2.1 Keywords E e
Keyuvrds are pn_:duﬁm-d. words with special meaning Lo the A keyword is 3 word having
Iang!.mgu compiler or interpreter. These are ruﬂ'ﬁrwd. for special meaning reserved by
special purpose and must not be used as normal identifier programming language.
names,

Python programming language contains the following keywords :

False  assert  del for in or while
None  break  olif from is pass with
True  class else plobal  lambda  raise yield
and conlinue  excepl  if nonlocal  relurn

as def fmally  import ol try

1.2.2 Identifiers (Names)

Ideni_lﬁurs.are l]'.u: names given to different parts of the program viz. varjiables, objects, classes,
Junctions, lists, dictionaries and so forth.

m - , . - - e
€ naming rules for Python idenlifiers can be summarized as follows :

© Variable names must only be a non-keyivord word with
no spaces in between. : i ™

© Variable names must be made
numbers, and underscore (.
treats upper and lower-C3sE

© Variable names cannot bewin wi
i egin with a numbe ]
they can contain numbers. r, although characters differently

up of only letters,
’ Python Is case sensitive as It

oo |
i




Chapter 1 . FYTHDN REVISION TOUR

The following are some

The following are some invalid identifiers :
valid identifiers -

DATA-REC conlains speaal character - (hyphen)
b DATES7.77 (other than A - 7, a - 7 and _ (underscore) )
MYFILE 05 .
CHK FILEl] 29CLCT Starting, with a digit
Z270Z9 _HII3 3k break reserved heyword
B My.file conlains special character dot ()

1.2.3 Literals/Volyes

Literals are data items that have a fixed/constant value.

Python allows several kinds of literals, which are being given below.

(1) String Literals
A ":"""J-'If“-'t'“-'f is a sequence of characters surrounded by quotes (single or double or tnple quotes).
String literals can vither be single line strings or multi-line strings.

< Single line strings must lerminate in one line re., the closing quotes should be on the
same line as that of the opening quotes, (See below)

¢»> Multiline strings are strings spread across multiple lines. With single and double quotes,
L'.J_u:h line other that the concluding line has an end character as \ (backslash) but with
triple quoles, no backslash is needed at the end of intermediate lines. (see below) :

>»> Text] = "Hello wWorld® —
22> Text2 = "Hello\

Single ling spving

+_—‘_-'_'_‘—-—-__ ]
World * Aalii-lime serisg
Text3d = """Hello e
Worlg"'** No buckslach meeded

In strings, you can include non-graphic characters through esca pe sequences. Escape sequences
are given in following table

Escape | What it does Escape | What It does
__sequence | [Non-graphic character] _sequence __!_. ____[Non-graphic character]
W\ i Backslash (1) \r Carriage Retum (CR)
\' Single quote () \t Honzonlal Tab (TAB)
it | Double quote (7) Yunxax Character with 16-bit hex value
. xuxx (Unicode only)
\a | ASCII Bell (DEL) A Unxooexnx | Character with 32-bit hex value
' xoovoax (Unicode only)
\b ASCII Backspace (BS) \v ASCII Vertical Tab (V)
\E ASCI Formfeed (FF) \ooo Character with oclal value ooo
\n New line character \xhh Character with hex value hh
\N{name] Character named name in the
b Unicode database (Unicode only)
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() Numeric Literals
Numeric literals are numeric values and these can be one of the following types :

just integers or ints, are positive or negative whole

(2) int (signed integers) often called
numbers with no decimal point.

The integer literals can be wrilten in
& Decimal form : an integer beginning with digits 1-9. e.g., 1234, 4100 etc. |
| © Octal form : an integer beginning with 0o (zero followed by lelter o) e.g., 0035, 0077 efc,
| Here do remember that for Octal, 8 and 9 are invalid digits.
o Hexadecimal form : an integer beginning with Ox (zero followed by letter X) e.g., 0x73,
OxAF etc. Here remember that valid digits/letters for hexadecimal numbers are 0-9 and
A-F,
(b) Floating Point Literals. Floating point literals or real literals floats represent real numbers
and are written with a decimal point dividing the integer and fractional parts are numbers
having fractional parts, These can be written in fractional form e.g., =13.0, .75, 7. elc. or in
Exponent form e, 0.17E5, 3.2, .6L4 etc.
(¢) Complex number literals arc of the form a + bJ, where a and b are floats and J (or ) represents
[21, which is an imaginary number). a is the real part of the number, and b is the imaginary

b

part.

S (iii) Boolean Literals

A Boolean literal in Python is used lo represent one of the two Boolean values i.e., True (Boolean
true) or False (Boolean false). A Boolean literal can either have value as Trie or as False.,

(v) Special Literal None
Python has one special literal, which is None. The None literal is used to indicate absence of
value.
Python can also store literal collections, in the form of tuples and lists etc.

1.2.4 Operators
Operators are tokens that trigger some computation / action when applied Lo variables and other
objects in an expression.
The operators can be arithmetic operators (+, -, *, /, %, **, //), bitwise operators (&, ~, |), shift
operators (<<, >>), idenlily operators (is, is not), relalional operators (>, <, >=, <=, =, !=), logical
operalors (and, or), assignment operator (=), membership operators (in, not in) and
arithmelic-assignmenl operalors (/=, +=, —=, */, %=, **=, [/=).

r e

1.2.5 Puncluotors

Purctuators are symbols that are used in programming languages to organize sentence
structures, and indicale the rhythm and emphasis of expressions, statements, and program
structure.

Most common punctuators of Python programming language are :

R AYOIDRO I FE R
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1.3 BAREBONES OF A PYTHON PROGRAM

A Python program may contain various clements such as comments, statentents, expressions etc.
Let us talk about the basic structure of a I'yvthon program,

¥ This program shows a propras’s components
¥ Definition of function SeeYou() follows

P a— def SeeYou() :

(hegin with #) print (“Time to say Good Bye 117)
#Maln program-code follows now
a= 15 o

Sialemenia
bs ﬂ—]ﬂﬂ'—--...___________h'

e

print (as3) -~ ./—"_‘ :

if b>s?t # colen means §t’s a block v

———— Function

= Faprentiom F

Inline commenis

,,,,,, ~==%  Print (*Value of 'a'was more than 15 {nitially.")
Indemtation ="

e, {cvemmien! bepinning
juw trdented lines ) "'---.‘__else ' wn the muddie of a Line)

A print ("Value of 'a’ was 15 or less initially.")
Fumcton call — "

~* SeeYou() # calling above defined function SeeYou()

As you can see that the above sample program contains various components like :

© Expressions, which are any legal combination of symbwls that represents a value.

< Statements, which are programming instructions.

© Comments, which are the additional readable information to clarify the source code,
Comments can be single line comments, that start with = and mulli-line comments that
can be either triple-quoted string s or multiple = style comments.

<> Functions, which are named code-sections and can

be reused by specifying their names
(frnection calls),

< Block(s) or suitets), which is a group of statements which are part of anothe

rstatement or
a function. All statements inside a block or suite are indented at the

same level.
1.4 VARIABLES AND ASSIGNMENTS

Variables represent labelled storage locations, whose values can be manipulated during
program run.

In I'vihon, to create a variable, just assign to its name the value of appropriale type. For
example, to creale a vanable namely Student to hold student’s name and variable age to hold
student’s age, vou just need to write somewhat similar to what is shown below :

Student ="Jacob'
Age =16
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Python will internally ereate labels referring to these values as shown below,

‘Jacob*

L

Student | »

Age - 16

1.4.1 Dynamic Typing

In Python, as you have leamt, a varable is defined by assigning to it some value (of Particula,

type such as numeric, string ete.). For instance, after the statement ;
X=10

We can say that variable x is referring to a value of integer type.

ter in your program, if vou reassign a value of some other type to variable x, Python will poy

complain (no error will be raised), ey, n B
X =10 LOYNAMICITYRINGSS = )
print(X) A varlatile pointing to a value of

a certain type, can be made tg
X = Hello world point 1o a valuefobject of

print(X) different type, This is called
Dynamic Typing,

Above code will vield the output as :
18
Hello world
S0, you can think of Python variables as labels associated with objects (literal values in our case
here) ; with dynamic typing, Python makes a label refer 1o new value with new assignment
(Fig. 1.2). Following figure illustrates it,

X =10 x int:10

X » "riello worlg” X b————={ {nt:10

/|

=~ String:Hello World

Figure 1.2 Dynamic typing in Python variables.

Dynamic Typing vs. Static Typing
Dynamic typing is ditferent from Static Typing,. In Static typing, a data type is altached witha
variable when itis defined first and it is fised. That is, data type of a variable cannol be changed

In static typing whereas there is no such restriction in dynamic typing, which is supporied by
Python.

1.4.2 Multiple Assignments
Python is very vematile with assignments. Let's sce how.
1. Assigning same value to multiple variables. You can assign same value to multiple
variables in a single statement, ¢.g.,
A=b=c=108
It will assign value 10 to all three variables a, b, ¢,
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il H 2 .
= "”;-’f"'"ﬁ m{tlllpfr values to multiple variables. You can even assign multiple values o
multiple variables in single statement, e.g.,

X,¥,z=10, 20, 38
Il;‘:"u assign the values onfer wise, iic., first variable is given first value, second variable
y arﬂ{: Value and so on. That means, above statement will assign value 10to x, 20 to
30 to =.

If you w . . .
You want to swap values of x and Y. you just need to wrile as follows :
Xy= Y. x

In Py ieni
’ythen, ASSIgning a value to a variable means, variable's label is referring to that value.

val=3
_os "7 3000 . val=6
a8 H 3000 1015 3032
_-' 3 | [for statement
- ! val = 3]
:. Ll o 3000 :
-,- :" | £ { [fur' statement
"o O I val = §] | ® ] e |val
‘o i val

Vanable val stores values at same localion

(memoary-address) and changes values
stored in it

Memory address (3000) Memory address [3048] stonng
stonng value 315 assigned a value b is assigned a label as
label as val [lor statement val = 6)
Now val no longer is referencing
o memory location 3000,

Literal values are having a fixed location and variable
names relerence them as labels,

val [for statement val = 3)

() In tradiional programming languages
ko CiC++ el

-
-p--—u--—--.---—--un-.--.

{8} In Python programming language
Figure 1.3 How variables are stored in traditional programming laniguages and in Python,

1.5 SIMPLE INPUT AND QUTPUT

In Python 3.x, to get input from user interactively, you can use built-in function input( ). The
function input() is used in the following manner :

variable_to_hold_the_value = input (<prompt to be displayed>)
For example,
name = input ('What is your name ')

The above statement will display the prompt as :

“vag
. In [3]: name = input(“knat is your naze }7)
.
]

|
..'bllh'hat is your name 7| @ e Jaxi bt data Fare
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. Python offers two functiong j
. A turns a value of String type vy : ni
The :rpu‘IH n;:r::i:‘:;lﬂyi:;“ ) to convert the values received through inpul() injg int ang
and float( ) to e

floal types. You can : '
cad in the value using input( ) function. |
:; i‘ .:ldl;:n use int() or float( ) function with the read value to change the type of input valuye
n w»
to int or float respectively.

: : ie., as:
You can also combine these two steps in a single step too, ie.,

<variable_name> = int( input( <prompt string>) )
Or
<variable_name> = float( input( <prompt string>) )

> In [19]: marks = float ( irput(“irter mare: . =) )
o .'...ll‘.Il...
. Erter mares : 71.% ._-"..li' t.. Function inl{ ) around input( )
: ! int put [ e a1 roage 1 7)Y % converls the read valus inlo int type
™ In [10): age = int{ Input i k
| - . and functon fleal{ ) around Input{ )
: Mhet s your ege 7 16 . function converts the read value into
" L]
float | ;
'l...l In [21]: type(marks) : Yo
Cut[31]: floas .

*
*

In [232]): tyzelage) se®

.&43%31]1-' !.l:t ’ {'llllllll"'-l.--

While inputting Integer values using int( ) with input(), make sure that the value
must be inl type compatible. Similarly, while inpulting floating
input(), make sure thal the value being entered must be flo
be converted 1o int or float, hence it is pot compatible),

being entered
point values using float() with
at type compatible (¢.g., "abc’ cannot

Output Through print( ) Staternent

The print( ) function of Python 3.x is a way (o send outpul to standard oulput device, which is
normally a monitor.

The simplified Synlax to use print( ) functjon 15 as follows -

prlnt['objects, [sep=r*2gn <separatar*string) end = ‘\n’ o <end-string> ])9
‘objects means it can be one or multiple comma Separated objects 1o pe printed.

Let us consider some simple ¢
print (“helle®) #astring
print (17.5) # a number
print (3.14159'(r‘r))

Xamples first -

#the result of 5 Calculation, whichwill
# be performed by Python and then printed

4 out {aswming that some number has been
# assigned to the variable r)

print (“I\’g~ T
( 21245 fmultiple COmma separated expressions

» Yearsold.")
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The print statement has a number of fealures @

& it auto-converts the jlems to strings i.e, if you are printing a numeric value, it will
automatically convert it into equivalent string and pant it ; fur numenc expressions, It
Flr,ﬁl evaluates them and then converts the result 1o string, before printing,

@ itinserls spaces between jlems automatically because the defaull value of sep argument
(separalor character) is space(’ *),

Consider this codo -
¢ Four differenst sning odpnts with na

print {-Hﬁ“p "'rlam'* Nise, "Amit,") / space in them are being printod
will print

Bt the output line by autoratically space imerted in

W .‘———‘—'_—.
Y name is Ami L. betwywn them bevasoe defuult sep charucter s & 1pade.

You can change the v

alue of separalor characler with sep argument of print() as per this:
The code
Print ("My", “name=, “i1s”, "Amit.", sep="...")

will print geertt™

o, ity 1t cpni wd the iterma
My... L e—— hats e the printd ) acprarated the
Y name. , -'15 ce AL, il pive el sep oluacter, whel s %0

< 1L appends a newline character al the end of the line unless you give your own end
argument. Consider the code piven below :

print ("My name is Amit,")
print(”I am 16 years old")

A print[ } function without any
value or name of expression
My name is Amit, prints a blank line,

It will produce output as

I am 16 years old -

Il you exphaitly give an end argument with a print() function then the print() will print the line
and end it with the string specified with the end argument, and not the newline characler, e.g.,
the code

print("My name is Amit. *, end = *$’)
print("I am16 yearsold. ") .+

will Pril‘ll oulput as: ot ’ Ty dirnae the peandl ) emdiad the Line with pom end
. -l-"_’—-_'——_—. character, wlih S hire, A Bevauwse 0wy s
My name is Amit. $I am16years 0ld.  wenline, not line was printad from here isself

1.1 Write @ program to input a number and print its cube,

num = float{input(’Enter a number: "))
num_cube = num * num * num
print(’The cube of ', num, "is”, num_cube)
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1.2 Write a program [0 Input @ number and print its square root.
rogram num = float(input('Enter a number: *))

num_sqrt = num ** 8.5
print( ' The square root of ', num, '{s', num_sqrt)

PYTHON : BASIC INPUT/OUTPUT ngress In Pw[ﬂnn 1.1

riP

This 'Pril” session is aimed at revising various conce

.
"
"

pts you leamnt in Class XI.

h
L

Science with Python and fill it there in PriP 1.1 under Chopter 1 after

C Please check the proctical component-book — Progress in Computer
{
practically doing il on the computer.

P D

1.6 DATA TYPES

Data types are means to identify type of data and sel of valid operations for it. Python offers
following built-in core data types . (1) Nuwmbers (16) Strang (iti) List (iv) Tuple (v) Dictionary,

. (i) Dota types for Numbers
Python offers following data types lo store and process different types of numeric data :
(@) Integers
o Integers (signed)
& Booleans
(0) Floating-I"oint Numbers
(¢) Complex Numbers

(a) Integers. There are ko types of integers in Python :
() Integers (signed). It is the normal integer representation of whole numbers. Python 3.x
provides single data type (int) o store any integer, whether big or swall.

It is signed representation, fe, the integers can be posilive as well as negative.

(i) Booleans. These represent the truth values False and True. The Boolean type is a
subtype of plain integers, and Boolean values False and True behave like the values 0
and 1, respectively.

(b) Floating Point Numbers. In Python, fleating point numbers represent machine-level double
precision floaling point numbers (15 digit precision). The range of lhese numbers is limited by
underlying machine architecture subject to available (virtual) memory.

() Complex Numbers. Python represents complex numbers in the form A+ Bj. Complex

HI.II:.nb'E'r!i are a composite quantity made of two parts : the real part and the imaginary part, both of
which are represented intemnally as float values (floaling point numbers).
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You can retrieve the

‘ 0 components using  attribute e e |
references, For 3 complex number = : .

© z.real }"i'.‘l.,'s the real part. Python represents m__

. o 'numbers a3 2 pair of floating:

© zimag gives the tmaginary parl as a float, not as a polnt numbers ,

complex value, ' :

Tabh‘.- 1.1 The Range of Python Numbers

_Datatype | Range
Integer * | anunlimited range, subject 1o available (virtual) memaory oaly
Bovleans

| v values True (1), False (0)
Ffﬂl‘!ll‘llq' FAUTH ]

an unhmited range, subject to available (virtual) memory on
Mumbers underlying machine architecture.
Complex Same as floating point humbers because the real and
numbyers

Imaginary parts are represented as Moats

(i} Data Type for Strings

Allstringsin Python 3.«
represent every

aresequences of pure Unicode characters, Unicode is a system designed to
re., letters, num

character from every language. A string can hold any Lype of known characters
bers, and special characters, of any known scripte

d language.
Following are all legal strings in I'ython : '

'hbnfﬂ'Wlir,ﬁhﬁﬁﬁﬂ?ﬂﬁ“ﬁdmd”,Wmfﬂ'nh

Valid string Indices are 0, J,
T, e ties 2..upto fength-1 In forward
K direction and =1, -2, ~3..
A P'vthon string is a sequence of characters and each characler —fength In backward d"'““’“'_

can be individually accessed using its index.
(iii) Lists

A Listin Python represents a group of comma-separated values of any datatype between
square brackets eg., following are some lists ¢

[1,2,3,4,5]

[‘a, ‘e, 1", o', "u')

['Neha', 102, 79.5]

Inlist too, the values internally are numbered from 0 (zero) onwards iie., first item of the list is
internally numbered as 0, second item of the list as 1, 3rd item as 2 and so on,

(iv) Tuples =

Tuples are represented as group of comma-separated values of

Values of type list are mutoble
any date type within parentheses, e.g, following are some tuples:

le., changeable — one can

change / add / delete 2 ist's

p= (1,2,3,4, 5} Elrrnlﬂﬁ-ﬂlﬂﬂﬂﬂhﬂn'“':‘

le are immutable -.

q:(z.d, 6, 8) tup : e
r= {.a.' IEI, Ii" 1-0!, !u!) mﬂ-d'l-ll'l‘lbl'l‘aﬂ

B,9,'A, 'R, C) make changes 10 a tuple.
h=(7,8,9,A,'8, "

L ; = -— e = —
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[v) Dictionories 5 | |
The dictionary is an unordered set of comma-separated key Ta ue pairs, within [ }, wiw,
nt that within a dictionary, no lwo keys can be the same (i.e., there are unigye |

requireme eithe same:
a lowing are some dictionaries :

within a dictionary). For instance, fol

(az1,e:2,4:3,0:4,:5)

»wrvowels={"a':1,'¢:2,'1": 3, ‘o't 4,'u: 5}
>>2 "'WEIEP[I#] '\ Heve "’ e 0 0" and "u” ane the iy of dictionary woels;

1 1.2 3. 4. 5 are wilues for thoe kiwvs epeviivedy,

Following figure summarizes the core data types of I'ython.

Core Data Types
|

i | — u
MNumbers Nane Sequencos Mappings
I N - i
[ i ] i I | i
Integer  Floatng Complex String Tuple List Dictionary
r ok

Boolean

' 1.7 MUTABLE AND IMMUTABLE TYPES

The Python data objects can be broadly categorized inlo fiw — mulable and inmtable types, in
simple words changeable or modifiable and non-modifiable types.

Immutable Types
The immutable types are those that can never change their value in place. In Python, the following
types are immutable © mfears, floatng pomt memlvrs, Boolaas, strings, hptes,

In immutable types, the variable names are stored as references to a value-object. Each time
you change the value, the variable’s reference memory address changes, See following
explanation for sample code given below :

P=5
q=P
r=5

P=10
re7
q=r

© Initially these three statements are execuled :

p=5

q=p +— Al varighles baving same valiee reference and the same
& value obvect i e, p, g, ¢ will all reference same inteper

re=
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Each inleger
value Is an
immutable
object

Figure 1.4

< When the next set of stalements execute, ie.,

p=10
rey
g=r

then these variable names

Figure 1.5

Mutable Types

Multability means that in the same memory address, new
value can be stored as and when you want, The lypes that do
not support this property are immutable types

The mutable types are those whose values can be changed in
place. Only three types are mutable in Python.

These are - lists, dicthionartes and sels.

To change a member of a list, you may wrile ;

Chk=(2, 4, 6]
Chk[1] =40

It will make the list namely Chk as |2, 40, 6].

are made to point lo different integer objects.

Python frontloads some commonly
used wvalues in memory. Each
varisble referring 10 that value
actually  stores that  memory
address ol the valye. Multiple
variables/identifiers can refer to a
value. Internally Python keeps
count of how many identifiers)
variables are referring to a value,

I
Mutable objects are :
list, dictionary, set
Immutable objects:

Int, float, complex, string, tuple
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1.8 EXPRESSIONS

An expression in Python is any valid combination of eperators, literals and vapjap
l."\pll"_\ﬁil.‘ll‘lﬁ in [‘\'thl‘lﬂ can I\\ “I. ‘1"."." l}'rﬂ," H ﬂrfl‘hu!fl‘fﬂ' l'."lj'fni.‘h"l.'-', .'-'I‘Hll‘\" ‘:‘Prrﬁﬁfﬂ“" r!h! i

expressions, loyical expressions, compund expressions cle, EXFRESSIO!
: , . EXERESSION
Arithmetic expressions involve numbers (integers, foating: An J .
N . + y F
point numbers, mmp]m numl\'n} and anthmetic opweralors, capression in Python Iy
oy ke s o g valid combination g
e .2+45% 3-84S and atoms. An gy

An expression having literals and/or variables of any valid
type and relational operators is a relational expression. For
cxample, these are valid relational expressions :

x>y, ye=2, 2l=x, 2=aq, X¢y>2, Xewyl=2
An expression having literals and/or variables of any valid type and logical operators g a
logical expression. For example, these are valid logical expressions :

aorb, bandc, aandnotb, notcornoth
Pvthon also provides two string operators + and *, when combined with string operands ang
integers, form string expressions.
Following are some legal string expressions :

"and™ « "then” ewould result into *andthen’ - concatenation

. "and™ * 2 f#would result into ‘andand’ - replication

1.8.1 Evclucting Arithmetic Operctions
To evaluate an anthmetic expression (with operator and operands), Pvthon follows these rles:
© Determines the order of evaluation inan expression considering the operator precedence,
© As per the evaluation order, for cach of the sub-expression (generally in the form of
<value> <operator=value> ¢y 13" 3)
m Evaluate cach of ity operands or arguments,

® ['erforms any imphat conversions (e.g., promoting int to float or bool to int for
arithmetic on mined types). For implicit conversion rules of Python, read the text
given after the rules

m Compute its result based on the operator,
m Replace the subeapression with the computed result and carry on the expression
evaluation.
m Repeat till the final result is obtained.
In a mined anthmetic expression, Python converts all operands up to the type of the Jargest
operand (fype promotion). In the simplest form, an expression is like opl operator op2 (¢.8.
x/v or p** a). Here, if both arguments are standard numeric types, the following coercions are

applied : '
& If cither argument is a complex number, the other is -

S mmf-‘l"‘ : An implicit type conversion Isa

conversion performed by the

compiler without programmer’s

intervention.

& Otherwise, if either argument is a floating point
number, the other is converted to floating point ;

© No conversion if both operands are integers.
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Table operator precedence

— —_——

_____ Operator _ Oecripton =
() Parenthiceses (grouping) oo
- Exponentiation
=X Ditwise' nor
+X, -x Positive, negalive (unary +, =)
1. 1% Multiplication, division, floor division, remainder
= Addition, subtrachion
Bitwise AND
" Bitwise XOR 1'
! Bitwivwe OR
<, <=, :-i.:;, r:;; "=, ==, | Comparisons (Relational eperators), identity operators
not x Boolean NOT
and ! Boulvean AND
or

— | Boulan OR

| Linwest

Example L1 Consider betow Siven expressions what, What will be e fonal resull and final data type ?
(@ a,b=3,6 (h)

a,b=3,06 ftc) a,b=3,6.0
c=bfa c=b//a c=bXa
Ans. (a) In expression
c=6/3 b / a
c=2.0 | |
int int

L ~—r | Here, th opevator i /, which gl
—— i F ! Hua
* e fioaning o realt
floating pt

(h) In expression

c=6//3 b/ a

(c) Inexpression

c=6.0X3 b % a2

c=2 I | c=0.0 | |
int int float int
;_1_] l_l__j
int float

1.8.2 Evolucting Relotional Expressions

All comparison operations in I'ython have the same priority, which is lower than that of any

arithmetic operations. All relational.expressions (comparisons) yield Boolean values only fe.,
Trite or False.

Further, chained expressions like a< b< ¢ have the interpretation that is conventional in

mathematics f.e., comparisons in Python are chained arbitrarily, eg, a<b<c is internally
treated asa< band b<e
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Example 1.2 How would following relational expressions be internally interpreted by Python ?
(N p>qey  (if) a<=Ne<=b
Solution. (1) (p>4) and (g« v) (i) (@<= N)and (N<=b)

1.8.3 Evoluoting Logical Expressions
While evaluating logical expressions, | 'ython follows these rules :
() The precedence of logical operators is lower than the arithmetic uperalors, so const;
arithmetic sub-expression (if any) is evaluated first and then logical operators are
applied, e g.,
25/50r2.0 + 28718  will be first evaluated as : Sora.e

50, the overall result will be 5.

(i) The precedence of logical operators among themselves is not, and, or. So, the ex pression
a or b and not ¢ will be evaluated as ;

Similarly, following expression Frasiauvs
aialalod il pand q or notrwill be evaluatedas; (pand q) or (not r))

(i) Important. While evaluating, Python minimizes internal work by following these rules

! (a) In or evaluation, 'yvthon only evaluates the second argurnent if the first one is false,__,

(b) In and evaluation, Python only evaluatis the second argument if the first one is frue tval

Example 1.3 What will be the output of following expression ?
(5¢18)and (18<5S)or (3¢ 18) andnot B < 18

Solution. False

1.8.4 Type Costing (Explicit Type Conversion)
Ancex pTiciI Iype conversion ts user-defined conversion that forces an expression to be of specific
type. The explicit type conversion is also known as Type Casling.

e

Type casting in Python is performed by <type>() function of appropriate data type, in the
following manner :

<datatype> (expression) '

where <datatype> is the data type to which you want to TYRECASTING |

Iy pe-cast your expression.
ype y P The esplicit conversion of an F

For example, if we have (a=3 and b = 5.0), then operand to a specific type Is
I
.'Int.(b) called type casting.

will cast the data-type of the expression as int. |

1.8.5 Math Library Functions

Python’s standard library provides a module namely math for math related functions that work
with all number types except for complex numbers,
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In order to work with functions of math module, you need to first import it to your program by
giving statement as follows as the top line of your Python script :
import math

Then you can use math library’s functions as math.<function-name> ,

Tahh: 1.2 Some Mathematical Functions in moth Module

S. Protot
Function ype Exomple
No. (General Form) Description
1. | cvil math ceil(num) The cell( ) function returns [he | math.ceil (1.03) gives 20
e sinalhst inteper ot ks than mom. _H}FU'_?E(';'P}},_H‘?‘E_'"L——
2. [sqrt math.sqrt {“““1} The sqnit ) lunction retums the | math sqrt(81.0) gives 9.0.
saquare ool of num, If num <0,
— —  ____|domainerrorocours.
3. [ exp math “P{-'"h'.l The expl ) function retuins the | mathoexp(2.0) gives the value
natural lopanthm e raised to the | of @,
I —_— e |arg power. - . _ —"
4. | fabs math fabs ':."T-lﬂ‘l:l The fabsi ) funchion retums the | math.fabs(1.0) gives 1.0
R R — absolute value of nam, . _mﬂth.[.l_l‘_fg':.'_]m pives 10 |
5. | floor math.floor (num) The floart ) function returms e | math oo (1.03) gives 1.0
largest integer nol greater than | math Moor(-103) gives =20,
I | S— o Hum, B - . —— o
6. | log m.ﬂh log, (num, [t'-l"ﬂ*'I} The Togt ) Tunction retums e | mathlog(1.0) gives the nalural
natueal logarithm for mum. A | Jogarithm for 1.0
d”f"a"] CTTOr amonirs l[ LERTLL i mﬂth]ﬂg“ﬂ:-l, 2) Wlﬂ F'iw
negative and a range CITOF OCUTS | 4o rithm of 1024 to the base 2.
SR (U— o l[ ”'N_' ﬂTr.';ll_l'!“'I'l,t M IH_!'.‘..!“' _ - ! : )
logl0 n!h |0:L,1U l,'mln'-) The Togl0 ) functivn returns | mathlogl0(1.0) pives base 10
the base 10 Togarithm for nmne | Joganthm for 1.0,
A domam error occurs i e s
negative and a range error
. S occurs B the argument is zego. )
B. | pow math.pow (base, exp) | The pow( ) function retumns base math.pow (3.0, 0) gives value of
raised to exp power re,. bice exp | 30
A duvmain error eeurs if Mase =0 math.pow (4.0, 2.0) gives value
and expr <=0 alsw if Pase <OWand | ¢ 47
e . | ey s nal integer
9. | sin math.sin(arg) The sint ) lunchion retumns the | mathosin(val)
sine of g The value of arg | (vl is a number).
) B must v in radians o
10. | cos math.cos(arg) The cosl ) function returns the | math.cos(val)
cosine ol arg. The value of arg | (ol is a number).
o | must be in radians. ] 8 -
11. | 1an math.tan(arg) The tanl ) function relurns the | math tan (val)
tangent ol arg. The value of arg | (val is a number)
I B must be in radians, - o -
12. | degrees | math. dl.‘gn.-r«{'r} The degreest ) converts angle x m.:lh degrees(3.14) would give
from radians lo degrevs. 179.91 -
13. | radians | math.radiang x) The radians( ) converts angle x | math.radians{179.91) would
- from degrees to radians. pive 314
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LET US REVISE

-

© A Python progrem can contuin various componerits |

ke expressions, statements, comments, functions, blocks and
indentotion.

Blocks are repeesented through indentation.

Python supports dynamic Oping Le., o variable con hold values of different types ot different times.
The inpes( ) iy used to odvain mput from yver

v It always returns o wring hie of value,
Output 13 generoted through pring ) (by culling print function) statement.

Operators are the symbols (or bevwords sometimes) thar represent
An eapression 1y tomponed of one or more operations. It is a valid ¢ om

Types of operators used in an es
arithmetic e2peession

Expressions con be arithmetic,

specific operations,

¢ e D

ination of operators, hterals and variables,

pression determine ity tpe. For instunce,

use of arithmetic operutors makes if

O

relational or logical, compound eic.
In imphicit comersion, ol operands are comeried up to the type of the lergest operand,
Promoton or coercion.

<

which is called type

@ The eaplicit conversion of un operand to o specific type is calle

d type casting and it 15 done using Iype conversion
functions thot is used oy

<type conversion funct ion » ( <expressions)

1.9  STATEMENT FLOW CONTROL

|

In a program, statements may be executed Mequentially, selectively

programming language Provides constructs 1 SUpport sequence, selection
A conditional is a statement set which is executed, on the bas
a statement set which is executed repeatedly, until the

1. Compound Statement

A compound statement fepresents g Broup of state
statements of Python are wrillen in a specific patte
<Compound statement header 5

or iteratively. Every
or ileration,

is of result of a condition. Aloopis
end condition is satisfied.

ments executed as 3 unit, The cumpwnd
™ as shown below -

<indented body containing multiple simple and/op Compound statements>
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craner !
Tiw condltionals and the loops are compound stalements, iz, they contain other staternents.

For all compuund statements, (ollowing points hold :

< The contained statements are not written in the same column as the control statement,
rather they are indented to the right and together they are called a block.

& The lirst line of compound statement, i.e., its header contains a colon () at the end of it.
For example :

numl = int(input ("Enter number1®))
num2 = int(input(“"Enter numberl®))

if num2 < numl ; - The cudon { 1) @i the end of heuder line
rcant i 11 @ coempound statemend
t =num2 * num2
t=t+10 —— The comtained pateruwents wukia if are

inderited o the nphe
print(num2, numl, t)

2. Simple Statement

Compound stalements are made of simple statements, Any single eveculable statement is a
simple slatement in Python,

3. Empty Statement

The simplesl statement is the emply statement i.e., a statement which does nothing. In Python
an empty statement is the pass statement.

: It takes the following form :
pass

' Wherever Python encounters a pass stalement, Python does nothing and moves to next
statement in the {flow of control.

' 1.10 THE IF CONDITIONALS

The if conditionals of 'ython come in multiple forms : plain if conditional, if-else conditional
and if-clif conditionals.

1.10.1 Plain if Conditional Statement
| An if statement tests a particular condition; if the condition

evaluates to true, a course-of-action is followed ie., a '
statement or set-ol-statements is excculed, If the condition is -

; Tesl - e
false, it does nothing : -xww;-—
The syntax (general form) of the if stalement is as shown &
below : 1 Yue 1

1f <conditional expression> : l;_E‘i‘;l:z"'_J
statement r N

[statements)
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For example, consider the following code fragments using if conditionals ;

if grade=="a":
print(“Congratulations! You did well")

ifas>b:
print(“A has more than B has™)
print("Their difference is", (a-b))

1.10.2 The if-else Conditional Statement

This form of if statement tests a condition and if the condilion evaluates to true, it carrjeg
statements indented below if and in case condition evaluates to false, it carries out statemn
indented below else.

The syntax (general form) of the if-clse statement is 1
as shown below : Tes! False 1
Expression ———= Bodyof ehe L_
if ¢conditional expressiony : 7 -
statement [
[statements] : 1
| Bodyol if
else : ! ]
statement +
' [statements)

For example, consider the following code fragments using if-else conditionals :

ifar=0:« = Thecolon [ : ) ix in buth - the if
print(a, "is zeroor a positive number™) header as well as elic line
else : Vhe statemienits in if-block and else are

indented
print(a, "is a negative number™)

1.10.3 The if-elif Conditional Statement

Somelimes, you want to check a condition when control reaches else,

i.e., condition test in the
form of else if. To serve such conditions, Python provides if-elif and

if-clif-else statements.
The general form of these statements is :

- 1f <conditional expression> : 1f <conditional expressions :
statement statement
[statements] , [statements)
| elif <conditional expression> : and elif <conditional expressiony :
statement | statement
[statements) . [statements]
i else;
statement

Il - ! , [statements)
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Consider following two example code fragments :

{1fruns >= 100 :
print(“Batsman scored a century”)
elif runs »= 50 :

print("Batsman scored a fifty")
else :

print("Batsman has neither scored a century nor fifty”)

®
#

ifnum<@:

print(num, "is a negative number.")
elif nume=9 :

print(num, "is equal to zero.")
clse :

print(num, "is a positive number.”)

1.3 Write a program that inputs an integer in range 0 - 999 and then prints if the integer entered isa 1/23
digit number,
rogram

num = int(input("Enter a number (0..999) : 7))
if num < @:

print(“Invalid entry. Valid range is @ 10 999.7)
elif num<¢ 10;
print(“Single digit number is entered™)
elif num<¢ 100:;
print(“Twodigit number is entered®)
elif num ¢= 999:
print{"Three digit number is entered™)
else:
print(“Invalidentry. Valid range is 0 t0 999.%)

Sample runs of this program are given below :

Enter a number (0.,999) @ -3

Invalid entry. valid range is 0 to 999.
Enter a number (0..999) : 4

single digit number is entered

| o= T LB = |
——

Enter a number (0..999) : 100
Three digit number is entered

Enter a number (0..999) : 10
Two digit number is entered

Enter a number (0..999) : 3000
1nvalid entry. valid range is 0 to 999.




E

1.10.4  Nosted il Statemants

COMPUTLR SCIENCT WITH FYTHOMN . nm

Sometimes you may nead 1o test additional conditions. For such situations, Python ajy,
sipports nested I form of 1A nested if Is an If that has another If in its if's body or in elify
by or 1 ils elve’s body, J
Constder the fullmving, example code using nested-if statements :

X = int{input ("tnter f1rst number 1))

y = Int(Input ("tnter second number ;%))

1= int(Input ("fnter third nuaber :%))

min « mld = max = None
ffweyandx <

'lfyi 2!

min, mid, max=x, y, 2
else: v
| min, ald, max X, 2,y

if sratementy inside another if

()

elifyexandy«z: (Newted ifa)

—

fxez:

min, mid, max =y, X, Z
else:

min, mid, max =y, z, X

else:

Mfxey:

min, mid, max=2, X,y __
else!

min, mid, max =2z, ¥, X

pr'lnf{""-ﬂmh_er's in ascending order :", min, mld, max)

1.10.5 Storing Conditions

Sometimes the conditions being used in code are complex and repetitive. In such cases to make
your program more readable, you can use named conditions i.c., you can store conditions in a
name and then use that named conditional in the if statements.

Consider the following example code :

b,c=2,3

pStore condition in a name called all.
all= asslandb=s2andces3 o i
HTest variable, name at all.
if all:
print(*Condition fulfilled®)
mUse It again.
if all:
print("Condition fulfilled again.”)
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Using nested if stalements, we can rewrite the previous program as follows :

1.4 Write a program that Inputs an integer in range 0 - 999 and then prints If the integer entered s a 1723
P diglt number, Use Nested I statemems.

rogram .
num = int(input(“"Enter a number (8..999) : *))

1f num < 0 or num > 999

print(“Invalid entry. Valid range 15 8 10999.%)
else:

1f num<10:

print(~Single digit number is entered”)
else :

if num < 100

print("Two digit number is entered™)
else:

print(“Three digit number is entered®)
The sample run of this program is just the same as previous program.
1.11 LOOPING STATEMENTS

Python provides tuww kinds of loops : for loop and while loop to represent counting loop and
conditional loop respectively.

1.11.1  The lor Loop

The forloop of Python is designed to process the items of any sequence, such asalist or a string,
one by one.

The General Form of for loop
The general form of for loop is as given below :

for ¢variable> in <sequence> :
statements_to_repeat

For example, consider the following loop :

for element in [10, 15, 28, 25] :
print(element + 2, end="")

The above loop would give output as :
12 17 22 27

& The above-given for loop executes a sequence of statements for each of the elements of
given sequence [10, 15, 20, 25].
& Tokeep the count, it uses a control variable (elentent in above case) in that takes a different

value on each iteration. Firstly value 10, then the next value of sequence, 15, then 20 and
lastly 25.
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The ronge( ) based for loop ' |
For number based lists, you can spedfy range( ) function to represent a list as in :

for val in range(3, 18) :

print(val)
enerate alist [3,4, 5, ..., 16, 17] with which for loop wil]

In the abave loop, range(3, 18) will first g : |
work. You need not define loop variable (val above) beforchand in a for loop.
As mentioned, a range() produces an integer number sequence. There are three ways todefing 3

| range :
range(stop) zolements from @  tostop-1, incrementing by 1
range{start, stop) selements from start to stop-1, incrementing by 1
#elements from start to stop-1, incrementing by step

range(start, stop, step)
ver part of the range. The

& The start value is always part of the range. The stap value is ne
step shows the differcnce between Iwo consecutive values in the range.
o I start value is omitted, it supposed [o be 0. If the step is omitted, itis supposed tobe 1.

Consider some examples of range( ) as given below
8,1,2,3,4,5,6

range(7)
i range(5, 12) 5,6,7,8,9,10, 11
range(5, 13, 2) 5,7.9,11
range(10, 4) no value
range(10, 4, -1) 10, 9, 8,7,6,5

For example, the neat program shows the cube of the numbers from 15 to 20 :

™ 1.5 Write a program to print cubes of numbers in the range 15 to 20.

' for i inrange(1%, 21):
0 print("Cube of nusber®, 1, end= " ")
print(=is®, 1 **3)

Cube of number 15 is 3375
' Cube of number 16 is 4096

Cube of number 17 is 4913
| Cube of number 18 is 5832
Cube of number 19 is 6859
Cube of number 20 is 8000

1.7 Write a program 1o print square root of every alternate number in the range 1 to 10.

| rogram for i inrange(1, 10, 2) :

print(“square root of", i, "is", (i ** 0.5))
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1.11.2 The while Loop

A while loop is a vonditional loop that will repeat the instructions within itself as long as a
conditional remains true (Boolean True or truth value frue),

The general form of Python while loop is

while <logicalExpressions :
loop-body

where the loop-body may contain a single stalement or mulliple statements or an
cmply statement (ie., pass statement). The loop iterates whale the logical Expression evaluates to

true. When the expression becomes fulse, the program control passes to the line after the
loop-body:.

1.8

"‘;"“-' a progran that multiplies two integer numbers without using the ® operator, using repeated
addition.

rogram
nl = int(input("Enter first nusber 1))

N2 « int(input ("Enter second nusber :*)}
product =9

count = nl
while count> @
count = count - 1
product = product + n2
print(“The product of*, n1, "and", n2, "is", product)

Enter first nunber : 4
Enter sccond number : §
The product of 4 and 5 is 20

In general, the while loop is used when it 1s not possible to know in advance how many
times the loop will be executed, but the termination condition is known. The while loop is

an entry-controlled loop as it has a control over entry in the loop in the form of test
condition.

1.12 JUMP STATEMENTS — break AND continue

Python offers two jump statements - break and continue - 1o be used within loops to jump out
of loop-iterations.

The break Siatement

A break statement terminates the very loop il lies within.
Execulion resumes at the statement immediately following the
body of the terminated staltement.
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for cvar» in <sequencer :

The following figure

mli- ctest-condition> |
statement 1

i 1
(Fig. 1.6) explains the statement .
working of a Dreak ; 1f <conditlom> : 1f <condition» ;
statement. break break

statesent 2 statement 2

The following code

|
fragment gives you an statesent 3 | statesent 3 ﬁ«“;
statement 4 Lﬂ
I - — — -

example of a break statesent 4 =——x

stalement .
Figure 1.6 The working of 2 break statement.
asbh=c=90
fori inrange(1, 11) : + —— sange (1, 11) will generate a sequence

a = int(input (“Enter number 1 :*)) of numbers from 1. 10.

b= int(input ("Enter number 2 :"))

ifb==0: |
print(*Division by zero error! Aborting!™)
break

else:
c=a/b
print("Quotient =", c)

print("Program over I")

The above code fragment intends to divide ten pairs of numbers by inputling two numbers a
and b in each iteration. If the number b is zero, the loop is immediately terminated displaying,
message ‘Division by zero error! Aborling!” otherwise the numbers are repeatedly input and

their quotients are displayed.

The continue Statement ' i
Unlike break statement, the continue statement forces the _

- . , . e r code 4 | The continue statement ski

next iteration of the loop to take place, skipping any code in the restiof the loep 4ts ¥

between, ‘and causes the next iteration o
The following figure (Fig. 1.7) explains the working of continue 1 the loop to take place. R
statement : ’

- ' .

while ¢test-condition> : rest of the statements for <var»> 1n <sequence> ; I’

statement 1 in the current iteration statesent 1 |

are shipped and new ]

if <conditlon» : iterution bepin if <condition> : 11-

L continue continue i
statement 2 statement 2
1 statement 3 stateecent 3

statesent 4 \ statement 4

in above loops, continue will cause skipping of statements 24 3
l in the curent ilerabon and nexl lleration will start

et B e Y e

Figure 1.7 The working of a continue statement.
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1.13 MORE ON LOOPS
There are two miore things you need 1o know abaox

ul Impi..u“.
1.13.1 Loop else Stotement

loop else clause and nested loops.

Python loops have an oplional

'?I-SIE‘ flﬂu.‘i{"‘. Com lele s i ¥
clause is as given below - piele syntax of Python loops along with else

for <varfables in <sequences :

while ctest conditions «
statementl statement]
Statement? statesent?
else clse:
Statement(s) statement(s)
The else clause of a

c ython loop executes when the loop terminates normally, ie, when
test-condition resuls ingg Jalse for

A while loup or for laop has executed for the last value in the
sequence; not when the break slatement terminates the loop

Following fipure (1.8) shows you control flow in Python loops

1| —
for <element ln-_urqurn:n EE:E eTpFrHslm: alse
rest elesent | lt:;‘.fl‘;!&;e I true Ln:.up;.-l;'n
_— — . i — _— —_— ’
' 'st.‘l'lmrl'l:.)| :Httunt:) f~-* ““E“nt_ji { ““m“"D =t
| stalement | | statement ilatearnt | $statement
- of statlement statenent J Body-ol.d- -~ of ttalement .) Hiltunt-)
Body-ol- 4 - =~ ’ ; : ‘ : tho-z'mn I; : I I :
tne-loop | statesent | | statement | Wate | statesent | | statesent
sune I ] _ |.__ T, — | ____I_
Statements _ _ ....{ “iumm:_) Statements _ ___{ ““L“tj
outsida the loop statement e

statement

Figure 1.8 Contrel flow in Python loops.

Consider following example :
forainrange (1,4):
ifaX8==0:
break
print(“Element 15", end="")
print(a)
EISE;;rint (*Ending loop after printing all elements of sequence”™)
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The above will give the following output :

This line u printed becauwse lhtrh:.
clisse e for loop exccuind when
Element is 1 the ﬁriglumﬁ:mmmp normally,
Element is 2 ;
Element is 3 .
Ending loop after printing all elements of sequence.
If, in above code, you change the line 'NOTE - )
{faXB==0: jmmd‘“‘“'mh?hi i
| terminates normally, not when
ifaX2==8: the loop s terminating because
! of a break stalement.
Then the output will be : ; re———

e Nt for a = 2. the break pot executed and loop

terminated. Hence just oee element pot printed (fora = ), ‘
The else clause works identically in while As breal rermunated the loop, the elie cluwe alo Jdid
. : Sk Al exrvute, 30 na bne after the prinung of elementy,
. loop, ie., executes if the test-condition goes
false and in case of break statement, the ‘
loop-clse clause is not executed.

1.13.2 Nested Loops 1

A loop may contain another loop in its body. This form of a loop is called nested loop. Butin a
nested loop, the inner loop must terminate before the outer loop.

| The following is an example of a nested loop :

for i inrange(1, G):
for j inrange (1, i):

" print(**", epd="")
print( )

In nested loops, a break statement will terminate the very loop it appears in. That is, if break
L] 18 incice  q U g 1 1 - ! .

; fement is inside the inner loop then only the inner loap will terminate and outer loop will
ntinue. If however, the break statement is in outer loop, the outer Iy wp will terminate

- _ ConTRrOL Flow STATEMENTS
P

Progress In Pylhan 1.3

This ‘PriP* session is aimed at revising various concepts you leamt in Class X]

Please check the practical component-book - Progress in Computer -
Science with Python ond fill it there in PriP 1.3 under Chapter 1 affer D}

- . - -l"
practically doing if on the computer. -

P> CCS
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LET US REVISE
__.________—

Statements ore the Instructions ghven to the computer to perform any kind of action.

&

& Python statements can be on one of these types @ empty statement, single statement and compound statement.
& A compound statement repeesents o group of statemenis executed as o unil.
<

Every compouns! statement of Python has a header ond an indented budy below the heoder. Some examples of
compound stalements are ; functions, If statement, while statement etc.

I’yihon provides one selection statement If in many forms — ([else and If-elif.else,

The statements that allow o set of instructions to be performed repeatedly are iteration statements,

@ Python provides iwo looping constructs - for and while, The for Ioop Is o counting loop and while ts o conditlonal
loop.

The while loop is an entry-controlled Joop as it has a control over entry in the loop in the form of test condition

Loops in Python cun have else clause too. The rise clause nf a loop ks eaccuted in the end of the foop only when
loop terminates normally,

o o

The breek statement con terminate a loop immediotely end the control passes over 1o the statement [ollowing the
statement containing break,

o>

In nested loops, o break statement terminates the very loop it appears .

The continue statcment abarudons the current lteration of the loop by skipping over the rest of the statements in the
looap-boudy. It immediately transfers conrol 1o the beginning of the next iteration of the loop.

Selved Problems
m_“

1. What is the difference betivven a hevievrd and an wdentifier 7

Solution Keyword 15 a speaial word that has a special meaning and purpose. Keywords are reserved
and are a few. For exvample, if, olif, clse elc are heywonls,

Identifier i the user-defined name given 1o a part of a program iz, vanable, object, function ete.
Idenuifiers are not reserved. These are defined by the user bul they can have letters, digits and a
symbol underscore. They must begin with either a letter or underscore. For instance, _chk, chess, treial
etc. are identifives in 'vihon

r=

Witat are Iterals i Putfron 2 Howe many tupes of Diterals are allowed in Pythen ?

Solution Literals mean constants f ¢, the data items that never change their value during a program
run, Pyvthon allows fite types of literals

(1) String literals (i) Numeric Herals
(it7) Doolean literals () Special Literal None
() Literal Collections hike tuples, lists ete.
3. How many ways are there it Python to represent aninlteger literal 7
Solution. Python allows three types of integer literals
(@) Decimal (base 10) integer literals
() Octal (base 8) integer literals
(c) Hexadedmal (base 16) integer literals
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(2) Decimal Integer Literals. An integer literal consisting of a sequence of digits js taken yo 5
. " * [

decimal integer literal unless it begins with O (digit zero).

For instance, 124, 41, 497, =17 are decimal integer literals.

(b) Octal Integer Literals. A sequence of dipits starting with 0 [dfg.it zero) is taken to be an Octa)
integer. For instance, decimal integer 8 will be wrilten as 010 as octal integer. (B9 =10,) and df—‘tll'nai

integer 12 will be wrilten as 014 as octal integer 12y =14,)

(c) Hexadecimal Integer Literals. A sequence of digits preceded by Ox or 0X is taken to be an

hexadecimal integer,
For mstance, decimal 12 will be wrillen as 0XC as hexadecimal integer.

Thus number 12 will be written either as 12 (as decimal), 014 (as octaly and 0XC (as hexadecimal),

4. How many types of sleings are supported in Python ?
Solution. Python allows two string lypes :
() Single line Strings Strings thal are terminated in single line
(i) Multiline Strings Strings storing; multiple lines of text.

5. What is None literal in Python ?
Solution. Python has one spedial literal called None.

The None literal is used 1o Indicate something that has not yet been created. It is a legal empty
value in Python.

6. The following eode is ot Riving desired outpul. We want (o mpuet value as 20 and obtain cutput as 40. Could
you prpainl the problem 7

Nurber = fnput( “Enter Number" )
DoubleTheNumber = Number * 2
Print (DoubleTheHUmher-)

- Solution. The problem is that inpul( ) returns value as a string, so the mput value 20 js returned as
string 20" and nol as integer 20. So the output is 2020 in place of required output 40,

Also Print is not legal statement of Python ; it should be print.
7. Whyis Jollowing code Siving errors ?

name = "Rehman"”

print("ﬁreetings e
print("Hello", name)
print("How do you do ?")

Solution. The problem with above code s inconsistent indentatio. In]

statement unless jt g inside a suite and we can indent only
Thus, corrected code will be -

Name = "Rehman™

prlnt{"ﬂreetings ey

print("Hel]D", name)

print("How do youdo ?")

’ython, we cannot indent a
as much as required,

h_:;
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K.

10.

13.

14,

What are dala types 7 What are Python's built-in core dala lypes ?

Solution. The real hife Jata is of many types. 50 lo represent various types of real-life dala,
programmung languages provide ways and faalities to handle these, which are known as data types.
Python's built-in core data types belong, to:

¢ Numbers (integer, floating-point, complex numbers, Dooleans)
¢ Siring » List
© Tuple w Dictionary

Which data types of Python handle Numibers ?
Solution. Python provides following data types of handle numbers (version 3.x) :
(N Plain integers (i) Long ntegers
(i) Boolean (i) Floating-point numbers
() Complex numbers
Wiy ts Boolean considerad a subtype of integers ?

Solution. Boolean values True and False internally map to integers 1 and 0. That is, internally
Truc is considered equal to 1 and False as equal to 0 (zero). When 1 and 0 are converied to

Boolean through boolf ) function, they return Trie and Fafse. That is why Booleans are treated as
a sublype of inlegers.

Whal 1s the role of comments amd indentation in a program 7

Solution. Comments provide explanatory notes to the readers of the program. Compiler or

interpreter ignores the comments but they are useful for specifying additional descriptive
information regarding the code and logic of the program,

Indentation makes the program more readable and presentable. Its main role is to highlight nesting
of groups of control stalements

Wha! 15 a stalerment 7 What is the stgmtficance of am emply siatement ?

Solution. A statement 1s an instruction given to the computer to perform any kind of action.

Anempty statementis uselul in situations where the code requires a statement but legic does nol. To
fill these two requirements simultancously, empty statement is used.

Python offers pass statement as an empty stalement.

If you are ashed to label the Puthon loops as determinable or non-delerminable, which label would vou gite fo
which Toop 2 Justif vour ansteer.

Solution. The "for loop® can be labelled as determinable loop as number of its iterations can be
determined beforehand as the size of the stquence, it is operaling upon,

The "while loop” can be labelled as non-determinable Ipop, as its number of iterations canno! be
determined beforehand. Its iterations depend upon the result of a test-condition, which cannot be

determined beforchand.
There are two types of else clanses in Python. What are these tuo types of else clauses ?
Solution. The two types of Python else clauses are :
(@) else in an if stalement (b) clse in a loop statement
The else clause of an if statement is exequted when the condition of the if stalement results into false,
The else clause of a foop is execuled when the loop is terminating normally ie., when its

test-condition has gone false for a while loop or when the for loop has exccuted for the last value
in sequence.
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- n
Wrate & program that asls the user 10 input mumber of seconds and en expresses it in terms of mayy g,
and sqvonds 1 confains,

Solution.

gget the nu=ber of seconds from the user i
nu=seconds = input(“Enter number of seconds”™)

numseconds_int = {nt(numseconds)

lley

g extract the number of minutes using integer division
nusminutes = numseconds_int//6@

# extract the number of seconds remaining since the last minute using the modylg
remainingseconds = numseconds_int X 60

print{'minutes:’, numminutes)
print(’seconds:’, remainingseconds)

16. Write @ program that repeatedly asks from users some mumbers until string ‘done’ is typed. The program
should print the sum of all numbers enlered.
Solutionn  #Unknown Number of Numbers to Sum :
total =0
s = input (‘Enter a number or “done™: *)
while s I="done’ : |
num = int(s) |
E total = total + num |
s = input('Enter a number or “donp™: 9
print(‘The sum of entered numbers is', total)

17, Write a program 1o print a square multiplication table as shown beloe -

|
- |
1 2 3 4 5 6 7 R 9 |
2 4 6 ] 10 12 14 1% 18 |
3 (4] 9 12 15 18 21 M 7 |
4 3 12 16 20 24 28 32 26 |
5 10 15 20 25 30 33 40 43
6 12 18 2 30 34 42 48 s
7 14 21 28 a5 42 49 56 63
8 16 2 32 40 34 56 (8 72
9 18 27 3h 45 4 63 72 51
Solution.
for row in range(1, 10):

for col in range(1, 10):
Prod = row * col
if prod < 18:

prq.i"ntfr i} pl"OCf,' !, E"d= i 'J
else:

print(prod, *°, end = * ")
print( )

#This adds a space if the number is single digit
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INTRODUCTION

The purpose of Revision Tour chapters is to brush up all the concepls you have leamnt in class X1.
The previous chapter = Python Revision Tour | = covered basic concepts like : Python basics,
Data handling, and conlrel flow statements. This chapler is poing Lo help you recall and brush
up concepls like Strings, Lists, Tuples and Dictionaries,

STRINGS IN PYTHON

Strings in Python are stored as individual characters in contiguous locations, with two-way
index for each location. Consider following figure (Fig. 2.1).

name{l] = "P" = name{-5]
Fovadindesing > o [ , 3 4 5 muqu-*v'=muﬂ:
. " name(Z] = T = name{-4
'”"'LP_..ME!." ¢ mmq:'.]:*ﬂ'-mml«!l

6 -5 4 -3 .2 .1 < Backward indexing name(d] = 0" = name{-2)
name(5] = "N" = name{-1)

Figure 2.1 Structure of a Python String.
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From Fig, 2.1 you can infer that ©
© Strings In Pythen are stored by sturing
locations. »
© The characters of the strings are given bwo-way indices :
m0,1,2 .. size-1 in the forward direction and

w -1, -2, -3, ... iz in the backward direction.

Thus, you can access any character as <stringnam e{<index>) e.7., 10 access the first charagy,,

wring name shown in Fig, 2.1, you'll write nameitl, P ) . - Soy
may also write name [-6] for the above example e, when string name 13 storing “FYTHON-,

Length of string variable can be determined us{ng function len(<string>), iz., to de
length of above shown string name, you may wnte:

each character separately in ¢,

len{nass)

which will give you 6, indicating that string name stores six characters.

2.2.1 ltem Assignment not Supported

One important thing about Python strings is that you cannot change the individual letters of
string by assignment because strings are immutable and hence item assignment is nog
ﬁupprmm.l, I.e.,

name ='helld
name(0] ='¢f

will cause an error like :

Traceback (most recent call last):
File"<pyshellels", line 1, in ¢<rodules>
name[8) ='d
TypeError: 'str’ object does not support item assipnment

2.2.2 Traversing a String

Traversing refers to iterating through the elements of a string, one character at a time.
To traverse through a string, you can write a loop like :

code = "Powerful”
for ch incode :
print(ch,*~, end= "' ')

The above code will print :
P~o0~w~e=r~f<-u-~1-

2.2.3 String Operalors

In lh15 section, you'll be leaming to work with various operators that can be used to manipulaté
strings in multiple ways. :
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1. String Concatenation Operator +
The + operator creates a new string,
“power”® + “fy]"
will result into

‘powerful’

by Joining the two operand strings, e.g,

Cuuiinnl

The + operator has to have bolh

addition) or of string types (for mul
one as a number,

operands of the same

type cither of number types (for
tiplication).

It cannot work with one operand as string and

2. String Replication Operqtor *
Touse a* operator with strings, you need two types of operands - a string and a number, ie., as
number * string or stnng * number, where string operand tells the string to be replicated and
number operand tells (he number of times, it is to be repeated; Python will create a new string
that is a number of repetitions of thy

¢ stnng operand,
For example,

3*"Hal"
will returmn

Ha'Martpa

-----------------------------------------------------------------------------------

; Cou!iun!

!‘.‘FJ

: The* operator has to either have both operands of the number types (for multiplication) or one
: string type and one number type (for replication). It cannot work with both operands of string :
: types.

. -

LR R L L LT T fErmmws

%
SEeaa

3. Membership Operatars

There are bwo membership operators for strings (in fact, for all sequence types). These are in and
nol in.

in returns True if a character or a substring exists in the given string ; False otherwise

not in returns True if a character or a substring does not exist in the given string ; False otherwise
Both membership operators (swhen used with strings), require that both operands used with
them are of string type, ie.,
<string> in ¢string>
<string> not in ¢<string>

Now, let’s have a look at some examples :
>»>"a" in "heya"
True
»>>"fap" in "heya"
False

_
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»>>"jap® in *Japan®
False

»»> sub = "help”

False

»»>sub2 not in string
True

>»> string ="helping hand
>7»> 5ub2 = 'HELP
>»>subinstring
True

»>»>sub2 instring
False
»»> subnot in string
False

4. Comparison Operators

Python’s standard comparison operators i.e., all relational operalors (<, <=, 5, >=, =, =,
lo strings also. The comparisons using these operators are based on

character-by-character comparison rules for ASCI1 or Unicod e (L,
can make out that :

) apply
the standard
dictionary order). Thus, you

"a" == "a" will give True
"abc® == "abc" will pive True
"a" |="abc" will give True
"A" I="a" will glve True

"ABC" == "abc* will pive

_ False (letters’ case is different)
>} "abc™ [="Abc"  will give

True (letters’ caseis different)

String comparison principles are ;
© Strings are compared on the basis of lexicographical orde

ring (ordering in dictionary),
© Upper-case letters are considered smaller than the

lower-case letters,
Determining ASCII/Unicode Value of a Single Characier

Python offers a builtsin function ord( ) that takes a single character and returns the
corresponding ASCII value or Unicode value -

nr'd[-:single-l:haractem} #returns ASCII value of passed character

The opposite of ord( ) function is chr(), i.e.,, while ord( ) returns the ASCII v
the chr( ) takes the ASCII

alue of a character,
value in integer form and returns the character co
ASCII value.

rresponding lo that
The general syntax of chr() function is :

chr(cints) ¥ Gives character corresponding to Passed ASCIT
# value given as integer
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Consider these examples

»»> ord(‘A)

65

y>> ord(UWA’)

65

»»> chr(65)

"

»»> chr(97)

'a

9.2.4 String Slices

The term ‘string slice’ refers to a part of the string, where

String Slice refers 1o part of a

strings are sliced using a range of indices. That 1s, for a string string containing some con-
say name, il we give namel n:m ] where nand mare integers guous characters from  the

and legal indices, Python will return a slice of the string by string.

returning the characters falling between indices n and
stating atm, n+ L+ 2 o hillm -1,

—

NG el s

Following, figure (Fig. 2.2) shows some string, slices using the

- For any index n, 3[:n] + ${n:) wil
string : -ﬂ'nmwmms. |
helloString ="HelloWorld" : ‘ — e
hellostring[6:10] hellostring|6:]
dwm::-uH!ullll n[ ]W]mtfllld characten J_]|I|I°'[ [wl ] llld
dex JO 1 2345678510 inde 2 3456780910
‘ ! 1
firet last ﬁ?“ hﬂ‘“
helloString[3:-2]
characten Hlu]llllul |Wlulr]l]d tharactens H|.||||1°| Iwi"l'“ld
indes 40 1 23 45678910 indes JO 1 23 S 67 8910
1 { {t ]
first last firsl last
helloString[:5]

Figure 2.2 String Slicing in Python.

Interesting Inference
Using the same string slicing technique, you will find that

& for any index n, s[:n] + s[ny] will give you original string s.
This works even for n negative or out of bounds.

i inct
Consider the string namely word storing ‘amazing’.

»>> word[3:], word [:3]
‘zing ‘ama’

s
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»>> word[ 3] + word[3:]
‘amazing

53> word[ :-7], word [-7:]
v ‘amazing’

>3 word[ :-7] +word[-7:]
‘amazing ' .
of bounds causes error with strings but slicing a string outside the bounds doq

& Index out
not cause errol.

s = "Hello’ Will cutse erroe because 5 15 r'.-:_m.tlm:IL !
rint (s[5]) index-out of bounds, for string “Hello
P

But if you give
- - e O lumiit ix olatsiSE the Pourids
32, etlo ri'mrﬂh of Hello is 5 anid thus valul
print (s[4 : 8]) indees ane 0-4)
print (s[5 : 10])
. floth limits are ounide the bounds

the above will not give any error and print output as :

a
N i.e., letter o followed by empty string in next line.

2.2.5 String Functions
Python also offers many built-in functions and methods for string manipulation. The string

manipulation methods that are being discussed below can be applied to strings as per following
synlax :
<stringObject>.<method name> ()

For instance, if you have a string namely str = “Rock the World" and you want to find its length,
you will write the code somewhat like shown below :

®

»>> str ="Rock the World."”

>»> str,length( ) —

15 see the steing object is str and
method name is length{ ),

»>» str2 = "New World”
>>»» str2.length( )
9 .

AR R R Y P YT Y RN
B
-

Do you know that following websites and web applications haveusedPythun :
- extensively : Instagram, Dropbox, Google, Netflix, Spotify, Quora, Reddit, Facebook, :
and many others ? :

LR
LR L L B .
R R e ARt e S 4
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Tnb'le 2.1 Python’s built-in string manipulation methods

pr—
string.capitalize() | Returns a cupy of the string with its first character capitalized.
Example

»>> "1 love my India.capitalize()
I love my Indla

string.find (sub[, Retumns the lowest index in the string where the substring sub Is found within the
start[, end]]) slice range of start and end. Returns -1 if sub is not found,

Example
») string = ‘it goes as - ringa ringa roses’
»»> sub = 'ringd

»»> string. find(sub, 15, 22)

-1
»»> steing, find(sub, 15, 25)
19
string.1salnun() Retumns True if the characlers in the string are alphanumeric (alphabets or
numbers) and there is at least one characier, False otherwise.
string.isalpha() Returns True if all characters in the string are alphabetic and there is at least one
character, False otherwise.
string.isdigit() Returns True if all the characters in the string are digits. There must be at least
one digil, otherwise it retumns False
Examples
»33 steing = "abe123”
>33 string? = 'helld
>»> stringd ="12245'
»r»stringd =" "
>33 string.isalnum() 333 string.isalpha() ; »3> string.isdigit()
True : False : False
33> string2. dsalnum() % »>» string2.isalpha{) I >>> string2.isdigit()
True : True ' False
»»> string3d.isalnum() : »>> stringd.isalpha() : >>> stringd.isdigit()
True i False  False
>»> stringd.isalnum() i »>> stringd.isalpha() i >>> stringd.isdigit()
False False True
string.isspace()

Returns True if there are only whitespace characters in the string. There must be
at least one character. It returns False otherwise.

Example
»»y string= ™ * # stores three spaces
»»> string2 = "~ # an empty string
»»» string.isspace()
True

»»> string2.1sspace()
False
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Retums True if all cased characlers in the string are lowercase, There mu“:::l‘ ‘

RS- siowert) least one cased character. It returns False uilfn-m'iu-.
in the string are uppercase and ¢
string.isupper() ;I]-:.::: ;h::]}::;uu‘:{:-ﬂ::;? :II’:::.::IH. R:lumsx'l'mr i s-P: and False g?}l:tl.:: l'h“
Examples
»»> string = 'helld ' >»>» string = “"HELLO"
33> string? = "THERE 3»> string? ="There”
3> string3 = 'Goldy : »>> stringd = "goldy”
»»> string. islower() ' >»> string.isupper()
True H True
»>» string2.islower() »»> string2.isupper()
False : False
»>> string3.islower() : »»> string3.1supper()
False : False
: »>> stringd.isupper()
? True
: »»> stringS.isupper()
: False
string.lower() Retumns a copy of the string converted to lowercase. Example
23> string. lower() rstring = "HELLO"
‘helle’ - -
string.upper() Retums a copy of the string converted to uppercase. Example
22> string.upper() kstring = "hello”
'HELLD
string.1strip([chars]) | Retums a copy of the string with leading characters removed.

string.rstrip([chars])

If used without any argument, it removes the leading whitespaces.

One can use the optional chars argument to speafy a set of characters 1o be removed.,
The chars argument is not a prefix ; rather, all combinations of its values (all
possible substrings from the given stning argument chars) are stripped when they
lead the string.

Returmns a copy of the string with trailing characters removed.

If used without any argument, it removes the leading whitespaces.

The chars argument is a string specifying the set of characters to be removed.
The chars argument is not a suffix; rather, all combinations of its values are stripped.
Examples

The, "1, he', Te', T h, e

>>»> string2 =There' and theie peversed stiings are

‘There' matched, if any of these found, is
23> string2. 1strip( 'The' ) — rértovedd from the left of the string
re The” found | hence reminnd

>33 "sar'egamapadhanisa".lstrip( "tears" )

‘gamapadhanisa’

»>> string2.rstrip(‘care’)

™

333 “saregamapadhanisa".rstrip( "tears" )
'saregamapadhani’
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r r, 2.1  Progrom that reads a line and prints fes statlstics Hie ;
mogram

Number of uppercase lefters :
Number of lowercase letters:
Number of alphabets :
Number of digits:

line = input( "Enter a 1ine ;*)
lowercount = uppercount = @
digltcount = alphacount =9
forainline:

ifa.islower() :
lowercount += 1
elif a.isupper() :
uppercount 4= 1
elif a.isdigit() :
digitcount +=1
if a.isalpha() :
alphacount +=1

print(™Number of uppercase letters :* » uppercount)

print("Number of lowercase letters ", lowercount)
print(™Number of alphabets :*, alphaceunt)

print("Number of digits :", digitcount)

Enter a Tine : Hello 123, ZIpPY zippy Zap
Nurmber of uppercase letters : 7

Number of lowercase Tetters : 11
Number of alphabets : 18
Number of digits : 3

T

23 LISTS IN PYTHON

A list is a standard data type of Python that can store a sequence of values belonging to any
type. The Lists are depicted through square brackets, e.g., following are some lists in Python:

(] #1ist with no member, empty 1ist

[1, 2, 3] #1ist of integers

[1, 2.5, 3.7, 9] #list of numbers (integers and floating point)
(@, v, ¢] # 1ist of characters

[4,1,'V, 3.5, 'zerd') # 1ist of mixed value types

[one, "Two, *Three'] # 1ist of strings

- = L] 3 uf
Lists are mutable (i.c., modifiable) i.c., you can change elements of a list ﬂp:f:h;ﬁ; ::t:fpa
the two mutable types of Python — Lists and Dictionaries are mutable types ; 2
of Python are immutable.
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2.3.1 Crealing Lists
To create a list, put a number of expressions, separaled by commas in square brackets, Thay I,

to create a list you can wrile in the form given below :
L=[]
L=[valve, ...)
This construct is known as a list display construct.
Crealing Empty List
The empty list is [ ]. You can also create an empty list as :
L=1{st() a1t wlll generate an empty 1ist and name that listas |,

Creating Lists from Exisling Sequences
You can also use the built-in list type object to create lists from sequences as per the syntax
given below :
L = 1ist(<sequence>)
where <sequence> can be any kind of sequence object including strings, tuples, and lists.
Consider following examples :
»> 11 =1ist("hello’) #creating 1ist fromstring

E 3 11
I.h'l 'E.I .1." .1." 'd]

> t= (W, e, P, 't Y)
>33 12 = 1ist(t) mcreating 1ist from tuple
> 12
[u, .El; lrJ‘ Itl' lra]
Creating List from Keyboard Input
You can use this method of creating lists of single characters or single digits via keyboard input.
Consider the code below :
»>3> 11 = 1ist( nput("Enter 1ist elements:'))
Enter 11st elements: 234567
» 11
[IzlJ iI' Id!’ .5" IE‘I’ I?]
Notice, this way the data type of all characters entered is string even though we entered digits.
To enter a list of integers through keyboard, you can use the method given below.
Most commonly used method Lo input lists is evallinput( ))! as shown below :
1ist = eval(input(“Enter 11st to be added :*))
print("List you entered :", 1ist)
when you execute it, it will work somewhat like :

Enter 1ist to be added : [67, 78, 46, 23]
List youentered : [67, 78, 46, 23]

1. Flease note, sometimes (not always) eval( ) does not work in Python shell. At that time, you can run it through a script too.
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2.3.2 lists vs. Strings

Lists and strngs have lots in common yel key differences too. This section is going to
summarize the similarities and dilferences between lists and strings.

2.3.2A Similority between Lists and Strings
Lists are similar to strings in following ways
& Length Function len(L) retums the number of items (count) in the list L
& Indexing and Slicing

L{i] retumns the item at index i (the first item has index 0), and
U« )] returns a new list, containing the objects between i and j-

Both “in” and ‘nat in’ operators work on Lists just like they work for other
sequences such as strings. (Operator in tells if an element is present in the
list or not, and not in does the opposite)

& Concalenation and Replication operators + and *

;I'hl“ * operator adds one list to the end of another. The * operator repeats a
151,

© Accessing Individual Elements

!.ilu.- strings, the individual clements of a list are accessed through their

indexes.

Consider following, examples :
2y vowels = ['0, ', 'Y, "0, W)
>3 vowels[@]

-

333 vowels[4)
W

27> vowels[-1]
uf

>33 vowels[-5]

d
2.3.2B Difference between Lists and Strings

The lists and strings are different from one another in following ways :

& Storage Lists are stored in memory exactly like strings, except thal because some of
their objects are larger than others, they store a reference at cach index
instead of single character as in strings.

© Mutability  Strings are nol mulable, while lists are. You cannot change individual
elements of a string in place, bul Lists allow you to do so. That is,
following statement is fully valid for Lists (though not for strings) :

L[1] = <element>
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d havea look at following code, -

! L-_

For example nmnidrrllt same vowels list created abovean
nrmh[ﬂ] oA .
33> vowels M;H, u;:h._.mﬂ;::;'h:-:nr

] TLER L n v, (u & ¢
(A, e, 'l ' ) N,rimﬂﬂﬁm.ﬁ..”“w
:nvﬂll[-ll'f m;mu-.:-hwwmmrr
[I I' |£-’ ll.l 'ﬂ', v]
on list

233 list Operotions
In this section, Wt about most comm

opera tions, briefly.

shall talk

ment of it. The for loop makes it casy.

cach ele

2.3.3A Troversing o Lis!
following syntax:

Traversing a list means
to traverse or loop over the
for citem> dn<Listy:

process each {tem here
wing, loop shows ¢

accessing and processing
items in a list, as per

sch item of a list L in separate lines :

For example. follo
Le [P, Y, )00 1)
forainl:
print(a)
The above loop will produce result as
P

=oﬂ'ﬂ\.¢

2.3.38 Joining Lists
The concatenation operator 4, whe
, q used with two lists, joins two li '
concatenated list. Consider the example given below i wolists and setpms (1
o lstl=[1,4,9]
»3> 1st2 = (6,12, 20]
»»> 1stl+ Ist2

(1, 4,9, 6,12, 20)
The + operator w rith lists
perator when used with lists requires that both the operands must be of list types

2.3.3C Repeat'ing or Replicating Lists
Like strings, v » *
ngs. vou can use * operator to replicate a list specified number of times, €8

(considering the same list Ist] = [1, 3, 5] )

3> Ist1*3
[11 dl gl 1- 4! gl 1! 4: g]
Like strin
£%, you can only i i
Iy use an integer with a * operator when trying to replicale a list
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2330 Slang the Lists

List shicrs, bike string shas are the sub part of a list extracted out. You can use indeaes of list
clements 1o create List shices as per following format ;

seq=L[start:stop]

Consider the following example :
»> 15t =[10, 12, 14, 20, 22, 24, 32, 32, M)
Cotmy eywe Lt wors hemmd
»rseqelst | 3: -3) the 1w of thr Lot bat Priem
bR Y ¢ ] Frtars rurewrey oo Lot fosey
v J omaneds <30
(20, 22, 24] —

22 It (10, 12, 14, 20, 22, 24, 32, 32, V
2> 158 [3:30]) e

(20, 22, 24, 30, 32, 34)

222 18t [-15:7) -—u —

Goveg bwer Loy rmah brswr ot
Pibom orrarm ey fooew Lot
[“-'- 12, 1‘.}@,22.21'391 filomg pm ramgr -1% oy <7

Lists also support slice steps too. That is, if vou want to extract, not consecutive but every other
clement of the list, there is a way out - the dice steps. The slice steps are used as per following
format

LG . LE'.‘.J'*:::tc-;::tr:a]

Consider some exvam ples to understand thas.
3> Jat
le, 12, 14, 28,22, 24, 38, 32, 32 I dake vy 2ol s i |
o lst[e:10:2) eme o e b Fotows. Chact
el il b
(1@, 14, 22, 3@, 34)
FF ] I.'.'.!I: 1 ]] o

12, 24, 1 T Iatale neny 3ad clement, e,
[ e ] i ) b= beraerw

Using Slices for Ligt Moddication

You can use shioes to overwnte one or more list clements with one or more other elements.
Following evamples will mabe it clear to you

»rL[8:2]-[0,1]

>33 L Uke strings, in Iat s, you can

. Mmﬂwhﬂﬂl

Eﬂi IJ-TN'.'-EE] ef Iat ad 2 won'l e

Indesfrrer, rather 8 will retumn

33> L =["one”, "two", "THREE"] the elemerts faling between
> L[e:2] «"a" Specfied boundarinn

3L '

[3", "THREE")
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4 List Monipulation ! , .
2.3. y 5 . zum various operations on lists like : appending, updating, deleling ete,
ou can pe ;

' List
pending Elements fo o ‘
Ap You can also add ilems to an existing sequence. The append() method adds a single item 1o 1
end of the list. It can be done as per following format
L.append(item)

Consider some examples :

»»>1st1=[10, 12, 14]
»>»> 1stl.append(16)

The element specifiad as argument to appernd( ) iy |
;:; 1:;1 14, 16] /- alled @t the end of easnng list
’ » »

Updating Elements to o List ]

To update or change an clement of the list in place, you just have to assign new value to the
element’s index in list as per syntax :

L[index] = <new value>

1
Consider following example :
»»>1stl=]10, 12, 14, 16] !'
Stavement updating an elewent (Tnd clement -
233 15t1[2] =24 < having imdex 20 in the lai,
22> 1stl Display the Dt to see the updsated lise, :

[1e, 12, 24, 16) Sttt tarsonneaasessagiasas,

Deleting Elements from a Lisl

You can also remove items from lists. The del stateme

nt can be used 1o remove an individual
item, or to remove all items identified by a slice.

Itis to be used as per syntax given below

del List [ <index>] # to remove element at index
del List [<start> : ¢stop> ]  # to remove elements in list slice
g. i
>>>del Ist(10:15] +———____

Delete all elements betwern indeves 10 10 15 in livt
33> 1st namely st Compare the resply displayed befow

(1,2,3,4,5,6,7,8,9, 10, 17, 18, 19, 20]

If you use del <Istname> only ¢.g,, del Ist, it will delete all the elements and the list object too.
After this, no object by the name Isf would be existing.

E

You can also use pop( ) method to remove single element, not list slices.
The pop( ) method is covered in a later section, List Functions.
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235 Making True Copy of o List

Assignment with an assignment operator (=) on lists does not make a copy. Instead, assignment
makes the two variables point to the one list In memory (called shallow copy).

colors = ['red, 'blue’, ‘greer’) colont ——« [Thad | ‘bhow’ | groee |
hst 0 1 2 '

b=colors  ## Does not copy the 11st dm; |_‘red" | ‘blue’ ] greed |

...-""--utpun-l-nll!"" b

S0, if you make changes in one list, the other list will also report those changes because these

two list-names are labels referring to same list because *=* copied the reference not the actual
list.

To make b true copy

of list colors i.c., an colors ~ [ red” | ‘blue’ | ‘green’ |
independent list identical to list colors you nt @ : :
should create copy of list as follows :

b=1ist(colors)

TR e

Now colors and b are separate lists (deep copy).

2.3.6 List Functions

I'}-Ihfm nl.w: offers many buill-in functions and methods for list manipulation, These can be
applied 1o list as per following syntax ;

<listObject>. cmethod name>()
1. The index method

This function returns the index of first matched item from the list,
List.index (citems)

For example, for a list L1 =13, 18, 11, 16, 18, 1),

>»>L1.index (1B) ¢ —ou e the index of fing wlue 18, aen of
1 there iy amother wlue 18 af index 4.

However, if the given item is nol in the list, it raises exception value Error

2. The append method

The append( ) method adds an item to the end of the list. It works as per following syntax :
List.append(citem»)

= Takes exactly one clement and returns no value

For example, to add a new item "yc-llmt.-" o a list containing colours, you may wrile :
»»> colours = [ 'red, 'green’, 'blue']
»»> colours.append('yellow)

See the item pot added at the end of the i
>»> colours /

['red, 'green’, 'blue', "'yellow]

The append( ) does not return the new list, just modifies the original.
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3. The extend method

The extend( ) method is also used for adding multiple elements (given in the form of a list) 1o,
The extend( ) function works as per following format :

List.extend(<list>)

— Takes exactly one clement (a list type) and returns 1o palue

That is extend( ) takes a list as an argument and a ppclnds all of the c{emml: "t:f ;:'“-' argument
to the list object on which extend( ) is applied. Consider the following example :

»»tl= 3, V,'c]

b3 B tz = [Idl re‘] &ﬂ‘ﬂlﬂiﬂl’lﬂf "*hn_fd“'gﬂ
elements af 12
>3 tl.extend(t2)
>l Seov the elemeni of luf 12 are
C"""_‘__’ audded ar the end of bat 81
[a,V,'c,'d,'¢]
2

s But list 12 pemaim unchanped
['d,"¢] /’@:

Difference between oppend| ) and extend( ) methods

While append( ) function adds one element to a list, extend( ) can add multiple elements froma

list supplied 1o it as argument.

4. The insert method

The inserl( ) function inserls an item at a given position. It is used as per following syntax :
List.insert( <posy, <itemd)

— Takes two arguments and relurns no value.

The first argument <pos> is the index of the element before which the second argument

<item> is to be added. Consider the following example:
2>t1=['3, ', V]
>»> tl.insert(2,'i") # inset element 'i' at index 2.
>t

(@', 1, '] T Sce element " inserted at index 2

5. The pop method

The pop( ) is used to remove the item from the list. It is used as per following syntax :

List.pop(<index>) # <index is optional argument

— Takes onc optional argument and returns a value — the item being deleted

|
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Thus, pop( ) removes an element from the given position in the list, and retumn it. If no index is
specified, pop( ) removes and retums the last item in the list. Consider some examples :

> 1l
(K, ', "¢, "1, 9, g, 'u)

»»> elel=tl,.pop(0) — i‘ﬂmvrfnn:miruhuf.-._ﬁm
»»> elel element and siore it in ele]

" @ The removed element

3> 1l
[.il‘ lel" . l. uptl lq|. |u|] """—l-—._._.__ List I-rlt'l' anng ﬁ“t ITﬂﬂtﬂ{
»>ele2 = t1.pop()

s ele2
,” — No index specifind, it will remove
v the List element
3R & |

rall lEi. 111' |p-* aq.] .
The pop( ) method raises an exception (runtime error) if the list is already empty.

6. The remove method

The remove() method removes the first occurrence of given item from the list. It is used as per
following format :

List.remove ( <value> )
- Takes one essential argument and does not retumn anything
The remove( ) will report an error if there ks no suchiitem in the list. Consider some examples ;
»>tl=['3, 0, N, ', e, Pl
2> tl.remove('a’)
>3 t1 e Fint ccvurrence of "0’ iy removed froe the st

['e’, "1, P, e, ', 'q, P)

> tl.remove(p')

3 t1 a— — Hint ecvurrence of pis remaoind from the [isg
[e,'1,'q,'a,'q,'p)

7. The clear method
This method removes all the items from the list and the list becomes empty list after this
function. This function returns nothing. It is used as per following format.
List.clear( )
For instance, if you have a list L1 as
»>L1=[2,3,4,5] |
33 L1 cltar{ ) e it well remone gll the f.l'l'll'ﬂﬁ'l"ﬂ'[ll.llf
» 11 .
Now the L1 is an empry list. |
WO d not the list element.
Unlike del <Istname> statement, clear( ) removes only the elements and not the

After clear( ), the list object still exists as an empty list.
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B. The count method
This function returns the count of the item that you passed as argument. If the Biven ftem

tn the sy, it retumns zero.
Itis used as per following format :
List.count(<item> )

For instance, for a list L1 =13, 18, 20, 10, 18, 23]

> Ll.count(18)
2+
>»> Ll.count(28)
L™

rrruren 2 as theer @ e e wuth oulue 18 in the lir

Mo item wich valar 28 in the Lar, kenow 1t returned O (2evo)

9. The reverse method
The reversef ) reverses the items of the list. This is done “in place”, i.e., it does not create a ng

list.

The syntax to use reverse method is

List.reverse()
= Takes no argument, returns no list ; reverses the list 'in place” and does not return anything,

For example,
g »otl=['e,'t',q,'d, g, )
; ¥»»> tl.reverse()
2 tl The raversad L

(¢, 'dq,"a,'q, 1", ']

10. The sort method
The sort( ) function sorts the items of the list, by default in increasing order. This is done “in
place”, i, it does not create a new list,

Itis used as per following syntax :
List.sort()
For example,
M=, g, ', g, 'P']
2 tl.sort()
23 t1 e—  Sortad listin default ascending oner

["" -e’l 'j".l ’ ’ .q'l .q’]
Like reverse( ), sort( ) also performs its function and does not return anything.
To sort a list in decreasing order using sort( ), you can write :

22> List.sort(reverse = True)
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24 TUPLES IN PYTHON

Noy
The Tuples are depicted through parentheses fe., round brackets, eg., following are some
tuples in Python :
() ¥ tuplewlthno member, empty tuple
.' (7,) # tuple with one member
- (1, 2,3) ¥ tuple of integers
(1, 2.5, 3.7, 9) H tuple of numbers (integers and floating point)
(a', v, 'c’) # tuple of characters
(a1, 3.5, zerg) # tuple of mixed value types
(One’, “Two', *Three') # tuple of strings
I Tuples are immultable sequences i.e., you cannot change clements of a tuple in place.
i
2.4.1 Creating Tuples
i
v To create a tuple, put 3 number of expressions, separated by commas in parentheses. That is, (o
creale a tuple you can write in the form Biven below :
, T=()

| T=(value, ...)

This construct is known as a tuple display construct.
Creating Empty Tuple
. The empty tuple is ( ). You can also ereate an emply tuple as :
T =tuple()
| Creating Single Element Tuple’

Making a tuple with a single element is tricky because if you just give a single element in round
brackets, Python considers it a value only, c.g,

»rt=(1)
| g (11 way treared as an fateper expression,
B hence §atiees an inteper |, mnt g puple

To construct a tuple with one element just add a comma after the single element as shown

below :
To ereate @ one-clement tuple, make
R S - aiire b add coirma at e end
it

{3 ) — Now I vorr @ tuple, il mieger,
'Y A

Creafing Tuples from Existing Sequences
You can also use the built-in tuple type object (tuple( ) ) to create tuples from sequences as per
the syntax given below
T =tuple(<sequence>) ‘ .
where <sequence> can be any kind of sequence object including strings, lists and tuples.
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Consider following examples :
>>>tl = tuple(helld’)
o tl
('n', 'e', '1','1", "07)
> L= [W,'d,'r,t,"Y]
33> t2 = tuple(l)
12
(W, 'e,'r,'t,Y)

gcreating tuple froma string
# creating tuple froma list

Creating Tuple from Keyboard Inpul :

You can use this method of creating tuples of single characters or single digits via keyboarq

input.

Consider the code below : |
t1 = tuple(input (‘Enter tuple elements:’)) ‘
Enter tuple elerents : 234567
»>tl :
(z,%,'4,5,'6,7)

But most commonly used methed to input tuples is eval(input( )) as shown below :
tuple = eval(input(“Enter tuple to be added:™))
print(~Tuple you entered :~, tuple)

when you execute it, it will work somewhat like :

Enter tuple to be added: (2, 4, "a", "hjkjl, "[3, 4])
Tuple you entered : (2, 4, 32", "hjkjl", [3, 4])

2.4.2 Tuples vs. Lists
Tuples and hsts are very similar yet different. This section is going to talk about the same.

2.4.2A Similority between Tuples and Lists

Tuples are similar to lists in following ways :

© Lengih Function len(T) returns the number of items (count) in the tuple T.

@ Indexing and Slicing .
T1i] retumns the item at index 1 (the first item has index 0), and T{#:j] returns a new
tuple, containing the objects between iand .
© Membership operalors

Both ‘in" and “not in’ operators work on Tuples also. That is, in tells if an element is
present in the tuple or not and not in does the opposite.

& Concatenation and Replication operators + and *
The + operator adds one tuple to the end of another. The * operator repeats a tuple.
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o Acvessang Individual Elements

The individual elements of a tuple are accessed through their indexes given in
square brackets. Consider the following examples :

»rvowels = (', '¢, 1", 0, W)
23> vowels[4)]

W

>»>vowels[- 1)

i

2.4.2B Difference between Tuples ond Lists

Tuples are not mutable, while |

ists are. You cannot change individual elements of a tuple in place,
butlists allow you to do so Th

atis, following statement is fully valid for lists (BUT not for tuples).
Ifwehave alist L and a tuple T, then

L[1] = element # is valid

is VALID for Lists. BUT
T[4] = element # is invalid

is INVALID for tuples as you cannot perform item-assignment in immutable types.

2.4.3 Tuple Operations

In this section, we shall talk about most common tuple operations, briefly.

2.4.3A Troversing o Tuple

Traversing a tuple means accessing and processing each element of it, The for loop makes it casy
to traverse or loop over the items in a tuple, as per following synlax

for <item> in ¢<Tuple>:
process each ites here

For example, following loop shows cach item of a tuple T in separate lines :
T=(F,v,'r,'s)
forainT:
print(T[a])

The above loop will produce result as :

P
u
r
L

ini les
2‘4.33'11: T::i::f the concatenation operator, when used with two tuples, joins two tuples.
Consider the example given below :
»>tpli=(1, 3,5)
»>ytpl2=(6, 7, B)
»»>tpll + tpl2
(1,3,5,6,7,8)
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58 )
[re LA Lol b —— ennvesssranasasasseneees R SSRLIIS R 0usrengs. SO
: Sometimes you need o concatenale a tuple (say fpl) with another tuple containing ﬂnlyea ,
i element. In that case, if you write statement like : { !
' 33> tpl + (3) i
Python will return an crror like @ ]
' Typelrror : canonly concatenate tuple (not “int") to tuple !
as single value not as tuple. That jy |

The reason for above error is : a single value in () is treated 4 (a") inule el ‘
i expressions (3) and (‘a’) are integer and string respectively but (3,) and Ua’, Jarc SINEIC tlement;

"
: tuples. Thus, following expression won't give any error: :
:

.................
......................................

2.4.3C Repeating or Replicating Tuples

n use * operator to replicate s tuple specified numberof limes, e.g.,

Like strings and lists, vou ca
e tpll ™3
(1,3,5,1,3,5,1,3,5)

Like strings and lists, you can only use an integer witha® operator when trying to replicate a

tuple.

2.4.3D Slicing the Tuples
Tuple slices, like list-slices or string slices are the sub partof the tuple extracted out. You can use
? le slices as per following format :

indeaes of tuple clements to create fup

seq = T[start:stop)

Recall that index on last limitis not included in the tuple slice. Consider the following example:

>y tpl = (10, 12, 14, 20, 22, 24, 30, 32, 34)
»3> seqe tpl [ 3:-3]

»»> 509

(20, 22, 24)

|

If you want to extract, nol consecutive but every other element of the tuple, there is a way out -

the slice steps. The slice steps are used as per following format :
seq= T[start:stop:step)
Consider some examples to understand this.

» 0 tpl
(18, 12, 14, 20, 22, 24, 38, 32, 34)

Include cvery 2nd elemeni, e, glip | element in
>»>tpl[e:10: 2] -v’/ berween. Checl resulting tuple slice

(10, 14, 22, 38, 34)
Include every Ind element, e,

> tplf2:10: 3] ‘\_________,/ skip 2 clement in berwern

(14, 24, 34)

»»tplf:: 3] —_— - No stan and stop piven. Only step & given as 3.
That is, from the entire tuple, pick avery

ARa R 20) Srd clement for the tuple
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94.3E Unpacking Tuples

Creating a tuple from a set of values is called packing and its reverse, i, crealing individual
values from a tuple’s elements is called umpacking,

Unpacking is done as per syntax :

cvariablel>, cvariable», evariableds, .=t
where the number of variables in the left side of assignment must mateh the number of
elements in the tuple.

For example, if we have a tuple as :
t=(1,2,'A,'F)

The lengthof above tuple tis 4 as there are four elements in it. Now to unpack it, we can wrile :
W, X, y,2=t

print(w, =-", x, LY, )
The output will be :
1-2-A-8

2.4.4 Tuple Functions and Methods
1. The len( ) methed

This method retums length of the tuple, e, the count of clements in the tuple,
Syntax : len{ctunles)

»» employee = ("John', 10023, 24, 'Sales’)
»> len(employee)

4 = The benti | retarms the count of elements in the ruple

2. The mox( ) method
This method returns the element from the tuple having maximum value,
Synlax : max(<tupler)

y»>tpl = (10, 12, 14, 20, 22, 24, 30, 32, 34)
»r>max(tpl)

He— Vasimum vulue from tuple 1pl 0 returned

3. The min( ) method

This method retumns the element from the tuple having minimum value.

Syntax:  min(<tuple>) w

»>tpl = (10, 12, 14, 20, 22, 24, 30, 32, 34)

Like max( ). for min{ ) to work,
»o>min(tpl) the elements of tuple should be
10 e \lximum vulue from tuple tpl is returned .ufuml'?'p!.




60 COMPUTER SCIENCE WITH PYTHON .

4.The index( ) method
It retums the index of an existing element of a tuple.
Synlax:  ctuplena=e> . index (<item>)
»>tl=[3,4,5,6.0)

»3> tl.index(5)
2

But if the given item does not exist in tuple, it raises ValueError exception.

5. The count{ ) function
The count( ) method retums the count of a member element/object in a given sequenc
. (list/tuple).
Syntax:  <sequence naze>.count(<object?)
>>>t1=(2,4,2,5,7,4,8,9,9,11,7,2)
33> tl.count(2)

3 - ——— Thery are 3 ocvumenon of elemaest 2 im pren

b rupde, Benoe count() return 3 here
4. The rUPIE[ ] method With tuple{ ), the argument
must be a sequence type le.,
This method is actually constructor method thal can be used 3 string or a list or a dictionary.
to create tuples from different types of values. So—— |
Syntax:  tuple(<sequence>)
& Creating empty tuple & Creating a tuple from a list
> tuple() »>> t=tuple([1,2,3])
() »t
& Creating tuple from a stning 1,2,3)
»»> t = tuple(“abc") © Creating a tuple from keys of a dictionary
»t »»> t1 = tuple ( {1:"A", 2:"B"})
(a,v,C) 3> 1l
) (1, 2)

PYTHON SEQUENCES : STRINGS, LIST & TUPLES

riP Progress In Python 2.1

—

This “PriP” session is aimed at revising various concepls you leamt in Class XI.

Pleose check the practical i
f | _ prachical component-book — Progress in Computer
G Science with Python and fill it there in PriP 2.1 under Chopler 2puher ;j

practically doing it on the computer,

e L Pl
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25 DICTIONARIES IN PYTHON

Python dictionaries are a collection of some key-value pairs, Dictionaries are mutable,
unordered collections with elements in the form of 3 key : value pairs that associate keys to
values.

2.5.1 Creating o Dictionary

To create a dictionary, you need lo include the key : value pairs in curly braces as per following
5}1".'[.1)( H

<dictionary-names = {<key>:evalues, <key>:<values...)

Following is an example

dictionary by the name teachers that stores the names of teachers as
keys and the subjects be

ing taught by them as values of respective keys.

teachers = { "Dimple” : “Computer Science”, "Karen® : “Sociology”,

"arpreet” : "Mathematics”, "Sabah" : "Legal Studies™ }
Notice that

& the curly brackets mark the beginning and end of the dictionary,

@ each entry (Key : Value) consists of a pair separated by a colon - the key and corresponding
value is given by writing colon () between them,

< the key-value pairs are separated by commas (,).
Intemally, dictionaries are indexed (i, arranged) on the basis of keys,

2.5.2 Accessing Elements of o Dictionary

In dictionaries, the clements are accessed through the keys define

dinthe key:value pairs, as per
the syntax shown below :

<dictionary-names [ <key»)

Thus to access the value for key defined as “Karen” in above declared teache
will wrile :

rs dictionary, you
»>> teachers["Karen")

and Python will return
Sociology

Attempting to access a key that doesn’t exist causes an error. Consider the following statement
that is trying to access a non-existent key (13) from dictionary teachers.

»>> teachers["Kushal®]
teachers KeyError : 13

In Python dictionaries, the elements (key : value pairs) are unordered ; one cannot access
elements as per specific order.




COMPUTER SCIENCE WITH PYTHON _ o
- n’

62

Accessing Keys or Values Simultaneously
rite <dictionary>.keys() and to see )

To sce all the keys in a dictionary in one go, you may w
-cdidiunaqa—.\ulurs[ ), as shown below @

values in one go, you may wrile
33> d = (VowelI™ : =37, Vowell : e, Vowel3 : 717 ~oweld : 0, “Vowel5™ : "'}
>>>d.keys()
['Vowel5', Voweld', 'Vowel3,
»»» d.values()
[y, o, L, e, 'a)

Vowel?Z, 'Vowell'] 4——— Python lists keys in an
arbitrary onder.

253 Charocleristics of a Dictionary
Dictionaries like lists are mutable and
dictionaries are different type of data structures wit

(@) A dictionary is a unordered set of key : value pairs.
{(?) Unlike the string, list and tuple, a dictionary is not a sequence because it is unordered

set of elements.
(¢) Dictionaries are ind
(d) Each of the keys within a
(¢) Like lists, dictionancs are
place” using the assignment

y they have with lists. Otherwise,

that is the only similarit
ng characteristics :

h followi

exed by keys and its keys must be of any non-mutable type.
dictionary must be unique.
also mutable. We can change
slatement as per syntax :

the value of a certain key “in

<dictionary>[<key>] = <value>

254 Dictionory Operations
In this section, we shall brie

fly talk about various operations possible on Python dictionaries.

2.5.4A Troversing o Dictionory
ssing and processing cach ¢lement of it. The for loop makes it

Traversal of a collection means acce
casy to traverse or loop over the items in a dictionary, as per following syntax :

for ¢item> in ¢<Dictionary> -

process each item here
Consider following example that will illustrate this process. A dictionary namely d1 is defined

with three keys — a number, a string, a tuple of integers.
d1 = (5 : "number”, \
*a" : "string®, \
(1,2) : “tuple” }
To traverse the above dictionary, you can write for loop as :
forkey indl:
print(key, ":=, d1[key])
The above loop will produce the output as shown below :
a: string

(1, 2) : wple
5 : number
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2.5.4B Adding Elements to Dictionary
| ' You can add new elements (key : value pair) to a dictionary using assignment as per the

following syntax, BUT the key being added must not exist In dictionary and must be unique. If

the Ley already exists, then this statement will change the value of existing key and no new entry
will be added to dictionary.

¢dictionary>[<key>] = <value>

Consider the following example :

»>> Employee = ('name’ : "John', 'salary : 10000, ‘age’ : 24)
>»> Employee['dept’] ='Sales’
»>» Employee

{'salary’ : 18000, 'dept’ : 'Sales', ‘age : 24, 'name’ : *John')

Using this method, you can creale new dictionary, if you are adding elements to an empty
dictionary,

2.5.4C Updaling Existing Elements in a Diclionary

Updating an clement is similar 1o what we did just now, That is, you can change value of an
existing key using assignment as per following syntax :

dictionarys[<key>] = evalues

Consider the following example :

»»> Employee = {'name’ : 'John’ |, "salary : 10000, "ape’ : 24)
»2> Employee['salary’ ] = 20000
33> Employee

{'salary : 20000, 'age’ : 24, ‘name” : 'John')

But make sure that the key must exist in the dictionary, otherwise new entry will be added to the
dictionary.

Using this lechnique of adding key : value pairs, you can create diclionaries interactively at
runtime by accepting input from user.

2.2 Write a progrom to create a dictionary containing names of competition winner students as keys and

rogram

number of thelr wins as values.

n = int(input(“How many students ™))

CompWinners = { }

for a in range(n) :
key = input(“Name of the student :")
value = int(input(“Humber of competitions won :™))
CompWinners[key] = value

print("The dictionary now is b

print(CompWinners)
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How many students 7 5

mMame of the student : Kaval
mmber of coepetitions won @ 5
xame of the student : Zainab
nusber of competitions won @ 3
name of the student : Nita

nusber of competitions won : 3
Ma=e of the student : ROSY

Number of competitions won @ 1
xame of the student : Jamshed
Number of competitions won @ 5

The dictionary now 15 :

(Nita @ 3, Naval' : §, Zainal/ : 3, Rosy’ : 1. Jamshed : 5}

2.5.4D Deleting Elements from o Dictionory

There are two muthods for deleting elements from a dictionary.

or a dictionary entry,
as given below

(N To delete a dictionary vlement ie. a key:value pair, you can use del
command. The syntax for doing so is
del <dictionary>[ <key>]

Consider the following example :

»>> empl3
('salary : 10000, "age’ : 24, ‘name’ : 'John')

»»> del empl3['age’]

>»» empl3
{'salary : 10000, ‘'name’ : *John’}

But with del statement, the key that you are giving to delete must exist in the
dictionary, otherwise Python will retum an error. See below :

»>> del empl3[‘new']
del empl3['new ]
KeyError : ‘new
(i) Another method to delete elements from a dictionary is by using pop( ) method as per
following syntax : ) i
<dlctionary>.pop(<key>)

The pop( ) method will not only delete the r '
TOEEHC ) methon il et ont elete the key:value pair for mentioned key but also
Consider the following code example

33> eeployee

('salary’ : 10020, 'age’ : 24, 'name’ : "John')
>>> employee. pop('age’)

24

3>» employee .

{'salary : 18000, 'name’ : "John'}
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If you try to delete a Lev which does not exist, the Python returns error. See below :
3 n!!plﬂret.mp{"neu'} .
employee. pop('new’)

KeyError : 'new’

Howvever, pop( ) method allows you to specify what 1o display when the given key does

not exist, as per following synlax :
cditttnnery:.pep{nty}, cln-tase-nf-errur-shamne:}

For example :
»>> erployee. pop(‘new’, "Not Found™)
‘Mot Found

2.5.4E Checking for Existence of o Key
Usual mernh.-rsllip Operators in and not in work with dictionaries as well. But they can check
for the existence of keys on ¥- You may use them as per syntax given below :
<key> in <dictionarys
<key> not in <dictionary>
= Thein operator will return True if the given key is present in the dictionary, otherwise
False.
= The not in operator will return True if the given key is nol present in the dictionary,

othernwise Filse

Consider the following examples :
»>> empl = {"salary : 10200, "age’ : 24, "nare’ : *John'}
>»> "age’ in empl
True
»»> "John' in empl

False
»>»> "John' not in empl

True
>>> 'age’ not in empl

False

23.5 Dictionary Functions ond Methods

1. The len( ) method

This methed retumns length of the dictionary , i.e., the count of elements (key:awlue pairs) in the
dictionary. The synlax to use this method is given below :
len(<dictionary>)

€8,
»3> employee = {'name’ : 'John’, 'salary’ : 10000, "age’ : 24}

>3» len(employee)
3
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2. The clecr| ) method
This method removes all items from the dict
post this method.

g [wa_nd the dictionary becomes Empt}'dicﬁumw
NOTE.L

<d1:uanarjr).:1ear{} The clear{ ) remowves 3 the
eg. elerments of a dictionary and Makey

))’Eﬂplﬂ:ﬂ‘f'{‘ﬂﬂ': it emply ’d'ﬂ'ﬂ""'""!’ *h-l-lt .H

. ' : ‘age’ : 24
Johet, *salary : 10999, 'ag } et i i c

335 Eeployee.clear() dictionary as an object. After gy
>»» Eeployee statement with a dictionary name,
that dictionary object no more

(1 %: Sev, row the dictionary o ey exists, not even empty dictionary,
. " - 2 ]
3. The get( ) method
With this method, you can get the item with the given key, similar to dicionary [ key 1 If the key is

not present, Python will give error.

<dictionary>.get( key , [ cefault ])

es-.
»»rermpll
{salary : 16909, 'dept’ : "Sales’, "age’: 24, ‘name” : "John'}
>33 empll.get('dept’)
‘Sales’

4. The items( ) method
This method retumns all of the items in the dictiorary as a sequence of (key, value) tuples. Note
that these are retumned in no particular order.

<dictionary>.itens() l
eg. The adjacent code gives outputas:
erployee = {'name’ : "John', 'salary : 18222, ‘age’ : 24} ( *salary', 10000)
eylist = ezployee.items() (‘age', 24
for x insylist : ( 'name', "John' )
print(x) P

- -

5. The keys( ) method

This method returns all of the keys in the dictionary as a seqence of keys (in form of a list). Note
that these are returned in no particular order. )

<dictionary>.keys()
L.
23> employee
{salary : 10000, ‘dept’ : ‘Sales’, "age' : 24, 'name’ : "John'}
23> employee.keys()
['salary, ‘dept’, ‘age’, ‘name’]
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The volves( ) method

his method retums all the values from the dictionary as a sequence (a list), Note that these are
n'tl.lm'-"d in no Partim!nr order.

cdi:tionary:r.values()
8
y>)» employee
{salary : 10000, 'dept’ : 'Sales’, 'age' : 24, ‘name’ : "John'}
»>> employee.values()
[10000, ‘Sales', 24, ‘John')

7. The update( ) method

This mcllﬁmd merges key : value pairs from the new dictionary into the original dictionary, adding
or n_-lplnung as needed. The items in the new dictionary are added o the old one and override
any items already there with the same keys.

The syntax to use this method is given below

Dictiomary o be This dicrionary’s irens wall be takert
wpdarad --_-\‘ A/‘_—— for updating other dictionary.
c<dictionary>.update ( <other-dictionary>)
f.S-.
’ »>» employeel = {"name’ : "John', 'salary : ‘age’ :

R coments of diconry . {. S lary : 10000, ‘age’ : 24}

2 have everridden the >>> employee2 = {'name' : 'Diya’ , 'salary' : 54000, 'dept’ : 'Sales’}
doments of dictionary »»> employeel.update(employee)
employee ] funrg the sarme hovs 3> employeel

Le. of keys ‘mame” and “salany® )
{'salary : 54009, 'dept’ : 'Sales', 'name' : 'Diya’, 'age’ : 24}

>>> employee2
{'salary : 54000, 'dept' : 'Sales’, ‘'name’ : 'Diya’}

9.8  Given three lists as list = [*a*b". '] list2 = ['h"'i*,0"] and list3 = [*0",'1",'2"]. Write a program
that adds lists 2 and 3 to list as single clement cach. The resultant list should be in the order of lise3,
rogram elements of listl, list2.

list1=['a’,'db’,'c’]

1-|i:5t2 " [ I‘uh-"’;fil-’l.-‘-tr ].. NI IR BACRI A L
list3=['e’,'1", '2']
print("Originally ™)
print("List1=", listl)
print("List2=", list2)
print(“List3=", 1ist3)

S04 et 1o oy ke o oot hor T

# adding 1ist2 as single element at the end of 1istl
list1l.append(1ist2) #1ist2 gets added as one element at the end of 1istl
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# adding 1ist3 as single element at the start of 1istl
listl.insert(@,11st3) #list3 gets added as one element at the beginning of 14
. sty

print(“After adding two lists as individual elements, list now is : =)
print(listl)
The output produced by above program is as follows :

originally :

Listl = ['a*, 'b", 'c']

List2 = ['h', "i", 't"] :

List3 = ['0", "1', '2'] \
After adding two lists as individual elements, list now is :

[[lﬁl- llf. .2']. la|. |bi. Icl' [1hl' l.il- !t.]J

2.4 Giventhree lists as listl = [*a’,'b"'c’]  list2 = [0, 1) and list3 = [°0°,°17,°2°]. Write a program
that adds individual clements of lists 2 and 3 to list]. The resuftant list should be in the order of
clements of list3, elements of lstl, clements of list2, :

rogram
listi=["a',"b",'c"]
list2=["h","1",'t"]
list3=['@"',"1", '2']
print(“Originally :7)
print(“Listl1=", 1istl)
print("List2=", 1ist2)
print(~List3 =", 1ist3)

# adding elements of 1istl1 at the end of 1ist3

list3.extend(1istl)
# adding elements of 1ist2 at the end of 1ist3

1ist3.extend(1ist2)
print(~After adding elements of two lists individually, list nowis : ")

print(list3)
The output produced by above program is as follows :

| originally :

| Listl = ['a", 'B*, 'c']
List2 = [*h*, "i', 'y']
Listd = ['0", '1', '2']

After adding elements of two Tists individually, list now is :

1§
['D.l 'l-r lzl- 'a'l lbll lcl' lhl' Ifr' !tl]

Write a program that finds an element's index/position in a wple WITHOUT using index().

2.5

tUPI'El = (ial: Ipi, |p|J '1., Iel‘)
char = input(“Enter a single letter without quotes : ")
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if char in tuplel:
count =@
for a in tuplel:
if al=char:
count += 1
else:
break
print(char, "is at index”, count, “in", tuplel)
else:
print(char, "1s NOT in", tuplel)

gnter a single letter without quotes : 1

.I 'ifi at p-c-.‘.‘it‘ior'l 3 'il'1 (lall |I:||I IPI. I'Il' Iel)
S
Enter a single letter : p

p is at position 1 in ('a*, 'p', 'p', "1*, 'e")

s NS SsTrT NS EEEEEEEE

2.6 Write o program that checks for presence of o valie inside o dictionary and prints its key.

info={"Riya‘:"CSc.", 'Mark':'Eco', 'Ishpreet':'Eng', 'Kamaal':'Env.Sc'}
rogram inp = input(~Enter value to be searched for :*)
ifinp ininfo.values():
foraininfo:
if info[a)] == inp:
print(“The key of given value 15", a)
break

else:
print(“Given value does not exist indictionary®)

Enter value to be searched for @ Env.Sc
The key of given value is xamaal
e
Enter value to be searched for : eng
Given value does not exist in dictionary

2.7 The code of previous will not work df the cuses of the given value and value inside dictionary are
different. That is, the resull (o] previous program) will be fike :
Enter value to be searched for : eng

Given value does not exist indictionary
Make changes in above program so that the program reurns the key, even if the cases differ, i.e.,

match the two values 1gnarning their cases
info = {'Riya':'CSc.", 'Mark':"Eco’, 'Ishpreet’:'Eng’, 'Kamaal':'Env.5c"}
inp = input("Enter value to be searched for ")
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for ain info:
if info[a].upper() == inp.upper() :
print(~The key of given value is", a)
break
else:
print(“Given value does not exist indictionary™)

The sample run of above program is as given below :

| Enter value to be searched for : eng
H The key of given value is Ishpreet

2.6  SORTING TECHNIQUES

Sorting in computer terms means arranging elements in a
specific order — ascending or increasing order or descending
or decreasing order.

There are multiple ways or techniques or algorithms that you
can apply to sort a group of elements such as selection sort,
msertion sort, bubble sort, heap sort, quick sort etc,

COMPUTER SCIENCE
WITH PYT
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SORTINGIED

Sorting. in computer terms,
refers to arranging elements n,
specific order — ascending o
descending.

—

We shall cover Bubble sort and insertion sort, as recommended by syllabus.

2.6.1 Bubble Sort

The basic idea of bubble sort is to compare two adjoining values and exchange them if they are
not in proper order. To understand this, have a look at figure 2.3 that visually explains the

process of bubble sort.

6 \12 12 /’51 12 12
5,..16 é- 13 13 A3 _.13
> e
15 3716 C | Y141
13 C 14,716 16
14 14 14 14 13 \

Figure 2.3
|rP 2.8 Program (o sort a list using Bubble sort.

-‘“-18 18 (fa}
17 17 7 17 17 w7 o717 N/

|
12 |

13
14
16
17
18

aList=[ 15, 6, 13, 22, 3, 52, 2] 4« Wehaw taken a pre-initialized list. You

print ("Original 1ist is :*, aList) can evem iniput a lus prior to sorting it

n=len{aList)
f Traverse through all 1ist elements
for i in range(n):
RLast i elements are already in place
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2.6.2 Insertion Sor

for j in range (0, n-1-1): compuary the ;h:‘ﬂ'rmf{lmmrr Irn :n:l:’::“
¥ traverse the 1ist from@ ton-1-1 already settlesd at correct ponition

# Swap 1f the element found is Breater
# than the next element

if aList[j] > aList[q + 1]:

aList[j], alist[j+1] = alist[j+1], aList[§]
print ("List after sorting :", alist)

The output produced by above code is like :

original Tist is : [15, 6, 13, 22, 3, s2, 2]
List after sorting : [2, 3, 6, 13, 15, 22, 52]

INSERTIONISORTIM

Insertion sort Is a sorting
algorthm that bullds a sorted
list one element at a time from

. . . . the unsorted list by Inserting the
Insertion sort is a sorting algorithm that builds a sorled list one element al its correct pesition In

element at a time from the unsorted list by inserting the

sorted list.
element at its correct position in sorted list.

go . B 14 16 11 13
|er line marks  ———1—
| of sored part b

12 14 15]|_ n 13
12 1. 15 15\@ 13

N 12 14 15 18 I@

1 12 13 14 15 dm\m

Figure 2.4

2.9 Program to sort a sequence using insertion sor,

alist = [15, 6, 13, 22, 3, 52, 2]

rogram print ("Original 1ist is :", alist)

foriinrange(1, len(alist)) :
key = aList[i]
j=i-1
while j >=0 and key < aList[]] :

71

.'-nll-il- —

aList[j+1] =alist[j]  #shift elements toright tomake room for key

j=3-1
else:
aList[] +1] = key
print(“List after sorting : ", alist)

original 1ist is : [15, 6, 13, 22, 3. Sié 2]52]
List after sorting : [2. 3. 6, 13, 15, 22,
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PYTHON SEQUENCES : DICTIONARIES, SORTING Progress |n Pwlmn 2.2

AP

This ‘Pril” session is aimed at revising v

: Please check the practical component-book — Progress in Compulter .
t  Science with Python and fill it there in priP 2.2 under Chapter 2 alter .
J practically doing 1t on the compuler.

e X P

arious concepts you learnt in Class XL

LET Us REVISE
__,.__..-——-

U Python strings are stored in memory by storing indi

vidual ¢haracters In contiguous memory locations.
The index (also culled subscript sometimes) is the numbered posiion of a leweer in the string.
.1 gnd -1, -2, ... up 10 — length in the

K

% In Python, indices begin 0 onwards in the forward direction up to length

backwerd direction, This is called two-way indexing.
inning at start and extending up (o but not

U The string stice refers to a part of the string s[start:end] s the clement beg

including end.
4, Lists are mutable sequences of Python (e, you can change clements of a list in place.
Q Lists index their elements just Like strings, i €., two way indexing.
Lists are similar to strings in many ways ke indexing, shicing and accessing individual elements but they are

N
different in the sense that Lists are mutable while strings are not.

% Membership operator in tells if an element is present i the sequence or not and not in does the opposite.

4 List shice is an extracted part of a list; list slice is a list in itself.

% Lfstart:stop] creates a list slice out of list L with elements falling between tndexes start and stop , not including stop.

U Tuples are immutable sequences of Python i.e., you cannot change elemenis of a tuple in place.

% To creote a tuple, put a number of comma-separgted expressions in round brackets. The empty round brackets i.e., ()
indicote an empty tuple,

U Tuples index their elements just like strings or lists, i.c., two way indexing.

U Tuples are stored in memory exactly lthe strings, except that because some of their obfects are larger than others,
they store a reference ot cach index instead of single character as in sirings.

% Tuple slice is on extracted part of wple; twple slice is a wple in isclf.

U T[start-stop] creates a tuple slice out of tuple T with elements felling between indexes start and stop, not including
ston.

U Dictionaries are mutable with clements in the form of a key:value pair that associate heys to values.

% The keys of a dictionary must be of immutable types.
In Python dicrionarics, the elements (hey:value pairs) are unordered ; one cannol access clement as per specific

order.
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"o Keys of ¢ dictionary muist be unlque.

n ' o InDictionarics, the updation and addition of rfcmﬂ_lts are simtlar fn syntax. But far addition, the key must not exist
2‘2 in the dictionary and for updation, the key must exist in the dictionary.

o Sorting of an array means arranging the array elements in a specified order.

pubble sort, the adjoining values are compared and exchanged if they are not in proper order. This process Is

% In
repeated until the entire array is sorfed.

a Ininsertion sort, each successive element is picked & Inserted ot an appropriate position in the previously sorted array.

Solved Preoblems

e

1. What is indexing in conlext to Python strings 2 Why is it also called two-way indexing ?
Solution. In Python strings, each individual character is given a location number, called index and
this process is called indexing.
Python allocates indices in hwo directions :
@ in forward direction, the indexes are numbered as 0, 1, 2,.... length-1.

in the
€ in backward direction, the indexes are numbered as -1, -2, -3.... length.
Ut not | This is known as two-way indexing.
] 2. What is a string slice 2 How is it useful ?
| Solution. A sub-part or a slice of a string, say s, can be obtained using s [n : m] where » and m are
integers. Python returns all the characters atindices 1, n+ 1, n+2..m-1 c.g.,
Sl f "Well done” [1: 4] will give  'ell'
| 3. Figure out the problem with following code fragnient. Correct the code and then print the outpul.
' 1. s1="must’
op. J 2. s2="try'
i 3. nl=10
) 4., n2=3
. print{sl+s2)
6. print(s2*n2)
} 7. print(sl+nl)
P 8. print(s2*s1)
:I Solution. The problem is with lines 7 and 8.
: € Line 7 — prinl(s1 + n1) will cause error because s1 being a string cannot be concatenated
ng [ with a number nl,
;l This problem can be solved eilher by changing the operator or operand ¢.8., all the following
, statements will work :
! () print (s1*nl)
ic () print (51+str(nl))

) (c) print (s1+s2)
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¢ Line 8 - print(s2 » s1) will cause error because two strings cannot be used for replication,

The corrected statement will be
print(s2 +sl)

If we replace the Line 7 with its sugge
rust try
try try try
pust 10
try must

4. Consider the following cnde :
string = input( "Enter a string :" )
count =3
while True :
if string[@] =="a":
string = string[2 :]
elif string[-1] =="b":
string = string [: 2]
else:
count +=1
break
- print(string)
print(count)

sted solution (b), the output will be:

What will be the output produced, if the input is : (i) aabbee (i) aacchl  (iif) abee

Solution.
(@) bbax (b)) (c) o
4 4 4

5. Consider the following code :
Inp = input(“Please enter a string :")
while len(Inp) <= 4 :

if Inp[-1] =='Z": #condition1
Inp=Inp[@:3]4+'c
elif 'a'inlnp : #icondition 2
Inp=1Inp[0] + bb’
elif not int(Inp[@]) : #condition 3
Inp="1"+1Inp[1:]+'Z
else:
Inp=Inp+'*
print(Inp)
|‘h’ H'T'Hbt' fﬁfl‘.‘:ﬂ' f m} rfd i 1 1 r - 1 L ] rEEL g "
S put produced if the input is (i) 1b==, (i)' 1a (iii)"abc®  (iv)' Oxy’, (v)'xyz"
() lbzce (i) 1bbes
(i) endless loop because ‘7 will alw: T .
i) Buges ways remain at index 0 and condition 3 will be repeated endlessly.

(¢} Raises an error as Inp[0] cannot be converted to int.
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Write 0 progran that takes o steing with multiple words and then capitalizes the first letter of each word and

formd nete steing ont of i,

galution
string = input( “Cnter a string :")

length = len(string)

a=0
end = length
string2 ="' Hempty string
while a < length ;
ifa==0:
string2 += string[0]).upper()

Q4s]
elif (string[a] =="'and string[a+1] 1='") :
string2 += string[a]
strinp2 += string[a+1].upper()
a4m
else:
string2 += string[a]
d+=1
print{"Original String :", string)
print(“Captilized words String”, string2)

7. Write a program that reads a string o checks whether it is a pilindrone string or nol.

Solution.

string = input(“Enter a string :")
length = len(string)
mid = length/2
reve=-1
for a in range(mid) :
if string[a) == string[rev] :

a+=1
rev-=1
else:
print(string, "isnota palindrome”)
break
else : #loop else

print(string, "isa palindrome”)

8. How are lists different from strings when both are sequences 7

Solution. The lists and strings are different in following ways :

() The lists are mutable sequences while strings are immutable.

(i) In consecutive locations, a string stores the individual characters while a list stores the

references of its elements.
(i) Strings store single type of ¢
to different types.

gl

Jements — all characters while lists can store elements belonging ’ ,
|
:

|
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9 What are nested lists ?
Solution. When a list is contained in another list as a member-clement, it Is called nested list, cg.
a=[2,3,[4, 5] N
The above list a has three elements - an integer 2 an integer 3and a list [4, 5. hence itis nested list,

10.  What does each of the followmg expressions evaluate to?
Solution, Suppose that L is the list
[“These”, [“are”, “a"], i‘{'n""*f “words”]. “that”, "we”, =“will”, “use”].
{a) L[3:4] +L[1:2]
(b) "Few inL[2:3]
() “few inL[2]
() L[2](1:]
(¢) L[1]+L[2)
Solution
() L[3:4) = ['that]
L[1:2] = [[‘are’, "2]]
L[3:4] + L[1:2] = ['that’, ['are’, 'd']]
I (F) False, The string “few™ is nat an clement of this range. []2 : 3] returns a list of clements from
L-> [ few’, “words’]). this is a list with one element, a list

(¢) True. L|2] retumns the list [Tew”, *words’], “few™ is an element of this list.

(d) L[2] = [few, ‘words')
L{z2][1:] = ['words')

(¢) L[1]=[are," Y]
L[2] = ['few, ‘words']
Lt{1] + L[2] = [are, '3, "few, ‘'words']

11, What ts the outpul prduced by the folliecing code snippet ?
alst=[1,2,3,4,5,6,7,8,9)
print(aLst[::1])

Solution
[1,4,7]

12 What al be the output of the following code snippel ?

Lst=[1,2,3,4,5,6,7,8,9]
Lst[::2]=10,20,30,48,50, 60
print{Lst)
(a) VelueError : altempt to assign sequence of size 6 1o extended slice of size 5
(¥) [10, 2, 20, 4, 30, 6, 40, 8, 50, 60) |
(c) [1.2. 10, 20, 30, 40, 50, 60 !
() [1,10,3,20,5, 30,7, 40, 9, 50, 60) ||
Solution. (a)
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values =[]
| fori inrange (1,4):
values.append(1)
| print (values)
[ Solution.
| (1]
(1, 2]
[1, 2, 3]

i What will be the output of the following code ?
rec = {"Name™ : "Python", "Age":"20")
r=rec.copy()
print(id(r) == id(rec))
(a) True (M) False (c)0
Solution. (k)

' Wt will be the output of the follmwing eode snippet ?

(1

15, What will be the output of the follotwing code snippet?
dels= ()

de1f1) =1
delf'1'] =2
dci[1.8] =4
5um= @
fork indcl:

sum += dcl[k]
print (sum)

Solution. 6

16.  Predict the output of following code fragment
fruit={}
fl = ['Apple’,'Banana‘, "apple’, "Banana’]
for index in fl:
if index in fruit:
frult[index] +=1
else:
fruit[index]) =1
print(fruit)
print (len(fruit))

Solution.  {'Apple’: 1}
(*Apple’: 1, ‘Banana’: 1}
{'apple': 1, ‘Banana': 1, "apple’: 1}
{'Apple': 1, 'Banana’: 2, *apple’: 1}
3
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17.  Find the evror in fillowing conde. Stale the reason of the error.
alst={"a":1,'b":2,"¢":3)
print (aLst['a",'b"])

Solution.
The above code will prsduce KeyError, the reason being that there is no key same as the list

['a’, ‘b’] in dictionary alst.
It scems that the above conde intends to print the values of two keys "a’ and “b’, thus we can modify
the above code to perform this as:

aLst=('a":1,'b*:2,'c":3)}

print (atst['a’), aLst['b"])
Now it will give the resull as @

12
18.  Find the error in the following cwde fragment. State the reason behund the error.

box = {}

Jars = ()

crates={}

box[‘biscuit’) =1

box['cake'] = 3

jars['jJan') =4

crates[ 'box’] = box

crates['jars'] = jars

print (crates[box])
Salution The above code will produce error with print( ) because itis trying to print the value from
dictionary crates by speaty a hey whichs of a mutable type dictionary (box is a dictionary). There

can never be a bey of mutable type in a dictionary, hence the error,
The above aonde can be cornected by changing the print( ) as
print (crates[ 'box"])
19. Whir the most appropraate list method to peeform the folliving tasls,
{#) Drletr a given element from the list. (b} Delete Ird element from the list.
(c) Add an clement i the end of the list,
(4) Add en clement in the beginming of the list,
(¢) Add clements of a list in the end of a list.,
Solution. (8) remonve( ) (b) popd ) (c)append() () insert() () extend( )
20, Mow are tuples different from lists when both are seijuencrs 7
Solution. The tuples and lists are different in following ways :
¢ The tuples are immutable sequences while lists are mutable,
@ Lists can grow or shrink while tuples cannot.
21, How can you say that a tuple is an ordered list of objects ?
Solution. A tuple is an ordened list of objects. This is evidenced by the fact that the objects can be
accessed through the use of an ordinal index and for a given index, same element is returned
everytime.
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v« Follewing ande is frying lo create o u_qu'r with a single item, But when we Iy to oblain the length of the tuple
- is, Pythons gives eeror, Why? Whal i the solution ?
| »>»te(6)
»»> len(t)

Traceback (most recent ¢a]) last):
Flle"¢pyshellug>=

» 1ine 1, in ¢modules
len(t)

TypeError: object of type'int has no len()
Solution. The syntax for a tuple with a single item requires the item to be followed by a comma as
shown below :
t=("%,)
Thus, above uln.'lv- 15 nut creating a tuple in t but an integer, on which lenf ) cannot be applied. To
creale a tuple in 1 with single element, the code should be modified as ;
wrt=(0,)
| »33> len(t)
2. What is the length of the tuple shown belore ?
i= {([(.all 1]1 'b-l 'E':I. 'l.f. 2]. 'E', 3}
Solution. The length of this tuple is 3 because there are
a careful look at the given tuple yiel,
tl1="3",1
t2=11, "b", "¢"
ti=t2,d", 2
i= { t],"ﬂ-, 3]

just three elements inthe given ple. Because
Is that tuple t is made upof ;

. Can luples be nested ?

Salution. Tuples can contain uther compound objects, including lists, dictionaries, and uther tuples.
Hence, tuples can be nested,

How are dictionaries different from lists ?

Solution. The dictionary is similar to lists in the sense that it 1s also a collection of data-items just like
lists BUT at is different from lists in the sense that lists are sequential collections {ordered) and
dictionarivs are non-sequential collections (unordered)

In lists, where there is an order associated with the data-items because they act as slorage units for
other objects or variables you've created. Dictionaries are different from lists and tuples because the
Broup of objects they hold aren’tin any particular order, but rather cach object has its own unique
name, commonly known as a hey.

E

How are objects stored in lists and dictionarics different 7

Sulution. The objects or values stoned in a Jictionary can basically be an

ything (even the nothing type
defined as Nane), but Keys can only be immutable typeobjects. ¢ 8. stnngs, twples, integers, el
When are dictionarics more useful than lists ?

Solution. Dictionanies can be much maore uscful than lists. For example, suppase we wanted to store
all our friends’ cell-phone numbers We could areale a list of pairs (name of friend, phone number),
but once this list becomes long enough searching this list for a spealfic phone number will gt

lime—mmuming. Belter would be if we could index the list by our friend’s name. This 1s preasely
what a di.ctiunar}' does.

-
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28 Can sequence operations such as slicing and concatenation be applied to dictionaries 2 Why ?
Solution. No, sequence operations like slicing and concatenation cannol be applied on dictiongg
The reason being, a dictionary is not a sequence. Because it is not maintained in any specific orgey
operations that depend on a spexific order cannot be used. :
<8, Why can’t Lists be usad as Leys ?
Solution. Lists cannot be used as heys in a dictionary because they are mutable. And 5 Python
dictionary can have only keys of immutable types.
. Uf the addition of 2 new heyalue parr causes the size of the dictionary to grow beyond its original size, an error
ovurs. True or false ?
Solution. False. There cannot occur an error because Dictionaries being the mutable types, they can
grow or shrink on an as-nevded basis,
31 Comsider a dictionary my_points with single-letter hevs, cach followeed by a 2-clement tuple representing the
coordinates of @ point in an 1oy avedinate plane,
my_points = {'a': (4, 3), 0 : (1, 2),°C : (5, 1) )
Write 2 program to calculate the mavimum talue Srom within all of the values tuples at same 1mdex.
For example, mavimum for 0 index wnll be computed from values 4, Tand 5 — all the entries al 0% odex in the
odue-tuple.
Print the result in following format :
Masieus Value at index(my_points, 0) =5
N Maxirum Value at incex(my points, 1) =3
— Solution,
— ey_polnts = {'a': (4, 3),"0" : (1, 2),°C: (5, 1))
highest = [0, 0]
init=0
forainrange(2) :
Init=0
forb inmy_points.keys():
val « my_points[b][a)
1f init «=0;
highest[a]) = val
init «e1
1f val > highest[a] :
highest[a] = val
print("™Maxirum value at Index(my_points, =, a, *) ==, highest[a])
GLOSSARY
e ——————
Dectionary A muchle, unordered collection with elements in the form cf o key:volue poirs that associate Leys to valve.
Index An mleger vorchble 'E‘ﬂ’ i1 wvied 1o dﬂ'ﬂ:{r the potiton ol an elemont ond cccess the element. .
List A mutable sequence of Python thot con store obects of any type. |
Lookugp A dtonory operation that ckes a hey ond Finds the conesponding value.
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31 INTRODUCTION

Large programs are generally avoided because it is difficult to manage a single list of

instructions. Thus, a large program is broken down into smaller units known as functions. A

function is a named unit of a group of program statements. This unit can be invoked from other

parts of the program.
functions is to make program handling easier as only a small

a time, thereby avoiding ambiguity. Another reason to use
Functions make a program more readable and under-

The most important reason to use
part of the program is dealt with at

functions is to reduce program size. T easiar
1 L] 3 "
standable to a programmer thereby making program managemen much ¢

i i specially CWOTION r=ran

In this chapter, we shall talk about functions, especially, i GNCILO
how a function works ; how you can create your r..mn A Function Is a subprogram that
u can use the functions acts on data and often returns a

functions in Python ; and how vo
Created by you.

value.
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UNDERSTANDING FUNCTIONS
In order 1o understand what a function is, in lerms of a programming language, read the

following lines carcfully. ‘
You have worked with polynomials in Mathematics. Say we have following polynomial .

ix®

; - b

For x =1, it will give result as 221° =2
b

For x = 2 it will give result as 2227 =8

For x =3, it will gave result as Z» 3 =18

and so on.
Now, if we represent above polynomial as somewhat like

flo) = 2x°
Then we can say (from above calculations) that
fin=2 -1
(=8 {2)
f(3)=18 wA3)

The notation f{3) =217 can be termed as a function, where for function namely f, xis ity
argument i e, value given toit, and 2¥7 is its functionality, 1 ¢, the functioning it periorms. For
different values of argument x function f(x)will return different results (refer to equations (1)
(2) and (3) given above)
On the similar lines, programming languages also support functions. You can create functions
in a program, that .

© can have arguments (malues gioen fo i), if needed

© can perform certain functionality (some set of statements)

& can returm a result

For instance, abave mentioned mathematical function (1) can be written in Pvthon like this :

def calcSomething (x ) 2
Fe20x"2
returnr
where
<& defl means a fundlion definition is starting

¢ identifier following *def* is the name of the function, ie, here the function name is
calcSomething

@ 1f.w -.-.:nablcsﬂdmtifiur: inside the parentheses are the arguments or parameters (values
given to function), ie., here xis the argument to function calcSomething.

© there is a colon at the end of def line, meaning it requires a block
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On
I o the statements indented below the function, (e, block below def line) define te

functionality (working) of the function, This block s also called bddy=of<the-func tion.
Here, here are two statements in the body of function caleSomething.

o The return statement returns the computed result,

The non-indented statements that are below the function definition are not part of the
function tlltﬁrﬂmflhlﬂﬁ'ﬁ' delinition. For instance, consider the M.’lrnp!v-luntilnn glvrn In
Fig. 3.1 below

mamne of e fusaTiom dFEaEt il B b fietie Phwi |

/

def calcSomethinp (x ) 2 ‘_'/_-—-—" defimitiont of fumtion el Sommething

-r - 2 L X L 2 -
T Ihaly of the i tint eurle Something

returnr
gt b .‘-"""—-—. l
L] I-‘l-""'*.-"‘-l-"l"-f o |
= T e

a=int(input{ “Enter a number :* )) |
! P Thii a1 n.-u;u-r.-r Fiarry T gula _'ul"rrrrlur[
Fl"l.ﬂf. {Cﬂl(fﬂf"‘ﬂ“i.’lnﬂ{ﬂ]} i Phese anatementin aee mod iodentad and hesor

af fop bl l'j' prnlen b i |

Famznm cud irvals prias | ) .
- ' Figute 1.1 Python Function Anatomy

3.2.1 Colling/Inworking/Using @ Function

To use a function that has been detined carlier, vou necd Lo wrile a frneton call statement in
Python. A function call statement takes the fodlowing, torm

<function-names(<value-to-be-passed-to-argumenty)
For example, if we want to call the function caleSomethingt ) detined above, our function call
statement wall be T :
calcSomething(5) gvalue 5 16 belng sént as argument
Another function call for the same function, could e hbe
as7
calcSomething(a) #tthis time variable @ is being sent as argument
Carcfully notice that number of values being passed is same as number of parameters,
Also notice, in Fig. 3.1, the last line of the program uses a function call stalement. (print ( ) is

using the function call statement.)
Consider one more function definition given below

def cube(x) :
res=x**3 # cube of value inx
return res # return the computed value
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As you can make out that the above function’s name is cube() and it takes one argumeng, Now
its function call staternent(s) would be similar to the ones shown below :

(/) Passing literal as argument in function call
cube(4) # it would pass value as 4 to argument X

(if) Passing variable as argument in function call

num = 19

cube(nu) # 1t would pass value as variable num to argument x

(iff) taking input and passing the input as argument in function call

Eynum = int (input ( “Enter a number :7))
cube(mynum) # it would pass value as variable mynum to argument X

(i) using function call inside another statement

#cube{3)will first get the corputed result ! '

print{cube(3))
g which will be then printed The syntax of the Tunclion
call Is wvery simuilar to that of
(v) using function call inside expression the declaration, except that
doubleOfCube = 2 * cube(h) the key word def and eolon
{:)are missing.

g functioncall's result will bemultipliedwith 2

3.2.2 Python Function Types

i P'vthon comes preloaded with many function-definitions that you can use as per your needs. You
can even create new functions. Broadly, Python functions can belong to one of the following

three categories :
1. Built-in functions These are pre-defined functions and are always available for use. You have
used come of them = lenl ), dypel )t ), inputl ) ele.

These functions are pre-defined in particular modules and can only be

2. Functions
defined in used when the corresponding moduale is smportad. For example, if vou want
modules 1o use pre-defined functions inside a module, say sin( ), vou need to first
import the module math (that contains definition of sin() ) in your program.
3. User defined These are defined by the programmer. As programmers vou can create
functions your own functions.

In this chapter, you will learn Lo wrile your own Python functions and use
them in your programs,

STRUCTURE OF FUNCTIONS

ngress In Psﬂhon 3.1

~ riP
This PriP session is aimed at making anatomy of Python functions clear to you.
You'll be required to practice about structure of Functions.

Pleose check the proctical componenti-book - Progress in Compuler -
science with Python and fill it there in Prif 3.1 under Chaopter 3 olter

practicelly doing it on the computer,

\&J

el P S
L
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DEFINING FUNCTIONS IN PYTHON

i o

As yuu know that we wrile programs to do certain things. Punctions can be thought of as

r

I

il’}‘:d“"" within a program. A function once defined can be invoked as many times as needed i
by using its name, without having 1o rewrite [1s code, ,i
{

In the following lines, we are about 1o give the general form Le., syntax of writlng function code
In Mython. Before we do that, just remember these things,

In a syntax language : |
| &
® item(s) Inside angle brackets <> has to be provided by the programmer. .
B ftem(s) insktle square brackets | | is optional, Le., can be omited.

B [tems/words/punctuators owtside <> and | | have 10 be written as specified.

def <function name> ( [parameters] ) :

[® " "<function’s docstring>™ " " ]
¢statements

|
[¢statements)

. ) . . |
For example, consider some function definitions given below:

def sum (x, y) @
SuX4y
return s

Or

def preet( ):
print("Good Morning!®)

Though you know about varous elements ina function-definition, still let us talk aboul it again.
Let us dissect these functions” definitions to know about various components.

it rreters invadef ) ; Parametery dmudef );
RN # LU LRl L Il |
Krrword Jef fum llllr i / oLy Kevaord def 1 no argumenl bere ',
“a ,
"\‘d,ﬂr sum (x, y) def greet( ) : |

\ " I

W
Furmition Nrader

S=X4+Yy { endy with @ colon 7 } /- print(“Good Morning!™) Al
’ .
-\\\.\ ‘
”.tu:n s s Funitin Moade findented) _

3 15ec all statemenn in function body
\ are at same bevel of indentation )

Fursction mty or may nof liave o Frefurm dateraml

Let us define these terms formally :

Function Header The first line of function definition that begins with keyword def and ends with a colon
( :). speaifics the name of the funclion and ils parameters
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e<es of a lunction header

Variables that are listed within the parenth

Parameters
ents beneath function header thay deefing the

Function Body The block of statements / lmiﬂ_‘l'lt'd'slﬂll‘m
action performed by the function.

The function body may or may not returm any value. A function retums a value they,

a refurn statement, g, above given sum( ) is returning a value stored in variables, buy
function greet( ) is not retuming a value,

¢ gre any value can still have a return statement withouy any
: below will make it ¢clearer.

nt (convention is four spaces) within s

¢ indentation.

A function not retuming
eapression or value. Examples

in the beginning of a stateme

Indentation The blank space
. . e within same block have sam

Block. All statements

Let us now have a look at some more funclion definitions.

# Sample Code 1

def sumOfiMultiplesl(n):
Foth thoe fumctom wne doing the sarme theng BUT

s=n*"l+n*2+n"*3 .\
firz avte i peturning i corputed value usng

return s
petiarnt srdsernenid and
sevvend fustcrons s prinfing thae cormpeted valie

& Sample Code 2 ./ pairg pranti ) atatercn

def sumOfiMultiples2(n):
s=n*len*2+n*3

print(s)
s Consider some more function definihons:
= S5arple Code 3 # Sarple Code 4
def area0fSquare (a ) : def areaOfRectangle ( a, b) :
returna®a returma*b
# Sa=ple Code 5 # Sa=ple Code 6

def perimeterRectangle( 1, b) @

def perimeterCircle(r) :
return2* (1+b)

return (2*3.1459°*r)

g Sa=ple Code 7

def Quote( ) :
print(*"\t Quote of the Day™)
print(“Act Without Expectation!|™)

print("\t -Lao Tzu")

For all these function definitions, try identifying their parts. (Not as an exercise, just do it
casually, while reading them.) =

A. hmchc;:-: ;Jeﬁrﬁtiﬂn duﬁnﬁ_ a user-defined object function. The function definition does not
F:}Tml_cl ¢ unction lmch, lhu’-'gub‘. executed only when the function is called or invoked. Inthe
ollowing lines, we are discussing how to invoke functions, but before that it would be useful t©

know the basic structure of a Python program.
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| Structure of o Python Program
In a Python program, gencrally all function definitions are given at }he top followed by
ctatements which are not parl of any functions. These stalements are not indented at all. These
re often called from the top-level statements (the ones wilth no indentation). The Python
interpreter starts the execution of a program/script from the F‘Tf PRI s |
top-level statements. The lop level statements are part of the g

main program. Intemally Python gives a special name lo f:duf::ll, P:ll:r names the
lop-level statements as __main__. ml"::_' el WP"'"""’“
The structure of a Python program is generally like the one __main__.
shown below @ L

3l

def functionl( ) :

def function2( } :

def functiond( ) :

Python e the sepment wal topefevel
staterecrts A shmtation b ay _main __.

. Pythowt Bvriots ewecution of o progiearm froe
FtDP'IEVEI statements here Y ”':::;,'k" I grterwesnr g u., from
statementl i - -
statement2 L

.
H I

Python stores this name in a built-in variable called _name__ (e, you need not declare this
variable ; you can directly useat). You can see it yourself. In the _main__ segment of your

program if you give a statemenl like :
print{ _nare__)
Python will show you this name. For example, run the following code and see it yourself,

Fhe gop-leael satersenss, @e., (e __entin__

def greet( ) : s :
N segmered af thes Fython program Pyalon wall staen
Fl"il'lt {“Hi thE‘I"E | J FLOCLENEOR :1J".IH:.‘| Jrograr fn:r" the seprent,
print("At the top-most level right now") l,

print("Inside™, _ name__)

Upon execuling above program, Python will display :

At the top-most level right now

Inside _ main__
~ Notice word * __main__ " in the outpat by Fython
interpeeter. This 11 the rewult of sarement ;

primif.... _mame__)
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3.4 FLOW OF EXECUTION IN A FUNCTION CALL

s T talk about how the control flows (i.e., the flow of execution of statemenis) in cas,.

function Fa][_ You already know that a function is called (or invoked, or executed) by pm\’f‘i‘dfj!a

the function name, followed by the values being sent enclosed in parentheses, TFor imtﬂnmh:B
« LD

invoke a function whose header looks like :
def sum (x, y) :

the function call statement may look like as shown below :
sum (a, b)

where a, b are the values being passed to the function sum( ).

['_ -
L) i R RITIOCNA
el ‘ ALRD

Let us now see what happens when Python interpreter
encounters a function 'call statement.
The Flow of Execution refers to the order in which statements
are executed dunng a program run.

Recall that a block is a piece of Python program text that is
executed as a unit (denoted by line indentation). A function - T

body is also a block. In Python, a block is evecuted in an

The Flow of Execution refers 1o
the order in which statements
are executed during a program
run

exccution frame. The Flow of Execution refers ta
the order in which statements

An execution frame contains : ‘
. are exccuted during a program
& some internal information (used for debugging) urt

© name of the function
& values passed to function

& varables created within function
& information about the next instruction to be executed.

Whenever a function call staternent is encountered, an execution frame for the called function is
created and the control (program control) is transferred to it. Within the function's excculion
frame, the statements in the function-body are exccuted, and with the return statement or the last
statement of function body, the control retums to the statement wherefrom the function was

called, ie., as:

def func( ) :

return
Functon call will send
e controi-fiow o the Last statement of the function
funceon de’non. ®__main__ definition will send the control
" - back 1o wharefrom the
func() function was called

’ print(-)

Let us now see how all this is done with the help of an example. Consider the following

program 3.1 code.
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|
¥ program add.py to add two numbers through a function
rogr M

[
8.1  Program to add two numbers through a function
def calcSum (x, y) :
S=X+Yy ¥ statement 1l
return s

R statement 2

numl = float(input( "Enter first numher :* ))
num2 = float (input( “Enter second number :*) )
sum = calcSum(numl, num2)

print("Sum of two given numbers is", sum)

Program execution begins with first statement of __main__
segment. (def statements are also read but ignored until

called. It will become clear to you in a few moments, Just read
on.)

(Please note that in the fullmw.'inp, lines, we have put up some

execution frames for understanding purposes only; these are
not based on any standard diagram )

Number indicating et
Wdewtowd L Py evrcsided

| __min_{add._py} : . l
I

;‘i

—

mm2 = float (1nput (“Enter second number :))
sua = caleSum (numl, num2) (. 1 ael

nml = float (fnput(“Enter first nuther **)) = = ED

|
Data ; |

nml = 3.0 -q|

This s datapart of _munin_

—main__ (add.py) 3

fml » float(input( "Enter first number :" ))
Mm2 = float(input( “Enter second number :* ]}—ID

S = calcSum (num1, num2)

PeANt(*Sum of two given numbers 1s*, sum)

[ows

-

T
m - ?.u *‘Hu--mn--'uumcnﬂlﬂ-ﬂ"

e

.

| ChliE ke
print("Sum of two given numbers 1s°, sum)

"1 (statement 1)
#2 (statement 2)
£3 (statement 3)
£24 (statement 4)

—

Program execution beging with
first statement of __main__
segment.

| Python Console

|]j:er first number : 3

']

Materrett | ruvand -

o purpsnly

Python Console

Enter first number : 3

Enter second number : 7

l-.
o
o

o= Statemieny 3 ewecntad -
* o contzofe
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_main__ {add.py)

numl = float(input(“Enter first number )
num2 = float(input(“Enter second number ™))
sum = caleSum (numl, Mum2) — == — == ===~
print(*Sum of two given nu=bers 1s%, sum)

Data:

numl = 3!“ ".-".l-.
“z - T-ﬂ LT '.""hl.,

—
v MVl ppyg TNy —

Sem
"
rheeey, e 1
. e —

feey. 00 EElEsissssssespessiesssassssranRaRann
WL

S| )'s execution
= _____-—-__--_—-—
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-.———:. LT T L LT T T T L]

Function cule

Internal Memo
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]

e}

furistuwt cual pttermemt henyw
§ cvevutin frame by wroated

culeSum( )’
The value frw _main__ o puang ok
Furtction euleSumi[ ] roceniie the g

i HY iy
yuriabler a wed ¥

Now the statermint of caleSumy )y oty

will be euvund l
=

p————

calcSum (x, y)

EmX+Yy

return s

Data:

y =7.0 )

Thies gy ot puart |'h

|
..u:r

i .
‘ll:i“n [ll y! U—I-_J ry .I"“r'-" friwt cdloSumi )
- ‘ 3.0 + 7.0=10.0 I
= i - -
smxey ID __.-"". | —~ Staugernent 1 of funcrion
returm s | reresagarssaseste ™t —_ 1 faade ervcured = dm memory
[hl.u . ."_,.- et
x = 3,0 ‘-". l With Lo sraterment of function hody, cvrzrmd returms fo the potnt wherefrom the
7.0 10.0 furctioet wus calind Since the Lot statement oof function bodv o d returen statement
! Fuds N - R I et vilee of 3. vulue of 8 s given hack o _main_ wiich atorea it o [
i sunahle s This cumpleter the cvvcution of statement 3 of _main__
p—_— —— —— S——
calesum (x, y) l | _maln__ (aad.py) 4
Sexey . ‘ [nml = float{ input (“Enter first number 7))
FEturn 4 = = = = = === | o2 el = float(input ("Enter second number 7))
Data: | | sum = caleSum (nunl, num)
e J'B | | “‘-\-._._.--"".
| y=7.0 5=10.0-. print("Sum of two given numbers 1™, sum)
' Data:
[ f el i BiL 3.0
trnen kit Of calcdami ) pen ".,_‘
sroend in s e of _main__ e '-"-"‘!2;"1_'_-_?,,._.--!'.5!'” = 10.0
—raln__ (add.py) | I Python Console
numl = float(input(“Enter first nu=ber :*))
num2 = float(input( “Enter second number :*))
sum = calcSum(numl, num2)
rint{"Sua of two glven nus ' o . .
i ; kil "[D Sum of two given numbers is 100
_ Data : T —]
| nml = 3.0 ‘
nuemd = 7.0 sum = 10.0 Staterpent 4 evecuted —
. E : un covole

% -
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So we can say that for above program the statements were execuled as :

main.l = main2 - mainJ = calcSum.] —» @lSum.2 = main3 - main4

(As you can see that we have shown a statement as its <segmenl-tamer<statement-numbers)

Now that you know how functions are executed internally, let us discuss about actual flow of
r_ﬂ"(‘ll”i"”-
In a program, Python starts reading from line 1 downwards, Statements are executed oneal a
time, in order from top Lo bottom. While execuling a program, P'ython follows these guidelines :
@ Execulion always begins at the first statement of the program. '
@ Comment lines (lines beginning with a 2) are ignored, Qe., not executed. All other
non-blank lines are execuled,
& If Python notices that it is a function definition, (def statements) then Python just
executes the function header line to determine that it is proper function header and
skips/ignores all lines in the funclion body

& The statements inside a funclion-body are not executed until the function is called.

& In Python, a function can define another function inside it. But since the inner function
definition is inside a function-body, the inner defimition isn’'l executed until the outer
function is called.

© When a code-line contans a function-call, 'ython first jumps to the function header line
and then to the first line of the Tunction body and starts execuling it.

© A function ends with a relurn statement or the last statement of function body, whichever
occurs carlier.

o If the called function returns a value ie, has a  statement  like  retumn
<variable/value/fexpression> (e.g., relurn a or retum 22/7 or return a + b cle.) then the
control will jump back to the function call statement and compleles it (e.g., if the returned
value is lo be assigned to variable or to be printed or to be compared or used in any type

of expression ctc. ; whole function call is replaced with the retumn value to complete the

statement).
© Ifthe called function does not relurn any value 1.¢,, the return statement has no vanable or

value or expression, then the control jumps back to the line following the funclion call

stalement.
If we give line number 1o cach line in the program then flow of execution can be represented

just through the line numbers, e.g.,
1. #programadd.py to add two numbers through a function

2. def caleSum (x, y) :
2 s=X+Y
4. return s

# statement 1
# statement 2

™ 1}
" t number :")) #1 (statement
numl = float (input("Enter firs e

5

6 -

7. num2= flnat(inP"t{-E“tErsemnd nimber 3} # 3 (statement 3)
8. sum=calcSum (numl, num2) - # 4 (statement 4)
8. print("Sumof two given numbers is”, sun)
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Determining flow of execution on paper s also sometimes known as lracing the program, A,
above discussion the flow of execution for above program can also be represented as follows .

fumction callad and evecuted
Line 1 is ignored because it is a comment ; line 2 is exccuted and determined that it is a function
header, so entire function-body (i.e., lines 3 and 4) is ignored; !:{:rs 6,7 and 8 [‘xl,‘("l.lll'.'l.".: line 8 hay
a function call, so control jumps to the function header (line 2) and Ilwln to first line of
function-body, i.e., line 3, function returns after Line 4 10 line containing function call statemeny

i.e., lines and then to line 9.

IMease note that the function calling another function is called the caller and the function being

called is the called function (or callee). In above code, the __main__ is the caller of rufcﬁum”

function.

3.4.1 Argumenls ond Parameters
As vou know that vou can pass values to functions. For this, vou define '-'-‘-”'iﬂb!t‘-‘_i 1o receive
values in function definition and you send values via a funclion call statement. For example,
consider the following program :
def rultiply(a,b):
print (a*b)

=3
:ultiﬂly( 12,¥) # functioncall -1-
rultiply (v, ¥ ) # functioncall -2-
x=5
multiply (y, x ) # function call -3-

You can sce thal above program has a function namely multiply( ) that receives two values.
This function is being called thrice by passing different values. The thiree function calls for

multiply( ) ane:

multiply (12, ¥ ) ® functioncall -1-
multiply (y, ¥ ) # function call -2-
multiply (y, x ) # functioncall -3-

With function-call 1, the variables @ and b in function header will receive values 12 and v respectively.
With furction-call 2, the vanables a and b in function header will receive values y and y respectively.

With function-call 3, the variables a and b in fundion header will receive values yand x nvspccli'-'el}'-

As you can see that there are values being passed (through function call) and values being
received (in function defimition). Let us define these fuo types of values more formally.

© argumenis : Python refers to the values being passed as arguments and
© paramelers : values being received as parameters,

So you can say that arguments appear in function call statement and parameters appear in ﬁmdfﬂﬂ
header,
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Arguments In P'ythun can be one of these value types :
o literals & variables € expressions

it the parimmelers in Python have to be some names ie., variables to hold incoming values.

The allernative names {for argpument are actual parameter and actual argiument, Altemative
pamues for pa rameler are formal parameter and formal argument. So either you use the word
combination of argument aid puiraineler or you can use the combination actual parameler and
f,.mmf paramieler ; or the combination actual arguments and formal arguments.

Thus for a funclion as defined below : "
defmultiply (a2, b)) : s
print (a*b)

.

--rr!. 1 -

{

The values beirg passed through a

. i P function-call statement are called
The following, are some valid function call statements ; orguments (or octual porometers
or octual arguments). The values

multiply(3, 4) # both 1iteral arpuments S b the funézion St

p=9 header are called porometers (or
multiply(p, 5) 7 one 1iteral and formal porometers or formal

# one variable argument arguments).
multiply(p, p+1) #onevariable and
#one expression arpurent
But a function header like the one shown below is invalid :

def multiply{(a+1,b):

E’: \_\ forria'™ N function hewder cannt e
:-‘-\H erprerny [ can hane it mamies of
identifirm 1o hold the imcoming value
Please remember one thing, = if yvou are passing values of immutable tupes (e.g., numbers, strings
elc.) to the called function then the called function cannot alter the values of passed arguments

butif you are passing the values of mutable tupes (e.g., list or dictionaries) then called function
would be able to make changes in them®,

FUNCTIONS' BASICS
riP ngressln Pwl'mn 3.2

This ‘Progress in Python’ swession 1s aimed at strengthening the functions” basics like : functions”
lerminology, function anatomy, argument vs parameter and flow of execution during function calls.

Pleose check the proctical component-book - Progress in Computer
! Stience with Python ond fill it there in PriP 3.7 under Chopter 3 ofter
' praclically doing it on the computer.

el e Dt e

L Thisfs tomewhat similar to function call mechanisms, which are of two types : Call by Volue and Call by Reference. In Call by
Vlue mechanism, the called function makes a separate copy of passed values and then works with them, so original values
TeEain unchanged. But with Call by Reference mechanitm, the called function works with original values passed toit, thus
4y changes made, take place in original values only.

N, immutable types implement Call By Value mechanism and mutable types implement Call By Reference mechanism.

.




3.5 PASSING PARAMETERS

Uptill now you learnt that a function call must provide

COMPUTER SCIENCE WITH PYIMON _ . !

all the values as required by !'um“lim.,

dl'lﬁniliun_ F(_jr imlﬂncﬂ‘ if | fllndil‘"‘ h{‘ﬂdl.r I‘-‘E r-f”'l'l' p.ln'll‘l‘ll.l'll_'l'ti "Iljn.ll‘f;t in ilh I‘L‘ﬂ{t“r lhl:n “h
function call should also pass three values. Other than this, Python also provides somg Othgr

ways of sending and matching arguments and paramwelters.

Python supports three types of formal angument s/parameters :
1. Positional arguments (Reguired arguments)

2. Default arguments
3. Keyword (or nramad) arguments

Let us talk about these, one by one,

3.5.1 Positional/Required Arguments
a function call statement for a given function

Till now vou have seen that when you creale
definition, vou need to match the number of arg
For example, if a function definition header is like :

def check (a, b, c) ¢

then possible function calls for this can be:

uments with number of parameters required,

check ( x, y, ) # 3values (all variables) passed
# 3values (literal + variables) passed

check (2, x, y)
£ 3values (all literals) passed

check (2,5, 7)

-
~

See, in all the above function calls, the number of passed values (arguments) has matched with

the number of received values (parameters). Also, the values are given (or matched) position-
wise or order-wise, ie., the first parameter receives the value of first argument, second

parameter, the value of second argument and so on ey,

In function call 1 above : In function call 2 above :

o a will get value of x
o b will get value of
¢ ¢ will get value of =

© apets value of 2;
© b pets value of x ;

© cpets value of y

Thus, through such function calls,

© the arguments must be provided for all parameters (Required)

© the values of arguments are matched with parameters,
position (order) wise (Positional)

This way of parameter and argument specification is called
Positional arguments or Required arguments or Mandatory
arguments as no value can be skipped from the function call
or vou cannot change the order ey, you cannot assign value
of first argument to third parameter.

In function call 3 above :
© a pets value 2
© b gets value 5;
© ¢ gets value 7

oy

When the function 3l
statement must match the
\number and order of arguments,
as defined in the function
definition, this s called the
positional argument matching-
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what if we already know the value for a certain parameler, ¢.g
function, we know that mostly the rate of inte
define this value as the default value.

_ , . In an interest calculating
rest is 10%, then there should be a provision to

Python allows us to assign default value(s) to a function’s parameter(s) which is useful in case a
malching argument 1s nol passed in the function call statement. The default

hung ' values are
specified in the function header of function definition. Following is an example of function
header with default values :

def interest (principal, time, rate= B.lﬁ

Tha o defusils value for parameter rate. If i1 a function call, the walue for rare is
rot provided, Pthon wsll fll the miving walue (fur rate only) with this value

The defanlt value is specified in a manner syntactically similar N O TE :
to a variable initiahzation. The above function declaration
provides a default value of 0.10 to the parameter rate. et o

] ] follow default argument.
Now, if any function call appears as follows :

si_int = interest (540e, 2) # third argument missing

then the value 5400 is passed to the parameter principal, the value 2 is passed to the second
parameter time and since the third argument rate is missing, its default value 0.10 is used for
rate. But if a function call provides all three arguments as shown below :

si_int = interest (G1€2, 3, 0.15) # no argument missing

then the parameter principal gets value 6100, tine gets 3 and |
the parameter rate gets value (0.15. A parameter having default

value in the function header s

That means the default values (values assigned in function known as a default parameter.

header) are considered only if no value is provided for thal
parameter in the function call statement.

One very important thing you must know about default paramelters is

Ina function header, any parameter cannot have a default value unless all pprameters appearing on
its right have their default values.

. i . i lion . .
For instance, in the above mentioned declaration ‘:"f fun‘; 1 l‘lh.'-‘- TE : o
llﬂfﬂ"l.'S'f ), the pﬂr.'lmtf'l'l.'r Irrf”fl.jlﬂf cannot have its de ﬂ;.l t b e L

L E. i H v i 5{1
value unless the parameters on its right, fome and rate a A parameter having a d"':"“
have their default values. Similarly, the parameler time s Ngnd s

_becomes optional in function
call. Function call may or may
not have value for It.

: sor on ils
cannot have its default value unless the F'amm;.tLr i
rp i di
right, i.c., rate has its default value. There 1.*-}:10 such cor
¥ ‘ its ri t.
for rate as no parameter appears on its ng

Thus, required paramelers should be before default paramelers.
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3.5.3 Keyword {Nomed) Arguments

~In the 3rd function call above,

COMPUTER SCIENCE WITH P\'THQ”
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Following are examples of function headers with default values :
def interest (prin, tire, rate=0.10) : 2 legal
def interest (prin, tire = 2, rate) : # 11legal (defcult parameten
# before required parame ter)
def interest (prin = 2000, tire = 2, rate) = #illegal
# (same reason as above)
def interest (prin, time = 2, rate =8.10) : # legal
a legal

def interest (prin = 200, time = 2, rate =0.10) :

Default arguments are useful in situations where some T e otoe
parameters always have the same value. Also they provide e b _
greater Hexibility o the programmers. Tha L L default "
Some advantages of default parameters are listed below @ paramelers are considered o
. s if no value is provided for
& They can be used to add new parameters Lo the existing parameter in the function
statement.

functions
© They canbeused to combine similar functions into one.

The default arguments give you flexibility to specity the default value for a parameter so thatit
can be skipped in the tunction call, it nevded. However, still vou cannot change the order of the

arguments in the tunction call ; you have to remember the correct order of the arguments.

values sent as arguments for the

To have complete control and flexibility over the
corresponding parameters, Python offers another type of arguments kevivord arguments.
Python offers a way of writing function calls where you can wrile any argument in any order
provided you name the arguments when calling the function, as shown below :

interest (prin = 2800, time = 2, rate = 9.18)
interest (time =4, prin =269, rate = 8.29)
interest (time =2, rate=0.12, prin=28e9)

All the above function calls are valid now, even if the order of arguments does not match the

order of paramelers as defined in the function header.

In the 1st function call above,
prin gets value 2000, time gets value as 2 and rate as 0.10.

In the 2nd function call above,
prin gets value 2600, time gets value as 4 and rate as 0.09.

(KEYWORDIARGUMEN]
Keyword arguments are the
ifvi : : with assig
This way of specifying names for the values being passed, in the ::!T::j aimg?n:m;:u::d in Lhe
function call is known as keyword arguments, function call statement.

prrint gets value 2000, time gels value as 2 and rate as 0.12.
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! ['}1hl~1l_1 alhm'-..'_ you lo combine multiple argument types in a functio il i
| following function call statement that is using both posit s o Gider the

ional (required) and keyword arguments :

interest (5000, time = 5)

e JTH“";“HI value (5000) in above statement is representing a positional argument as it
3 =) sl y s » = & .4 1
will be assigned to first parameter on the basis of jts position, The second argument (lime =3) is
n_-pn.‘a‘-L‘ntmg h‘yu‘nni argument or named L e=5)is

argument. The above funclion call also skips
) : - A t S an
argument (rate) for which a default value is defined in the function header P

pules for combining all three types of arguments
Python states that in a function call statement -

& anargument list must first contain positional (required) arguments followed by any keyword
arguement, ' -

& Keyword argumtents should be taken from the required

argunicnts preferably. L e y

& You cannot specify a value for an argument more than

Having a positional arguments
once.

after keyword arguments will
result into error.
For instance, consider the following function header :

def interest( prin, cc, time = 2, rate =0.09) ;
return prin * time * rate

Itis clear from above function definition that values for parameters prin and ce can be provided

either as pusiliun.ﬂ arguments or as keyword arguments but these values cannot be skipped
from the function call.

Now for above function, consider following call statements :

Legal / |
Function call statement Hl'fgal Reason
interest(prin = 3008, cc = 5) | legal non-default values provided as named arguments

interest(rate = .12, prin = 5000, cc = 4) . legal kevword arguments can be used in any order and
o for the argument skipped, there is a default value

—

Interest(cc = 4, rate = ©.12, prin = 5eed) | legal with kevword arguments, we can give values in
’ any order
T o w v g v mit:
= legal »ositional arguments before keyword argument;
erest{sees, 3, rate =0.35) ® L}r skipped argument there is a default value
irrter‘es.t{ra.te @.aes5, 509, 1) illegal kevword argument before positional arguments |
— = . ¥ ] # : -
interest (5020, prin = 300, cc =2) illegal | Multiple values provided for prin ; once as post
» = »

tional argument and again as keyword argument

s

p = EB - = ! [ I. W II.'I'}
U F

Interest(seo, time = 2, rate = 8.05 ) illegal | A required argument (cc) is mising
] = &y *
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ates and uses the function interest(), we have been

Now consider the following program that cre

discussing so far.
on interest( ) that can recelve principal amount, i,

Program to calculate simple Interest using a functl
specily default values for rate and time as 10% ang

and rate and returns calculated sim ple Interest. 1o
2 years respectively.

3.2

rogram
def interest(principal, tipe = 2, rate = 0.10) :
return principal * rate * time

g __eain__
prin= float(input("Enter principal amount 7))
{me values 15 :7)

print(~Simple interest with default ROT and t
541 = interest(prin)

print(Rs.”, s11)
rol = float(input(“Enter rate of interest (ROI) :%))

tire = Int(input(TEnter time inyears 7))

print(~Sirple interest with your provided pOI and time values is H

c{2 = interest(prin, tire, rol/f1e8)
print(“Rs.", £i2)

Sample run of above program is as shown below :

gnter principal a=ount : 6700
sirple interest with default ROI and time values is :

ps. 1340.0
gnter rate of interest (pO1) : 8

fnter time in years : 3
sieple interest with your provided rOI and time values 1s

Bs., 1608.0

3.6 RETURNING VALUES FROM FUNCTIONS
Functions in Python may or may not return a value. You already know about it. There can be

broadly tuvo types of functions in P'ython :

© Functions returning some value (non-void funclions)

& Functions not returning any value (void functions)

1. Functions returning some value (Non-void funclions)
The functions that return some computed result in terms of a value, fall in this category. The

computed value is returned using relurn statement as per syntax :

return <value »
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i value peing retumed can be one of the following
o aliteral & a varable © an expression
For example, following are some legal return stalements :
return § ¥ literal belng returned
return 6ed # expression involving literals belng returned
return a g variable being returned
return a*"3 & eapeesslon Invelving a variable and literal, belng returned
return (2 +8°%2) /b " espression imolving variables and 1iterals, belng returned
returna +b/c # expression Involving variables being returned

"‘.H }‘-“-I ca" a Iunl:l.lt"l" 1I:ll-||t i" l’l.‘ltlTT‘IH"IF.', A ‘1-.‘11'|‘-|' tl“_u !‘L‘lll!’T‘lL‘d '\‘ﬂh-"-' Il"i- I“u]-dl.' ;1“‘1.1"!'11qu ‘L‘ lh‘n‘.‘
caller functiond/program by internally substituting the function call statement. Confused 2 Well,
don't be. Just read on, please O

Supporse if we have a function :

def sum (x, y) @
EExX+Yy
returns

And we are invoking this function as :

result = su=(5, 3) e Tt rwtisrmtead vulia frimn jami 0 il reploce st fumctionn sull

After the function call 1o sum() function is successiully completed, (e, the retum statement of
function has given the computed sum of 5 and 3) the relurmed value (8 in our case) will
internally substitute the function call statement. That is, now the above statement will become

(internally) :
result = 8 r : — y
Boow o ph vt arman vl UM ® s el Ilﬂ‘“"l‘f:-“l abf
/‘;: sy, Vi [l ernzdt wnd! P wiwy il X
?T-QRI&HT... ................ ORI % ST O RN SRR YL SR _

¢ The returned value of a function should be used in the caller function/program -
inside an expression or a statement ¢ ¢, for the above mentioned sum( ) function,
following statements are using the retumed value in aght manner :

-

e TEL IR L

add_result = sum (a, b) +—— The rerumad walund bong wad in avignment ststemmt

print(sum(3, 4)) « Ihe returmed vl being woad in prnt satemient

The rerwmed valuad leing wad in @ relathwa] eyprewion

sum(4,5)>6 +

. FETE R LR L LR

P B R A e L LR S TR N I sy e

If you do not use their value in any of these ways and just l_': “;’1‘ ‘Jr.! L M s '
give 3 stand-alone function cnlj. Python will not report an Functions returning 8 value “.
error but their return value is completely wasted. alsoknawn 3 frultful functions. -
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| frTerTesrTErasREecama - chmb ke .++:.H--.-v-r-o-----“'““""""" e | = “r .
: o :nmre urn stalemenl ends a f‘l‘.ll:dll:ln exctul!un even If it caution] o You d0 not uye
: is in the middle of the function. A function ends the  fnction call of 5 'uncllul
: moament it reaches a relurm stalemenl or all statements in returning some value Insige 1"-

function-body have been execuled, whichever occurs other expression or statemeny,
function will be exetuted by g

: carlier, e.g.. following function will never reach print( )

statement as return is reached before that, return value will be wasteg s
. Python will not repart any esre,
def check (a) : . for it

: a = nath.fabs(a)

returna

print(a) « — Tho stutement o wnreachable bevaise ki) function
will end wish vt atend cvseirod wadl ver seacly this

sl

L R Ty

check(-15)

...... . taasw

2. Functions not returning ony velue (Void functions)
The functions that perform some action or do some work but do not returmn any computed
value or final value to the caller are called void functions. A void funclion may or may not
have a retum statement. I a wvud furction has a retumn statement, then it takes the l‘nllowing
form:

Fore apond functiom, retiern statement divs et ane auy
e )
return vulue caprazvion Irag retumod

that is, keyword returmn without any value or expression. Following are some examples of void

functions :
" Vraothws wonad fansctioe watls ao setung statemand
(] LTS [T SN
L e def greet( ): def greetl(name) : :"‘/
Q‘ print("helloz") print("hello”, name)
vonad function wil g
crm sbtowwrell def quote( ) : def prinSum (a, b, c) : «
N print("Goodness counts!|®) print(“Sumis”, a + bm
return return

Vrvvsthier qulfﬁﬁ‘lﬂiﬂ
wiilt o refure atatermrd

The 1._'0|d Iunctions are generally not used inside a statement or expression in the caller ; their
function call stalement is standalone complete slatement in itself, ¢.x., for the all four above
defined oid finctions, the function-call staternents can take the form -

greet( ) .
greetl( ) | ‘______,.._—-..___‘ Voo cut sow thar all tiese function call
I taterieniy ure standalione, i, thoe
Uth . O} @
q () ot et of @y other esprcandin or staterttent
prinSum(4, 6) _J

f Fu vu]éd Iundl_r.ms do hot return a value but they relum a legal empty value of Python ie.
J o ";"}' void function retums value None to its caller, So if need arises you can assign this
refum value somewhere as per your needs, e.g., consider following program code :

; |
_ E
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def greet( ):

print("helloz”) |

N 0D TE L
a=greet() ll_., O RS R
print(a) A vold ( |
I calied  non-fruitful functions)
The above program will give output as : returns legal empty value of

helloz Python Le., None to its caller,

None .

Yes, you guessed it right - helloz is printe

‘ d because of greet( )'s exccution and None is printed
as value stored in a because sreel( ) re

tumed value None, which is assigned to variable a,
Consider the following example :

#Codel # Code 2

def replicate() : def replicatel() :
print("$$$35") return "$5545"

print(replicate()) print(replicatel())

Here the outputs produced by above two codes will be:

Qutputs:  Code 1 Code 2
$5548 $5555
hone

I know that you know the reason, why ?

S0, now you know that in Python you can have following four possible

combinations of
functions :

(1) non-void functions without any arguments
(1) non-voud functions with some arguments
(1) void functions without any arguments

(iv) void functions with some arguments
Please note that a function in a program can call any other function in the same program.

36.1 Returning Multiple Values

Unlike other programming languages, Python lets you return more than one value from a
function. Isn't that useful ? You must be wondering, how ? Let’s find out.

To return mulii ple values from a function, you have fo ensure following things ;
(i) The return statement inside a function body should be of the form given below :
return ¢valuel/variablel/expressionl>, <value2/variable2/expression2>, ..

" : the re values in one of the
(i) The function call statement should receive or use the returned
fnllnwing Ways :
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(a) Either recvive the returned values in form a tuple variable, ie., as shown beloy .
. Tha retum statement feturming
def squared(x, ¥, 2): ! comma
Varialide 1 thar revetins the returnx®x, y*y, 2%z mﬂdmﬂlvﬂmuw |
returned valers o @ ngle u
imvaeld thar aomrmag wparaind -
valuey ave todem 21 & fuple) t = squared(2,3,4) T Now it cun woe the tuple £ i,
il dpwTi ety
print(t) Tugse | wil L prnited a8
(4.9, 18}
(%) Or you can directly unpack the recvived values of tuple by .-p-.lvif}-mg the sam,
number of variables on the left-hand side of the assignment in function call, ey,
def squared(x, y, 2):
returnx *x, y*y, 2" Sone the revennd iudisey are ia the
— Soerm oof theow differemt variables
mad ot o e
vl, v2, vl = squarcd(2,3,4)
print{"The returned values are as under:™)
print{vl, v2, v3) — ] Owutpnt procduced as
The retrmed values aie a8 under;
4916
Now consider the following example program.
3.3 Program that receives two numbers in a function and returns the results of all arithmetic operations
(*. = = /. %) on these numbers,
roFam

def arCalc(x, y) :
return xey, x-y, x*y, x/y, a%y

F__maln__

numl « Int(input ("Enter nusber 1 : 7))

num2 = int (Input (“Enter number 2 : =))

add, sub, mult, div, mod « arCalc (numi, num2)
print(“Su=of glven nusbers 1=, add)
print("Subtraction of glven numbers :7, sub)
print(“Product of glven nusbers ;= rult)
print(TDivislon of given nutbers 7, div)
print(“Modulo of given numbers :*, mod)

Sample run of above program is as shown below -

Enter nusber 1 : 13

Enter nuzber 2 : 7

Sua of given nurbers : 20

Subtraction of given nusbers : 6

Product of given nuzbers : 91

Division of given nuzbers : 1.8571428571428572

Modulo of given nuzbers : 6
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C
o compesition in general refers to using an expression as part of a larger expression; or a statement
asapartof largerstatement, Infunctions’ contexl, we can understand composition as follows :

53y, ta promote tourisin, the govermment has also Lunched o clty-based ticket (say ncket3),
city-based tichet can visit all the monuments in that city, So we can say that the scope
city and all the monuments within city including monumentA and monument B,
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OMPOSITION

The arguments of a function call can be any kind of expression ;
& an arithmelic expression e.g.,
greater( (4+5), (3+4))

& a logical eapression e.q,
test{(aorb)

© a function call (function composition) ¢y,

int(str(s2))
" - Function cull as pard of Lirper
int[ﬂuat{ 51.5 :F * 2] rf-" Jurction cull ie¢ | coempuition
int(str(52) + str(10 — — -
(str(52) + str(10)) R == |
The above cxﬂmplcﬁ show you composition of function calls I.'.u.ﬂmpnslll-m In general rtl'm'ln
. r - s part of laree : . Using an expression as part of a
a function call as part of larger function call, i ot o & st
a5 a part of larger statement,
SCOPE OF VARIABLES

The scope rules of a language are the rles that dedde, in which parl(s) of the program, a

particular picee of code or data item would be hnown and can be accessed therein, To
understand Scope, let us consider a real-life situation.

Suppose you are touting a historical place with many monuments, To visit a monument, you have to buy a
tichet. Say, you buy a ticket (bt us call at tichet]) 10 po see o monentA
monumentA, your ticket] is valid, Bt the mome
over. You cannot use ticket] 1o visit any vther monumen
ticket, say ticket2. So, we can say that scope of tichet] is monumentA and scope of ticket2

As lang as, you are inside
b you come out ol monumentA, the validity of ticket] is

L Tovisit mosument!, you have to buy another
2 is monumentB.
A person having
ol tichet3 is the whole

Now let us understand scope in terms of Python, In [':c_.r_]'_ BRI BLEVTA |
programming terms, we can say that, scope refers to part(s) Part(s] of program within which
of program within which a name is legal and accessible. If it a name is legal and accessble, is
seems confusing, 1 sugpest you read on the following lines called stope of the name.

and examples and then re-read this seclion.

There are broadly tuw kinds of scopes in Python, as being discussed below.

1. Global Scope

Aname declared in top level segment ( _main__ ) of a program is said to have a E,!Dh-‘ll scope
and is usable ingide the whole progrant and all blocks (functions, other blocks) contained within
the Frogram.

(Compare with real-life example given above, we can say thal ticket3 has global scope within a city as it is
Wsable irt all blocks within the city.)
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! 2. Local Scope

[

i

id to have local A global voroble 1y 4 !

I8 sl deflined In the ‘main’ Hm
[_main__ section). Sueh y v

A name declared in a function-body :
scope f.e, il can be used only teithin this funchion and the other

Blocks contained under it. The names of formal argumenls also are said 10 have globol scope,
have local scope, A local v::.fuhk Is a variable

. . . P~ < within a function, Such v, - i
(Compare with real-life example given abooe, e cant S3¥ that Tl mﬂ'"ﬁi

ticket 1 and tichet2 have local scopes within momumentA amd
monumentB respectiovly.)

A local scope can be multi-level; there can be
scope of an inside block. All this would become

an enclosing local scope having a nested |
clear to vou in coming hines.

Scope Example |

Consider the following Python program (program 3.1 of section 3.4) :

1. def calcSum(x, y):

2. T=x+y ® statement -1-

3. return z # statement -2

4. nunl = int{ input{ "Enter first number :*) ) # statement -1-
5. nu=? = int( input( "Enter second number :™ ) ) #statcement =2-
6., sum= calcSum ( numl, numd ) #statement -3-
7. print('Sumof given nuzbers is°, sum) # statoment -4-

A careful look on the program tells that there are three variables I, mum2 and sum defined in
the matn prograns and three vanables x, y and = defined in the function calcSum( ). So, as per
defimtion given above, numd, num2 and s are global variables here and 2, y and = are local
variables (local to tunction caleSumi( ) ).

Let us now see how there would be ditferent scopes for variables in this program by checking
the status after every statement exccuted. We'll check the status as per the flow of execution of
above program (refer to section 3.4)

1. Linel @ def encountered and lines 2-3 are ignored.

2. Lined (Main.1) : Execution begins and global
Global Enviroasent environment is created. nmunl is added to (his
mal G- 13 J environmenl,

Global Environment
numi [3— 3
num2 [4—7

3. Line5 (Main.2) : num2 is also added to the global
' environment. .
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4. Lineé (Main3): caleSum( ) is invoked, so a
local environment for caleSum( ) is created:

global Enviromment

numt G- 3
el u::rl E.n;!i;nr-}nt \ Jormal arguments x and y are created in local
a3 u=( ) environment.
y3-7
‘i. '.‘

Global Environment

F
5. Line2 {:.:alcSu m.1) : varable =z is _ff nuel [} 3 Local Environment
created in the local environment. H nue2 (32 for calcSum( )
i." ii KE-" 3
B A yB-7
......-" I.d‘ :m/f
\\\I
Global Envi Y
e E}—n; iy . 6. Line3 (caleSum.2) : value of 2 is returned to caller (return
ol B 7 ends the function, hence after sending value of s to caller
sva G- 10 & in variable st (when control is back to Main.3), the local
4 cnvironmenl is removed and so are all ils conslituents),
e -

7. Line7 (Maind) : the print statement picks value of sim from its own environment.

8. I'rogram over. Glolial environment is also removed with the end of the program,

BNy T iy bt i o 3 - — '

As you can see from above that scope of names niom1, num2 and sum is global and scope of
names x, y and = is local.

Variobles defined outside oll functions are global variables

These variables can be defined even before all the function definitions.

Consider the following example :

X=349 —— Variable x defined above all functivns. It is abo
def func(a): a global variable along wuh y end
b=a+1
returnb

y = input( “Enter number” )
Z=y+func(x)
print(z)
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Scope Exnmple i

(art s labe e e eramnphe. Comsidet ther feslberainng, c1rbe .

1, defcaleomin, b, )
p coanhied
), Feturn %

g statement <1-

g otatpmatit 7=

A, daf average (£, 447) ¢
. cmecaltvmir,f,?)
i, returnem /3

g otatemart <1

PEAY W e ey

. PEAY M e &
7, ram) e int (Jrgut( Nmter 1 7]

B, rammd = nt (drgeat( Veptat i *3)
9, mmleint (Jrgat{ Temtar 2 )
18, print(“heerape of thase rertars i

g state=srt -7
Betate=ant -3-

5, aeeragel reml, i, 022))
B otagtemerit -4-

. B 1 F i g= LI "
Internally the global and boeal envaironmants witald bee covated ay gt oo OF ot

1. Lirw] ¢ def encemsntirred ; liras 2, 3 dygpeared

2. Liret ; def encomntered [ lisas 5, 6 bperrred. ’,‘f.. .
;’, Gletal Iralrermart
3. Lirw? (Malnd) : ceccutiom of main program begins | {  roms (=3
plobial envitemnmment created [ numl added to ot _
'-'.i -"
Cletal Feelrormant \
Fogm] E--i 1 TL ) ) )
) [G= 1 i 4. Liru &, % (Main.2 and Main.3) : add nmum? and num3 to
rem) ()= % phebial envirenment,

5. Linel0 (MainA): Function average( ) Glskel trelr

Is Invoked, v a local envitonment remmy [F-= 3 _
forr l’l‘ﬂ’l»ﬂ ) s ervatied  formal remi[}=7 Local [ovirorment
argurnenis x, iy and 2 are created in rem) [} % :E*";"'Iﬂ )
lecal enviromenent, 1 . B>
I '-" \
"t 'i' w 2 E}-‘ ]

L
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6. Linc3 [nvcm'gej]]l 1 Function Zlobal Environment Local Environsent
caleSum( ) is invoked, so a for average( )
j local environment for numl [5— 3
. . num2 G- 7
“j‘.'f"”l'r ) :5 ::n.:'\tm.l, r:m;lm:. it~ x B= 13 u;::: ‘t.n;:mt \
within local environment o y B=7 +O- 3 |

t[3-5 b[E-7

| average( ) ; its  formal
c[=2-5

' arguments (0, b, ¢) are
fn.'ﬂ!l..‘d i.n ||'. "-.

..._—-"""f

Local Environment

Global Environment
for average( ) \

rml G- 3

nun2 (5~ 7 x [G— 3 Local [nvirorsent

nuni[E= 5 y B 7 .IE::;:SL-{ ¥

tE-51 v3-7
c@-5
s - 15

7. Linel (caleSum.1) : Variable s is
created within local environment of

calcSum( ).

--'-'-'-.-'-“-I.-'-‘l

"fﬁluhal Environment

B. Line2 (caleSum.2) : Value of s is o} b 3 Local Environment \
retumed to s oof average( ) and ' "m:g*; for average( ) |‘|
- 1 num —
caleSum( ) is over, hence the local \ ; 07 sm[}--15 /
environment  of calcSumi( ) s % : @5 /

removed. '

9, Line6 (average.2) : Return value is calculated as sm /3 (ie., 15/3 = 5.0) and retumed to

caller (maindd) stalement ; average( ) is over so its local environment is removed.

\ Global Envirensent

Global Environment

nunl 53— 3

Local Environment 1 3
num2 G- 7 fr:r average( ) ! :) : ::z g 7
nmi[E3—5 s [[(F-12 :E3-5 | n\ nun]l}-S

y3-7 sm[3-15 \
15/3[3-=5.8 - _, suie
L ﬂ'il."d 'u'lll.ll']

‘I""-t-'l'l'llllli wad [rt

Linel0 (Main.4) : The print statement receives computed value 5.0, prints it and program
is over. (with this global environment of the program will also be removed.)

10.

T - —T e ]
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rm - lifetime of a LITETIMEg “'-231
for which a variable et 5 “m;h
lifetime is entire reme remans I mmn.-.,:
called Lifetime of variable,

Here we want to introcduce anather te
variable. The lifetime of variable is the time
lives in memory. For global variables, _
program run (i.c., they live in memory as long as the pm}:r'-\m 18
running) and for local variables, lifetime is their function’s run

(i e., as long as their function is being erecuted.)

e ol @ Nome)
ie., when you access a variable from within 5
also known as LEGB rule. That is,

3.8.1 Name Resolution (Resolving Scop
For every name reference within a progrant.
program or function, Pvthon follows name resolution rule,
for every name relerenc, I'vthon does (he following o resolve it

(0 1t checks within ils Local environment (LEGH) (or local mantespaee) if it has a variable
with the same name ; if ves, Python uses its v
If not, then it moves to step (1)
() Ivthon now checks the Enclosing environment (LEGD) (e.g. if whether there is a
varable with the same name) § if yos, I'vihon uses its value.
If the variable is not found in the current environment, P'vthon repeats this step to

higher level enclosing environments, if any.

alue.

If mot, then it moves to step (i),
Ivthon now checks the Global environment (LEGH) whether there
the same name ; if vos, Python uses (s value.
If not, then 1t moves to step (i)

is a vanable with

(1)

(i) I'vthon checks its Buill-in environment (LEGB) that contains all built-in variables and

functions of Python, if there is a varable with the same name it ves, P'vthon uses its

value.

Otherwise 'vthon would report the error
name ¢ variable » not cdefined.

As you can mabe out that LEGH rule means cheching in the order of Local, Enclosing, Global,
Built-in environments (namespaces) to resolve a name reference {]7;}- 3.2)
. + 3.2

Figure 3.2 LEGB rule for name resolution (scope)
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Let us consider some examples to undenstand this, '

(e Vo voncble in global scope but not in locol scope
Let us undenstand this with the help of following code :

def calcSum (x, y) @ — , :
sexey ./:;.‘Itmt -1- ::T.,:;::;;ﬂu huriable. |
| print(nu=l) g statement -2- i 1'
return s E staterent -3-

mml o InT(input( “Enter first nusber :™ ) )
ramd = ANt (Input( TEnter second nuber 17 ) )
l print(TSum Ls7, calcSum (numl, num2))

. - . . .

I Consider statement 2 ot tunction caleSum( ). Carvfully notice that mum1 has not been crvated in
calum( ) and still statement2 i trving to printits value. The intemal memory status at time of
owecution of statement 2 of caleSam( ) would be somewhat like

1. Pfvthon wall fint chock the

Local enzsromment of caleSum( ) Sy
for mum] Global Lnvironment
rum] [ e
ruml ts not found there. r:,g* , -;‘ Local [nvirorsent
- w for caleSum( ) \
- - L E}_. ] 'l‘
| 2 Nthon now cheoks for numl, 00— - 1
h L v y =17
the panmt  emvironment  of FRCERE oS aora J CERTI e
. n alerrpf} o ’
calcSum( ), whuch s Glda! - \.
enorronmen! (thete s ot any - l\
- e ) ruen [ eod foursd n local
intermadiate enclosing emvoriment (attempt 1)
envirunment) |
I'vthon tinds mum ] here ) oso 0t picks ity value and proints it,
. i b |
t:}l_? !-’C'-.:!_*'t‘ rether N “_ '_‘:. wronDe nor in fir'..!' :l '.'f."['.l_' !

Whatif the tunction is using a vanable which s nether inits local envitonment nor inits parent
environment ? Simple! Pyvthon will return an error, ¢ ¢ Python will report error for variable
name in the following code as it not detined anvw here

} cef greet( ): — Thaa wanild vt eroir an e i niither in

. baa! muenmegrd mr i phdul Fmvonmen
print(“hello®, nase)

Ereet( )

c-zﬂ 3 . SU"T‘" \-:I'J:IL"I'E nome 10 lD:ﬂt Lcope oS hﬂ” as in g‘ﬁbOl scope

lfinside a function, vou assign a value o a name which is already there in a higher level scope,
Pthon won't use the higher scope variable because it is an assignment statement and
Isignment statement creates a vanable by default in current environment.
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Tor instance, consider the following code ; read it carefully :
def statel( ) : // ol .
/.;-—'———" tiger's =15 " Global Invironssnt .
P \

Phis statemmt will qressse & print(tigers) ,-' tigers (3-95 Local Envirormeny
Al suraale wizh mamer I for statel( ) \
: it ir avirpeesenl tigers =15
:::u’::n‘ Ir wom T ecder o tigers = 95 ,."
Figers of wusin progroes print tigers \

statel() S~ __,_..-/

print(tigers)

The above program will give output as:

Kerult of pring asaterment inide statel 1 1 furi o,

95 / thus suloe of local tipery ;n'"..'rJ

15
95 ‘Lh\‘\ Eesilt oof print statesent imide min program
thur yelier of plidal tigert 0 printed
That means a local variable created with same name as that of global variable, it hides the global
variable. As in above code, local variable tigers hides the global variable tigers in function
statel( ).

What if you want to use the global voricble inside locel scope?
If you want to use the value of already created global variable inside a local function without
modifying it, then simply use it. I'vthon will use LEGE rule and reach to this variable.

But if you want to assign some value to the global variable
without creating any local vanable, then what to do ? This is

because, if you assign any value to a name, I'vthon will create The global statement is a

a local variable by the same name. For this kind of problem, declaration which holds for the

Python makes avatlable global statement. entire current code block. It
: _ means that the histed identifiers

To tell a function that for a particular name, do not create a Ntih olihe ot

local variable but use global variable instead, you need to or global =pvironment.

write :

glebal evariable nazes

For example, in above code, if you want function statel( ) to work with global variable tigers,
you need to add global statement for tigers variable to it as shown below :

def statel( ) : —
ST Srh global tigers = "“\\
This i3 an indication ot 1o tigers =15 4 " Global Environzent "
‘;:m hﬂ: mmbﬂ-:h Print(tigers) IFJ tgers 5- 35 Local Environment ?'i'
the ssme tipery. rather wse
sl surichie tipen tigers =95 L (& 15 for statel( ) ‘j
print(tigers) /

state1() " |
print(tigers) ' \"‘\__ //‘_.r-"'
————
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The above program will give output as :

oY e

95 Result of print stutement inside atase( ) Junction,
i waloe of plodal tigers is printed fuhich was rondifiend The global stalement cannot be
t0 15 in prerions |
r prva fne) reverted In a program run. One
'\ Kevult of print sttement inside main peogram, thus, : o e I
1: wilue of globul tigers (which is 15 now) is printed RELEERSTL I Eython prograim.
| p :
. Once a variable is declared global it a function, you cannot — ~

undo the stalemenl. That is, after a global statement, the
I function will always refer 1o the global variable and local

Although global variables can be
variable cannot be created of the same name,

accessed through local scope, but

. it Is not a good programming
But for good programming practice, the use of global practice. So, keep global variables

_ statement is always discouraged as with this programmers global, and local variables local.
; tend to lose the control over variables and their SCOPCS.

CALLING FUNCTIONS, ARGUMENT TYPES,
SCOPE OF VARIABLES

aif— Prugress In Pﬂhnn 3.3

This ‘Progress in Python’ session is aimed at these concepls : ealling or invoking functions, different
tipes of arguments, scope of variables and Name resolution by Python.

Please check the proctical component-book - Progress in Computer
d_ Science with Python and fill it there in PriP 3.3 under Chapter 3 aller
praclically doing it an the computer.

L

39 MUTABLE/IMMUTABLE PROPERTIES OF PASSED DATA OBIECTS

Sonow you know how vou can pass values to a function and how a function returns value(s) to
its caller. But here it is important to recall following things about variables

© Python's variables are not storage containers, rather T'yvthon variables are like memory
references; they refer to the memory address where the value is stored.

© Depending upon the mulability/immutability of its data type, a variable behaves differently.

That is, if a variable is referring to an immutable type then any change in its value will also

change the memory address it is referring Lo, but if a variable is referring to mutable type then

| any change in the value of mutable type will not change the memory address of the variable
(recall section 1.7). Following figure also summarizes the same.

Another important thing to know here is that the scope rules apply to the identifiers or the name

labels and not on the values. For example, if you pass an argument a with value 5 to a function

that receives it in paramcter b, then both a and b will refer to same value (i.e, 5) in data space

(even with different scopes, they may refer to same data in data space depending upon

mulability), but, you can use name b only inside the called fu_nt{iun. and not in the calling

function. This will become clearer 1o you when we discuss mutabilily with respect to arguments
| :..a'“d parameters in the section 3.B.

L
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(Integer literals are stored ot some predefined locations)

— Number of references .___{_”
(2)
143200 148216 148232 148248 148204 148280

Cod —®

List1 = [1, 3] e

vard = 3 umm
| D ]
/ 1
var! stores the memaory List1 has been allocated address 2_00160 where il
reference of integer value 1 can slore memaory references of its indradual
(ie., 148216) as i is items o g, List1[0] currently stores here the
currently storing 1 memory teference of integer value1 (i.e., 14B216)

and List[1] stores the memory reference of
integer value 3 (ie., 148248)

Now if you make following changes to Listl and Varl:

varl=varl-1 (Now varl holds value 0)
Listi[@] =3 (Now first itemof Listl is also 3)
n {2)
148200 142216 148232 148248 138264 148280 148296
: N

-

wlS

» = List’s memory
holding address
remains the same
individual lems’
addresses change

Listl  200160°Y

o 1

1 —

varl now slores memaory -

address of inleger 0 The memory allocated to List1, where il can hold its data items’

(Le.. 148200) memory address remalns the same j.e., it still is 200160, BUT

as .the individual items of List1 have changed so individual
#ems’ memory addresses stored here have to refect this. Thus
b‘:;"ézLiﬁaﬁlE]U] and List1[1] are currently storing memory address
- the memory address of integer 3 as both List1(0] and
List1[1] currently hold integer value 3.

Figure 3.4 Impact of Mutability and Immutability
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1 Mumbahtﬁlmmuhbihw of Arguments/Parometers and Function Calls

E vhen you pass values through arguments and parameters to a function, mutability/ immutability

| :bg plays an important role there,

Let us understand this with the help of some sample codes,

Code 1.1
grple Code 11

,' Passing an Immutable Type Value to a function.

1. defmyFuncl(a):
2. print("\t Inside myFunc1()")

. 3, print("\t Value received in 'a* as", a)
| a. asa+2
5. print("\t Value of '3’ now changes to”, a)
6. print("\t returning from myFuncl()")
7. #_main__
8. num=3

l' 9. print("Calling myFunci() by passing 'num’ with value®, num)
| 18. myFunc1(num)
l

11. print("Back frommyFunci(). Value of “num’ is", num)

Now have a look at the output produced by above code as shown below

' Calling myFuncl( ) by passing 'num' with value 3

Inside myFuncl( )
value received in 'a' as 3
v f 'a' now chanacs to THGWMWcanEdhmltnﬁhﬂduMm
alue ? A° 9 BUT NOT got reflocted to __main_
returning from myFuncl( )

L]

Back from myFuncl( ). value of 'num' is @ L Al == e '

As you can see that the funclion myFuncl() received the passed value in parameter a and then
changed the value of a by performing some operation on it. Inside myFuncl(), the value (of a)

Bot changed bul after returning from myFuncl(), the originally passed variable num remains
unchanged,

— I ——

Let us see how the memory environments are created for above code (i.e., sample code1).
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Memory Environment For Sa

(Note : Passed value is an inleper,

(1) s~ reforence counl
po0  A16 032 B4BT fria ma hasn aro 8

COMPUTER SCIENCE WITH PYTHoy,
=

mple Code 1.1

an immutable type)

Thosa memory addresses will vary each
pocatad by D3

totkooced ... [3] [4] [8] [8] -

Global
Environmenl

dala ypnce __\
€

{2) ¢~ relerence count
BO0 816 B3 A4

Tl Lines 7-9 of codo of —=mafn-

dats space —@\m lfﬂ [E] v

L

\\ﬁmnml Environment
|

e [‘ ' Local

a Envitonmant
(myFunc(l)

E———

e ——

m mn

At lina10 (fimction is called) argument
nun is receved i parameter a and for
lines 1, 2, 3. environment feenns the

samc

Seo, tho glabal anvironment's

num remams unatfectod from
changos to variable a of myfunct

poo 816 B2 a4a 854
astaspoce [...[3] [4] [5] [6] (7] .
\
Alline 4 Global Environment

Local Env (myFunci())
a(von=n*2)

Local memory environment
remains the same il Hine6 and the
myfunci( ) gals ovor and conlrol
retumns (o —main- part’s fina1l
and the local environmen! of
myfunci( ) is removed.

()
B00 B16 B2 B4B

At line11, when num’s value 15

ser s [ (3] [3] [5) 6] -

— Global
( ™ | Environment

/ printed Python prints 3 as the num
remained unchanged in its scope
and thus always remained 3.

_—
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a yvu just saw how Python processed an immutable data type when it is passed as argument.
iﬂ us e what happens inside memory If you pass a mutable type such as a fist. (Recall that a
~/cullection such as a list internally is stored as a container that holds the referenoes of

individual items.)

ie Code 2.1
sype Cove 21

passing @ Mutable Type Value to a function-Making changes in place)

1. defmyFunc2(mylist):

2. print("\n\t Inside CALLED Function now™)

3, print("\t List received:”, mylList)

4, myList[0]) +=2

5. print("\t List within called function, after changes:~, myList)
G. return

7. Listi=([1]

B. print(“List before functioncall: =, Listl)
9. myFunc2{Listl)

18, print("\nList after functioncall : ¥, Listl)

Now have a look at the output produced by above code as shown below :

List before function call : [1]

Inside CALLED Function now
List received: [1] The value gol changed from [1] 10 [3)
] g : ] r changes : rsuda lunction and changa GOT
List within called function, afte q @ mpe e
List after function call :@ @ oresessaccrocscsssstsssssanssasscsnns «*

As you can see that the function myFunc2( ) receives a mutable type, a list, this time. The
passed list (List1) contains value as [1] and is received by the function in parameter mylist. The
changes made inside the function in the list nrylist get reelected in the original list passed, ie., in

list] of __main__.

- S0 when you print its value aflter returning from function, it shows the changed value. The

reason is clear — list is a mutable type and thus changes made to it are refelected back in the

caller function.

Let us see how the memory environments are created for above code (ie., sample code.1).
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Momory Environment For Sample Code 2.1
(Note : Passed value is a list, a mu table type)

(1) #- reference couwnt
S0 S50 A7T2  BAS GOM 25000
0 "‘0'.”0‘?"‘-&'{0;5‘3,
mﬂﬂﬂhcmn “?

ata apace and — - a i
sowmersy |-« (0] [7) [2) [3] [4] - [TOU ][ oot compurean
Mty

| {List1]0) holds momary '
nddress of value 1 (556))

'l Globa! Environment
¢ ¥~ Tl Lines 7-9 of code
tistl of __main_

M
540 850 572 588 604

[0 () 2] B3] G-

At line®, function myFunc2( ) gots
callod ;| amument! List] iz recenved in
parameter myList Ooth now poing g
address 25000. Faor hnes 1, 2, 3, the

anvironment remains the same.

/ Global Environment
' al Environmen
List) oo ey Func2 (o)
(N » Al iined, myLisf{0]'s vale
540 555 572 588 oMM 25000 changes o 3 (mylisif0] +=
— 0 2) and thus the Oth item of
@ E] IEI E E 1— [ 'l_ myList now holds reference
of value 3 BUT the memory
= / (List1]0] now holds locaton of list  myList
/ / mem g::géﬁ? - remains the same (25000).
_/ Global Environment The change of memoly
u;ul | address from va!r..-e_ i fo
' Local Environment value 3 has been done in place 1.+ af
\_._‘ (myFunc2()) same focation of myfist (1e. 25000). The
myList T | memory environment remains he same for
T tines 5, 6 of code and then funchon refurns

conirol _main__'s kno 10, remaining
emaronment ol  funclion myFunc2(

D@6 E. T

— Atlino 10, when List1 is printed. it Is
"/ Global Environmant roforring to oddress 25000 that
- 1 I f valua 3

currently holds reference ©
Hence changed list is printed (35 3
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e ' J h lists {arpument
«s jn memory references occurred at the same address 25000 for bot .
f:dd;'::i::ulcr] and hence got reflected In _main__, the very essence of mulable types.
- iasly, if you make other changes such as adding or deleling items from a passed H_!i'l, these
5'?,1“{:5._1 reflected back as both the passed list argument and received parameter list work
w_;m ihe same memory address where changes are done in place. Check following code and Its
:-:.;tpul — changes are reflected back in _main__
cample Code 2.2

passing a Mutable Type Value to a function — Adding/Deleting items to it)

1., defmyFunc3(myList):

2. print("\t Inside CALLED Function now™)

3. print("\t List received:™, myList)

4. myList.append(2)

mylList.extend([5,1])

6. print(“\t List after adding some elements:”, myList)

7. myList.remove(5)

B. print("\t Listwithin called function, after all changes:”, myList)

9. return

10. List1l=[1]
11. print(~“List before functioncall :", Listl)

12. myFunc3(Listl)
13, print("\List after functioncall :", Listl)

Now have a leok at the output produced by above code as shown below :

List before function call : [1]

Inside CALLED Function now

List received: [1]
Tha value got changed from [1] 1o

List after adding some elements: [1, 2, 5, 1]
List within called function, after all changes: @ ljég;]mmmﬁmwr__

List after function call @ ([1, 2, 1) de oo ceeieecmceccmmcm e cmmmomm, "




Lines 10-11

Unes 2, 1-

COMPUTER SCIENCE WITH pyyyc,
Yo
Memory Environment For Somple Code 2.2

m
[__:us 312 M8 364 380 396 MLM
1] [2] 3] [4] [5] (8] - /'E']:I
— ﬁﬂﬂm:nonnluuﬂ.n.am

( Hltlr':‘]’// Global Environment )‘\ Till Lines 10-11 of codo of s

I

L
16 3312 M8 384 380 3% o
NEE@E 8- 0
/:/ Al line 12, funclion myFun.;J” Gets
/,.- / callfed ; argumont List1 js receiveq
/ Global Environment i paramwien myLiat. Bally List]
—_— and myList point to same memory
| / Local Environment address le., 38100
y (myFunc( )} Environmen! remains the
it same for
myl | I lines 1, 2, 3
— {1
316 312 345 A4 180 1945 38100

" EEEE 6~ k0

| —
/"’r - /,- Al bne 4. slaternont myList.ap-
p pend(2) gels execuled, 50 a now ele-
g u lli / / Glotal Environment ment (index 1) 15 appended (o myhs's
& Wl 14187 ’ r
Local Environment same muonory address 38100
| (myFunc3{)) This new eloment now relerences [o
i value?
Motice even afler appending a nesw elemenlt Lhe hst's i
address is the same (e, 38100, It, however, now Mutable types act like con-
accommodates place to hold new value, tainers, Container remains
unchanped, however, its con-|
r- S “ tents may change. Hence their
18 32 U8 Jof 390 3% S'E'mn‘ % g overall address remains the
“Tul Tl lel e talner’s
=11 5 (o] (91 [¢] [e] ] | same as it is the contain
M@ E @G 6 A Oy | ames j
L — 7
hd e
2] _,.-" !.J"
§ =
= : T/ / Global Environment Al line5, tho list is extended with B
vl Local Envi new elements (myLlst.extendi5. 1)}
(p]
~ sl The hist'sfmylist) memory addrass
myLi (myFunc3{)) 2100
st L g stilf remains the same le.. 3 -m
However, it now accomodales pla
L to hold two now elemen(s.
Environment remains 5ameé for hné

& foo.
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Environment For Somple Code 2.2 (Contd...))
pemof
38100
o__ 1
z
————< Al hna 7, staterment
2 <= 7 myListLremove(s) removes element
g T/ / Global Environment 5 from kst and thus only threo
Lht:l[ i clements are left in Lisi{myList),
Local Environment Eut the memory address of the list
myList L ] (myFunc( )) {myList) remains the same oven
after changes in ils conlents.
The environmaont remains tho sama
- till kne 8 and then controf rolums o
- @ . line1d
36 (1) 8100
012
l 1] [2] [3] [4] 5] [g]~ g MONONT
o
s
" =
= - /-—- Al line 13, after returning from
5 't r :/ Global Environment myFunc3{ ) the local environment
st & ts remaved. The hist List! is sulf
referencing the address 38100
L with alf the changes intact.
Sample Code 2.3

Passing a Mutable Type Value to a function - A ssigning parameler to a new valueloariable.

1. defmyFuncd(mylist):

2. print("\n\t Inside CALLED Function now")

3. print("\t List received:", myList)

4, new=[3,5]

5. ayList = new — Parameler ist gel assigned a new valua {a ist hera)
6. myList.append(6)

7. print("\t List within called function, after changes:", myList)

8, return

9. List1=[1, 4)

18. print(“List before functioncall :*, List1)
1. myFuncd(Listl)

12. print("\nList after function call : ", List1)

_—
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Now carefully look at the oulput produced by above code as shown below :

List before function call : [1, 4]

Inside CALLED Function now The value got changed from |1, 4) 17

List received: [1, 4] [3.5. 6] insde Rancbon and changs
List within called function, after changes: @ DIDNOT GET REFLECTED lo _myy,
List after function call : ([1, 4] )@ --seesemmmmmermomommmmmnmmmmmnsoess

Isn’t this unexpected, the passed value is of a mutable type, a list, Right 2 Bul still the changeg
made in the function do not get reflected back to _main__. Why ? No worries, Let's find oul,

But first have a look at the memory environmenls crealed for above code.

Memory Environment For Sample Code 2.3

(Note : Passed value is a list, a mutable type)

— (1) (m
532 548 554 SRD 50 612 40116
. 01
JFEEEEE - A
e - ,-"" Elernents 0 and 1 of lst refer 1o
5 — addredses of values thoy hold
st :/, Global Environment .
i e Til Lines 9-10 of code
= of _man__
r" (1) {1
312 580 40116
01
'IEBEEEE -t
Ly}
- f"’r /
ok il F.d
- E—
g - J c
£ - Global Environment At line 10, function myFunrff )
I gels calied argument Listl (s
- [ Local Environment received in parameter myList
myList | ] {myFuncd()) Both List1 and myLIst point (0
e same memory address 1 o., 4011
Environmen! remains the samé

for lines 1, 2, 3
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o
oy Environment For Sample Code 2.3 (Contd...)
H!""
i om0
532 564 580 596 llJi'IE 50110
1 0
AREEE - AYnRD LU
il
| f [ ,/
A 1=
of
5 st «] / / Glabal Environmant ’ Al line 4, @ new kst by the
o é l Local Environment 1 ::me TL?::I:; f-_'m:ji;:ﬂ !;ﬂfd l-'-af:n:h
! (myFuncd( )) i w is [
myList U M“'L] 50110 Wihile List? and myList
\_ point to memory address 40116,
new has memory address as
ol 50110.
L (m m
532 564 580 596 20116 50110
D_....i 4 1
1 -i'
_r’
_-"'

.-J"

Line 5

Iohal Environment ,

L:ls'r.:' At ling 5, myList is as-
'-"'-‘“' Environmant l signed new, which means it
my‘Llsl. ]

(myFunca{ ) now points [0 same address
— as now i e, S0110.

.

(1) m m 0 40116 50110
L B | N
NEEEBE - AR G
— -
: /f’ /'1""— / Al lino 6, stalemen
= = i (myList.append(6))
g ,-f f | adds value 6 at the end

GInbaIEnvIrunmnl of myList Since myList is
Li:n' prnting to address 50110,
oea! fr:‘-'i':::;“; - value 6 gets added fo this

myList | y nw[ | container. Thus when you pant

- myList's value, [t shows [3. 5, 6.
Environmen! remaing the same Gl
s line 8§ and then funchion relurns
contrel o __main__ al ling 12.

| I.:
{1} (1) 40116 i
| R | !
k 1 @ 4 E @ /u:ﬂ—-E:l Alter myFuncd[ ) gets over, tha local | :T_':‘
] environmenl Is removed. The lisl, i1
3 ,/ List1 is still refernng to address 40116 |
5 el and prints whatever Is contained at i
Global Environment this very address Le., [1. 4] Changes : ‘
L l‘_‘ {hat were made lo address 50110 are I
= no! reflocied. il
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ns of above code that the moment you make the p

As it is clear from the memory enviro i
refer to another address by assigning a different variable name, it loses the address of “:.“‘“-m.,
o .n

angument passed to it. So, what
ment even though it was mutable

onginal argu

can summarize the mutable behaviour as sum

ever changes are made to it post this will not ge refle
“l‘d L

because the addresses became differen,
marized below : - S0

Mutable Argument (say A) ossigned to mutable parameter (say P)

B}

c‘w

# P s not asslgned any new name of

dFerpnt data bype value then changes

in P arp performed in place and GET
REFLECTED BACK 1o __muun__
(refer same codes 2.1 and 2.2)

& N .c‘%_g

nq.c‘.!

n‘:."' A,

ey

if P s assigned a new name or differpmy
data type value (e g. P = different_variabls
then any changes in P are not reflected) |
E!‘ic-": [ (o] _m::lll"l_
(refer sample code 2.3)
That is, A will not show changed data |

That is, A will show the changed data
. e —— |

Figure 3.5 Mutable types’ behaviour with functions.

KT\
\y&;-l

1. If return statement is not used inside
the function. the function will retum:

() O (b) None object
(c) an arbitrary integer

(¢) Error! Functions in Python must
have a return statement.

Which of the following keywords marks
the beginning cf the function block?
() func (3) define (c) def () function
3. What is the area of memory called,

which stores the parameters and local

variables of 2 function call ?

(c) a heap (&) storage area

(c) a stack  (d) an amay
4. Find the erors in following function
definitions :
(e) def main( )

print (“hello®)

I

(b) def func2() :
print (2 +3)

(c) def compute( ) :
print (x = x)

(€) square (a)
returna+ a

That means, we can say that :

¢ Changes in immutable types are not reflected in the

caller function at all.

¢ Changes, if any, in mutable types
are reflected in caller function if its name is not
assigned a different variable or datatype.
are not reflected in the caller function if it is
assigned a diffc-ent variable or datatype. -

MUTABILITY/IMMUTABILITY
OF ARGUMENTS
Progress In Python 3.4

rrP

This ‘Progress in Python’ session is aimed at these concepls
Mutabitity/Immutability of the arguments, paraneters and
their behavionr in varions situations.

S0 CCs
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Selved Problem | |

1. What is the significance of having functions in a prograr ?
Solution. Creating functions in programs is very useful. It offers following advantages ;

() The program is easier to understand.
Main block of program becomes compact as the code
casier to read and understand.

(i) Redundant code is at one place, so naking changes is easier.
hen we need (o use it more than once, we can write the code
r need to change the code, we

of functions is not part of jt, thus b

Instead of writing code again w

in the form of a function and call it more than once, If we late

change it in one place only. Thus it saves our time also.
(i) Reusable functions can be put in a library in modules.

We can store the reusable functions in the form of modules.

and used when needed in other programs.

These modules can be importeg I

I

From the program code groen below, identify the parts mentioned below :

def processNumber(x):
Xx=72 |
returnx+ 3

y=54

res = processhumber(y)

Identify these parts : function header, function call, arguments, paramelers, Sfunction body, main program

Solution.
Function header : def processhumber(x) :
Function call : processhumber(y)
Arguments : y
Parameters - X
Function body : X =72
return x + 3
Main program : y =54

res = processiumber(y)
3. Trace the following code and predict outpul produced by il
g |

1. def power(b, p):

2. y=b*‘p
3. returny

4,

5. def calcSquare(x) :
6. a = power(x, 2)
7. returna
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9., n=3
10. result = caleSquare(n) + power(3, 3)
11. print(result)

salution Flow of execution for above code will be :

1599310359631 923 3671012 -3 10 - 11
The output pmdul:ed by above code will be :
52

, Tt the flow of execution for following programs :

(@ 1 def power(b, p): () 1. def increment(x) :
2 r=b**p 2. Xx=x+1
3 returnr 3.
4 4, #tmain program
5 def calcSquare(a): 5. Xx=3
6 a = power(a, 2) 6. print(x)
7 return a 7. increment(x)
B 8. print(x)
9 n=5

10 result = calcSquare(n)
11 print (result)

() 1. def increment(x):
2. z=45
3. x=x+1
return x

6. #main

7. y=3
print(y)

. y=1increment(y)

10. print(y)

11. q=77

12. print(q)

13. increment(q)

14, print(q)

15. print(x)

16. print(z)

| Solu Conlrol didnot retum to funclion
ution, call statement (7) as nothing is
@ 1953951095461 92232637 51011 boing retumod by incremant( )

D) 1953637519298 <
(c) 15753899531 329334492310211212=13 9 1922341421516
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5. What is the difference between the formal parameters and actual paraniclers? What are plie;y altery ..
names? Also, give a suitable Python code 1o ilustrate both. Mabhy, !

Solution. Actual Parameter is a parameter, which is used in function call statement to seng the vy
from calling function to the called function. It is also known as Argument. e |

Formal Parameter is a parameter, which is used in function header of the called function to recgy,,, the
value from actual parameter. It is also known as Parameter.

For example, |
def addEm(x, vy, z): .
print(x+y+2) ]

addEm(6, 16, 26)

In the above code, actual pamrrrrfrrs are E_, 16 and 26; and furma.‘ }'Iﬂ."ﬂll‘l’l‘.‘f\‘.’fﬁ arc x, y and =,

6. Consider a function with following header : |
def info(object, spacing = 10, collapse = 1):

Here are some function calls given below. Find out which of these are correct and which of these are incorrect

stating reasons : |

a. info(obj1i) |
b. info(spacing=20)

¢. info(obj2,12)

d. info(objil, object =0bj12)

e. info(obj3, collapse=0)

f. info() !
g. info(collapse =0, cbj3) '
e. Iinfo( spacing =15, object =cobj4) |

Solulion. .

(a) ' Correct obj1 is for positional parameler object ; spacing gets its default value of 10
and collapse gets ils default value of 1. |

(v) | Incorrect Required positional argument (object) missing ; required arguments cannot
be missed. |

(c)  Correct Required parameter object gels its value as obj2 ; spacing gets value 12 and
for skipped argument collapse, default value 1 is taken. ‘

(d) Incorrect Same parameter object is given multiple values - one through positional
argument and one through keyword(named) argument.

(¢) | Correct Required parameter object gets its value as obj3 ; collapse gets value ¢ and
: for skipped argument spacing, default value 10 is taken.

(0  Incomrect Required parameter object’s value cannot be skipped.
(8) Incorrect Positional arguments should be before keyword arguments.
(h)  Correct Required argument object gets its value through a keyword argument-

|
. A
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ot will following code print 7
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WORKING WITH FUNCTIONS

hat s 1he default return value for a function that does not return any value explicitly ?
(i None (b) int (c) double (d) null

golution- (@)

def addEm(x, v, z):
print(x+y+z)

def prod (%, vy, z) :
returnx*y*z

a = addEm{6, 16, 26)
b=prod ( 2, 3, 6)
print(a, b)

Solution.
None 36

In the previous question’s code, identify the void and non-void Junctions, The previous code stores the return

relues of both void and won-void functions in variables. Why did Python not reporl an error when void
functions do not return a value?

Solution.
Void function : addEm( )
Non-void function prod( )

In Python, void functions do not return a value; rather they report the absence of retu rming value by
retumning None, which is legal empty value in Python. Thus, variable a stores None and it is not any

error.
Consider below given function headers. Identify which of these will cause error and why ?

() deffunc(a=1,b):

(i) def func(as1,b,c=2):

(i) deffunc(a=1,b=1,c=2):

(i) deffunc(a=1,b=1,c=2,d):
Solution. Function headers (i), (it) and (iv) will cause error because non-default arguments
Cannot follow default arguments.
Only function header (ji) will not cause any error.

I_"r'imi' is the difference between a local variable and a global variable ? Also, give a suitable Pyl‘hﬁn code o
dlustrate bot)s.

Solution. The differences between a local variable and global variable are as given below :

Local Variable Global Variable

It is a vanable which is declared within a | [t is variable which is declared outside all
function or within a block the functions

Nisa ible only within a function/block | 1t is accessible throughout the program
In which it is declared

v =
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For example, in the following code, x, xCubed are global variables and n and cn are local Variableg

def cube(n):
cn=n®*n®*n
return cn
x=10
xCubed = cube(x)
print(x,"cubed 15", xCubed)
12, Following code intends to suwap the values of hwo variables through a function, but upon running the coge, the
output shows that the values are swsapped inside the switch() function but back again in main progray, the
variables remain un-swapped. What could be the reason? Suggest a remedy.

def switch(x, v):

Xy Y=Y, X
print(~inside switch :", end=" ")

print(*"x =", x, "y =", y)

x=5
y-? — - - T
Pr‘int('x .-a X, -Y -.J yJ rd ’{f"

switch(x, ¥) “ Global Environment .

rint("x =", x, "y =" ‘E":-; Local Envircnment
P ( y="Y) 14C ot for switch( )

|
\ x[F=7 y[E-s

Solution. The reason for un-reflected changes
in the main program is that although both
main program and switch( ) have variables .
with same names i.e,, x and v, but their scopes -
are different as shown in the adjacent figure.,

The scope of x and y of switch( ) is local. Though they are swapped in the namespace of switch( ) but
their namespace is removed as soon as control returns to main program. The global variables xand y
remain unchanged as suitch( ) worked with a different copy of values not with original values.
The remedy of above problem is that the switch( ) gets to work with global variables so that changes
are made in the global variables. This can be done with the help of global statement as shown below:

def switch(x, y):
global x, y
X, Y=Y, x
print(“inside switch:", end="* ')
print(“x =", x, "y =", y)
x=5
y=7
print(“x =", x, "y =", y)
switch (x, y)
print(“x =", x, "y=", y)
Now the above program will be able to swap the values of variables through switch( ).
(Though, now passing parameter is redundant.)
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pllocing code intends to add a given value 1o global variable a. What will fhe Jollowing code produce?
b def increase(x) :
1.

2 amad+ X
3. return

5, a=20

6. b=5

7. increase(b)
g. print(a)

| Solution. The above code will produce an error.

The reason being whenever we assign something to a variable inside a function, the variable is
areated as a local variable. Assignment creates a variable in Python,

Thus at line 2, when variable a is incremented with the passed value x, I’ython tries to create a local

variable @ by assigning to it the value of expression on the right hand side of assignment. But
variable a also appears in the right

hand side of assignment, which results in error because a is
undeclared so far in function.

To assign some value 10 a global variable from within a
with the same name, global statement can be used. So,
global a

function, without creating a local variable
if we add

in the first line of function body, the above error

will be corrected. Python won't create a local
variable a, rather will work with global variable n.

W. Which names are local, which are Slobal and which are built-in in the follow
invaders ='Big names'
pos = 280
level =1

ing code fragment?

def play( ) :
max_level = level + 10
print(len {invaders ) == 8)

returnmax_level
res = play()
print(res)
Solution,

| Clobal names : invaders, pos, level, res
' Local names max_level
| Built in len
|5 Predice g output of the following code fragment ?

def func(message, num=1);
Print(message * num)

func(*Python' )
fune(*Easy', 3)
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Solution.
Python
EasyEasyEasy
16. Predict the output of the following code fragment 7
def check(nl=1, n2= 2):

nl=nl+n2
nl+s=1
print(nl, n2)

check()

check(2, 1)

check(3)
Solution.

33
32
53

17. What is the output of the following code?
a=1
deff():
a=10
print(a)

Solution. The code will print 1 to the console.

18.  What will be the output of following code?

return (prac * time * rate)

print(interest (6100, 1))
print(interest (5000, rate =9.05))
print(interest (5000, 3, 0.12))
print(interest (time = 4, prnc = 5600))

Solution.
610.0
500.0
1800.0
2000.0

def interest (prnc, time =2 , rate=0.10) :

COMPUTER SCIENCE WITH PYTHg,,

19.  Is return statement optional 7 Compare and comment on the Jollowing two returi statements :

return
return val

~hy

iuhm“::edrﬂum statement is optional ONLY WHEN the function is void or we can say that when
Functi 0¢s not return a value. A function that returns a value, must have at least one refur?

statement.
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from given bvo returmn statements, statement
return
i ot returning any value, rather it retumns the control to caller along with empty value None, And
return val

js returning the control to caller along with the vajye contained in variable pal.

2 Write a function that lakes a positive integer and returns the ane’s position digit of the integer.
Solution.
def getOnes(num):
# return the ones digit of the integer num
onesDigit =num¥% 19
return onesDigit

2. Wrilea function that receives an octal number and prints the equivalent number in other number bases i.c., in
decimal, binary and hexadecimal equivalents.

Solulion.

def oct2others( n) :
print("Passed octal number ", n)
numString = str(n)
decNum = int( numsString, 8)
print("Number in Decimal ", dechNum)
print("Number in Binary :*, bin{dechum))
print(“Number in Hexadecimal : ™, hex(decNum))

num = int (input(“Enter an octal number ;"))
oct2others(num)

Please recall that bin( ) and hex( ) do not return numbers but return the string-representations of
equivalent numbers in binary and hexadecimal number systems respectively.

2 Writea program hat generates 4 terms of an AP by providing initinl and step values toa Junction that returns

first four terms of the series.
Solution.

def retSeries(init, step):
return init, init+step, init+2*step, init+3*step

ini = int(4input("Enter initial value of the AP series :"))
st=int(input(“Enter step value of the AP series :")) _ )
Print("Series with initial value”, ini, "& step value®, st, "goes as:™)
t1, t2, t3, t4 = retSeries(ini, st)

print(t1, t2, t3, t4)
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11 INTRODUCTION

| You all must have read and enjoyed a lot of books - story books, novels, course-books, reference

books ete. And, if you recall, all these book types have one thing in common. Confused ? ®

Don’t be - all these book types are further divided into chapters. Can you tell, why is this done 7

manageable units is a good strategy.

Similarly, in programming, if we create smaller handleable
units, these are called modules. A related term is library here. A
library refers to a collection of modules that together cater to
specific type of needs or applications e.g., NumPy library of
Python caters to scientific computing needs. In this chapter,
we shall talk about using some Python libraries as well as
realing own libraries/modules.

3

Yeah, you are right. Putting all the pages of one book or novel together, with no chapters, will
make the book boring and difficult to comprehend. So, dividing a bigger unit into smaller

LIBRARY !

Alibrary refers to a collection ol
madules that together cater to

spetilic type of needs or
applications
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42 WHAT IS A LIBRARY ?
As mentioned above that a library is a collection of modules (and packages) that logethe,
1o a specific type of applications or requirements. A library can have multiple mﬂdulcsci:-
This will become clearer to you when we talk about “what modules are” in coming Jine -
Some commonly used Python libraries are as listed below :

() Python standard library. This library is distributed with Python that contains meg,,
for various types of functionalitics. Some commonly used modules of Python Slﬂnda::

library are :
& math module, which provides mathematical functions to support different types of

calculations.
& cmath module, which provides mathematical functions for complex numbers,

o random module, which provides functions for gencrating  pseudo-random
numbers.
& slatistics module, which provides mathematical statistics functions.
& Urllib module, which provides URL handling functions so that you can access
websites from within your program.
(1) NumDy library. This library provides some advance math functionalities along with

. tools to create and manipulate numeric arrays.
7 (i) Scil’v library. This is another useful library that offers algorithmic and mathematical
tools for scientific calculabons.

(iv) tkinter library. This library provides traditional Python uscr interface toolkit and helps
you to create userfriendly GUI interface for different lypes of applications.

(v) Malplotlib library. This library offers many functions and tools to produce quality
output in variety of formats such as plots, charts, graphs elc.

A library can have multiple modules in it. Let us know what a module means.

4.2.1 Whot is a Module ?
The act of partitioning a program into individual components (known as modules) is called
modularity. A module is a separate unit in itself. The justification for partitioning a program is

that

o it reduces its complexity to some degree and
& it creates a number of well-defined, documented boundaries within the program.

Another useful feature of having modules, is that its contents can be reused in other programs
withoul having to rewrite or recreate them.

For example, if someone has created a module say *PlayAudio’ to play different audio l'l:rnﬂflfsf
coming from different sources, e.g., mp3player, fm-radio player, dvd player etc. Now, while writing
a different program, if someone wants to incorporate fim-radio into it, he needs not re-write the
code for it. Rather, he can use the fi-radio functionality from PlayAudio module. Isn't that
amazing ? Re-usage without any re-work — well, that’s the beauty of modules.

1, Package will become more clear Lo you In section 4.5,
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A Structure of a Python Module

12 odule can conlain much i ;
Ahon m much more than just functions. A Python module is a normal

python file (py file) containing one or more of the following objects related to a particular task:

o docstrings triple quoted comments :

; useful for documentatio rposes. For documen-
tation, the docstrings shoul 3 ins

d be the first string stored inside a module/function-

body/class.
o wariables and - labels for data.
conslants
& classes templates/blueprint to create objects of a certain kind.
& objects instances of classes. In general, objects are representation of some real or

abstract entity.
i & stalements instructions.

& functions named group of instructions.
So, we can say that the module ' XYZ' means it is file ‘XYZ py.
Python comes loaded with some predefined modules that

you can use and you can even creale your own modules, The A Python module is a file [ py file)

Python modules that come preloaded with Python are called containing  voriobles,  class
: standard library modules. You have worked wilth one definitions,  stotements  and
. standard library module math earlier and in this chapter, functions related to a particular
| you shall also leam to work with another standard library rask.

module : random module.

Figure 4.1 shows the general composition / structure of a Python module.

Modules I
¥
¢
kY

Funclions

)

Hembers

| S —

| Figure 4.1 Composition/Structure of a Python Module

A module, in generol :

4 is independent grouping of code and data
(variables, definitions, statements and functions).

¢ can be re-used in other programs.,
4 can depend on other modules.
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Let's have a look at an example module, namely tempConversion in figure 42,

(Please note, it is not from Python's standard library ; it Is a user created module, shown here for Your
understanding purposes).

® templonversion.py
= = =Conversion functions between fahrenheit and centrigrade

A

A docsering ; There are v more docstrngs in
# Functions this module — one coch inside each furction

def to_centigrade(x):

I Tuo function-definitions inyde
" " "Returns: x converted to centigrade = muodule tempCortversion py

return5*®* (x-32) /9.8

STYLE-CONVENTION
. Two blank lines between
def to_fahrenheit(x): bro function dofinit
® ® "Returns: x converted to fahrenheit™ =~

returm9*x /5.8 +32

Tuu cormstanty defined
# Constants S

| 4

FREEZING C=B.0 #water freezing temp. (in celcius)
. FREEZING_F = 32.8 #water freezing temp. (in fahrenheit)

Figure 4.2 A sample module (tempConversion.py)

The elements of module shown in figure 4.2 are :

Name of the module  tempConversion

Module file name tempConversion.py
Conlzins Tuw Functions (1) to_centigrade( ) (1) to_fahrenheit( )
Two Constants? () FREEZING_C (i) FREEZING F

Three docstrings (triple quotes strings)

The docstrings of a module are dj
isplayed : . .
command on Python’s Shell Pmmit };:_) as documentation, when you issue following

<module-name> command : » alter importing the module with import
help(<mdu1e-nam>)

For example, after importin o
' g module given in Fig, 4.2, i.c

» 4.4 Le., module lempCo Ty g
help (tempConversion) pConversion, if we write

2. Pleasenote, there is no separate entity like constants in Python : it |s

whose value the programmer wants to keep fixed throughoyt t'h:- pfbu;tn:: Hnderstanding purposes o refer tosomething
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Python will display all docstrings along with module name, filename, functions’ name and
constant as shown below :

»»> import temConversion

»>»> help(tempConversion)
Help on module tempConversion :

S = Y

NAME

tempConversion - Conversion functions between fahrenheit and centigrade
"

FILE
c:\python37\pythonwor k\tempconversion.py

FUNCTIONS The docyinngs of module !

to_centiprade(x) displayed ay documentation

Returns : x converted to centigrade
to_fahrenheit(x)
Returns : x converted to fahrenheit *

DATA
.- FREEZING_C = 0.8
| FREEZING_F = 32.0

The docstrings are triple quoted strings |
— ) o . L in a Python module/program which
module, gives you names of all that is defined inside the . displayed as document when
module. (see below) help (<modufe-or-program-name>)
command Is lssued,
»>> import tempConversion . — — sy

>>> dir(tempConversion) ¥ &

There is one more function dir( ) when applied to a

['FREEZING_C', 'FREEZING_F', '__bulltins_', '_doc_"', '_ file_",

— —

' _name_',' package_', 'to_centigrade', 'to_fahrenheit')

#

General docString conventions are :
& First letter of first line is a capilal letter.
& Second line is blank line.
& Rest of the details begin from third line.

"43"IMPORTING MODULES IN A PYTHON PROGRAM °

As mentioned before, in Python if you want to use the definitions inside a module, then you
need to first import the module in your program, I'ython provides import statement to import
modules in a program. The import statement can be used in fwe forms :

() toimport entire module : the import <module> command

(i)  toimport selected objects :  the from <module> impart<object> command
from a module
Following subsections will make the utility of both these inport commands clear.
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thon will display all decstrings along with module name, filename, funclions’ name and
canstant as shown below :

53> import temConversion
»»» help(tempConversion)
Help on module tempConversion :

NAME
tempConversion - Conversion functions between fahrenheit and centigrade

FILE
¢:\python37\pythonwork\tempconversion.py

FUNCTIONS |r The donvrrings of module
to_centigrade(x) | displayed as o u.umamul'i-mj

Returns : x converted to centiprade
to_fahrenheit(x)

Returns : x converted to fahrenheit *

DATA
FREEZING_C = 8.0
FREEZING_F = 32,0

There is one more function dirl ) when applicd to a The docitrings are triple quoted strings

. . . ¢ o in a Pythan module/program which
module, gives you names of all that is defined inside the | disglaved as d“u:‘cm when
module. (see below)

help {<module-or-progrom-nomes)
command is Issued,

»>> import tempConversion "
2> dir(tempConversion) ¢ 4
['FREEZING_C, 'FREEZING_F', '_builtins_', '_doc_", '_file *

‘_name_",'  package 'to_centigrade’, "to_fahrenheit' ) N

Ceneral docString convenlions are :
< First letter of first line is a capital letter.
© Second line is blank line.
© Rest of the details begin from third line.

IMPORTING MODULES IN A PYTHON PROGRAM

As menlioned before, in Python if you want lo use the definitions inside a module, then you
need Lo first import the module in your program. 'ylhon provides import statement to import
Modules in a program. The impart statement can be used in hwo forms :

U] to import entire module :  the import <module> command

) 10 impart selected objects @ the from <module> impori<object> command
from a module

1:1:.1l.I.:_-.q.-“-i,--,E subsections will make the utility of both these imporl commands clear,
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4.3.1 Importing Entire Module
The impart statement can be used to import entire module and even for Importip sel
items. To import entire module, the import statement can be used as per fni!owlm.: Syny,
I

(please remember, in syntax, [ ] specify optional elemen s.)
import modulel [, module2 [, ... module 11
For example, to import a module, say time, you'll write :

Module namely tire being importod

import time

To import fwv modules namely decimals and fractions, you'll write ;

- e Tww ronduiles ety diciraly amd fractions
irport decimals, fractions being importad with one import statement

The import statement internally executes the code of module file and then makes it availabley,
your program. The import statement like the one shown above, imporls entire module j,,
everything defined inside the module = function defiuitions, wariables, constants ele,

After importing a module, you can use any function/ NGB . |

definition of the Empurh*d module as per following syntax : -Aftcr importing a medule, Lo accesy
one of the funclions, you have tg
specify the name of the module and
the name of the function, separated

For example, consider the module tempConversion given in by 5 dot (also known as a penod)

ceodule-naser.<function-names()

This way of referring to a module’s object is called dof notation.

figure 4.2 To use its function to_centigrade(), we'll be writing : This farmat is called dot notation,
e
1 = onversion culling function fo_centrigraded ) of

tesplonvers ion.to_cent igrade(98.6 y— ampaetind il tempComenion

The name of a module is stored inside a constant __name__ (prefix & suffix are having two
underscores). You can use it like :

irport tire ' FF s

print(time._ name_) el |

The name of a module Is stored

It will print the name of imported module (see below) inside a constant __name__.

333 import Uime =
»3» print Time, name
time
» |

You can given alias name to imported module as :
import<module> as <aliasname>

¢g.  import tempConversionas tc

Now you can use name ¢ for the imported module e.g., te.to_centigrade( ).

* Please note, If in a module there is another import statement importing an already imported m{’d“]-'
(from same origin), Python will ignore that Import statement. Thus, a module once Imported will not
be re-imported even another Import statement for the same module Is encountered again.

1. For addinonal utility of _name__ , refer to Appendix A.
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importing Selec! Objects from o Module
13t ou want to import some selected items, not all from a module, then you can use from
L‘udult? import statement as per following syntax

from <podule> import <objectnames [, <objectnames [...]]*
4 Single Object

[ you want to import a single object from the module like this so that you don't have to prefix

the medule’s name, you can write the name of object after keyword import. For instance, 1o
jmport just the constant pi from module math, you can wrile

frommath import pi

Now, the constant pi can be used and you need not prefix it with module name, That is, to print
the value of pi, after importing like above, you'll be writing

print(l:li} . After from <modules import” command vou need ot qualify
the mamie of impostal item with module name Ik thiv

D
Not this —

Do oot wse module mame with importel

,.»-"'
vbjeet if impurted through
print{n‘ath'pi]?‘r—# fromm < peyaliile > jrmapwirg cosrttenigrad

Do not use medule name with imported object if imported through from <module> import
command because now the imported object is part of your program’s environment.

To Import Multiple Objects

Ifyou want to import multiple objects from the module like this so that you don’t have to prefix
the module’s name, you can write the comma separated list of ubjects after keyword import. For
instance, Lo import just fww functions sgri( ) and posd ) from math module, you'll write :

frommath import sgre, g

To Import All Obijects of a Module

If you want to import all the items from the module like this so that you don't have to prefix the
module’s namv, you can write :

Vi

from <modulenames import *

That is, to import all the items from module math, you can write :

o dudrinl B PRI bted naony

¥ F i TN -.l'{"-.
frommath import *

Now you can use all the defined functions, variables ete from math module, without having to
Prefix module’s name to the imported item name.

4
33 Pyihon's Processing of import <module> Commond
With every import command issued, Python internally does a series of steps. In this section, we
3%e briefly discussing the same. Before we discuss the internal processing of import statements,
bet's first iscuss namespace - an important and related concept, which plays a role in internal
Processing of import statement.
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Nomespace |
A namespace, in general, is a space that holds a bunch of names. Before we go on ¢ ex |

namespaces in Python terms, consider this real life example. Plaiy |

In an interstate student seminar, there are students from different satcs having similar names, s,y thery

are three Nalinis, one from Kerala, one from Delhi and one from Odisha.
their state’s ward, there is no confusion. Since in Delhi, there s one Nalin;

As long they taying in
ong they are staying tudent Nalini. Same applies to Kergjg and

calling name Nalini would automatcally refer 10 Delhi’s s
Odisha wards separately.

But the problem arises when the studen
calling just Nalini would create confusi
Odisha’s Nalinl or Kerala's Nalini and so on.

s from Delhi, Kerala and Odisha states are sitting 1ogether, N,
on — which state's Nalini ? So, one needs to qualify the name x

e ——

From the above real-life example, we can say that Kerala wa rd has its own namespace wh
there no two names as Nalini ; same holds for Delhi and Odisha.

In Python terms, namespace ¢an be thought of as a named mm

environment holding logical grouping of related objects. Namespace 1s a named logica|

You can think of it as named hst of some names. environment  holding  logical
grouping of related objects within

For every module (.py file), Python creales a namespace a namespace, ils member objeq
having its name similar to that of module’s name. That s, the is referred without any prefix.

name of module time’s namespace is also lime.
When two namespaces come together, to resolve any kind of object-name dispute, Python asks
you to qualify the names of objects as <module-name>.<object-name>, just like in real life
example, we did by calling Delhi’s Nalini or Odisha’s Nalini and so on. Within a namespace, an

object 1s referred without any prefix.

Processing of import <module> command
When you issue import <module> command, inlemally following things take place :
© the code of imported module is interpreted and executed .
< defined functions and variables created in the module are now available to the program
that imported module.

© For imported module, a new mamespace is setup with the same name as that of the
module,

For instance, you imported module myMod in your program. Now all the objects of modulé:

myMod would be referred as myMod.<object-names, e.g., if myMod has a function defined 35
checknum(), then it would be referred to as myMod.checknum( ) in your program.

Processing of from <module> import <objecdt> command

v;rhen you issue from <module> import <object> command, internally following things take
place :

© the code of imported module is interpreted and executed .

4. Refer to Appendix A to stop execution of module’s main block while importing
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o oaly the asked functions and variables from the module are made available to the
Frc;gram.

o no new namespace is created, the imported definition is just added in the current
namespace. Figure 4.3 illustrates this difference,

python command Python command
[ {sport ValSeq from valSeq import find_valld_key
curranl NAMespaca

current namespace

valSeq | find_valid key \
'._'tl'\
| Ho nesw namespace
| crealnd, mported
~ _va 1iu_l¢quentr_m¢ t | cectis jus!
crealed for ‘o original program's
od fimd_valid & oy . PATSEEcE
modula rodule's nasespace
e ——

Figure 4.3 Difference between impar <modules

and from <modules impont commands.

® That means if your program already has a variable with the same
imported via module, then te variable vour program will lude

same name because there cannot be two var 1ables with the same
Following code fragment illustrates this.

name as the one
imported member with
name in one namespace.

Let's consider the module given in Fig 4.2
from tempConversion import *

FREEZING C = -17.5

#1twill hide FREEZING_C of tempConversion module
print(FREEZING_C)

The above code will print
=)7.5

If you change above code 1o the following (we

made FREEZING C=-175as2a COMMENT,
see below )

from tempConversion import *

¥ FREEZING C = -17.5 # it 1s just a comment now m
Print (FREEZING_C)
) Avold uslng the
Now the above code will give result as : from <module> Import * form of the
0.0 Import statement, 1 may lead 10

name dashes. If you use plain Im port
1o vaniable from the program shares its name, henceitisnot  <module>, no problems occur,
hidden ' '

- e e e e
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Sometimes a module Is stored Inside anather module. Such a submodule can alsa be imported as ;
from cparent module> isportcsubmedules [as <alias nazer]

eg.,
from products ieport views ‘__—_____;lmiad-umﬁfpduﬂ.rim
from products import views as PV pendule
i CREATING AND USING MODULES
Py Pro-gn‘:ss rn Pﬂl‘mn 4.1

This Prip scession is based on practice for creating and using modules,

. Please check the practical companent-book - Frograzs in Lomputer
‘ 5':"_"1:!: wi'h F."a‘,-,—.r ﬂn'd 'II” it |h=re r‘h F'r :' a 1. Undﬂr I._J,-‘_I_'!'.r ip ﬂhﬂr rr'
: prachicelly doing it an the computer.

L x B

4.4 USING PYTHON STANDARD LIBRARY'S FUNCTIONS AND MODULES

Python’s standard Library is very extensive that offers many built-in functions that you can use
without having to import any hibrary. I'ython's standard library is by default available, so vouy

don’t nexd lo import it separately.
Python’s standard hibrary also offers, other that the built-in functions, some modules for

speaalized type of functionality, such as math module for mathematical functions : random
module for pseudo-random number generation ; urllib for functionality for adding and using
web sites” address from within program ; ele.

In this section, we shall discuss how vou can use Python’s built-in functions and import and use
vanous modules and ['vthon’s standard library.

4.4.1 Using Python” Built-in Funchions
The Python interpreter has a number of functions built into it that are always available ; you
need not import any module for them. In other words, the built in functions are part of current
namespace of Python interpreter. So you use buill-in functions of Python directly as :

cfunction-names()

For example, the functions that you have worked with uptill now such as input( ), int( ), float( ),
typef ), len( ) etc. are all built in functions, that is why you never prefixed them with any module
name. )

Mathematical ond String Funcfions
Consider the following example program that uses some built-in functions of ’ython :
< ocli<inlegenr) returns octal string for given numbers ie., 00 + octal equivalent of
number, ’ :

© hex(<integer) retums hex stri .
X string for given numbers f ¢, Ox . i alent
of number, & 1.e., Ox + hexadecimal equivale
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| Wrieoprogrem thot reads a number, then converts it into octal and hexadecimal equivalent numbers
1 usinig pulle-in functions of Python,

il g programusing built in functions

num = int(input( "Enter a number ;"))

print(TNu=ber entered =%, num)

onum = oct(num) # oct( ) converts tooctal number-string
hnum = hex(num) # hex( ) converts to hexadecimal number-st ring
print("0ctal conversionylelds", onum)

print(™exadecimal conversion yields®, hnum)

The output produced by above program would be :

gnter a number @ 17

weber entered = 17

octal conversion yields 0OoZl
pexadecimal conversion yields Ox1l

In the above code, we have used functions kex( ) and octf ) for hexadecimal and octal
conversions of a number respectively. These are Python’s built-in functions that take a number
and retum string-representations of hexadecimal and octal equivalents respectively of the
given number, There is one more function binf ) that gives string representation of binary
equivalent of given number.

Please note that ocff ), kex( ) and bin( ) do not relurn a number ; they retum a string represen-
tation of converted number.

Similarly, consider following program that uses two more built-in functions :

¢ int (cnumber>)’ truncates the fractional part of given number and
returns only the integer or whole part.
& round(cnumber>, [endigits>]) returns number rounded to ndigits after the decimal

points. If mligils is not given, it relums nearest integer
to its inpul.

4.2 Wnite a program that inputs a real number and converts it to nearest integer using two different
buili-in Tunctions. 1t also displays the given nurmber tounded off 10 3 places alter decimal,

L]
num = float (input(“Enter a real nuzber: ))

tnume= Int(num)
roum = round(num)
print("Number®, num, =converted to integer in 2 ways as®, tnum, "and®, rnum )

rrum? = round(nu=, 3)
print(num, "rounded off to 3 places after decimal 157, rnum2)

3 The iny( ) can also convert a number stri.ng. into an equivalent number e.g., “1235" can be converted to number 1235 using
5°) : works with integer strings only.
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Sample run of above program is :

Enter a real number: 5.555682 :
Number 5.555662 converted to integer in 2 ways as : 2:2

! $.555682 rounded off to 3 places after decimal is 3.

Le

**The behaviour of round( ) can be surprising fnr ﬂm!s. [\ round(0.5) and round(-0.5) are g, o
round(1.5) is 2.
Let us now use some string functions. Althuug!i you have \u'{1f::t:q\~:;jll1:-$n::;.'?tnng funninm
in your previous class, let us use three new string based func :r.‘ " - Y l
© <Str>.join(<string iterable>) - joins a string or character (i.c., <str>) after each member o
the string iterator Le., a string based sequence. o
O <Stosplittcstring /char) - splits a string (f.c., <str>) _l*ﬂ_“'d. On gr '::",‘"s: or character
(i.c., <string/char>) and returns a list containing split strings as members.
© <Str.replacel<word to be replaced>, <replace word>) - replaces a word or part of the
string with another in the given string <str>.

Let us understand and use these string functions practically. Carefully go through the examples
of these as given below :
<str>.join( )

(1) If the string based iterator is a string then the <str> is inserted after every character of
the string, c.g.,

In[ ] :"*".Join("Hello") -+ Sev, a character iy joined with cach memiber
Out[ ]: '"H®e*1*1%0" of the povent string to foem the new string

In[ ] (Tt Join(TTRIALT) - = S trmg (T fuere) iy goined with each
Out[ ]: "Te*eResevergece + member of the given string 10 form the new string

(fr) 1If the string based iterator is a list or tuple of strings then, the given string/character is

joined with cach member of the list or tuple, BUT the tuple or list must have all member
as strings otherwise I'ython will raise an error.

In[ ] :*$3". Join(["trial", *hello"])

Out[7]: ‘trial$shello’ «— =~ Givenr srring (*$8°) joined berwven the
individual items of a string based i

In[ ] :'l"'.juin{{'trial', “hello”, “new"))

Out[B]: "trialssshellosssney” — Gilven string (“55°) joined benween the
Individual items of g string based tuple

In[ ] :"e2a".join((123, "hello-, “new"))

Traceback (most recent call last) *— The sequence must contain all strings

. clse Python will raise an error.
File “<ipython- input-11-a0be3bsa
N - faec>”, 1ine1,
‘l".jﬂin(“Zl, -hE].]D-. -nw'}J ] “{Mulﬂ)

int found
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il
If you do not provide any argument to split then by default it will split the given string
I considering whilespace as a separator, e.g.,

In[ ] : "I Love Python".split()

t[]:[*1°, ‘Love’, 'Python' Wirh o without whitespoce, the oulput is juil the
out[ J: ['T°, ! ] same e, the list comtaining individual wonks

In[ ] :"I Love Python".split(* =)
out[ ]: ['I', "Love”, "Python’)

(i 1f you provide a string or a character as an argument to split( ), then the given string is
divided into parts considering the given string/character as scparator and separator
character is not included in the split strings e.g.,

In[ ] :"I Love Python".split("o")
out| J: ['IL", "ve Pyth', ‘n'] —— The piven uring iv divided from positions

curilaining "o0®
estra.replace( )

In[ ]:7I Love Python®.replace(™Python™, "Programming™)

Out[ ]: 'I Love Prograsming' . — Wond ‘Pytham” has been replaced
with "Programming” in given siring

symbol based string after each character. The program should also be able to provluce the decrypred

P 4.3 Wnte a program that inputs a main string and then creates an encrypred string by embedding a shon
i) string from encrypred string

def encrypt(sttr, enkey):
return enkey, join(sttr)
def decrypt(stir, enkey):
return stur,split(enkey)
E-main—
mainString = input("Enter main string : ")
encryptStr « input ("Enter encryption key :*)
enstr = encrypt (mainString, encryptStr)
deLst = decrypt(enStr, encryptStr)
# delst is in the formof a 11ist, converting it to string below
deStr="",join(delst)
print(*The encrypted string is~, enStr)
print("String after decryptionis : =, deStr)

The sample run of the above program is as shown below :

Enter main string : My main string

Enter encryption key : @5

itﬂ‘“fr}rpted string is m@3y@$ @ImR5a05ieinds €5s03tesresiosntig
N9 after decryprion is : My main string

e —— ——

e —
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When you are testing your code or program, you need to run it multiple times with various types of inpys el

By default, IPython maintains the variables created by previous run of your program, which may "“mpu;
Yyour testing. For instance, If you have changed a varlable’s name in one line of the code and a later line Is syyyy
using the carlier name; then chances are that this may go unnoticed If you have run the program carlier, The
reason behind this is that the variables created by previous run of your program still reside jn memory and
IPython used its value from memory and did not report to you.

The best way to aveld this is that you clear all the variables in memory before running your program. For this

You can do one of the following two things :

(1) In the IPythen consale, run %reset maglc command :

In [6]: Xreset

Once deleted, variables cannot be recovered. Proceed (y/[n])? y

The command %ereset clears everything from memory — it's like you have restarted the shell.

(i) Set preferences for Spyder by running command Tools —» Preference —» Run —» (under General Settings)
Remove all variables before execution (see below)
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You have already leamt to use math module
revises the same, So let us use some other

in previous class. First chapter’s section 1.8.5 also
useful modules of Python (as recommended by

j practical suggestions of the syllabus),
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Other than built-in functions, standard library also provides some modules having functionality
for srx*ddli?-l'd actions. Let us learn o use some such modules. In the following lines we shall
i:'lk about how to use random and wurllib modules® of Python’s standard library.

A2 Using Random Module

.| Python has a module namely random that provides random-number’ generators. A random
pumber in simple words means - a number qenerated by chanee, i.e., randomly.

To use random number generators in your Python program, you first need to import module
rantdom using, any import command, e.g.,
import randon

Two most common random number generator functions in random module are :

random( ) it retums a random floating point number N in the range [00, 1.0),

i, 0.0< N <10 Notice that the number penerated with random( ) will always
be less than 100 (only lower range-hmit is inclusive).

Remember, it generates a floating point number,

randint(a, b) it retums a random ainteger N in the range (1), ie,asN<h

(both range-limits are inclusive). Remember, it peneratles an integer.

Let us consider some examples. In the following lines we are piving some sample codes along,
with their output,
1. To generate a random floating-point number between 0.0 Lo 1.0, simply use random( ) :
>3> import random

»»» print(random, random[ }:' The vtpur penerated s betueen range [00, 100
0.022353193431 «——

2 To generate a random floating-point number between range loeer to upprer using random( )

(o) multiply random() with difference of upper imit with lower limit, L.¢., (upper - lower)
(1) add to it lower limil

For example, 1o generate between 15 1o 35, you may write

»»» import random # need not re-write this command, 1f random

# module already imported
»»>» print(random.random()* (35 -15 ) +15)

28.3071872734 — The outpsat penerated i floating poim
number betieen range 15 10 35
3. To gencrate a random integer number in range 15 to 35 using randink( ), write :
>>> print (random.randint (15, 35))

16 e—uo The output generated b inteper beraven range 19 1o 35

e note that learning how to use modules is important for learning how Lo use Wbraries, Also, the modules being covered
4 Baction are required as per practical suggestions given in the syllabus.

Pitudo-random numbers because it is generated via some algorithm or procedure and hence deterministic
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ExAMPLE 4.1 Groen the following Python cnde, which is rqwl-rd four times. What could be the possible setof
out of given four sets (dddd represent any combination of digits) ? L

COMPUTER SCIENCE WITH pyy
HON

import random
print (15 + random.random() * 5)

() 17.dddd, 19.dddd, 20.dddd, 15.dddd

(i) 15.dddd, 17.dddd. 19.dddd, 18.dddd

(iif) 14.dddd, 16.dddd, 18.dddd, 20.dddd

(iv) 15.dddd, 15.dddd, 15.dddd, 15.dddd

Solution. Option (i7) and (iv) are the correct possible outputs because :

(a) random( ) generates number N between range 00<= N < 1.0,

() when it is multiplied with 5, the range becomes 0.0 to <5
(¢) when 15 is added to it, the range becomes 15 1o < 20

Only option (if) and (iv) fulfill the condition of range 15 to < 20.

EXAMPLE 4.2 What could be the minimunt possible and maximum possible numbers by following code ?

import random
print(random.randint(3, 10) - 3)

Solution. minimum possible number =0
maximum possible number =7

Because,

< randint(3, 10) would generate a random integer in the range 3 to 10

© subtracting 3 from it would change the range to 0 to 7 (because if randint(3,10) generates 10
then =3 would make it 7 ; similarly, for lowest generated value 3, it will make it 0)

ExaAMPLE 4.3 [n a school fest, three randomly chosen students out of 100 students (having roll numbers 1-100) have
to present bouguels 1o the guests. Help the school authorities choose theee students randomly.

Solution.
import random
studentl = random.randint(1, 100)
student2 = random.randint(1, 100)
student3 = random.randint(1, 100)
print(“3 chosen students are”, )
print{studentl, student2, studentl)

4.4.2B Using urlib and Webbrowser Modules

Python.oﬂ.’vrs you module urllib using which you can send http requests and receive the result
from within your Python program. To use urllib in your program to get details about a websilés
you need to first import it using command :

import urllib

F
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urllib module is a collection of sub-modules like request, error, parse ete. While we shall not

mﬁ-. Jetailed discussion of urllib modules, you shall learn to use urllib.request that is primarily

for opening and fetching URLS. You can use following functions of urllib for the purpose
nﬂltﬂ"“d below : i

(0 ‘urllib.request.urlopen(<URL>) opens a websile or network object d_l*ﬁ'i"f'd by URL
for reading and returns a file-like object (say wurl),
using which other functions are often used

(i) <urlopen’s returnval>.read( ) returns the html or the source code of given url

opened via urlopen( )

(1) crlopen’ return val>.getcode( ) rutumns HTTT status code whene 200 means ‘all okay”.
301, 302 mean some kind of redirection happened.

(i) <urlopen’s return val>.headers  Stores metadata aboul the opened URL

(r) <urlopen’s return vals.info( )

(1) <copy?.geturl( )

returns same information as stored by headers

returns the url string,

Following program will use all above functions and urlih, but before that let us talk about
webbrowser module, using which vou can open a URL in a window/tab.

The webbrowser module provides functionality to open a website in a window or tab of
webbrowser on your computer, from within your program. In order to use webbrowser
module, you need to import it in your program by giving following command.

{rport webbrowser

Once imported vou can use any of the following functions :

=

~webbrowser.open(<URL in quotes>)

| webbrowser. open_new(<URL in quotes>) o -:;'L ;’i::fi:;‘i_r.: e v i !i oren. the given
' webbrowser.open_new_tab(<URL in quotes>)

L

window or 3 new tab mapecredy

Following program uses the above mentioned functions of urllib and webbrowser modules to

open a website.
414 Write a program 1o get hip request information from url www . led com and open it from within vour
program.
' “import urllib

import webbrowser

weburl = urllib.request.urlopen( 'http://wew.ted.com/")
html = weburl. read()

data = weburl.getcode()

url = weburl.geturl()

hd = weburl.headers

inf = weburl.info()

print("Theurl is", url)
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print("HTTP status code is %, data)
= - We hawe not printed the him]
print(~headers returned \n", h:i] e el Lo e, o 3::_
print(~the info() returned :\n",inf) h'h the buck. You , however, pa P
it in your Python eode 10 see jr. . T

print(“Now opening the url®, url)
webbrowser.open_new(url)

The output produced by above code is :

The url is http://waw.ted.con/ e— .
HTTP status code is @ 200 o— TP statas exde setarned by peicodet |

headers returned

Date: Sat, 06 Oct 09:43:11 oMT
Content-Type: text/html; charset=utf-8
Transfer-Encoding: chunked

Connection: close

Server: nginx

Status: 200 ox

X-XS55-Protection: 1; smode=block
x-Content-Type-Options: nosniff
Cache-Control: max-age=0, public, s-maxage=30
ETag: w/"5542257442c5962cc25a662076c401a3"
Strict-Transport-Security: man-ages=3153G000
x-Served-fy: e0l; =01

age: 0
Set-Cookfe: _nu=1538816991.131; Expires=Thu, 05 Oct 2023 09:43:11 cuT: Paths/

Set-Cookie: _abby-fasafpalerZries; [aplires=Thu, 05 Oct 2023 09:43:11 o™T; Pathe/: Domaine.ted.com
Set-Cookie: _abby_ feedback_3-a; rapires=mon, 05 hov 2018 09:43:11 GMT; Paths/
Set-Cookie: _abby endorsement_party=b; Espires=Thu, 01 Nov 2018 09:43:11 GMT; Paths/
Set-Cookie: _abby malk_the_planksc; Eapires«Tue, 16 Oct 2018 09:43:11 GMT; Paths/

the info() returned :

Date: Satr, O6G oct 09:43:11 cMT

Content-Type: text/himl; charseteutf-§
Transfer-Encoding: chunked

Connection: close

Server: nginx

Status: 200 ow

X-x55-Protection: 1; modesblock
X-Content-Type-Options: nosniff
Cache-Control: pax-age«0, public,’ S-maxage=10
ETag: hf".‘r.’plﬂi?ducﬂﬁ?ccHaEEZe?ﬁcdﬂlﬂ"
strict-Transport-Security: Fax-age=31536000
X-Served-By: e0l: s01
Age: 0
Set-Cookie: -hu=1538818991.131; Expires=Thy 05 oct 2072
Set-Cookie: _Ahby-nmfpnlr:r{hj; [npiresaThy, ﬂS'Dc: 2023 mfluﬂ:i' llp A i
::::::i‘: ﬂ-:;f:::zai:ni;mm?. 05 Nov 2018 09:43:11 if'pﬁ-‘;hm-w

- =0, Ex - '
S CRIe: S one ey biearea s 021 038 0943153 o e
:43; ; Path=
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proctically doing it on the computer

15 CREATING A PYTHON LIBRARY

Other than standard library, there are numerous libraries available which you can install and
use in your programs. Some such libraries are Numl'y, Scil'y, thinter ete.,

One of these libraries, NumPy, has been covered briefly in chapter 8, Appendix B discusses
another Python library - tkinter. You can also create vour own libraries.

You have been using terms modules and libraries so far. Let us talk aboul a related word,
Package. In fact, most of the times library and package terms are used interchangeably,

A package is collection of Pvthon modules under a common namespace, created by

placing
diffe

rent modules on a single directory along with some special files (such as —init_py)

Ina directory structure, in arder for a folder (conlaining different modules ic., Py files) to be
feoognized as a package, a special file namely _init__py must also be stored in the folder, even
if the file —init__.py is empty.

e
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A library can have one or morc packages
Let us now learn how you can create

Now on, we shall be using word
called package interchangeably

Wi

4.5.1 Structure of o Pockage
As you know that Python packag
This common namespace is crt
you should know one thing th
ckages. In order for a folder con
__init__.py file (even if empty) must be p

. — N Falcher
[ cotest Ris i b

E'.l.hdipr
E'.l.ind.?pr

. Develop —— _ Thes s a package as it
CI a0 cordaind __inl__ Y

your own
package as we

s are basically collect

thon files t
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and subpackages.

library in Python.
shall be creating simple libraries that eap be

ions of modules under common namespace,
s all related modules. But hege

that contain

ated via a directory : ! !
1t NOT ALL folders having multiple .py files (i.c., modules) are
taining I’y
art of the

o be recognized as a package, an

folder. Following figure (Fig 4.4) explainsit.

The file __init__.py in a
folder, indicates [t Is an
importable Python package,
without __imit__.py, a folder
is not considered a Python

F= alonyg wizh otmes moduée files
J Maod1 gy package. 3
[ Mod2 py == |
P
&1 — _PY
.D Sub = Thes |s @ sud pachage

= contained N BRoTer

I:._.: Mod1 py package’s folder

™1 _int__py

4 572 Procedure For Creating Packages
In order to create a package,
Major steps to create a package are
1. Decide about the basic structure of your
package. Il means that you should have a
clear idea about what will be your
package’s name (re, a directory/folder

.with that name will be created) and what .
all modules and subfolders (lo serve as
sub packages) will be part of it.

(Just keep in mind that while naming the

folders/subfolders, keep the words in the name
underscore-separated; don’t use any other
word separators, at all (not cven hyphens))

For instance, we are going to create the
package shown on the right.

Figure 4.4 A package rs. folder.

you need to follow a certain procedure

as discussed below.

" [[] LibeComputerSubjects
[ —int_py
[;_J‘ detalls py
" ] ComputerScience
T "
L=} _lnd_p-y
[3) csxpy
[ csxnpy
y ]:] InformaticsPractices
[5 —int_py
[2} 1Pxipy
[1 PxaLpy
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te the dircctory structure having folders

2 ,C;r:‘mrs n)t' parf\'l‘lgf amd $Hb;l'ﬂ{';,’ﬂ3f5_ Inour
il le shown above, we created a folder by
fun"PmE LibrCompulerSubjects.
the - . P ey ' LT Taltpe i

- de this folder, we created files/modules, i.e., " ' " Taitpe
the Y files and subfolders with their own Py .l ("'"'"""".i"" ; LAKE
Fles- Now our topmost folder has the package P sty T ::3

¢ as per above figure and subfolders have B CXlpy e

qames as the subpackages (as per adjacent figure),
put this is not yeteligible to be a package in Python as there is no_init__.pv file in the folder(s).

g - )

3 5 Hame = : —
3. Create __inil_.py files in package and o ) PV brlomputerSabiocts\ - 3AKE |
subpackage folders. We created an emply file e , 496 Bytes | !
and saved it as “__init__.py" and then copied | [P detakipy ‘:'::ﬁ: ' |
this empty _imt__py file to the package and .l E:;:;:“ﬁ“. LS X8 II
subpackage folders.  Papy | ; . 2Bpe | |
Now our directory structure looked like the one E ff::ﬁ i ]:: :.::: . 1
shown here. # |, CompuirrSoence L3 kn |
Without the _init__.py file, Python will not E‘:'{m”. 1o | l[

. . i T By

look for sul:_:mndules inside that directory, so f;iTﬁ : " .:“ ! !
attempts to import the module will fail. - |

4. Associale it with Python installation. Once you have your package directory ready, you can
associate it with Python by attaching it to Python's site-packages folder of current Python |
distribution in your computer. You can import a library and package in Python only if it is [l
atached to its site-packages folder.

() Inorder to check the path of the sile-packages folder of Python, on the Python prompt,
type the following lwo commands, one after another and try to locate the path of
sile-packages folder :

] —
In [11]: import sys ThE s B0 path o e
i In [12]: print(sys.path) pachages folder on |
=part sys [**, "C:\\ProgramData\\Anacondad\\python3s.z{p" , your computer | |
print (sys.path) |[\Anacondad\\Dils® _—c-an < : w5
. \Anacondal® {:\\Prulriﬂatl‘-.\.ﬁnumdl]“l:Ihu“".pnhgﬂ s\
'. ‘7 \WPrograsData' \Vina o T T v T e T T - . rogramData\,
AT L VAnacondal\\11b\\site-packages\\wind2\\1156", 'i::“Pm;ud:uuuAm;mn
VlbyAsite-packages\\Pythomeln®, 'C:\.\ngraﬂauuﬂnumd.3“”“\“".

packages\\IPython\\extensions®, "C:\\Users\\Edup\\.1python" ] |

The sys.path attribute gives an imporlant information about PYTHONPATH, which
Specifies the directories thal the Python interpreter will look in when importing
modules,

If you carefully look at above result of print(sys.path) command, you will find that the
first entry in PYTHONPATH is ‘ “. It means that the Python interpreler will first look in
'lht!_c'l.trnmt directory when trying to do an import. If the asked module/package is not
found in current directory, then it check the directory listed in PYTHONPATEI,

A




COMPUTER SCIENCE vaTH ppy
HCay

— “h

i ches a built-in y,.,..
, i a module, say info, the interpreter sear ; in version
m,:; Tﬁf;:s for a file named info.py under a hst.of dtrvc!uriﬁ giv:L" .
variable i;‘l.pllh, This variable is initialized from the !'o!lmﬁ.r]ng locations - by |
& The directory holding the input script (or the current directory, in case no file i

speafied). )
© PYTHONPATH (a list of directory names, with the same syntax as i, shet
variable PATH).
| ©The installation-dependent default.
(i) Once you have figured out the path of Silf'F‘fk‘ﬁ: T¥a Sicidand vy ot :
folder, simplest way s to copy your O 2 » _ :
P : . , bray/package 10 1t
package-folder (e.g. LibrComputerSubjects  that we oddi: wees 3 E-mdqu,ul
created above) and paste it in this folder. (*But this is Exthon selup.py :"m“ 'qunu
not the standard way.) are not going In details of that s
On our Windows installation, we simply opened the Wi;‘:kuﬁing_thrsdﬂmmnu
site-packages folder as per above path and pasted the simple as possible].
_____ —

complete LibrComputerSubjects folder there.

5. After copying your package folder in site-packages folder of your current Pythog
installation, now it has become a Python library so that now you can import its modules and

use its functions.

; The site-packages is the target directory in which all installed Python packages are
j placed by default.

453 U:ingﬂm;}:rrmg P{'h’jﬂ I,J’ﬂ!'ﬂrl.i-};

Once you have created your own package (and subpackages) and attached it to site-packages
folder of current Python installation on your computer, you can use them just as the way you
use other Python libraries.

To use an installed Python library you need to do the following :

L. Import the library using import command -
ieport <full na=e of 1ibrary>

2. Use the functions, attributes etc. defined in the library by giving their full name.

For instance, to use package LibrCom !
nce, i puterPackages’s two module files i . ere,
you can import them and then use them as shown below - ¢ files, which are shown b

®#letalls.py

“““Details about Computer subjects {n CBSE~~~
def Subjectsiist() :
pr:nt(::rhcrt are two computer subjects in CBSE™)
| print( Cl.'lmr.-:ttr Sclence’ and ‘Informat{ce Practices’")
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-epetalls about CBSE CS XI"""
#l:_r,y],labﬂfrf} :
printE'U"it 1: Programming and Computational Thinking-17)
print(" @ Pythombasics, basic sorting techniques etc. ")
prlnt{'u"it 2 : Computer Systems and Organisation®)
print(" @ Computer arganisation, execution, cloud computing etc.”)
print{'Unit 3 : Data Management - 1~)
prant(™ 7 5QL, basics of NosSQL databases etc.")
print(“Unit 4 : Society, Law and ethics - 1")
print("  : Cyber Safety, safe data communication etc. ")
print("Unit 5 : Practical Unit")

def About( ) :
print(“Computer Science XI")

print(~Contains 4 units and a Practical unit")

i

As you can sce that the details module has a function namely SubjectsList() and CSXI module
has ko functions namely Syllabus() and About( ).

() To import module details, you can wrile import command as :

. A details module iy imude paclage folder
impm‘t Librtumputerﬂubj ects.details B LibraComputerDetails, ity full nume {x gy

shown here
and use its function(s) by giving its full name ie.,
LibrComputerSubjects.details. <function>( )

In [13]: import Libr{omputerSubjects.detalls See how funclion SubjectsList)
of detalls modulo in

In [14]: LibrComputerSusjects. detalls. Subjectsllst() LibrComputerSubjects .

There are two computer subjects In C(BSE is being hvnudm.n

*Computer Sclence’ and “Informatlcs Practlces’

(i) To import module CSXI, you can write import command as :

import LibrComputerSubjects .ComputerScience.CSXI

¥ As CSXI module is inside

and use its function(s) by giving its full name Le., ComputerScience subfolder of

LibrComputerSubjects.Compu terScience. CSXI.<function>( ) {5 o e s as shown here
o

[ —

I3 [35): tmport Llhr{n-puur-Subjtcu.Cﬂpulfrsnznu.ESII

:liulf ub"fﬂlwnriubjtcts.Cu-puterSclrn:e.Cf_-Il-Srlllb"'l“ e ~Sylabus of
t1: Programming and Computational Thinking-1 functio e
" : Pythom basics, basic sorting techniques elc. CSXi module in su
ez, Computer Systems and Organlsation e Cumpuhrﬁﬂll‘lﬂﬁfw
" i Computer organisation, executlon, cloud computing etc. foldor uhrl:nmpuilr'&ub}tdl
Ity . Data Minapesent - 1 Isbﬁﬂghmhﬂ
' SQL, basics of NoSQL databases etc.

i )
e, Soclety, Law and ethlcs - 1

Uniy * Cyber Safery, safe data comsunication etc.
—_% Practical Unit

package LibraComputerDetails,
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t this discussion very simple and basic. You can even create installab)e librg

We have kep .
not going intg those d

Python. The installable libraries also have a sefup.py file. But we are

as this is beyond the scope of this book.
However, we shall recommend one thing: While naming a library, try to use 4 low

letters although we used capital letters in above example (LibrComputerSubjects). dig

to make it more readable so that you could understand it easily. But ‘f_}'f’“.“"-‘-' creating an 5
library and you want it to be used by any python user lhEl‘E try t.U give ll.ﬂ unique name (;,
check in PyPI1® - Python Package Index if your library name is unique) all in lowercase Sﬂt}u:

everyone can use it without bothering about the case of the letters.

s — tkinler’ briefly talks aboul how you can use 3 usefy)

I, . o -
\yl Python Library : tinter (your suggested practical exerg
4.1 . o . Cises
expect you to use this library alongwith NumPy and 5n'P_|,r,

NumPy is covered in chapter 8)

r

1. Which operator is used in Python to
import all modules from packages?

{a) . operator
(2) * operator 3 " CREATING AND
{c) -> symbol USING PACKAGES
3 ress in
(d) . operator — riP PI'O'Q I P‘ﬂ]'lﬂn 4.3

2 Which file must be part of the folder . _ . .
This nl” session is based on practice questions for

rontaining Python module files to make
it impertable pythan package? creating and wsing Python packages.

(a) inat.py

(&) __ setup__py -
(c) _init__.py o

(d) setup.py With this, we have come to the end of this chapter. Let us

3. In python which is the correct method uicklv revise w , . - Fa )
to load a module math? q y revise what we have covered in this chapter.
(a) include math

) Tmpart ath LET US REVISE
{f‘] finclude«math.h> ey
(d) using math U A library refers to a collection of modules that together cater to
4. Which is the correct command to load specific type of necds or applications.
just the tempe method fiom a2 medule % A module is g be
called usable? separately saved unit whose functionality can
reused at will,
! (a) import usable, tempc
{ (b) {mport tempc From usable R :a{;:ﬂ-‘on Is a named block of statements that can be invoked by its
(c) from usable import tempe '
Mg % Python can have three types of functions : built-in functions,
L€ Byt cempe functions in modul i
5. What is the extension of Python library modules and user-defined functions. :
modules? % A Python module can contain objects like docstrings, variables
constants, classes, objects, statements, functions. .

(a) .mod (b) .lib (c) .code (d) .py
“u A Python module has the Py extension,

o 8. The Python Package Index (PyP1) is a repository of software for th ]
. on uio . . PyPI help?
you find and install software developed and shared by the P_-,-thunmmtiitﬁ.ragfggel:ﬁ::?: use PyFI 10

distribute their software.
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e gre uscful for documentation purposes.
a e module can be imported in @ program using Import statement.

@ gre WO forms of import uatrrmrnrs
o <modulename> [as <aliasname> |

%
1

(1) from <module> import <object> .‘
| e builtan functions of Python are always available ; one needs not import any module for them. i
Y . random module of Python provides random-number-generation functionality. 'r

rhe urllib module lets you send and receive hitp requests and their results and webbrowser lets you open @ webpage |
4 fom within @ Python program.

Jn order to create own pachkage, it should be created so that it has g folder having its name and It also has a special |

. fie _init_—PY in ir. After this, it must be attached 1o site-packages folder of current Python installation.
| 4 Apockoge installed or attached to site-packages folder of Python installation can easily be imported using import
|.-au'l'i‘lll'l;|+ '

Glvtd Problems

p— S— i —i
1. What is @ module, package and a library ?

Solution.

Module. A module is a file with some Python code and is saved with a .py extension.

| Package. A package is a directory that contains subpackages and modules in it along with some
special files such as __init__.py.

Library. A Python library is a reusable chunk of code that is used in program/script using import

command. A package is a library if it is installable or gets attached 1o site-packages folder of
Python installation.

The line between a package and a Python library is quite blurred and both these terms are often used
interchangeably.

=

What is a .""yh'mn module 2 What is its significance 7

Solution. A “module” is a chunk of Python code that exists in its own (.py ) file and is intended to be
used by Python code outside itself.

Modules allow one to bundle together code in a form in which it can easily be used later,

The Modules can be “imported” in other programs so the functions and other definitions in
mported modules become available to code that imports them.

What is the utdity of built-in function help( ) ?

Solution, Python's buill-in function help( ) is very uscful. When it is provided with a program-name
® 3 module-name or a funclion-name as an argument, it displays the documenlation of the

| 4igument as help. It also displays the docstrings within its passed-argument’s definition.
| For example,

help(math)

il display the documentation related to module math.

I can even take function name as argument, e.g.,
help(rmath, sqrt)

3bove code will list the documentation of math.sqrt() function only.

L
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4. What are doostrings P How are they uscful 7 e S
| Solution A docstring |s just a regular Python triple-quoled string that Is the first thing In a r"“ﬂhm |
body /a module / a class. '
When executing a function body (or a module / class), the il'nH‘:‘frftlr,;' ItltT*ml:ﬂl-{"l ﬂ!'l‘}"hlng like
comments, but 'ython stores it as part of the function documentation. This documenta 0N can laggy
be displayed using helpf ) funciion. o
Sa, even though docstrings appear like comments (no exceution) but these are different ftom
] ¥ -
commoents.
5. What happens when Python encounters an fmpart statement i program ? What “"'"".': happen, if there i,
= * + i i ' i . l '
one move import statement for the some odule, @leendy fmporled i e same progrin
Solution. When Python encounters an import stalement, it does the following, :
¢ the code of imported module Is interpreted and eaecuted, |
¢ defined functions and variables created In the module are now available to the program (hay
imported module.
¢ For imported module, a new namespace is setup with the same name as that of the module,
Any duplicate import statement for the same module in the same program is ignored by Python,
6. The random( ) function generates a random flaating point number in the vange 0.0 1o 1.0 amd randintfa, b)
function generates random inbexer betwven range @ fo b. T generate randon numbers belween range a to b

using random( ), fllowing firmula s u seud 2

rath.random()*(b-a) +a
Now if we have followang tav statements (carefully have a look)

(d int{ (math.rando=()*(b-a)+a))

(i) math.randint(a, b)
Can we say ahory b statements are now producing random inlegers from the same riange ? I.'-.','llu ?

Solution. No, their range is not the same,

The first statement will be able to produce random Integers (say N) in the range a <= N < b whereas

the second statement will be producing random integers in the range a <= N <= |,

encraling random numbers

The reason being random( ) function excludes the upper limit while
whereas radini( ) includes both upper limit and lower limit,

7. Consider a module "simple” given below :

# rodule simple.py
®* “Greetsor scoldsoncall="*~

def greet():
“ " "Greet anyone you 1ike ta)u
print(™Helloz")

def scold():
" " "Use me for scolding, but scolding 1s not good =(" "
print(“Get lost")

count = 10
. print(“greeting or scolding - 15 it simple ?*)
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’ A oother program test.py’ imports this module,

| §test.py

. {rport simple
print(simple.count)

The code inside lest.py is

what would be the output produced, if we ry,, the program test.py ? Justify your answer,
olution. The output produced would be:

1 greeting or scolding - g it simple 7
10

The reason be?np, import module's main block? s executed upon import, so its import statement
causes it o pant :
greeting or scolding - 15 it Simple ?

And prini(simple.count) stalement Causes output’s next line, ie.,
10

g What would be the output produced by the follow
import math
import random

ing code :

print(math.ceil(randon. random()}))
Justify your answer,

Solution. The output produced would be :
1.0

Reason being that random.random( ) would gene
will retumn ceiling number for this range, whic
outpul produced will always be 1.0
5. Consider the following code :
import math
import random
print(str( int( math.pow( random.randint(2, 4),2))),end=" ")
print(str( int( math.pow( random.randint(2, 4), 2))), end = * R
print(str( int( math.pow( random.randint(2, 4), 2
What could be the possible outputs oul of the given four choices?
) 234 ()944 (i)161616
(©) 249 (0)494 (vi)d444
Solution, The possible outputs could be (i), (iii) (v) and (vi).
The reason being that randint() would generate an integer between range 2.4, which is then raised

to power 2, 50 possible outcomes can be any one of these three : 4,9 or 16.
0 Whay js

rate a number in the range

10.0, 1.0) but math.ceil()
h is 1.0 for all

the numbers in this range. Thus the

the procedure to create own library/package in Python? ‘
{"bh.ll:iun. To create own libl‘-’.‘ll‘? or P,]c].;age in P}rth{'m, we should do the folluwmg z
| (i} Create a package folder having the name of the package/library

-
“!“ Appendix A for more details.

L
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(i) Add module files (.py files containing actual code functions) to this package faldes

(iif) Add a spedial file _init__py to it (even if the file is empty)

(iv) Attach this package folder to site-packages folder of Python installation.

ges folder of Python installation? Can't we use il withoyy doing -
using import command, the package and ils contents mus{ by,

Why is a package attached to site-packa,
llation as this is the default place from where Pythor,

Solution. In order to import a package
attached to site-packages folder of Python insta
interpreter imports Python library and packages.

import command in our programs, we must attach jy y,

So in order to import our package with
site-packages folder of Python installation.

12.  What is the output of the following piece of code 7
#modl
def change(a):
b=[x*2forxina]
print(b)
#mod2
def change(a):
b=[x*x for x ina]
print(b)
from modl impart change

' from mod2 import change
/ #main

s=[1,2,3]

change(s)
Solution There is a name-clash. A name clash is a situation when two different entities with the same

name become part of the same scope. Since both the modules have the same function name, thereisa

name clash, which is an error.

13. What is the problem in the following picce of code?

from math import factorial
print(math.factorial(5))
Solution. In the “from-import” form of imporl, the imported identifiers (in this case factorial()
become part of the current local namespace and hence their module’s names aren’t specified along

with the module name. Thus, the statement should be :

print(factorial(5))

GLOSSARY
e ——

Module Nomed independent grouping of code and data.
Nomespoce  Nomed logicol environment holding logicol grouping of relaled objects.
Pockoge A directory contoining modules and subpackages and some special files.

A reusable chunk of code thot con be included and used in other progroms.

Librory
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INTRODUCTION

Most computer programs work with files. This is because files help in storing information
permanently. Word processors create document files ; Database programs create files of
information ; Compilers read source files and generate executable files. So, we see, it is the files
that are mostly worked with, inside programs. A file i itself is a bunch of bytes stored on some
starage device h"l.r hard-disk, thumb-drive elc. Every programming language offers some provision
to use and create files through programs. Python is no exception and in this chapter, you shall
be leaming to work with data files through I'ython programs.
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5.2 DATA FILES
The data files are the files that store data pertaining to a specific application, for later use, T,
data files can be stored in tuv ways :
& Text Niles < Binary files

1. Text Files o
A text file stores information in ASCII or Unicode characters (Lthe one which is defaylt for Your

programming platform). In text files, each line of text is terminated, {de!imited} with a spee;
character known as EOL (End of Line) character. In text files, some ll'l'll::m:'.l.] translations take
place when this EOL character is read or written. In Python, by default, this EOL character s the

newline character ('\n’) or carriage-return, newline combination ("\r\n’).

2. Binary Files
A binary file is just a file that contains information in the same format in which the information

is held in memory, i.e, the file content that is returned to you is raw (with no translation or no
speaific Enmding-}- In binary file, there is no delimiter for a line. Also no translations oceur jn
binary files. As a result, binary files are faster and casier for a program to read and wrile than
are text files. As long as the file doesn’t need to be read by people or need to be ported 10 3
different type of system, binary files are the best way to store program information.

5.3 OPENING AND CLOSING FILES

In order to work with a file from within a Python program, you need to open it in a specific
mode as per the file manipulation task you want to perform. The most basic file manipulation
tasks include adding, modifying or deleting data in a file, which in tumn include any one or

combination of the following operations :

© reading data from files < wnting data 1o files

© appending data to files
Python provides built-in functions to perform each of these tasks. But before you can perform
these functions on a file, you need to first open the file.

5.3.1 Opening Files
In data file handling through Python, the first thing that you do is open the file. It is done using
open( ) function as per one of the following syntaxes :

<file_objectnazes = open(<filename>)
<file_objectname) = open(<filename>, <mode>)

For example, myfile = open(“taxes Jtxt™) a—— Python will look for this file in current
working directory

The above statement opens file “taxes bt” in file m
' ‘ od
it to file object namely myfite, ¢ as read mode (default mode) and attaches
Consider another statement -
file2 = open(“data.txt", “r*)

The above statement opens the file “data tx¢” ;
attaches it to file object i A In read mode (because of "p” given as mode) and
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consider on¢ more file-open statement ;

fi1e3 = open(e:\\main\\result. txt", sy ¢ 213;32&;}"[« i Ple

The above statement opens file “result.txt” (stored in folder |
g\ main).in wrile “:“Jd"-' (because of “w” given as mode) and W |
sttaches it to file object namely file3. A fileobject is also known as '|

l

Notice that in above file open statement, the file pathcontains ~ fife-hondle. "
Jouble slashes in place of single slashes.) P ey Y | l I

|

The above given three file-open statements must have raised these questions in your mind :
(i) Wiat is file-object ? (ir) What is mode or file-mode ?

The coming lines will have answers to al your questions, but I
for now, let us summarize the file open( ) function, |

& Python’s apen( ) function creates a file object which serves
as a link to a file residing on your compuler.

Please note that when you open a
. file in reodmode, the given file must
& The first parameter for the open( ) function is a path to  existinthe folder, otherwise Python

the file you'd like to open. If just the file name is given, W ralse FlleNatFoundError,

then Python searches for the file in the current folder.

& The second parameter of the
(7). write ('w’), or append (°
in read (') mode.

open funclion corresponds 10 a mode which is typically read
&'). I no second parameter is given, then by default it opens it ||

Fie object Path to file Figure 5.1 summarizes the open( ) function of Python for

1 you.
I l é As you can see in Fig. 5.1, the slashes in the path are

f = open(c:\\terp\\data.tat™, ') doubled. This is because the slashes have special

meaning, and to suppress that special meaning escape
sequence for slash e, \\ is given.

figure 5.1 Working of file open( ) function.

However, if you want to write with single slash, you may write in raw string as '

%4 1 herv, you can e single —
teha [ pathramey ¢

f =open(r "¢ :\temp\data.txt", “r")

The prefix rin fr ing makes it raw string that me
i, P , C'l'l't ofa s!nr:u., makes i string that means makes it raw string that means
@ Is no special meaning altached to any character. there s no special  meaning’

Remember, following statcment might give you incorrect  attached to any character.

i 1]
Tesult ; | T —— ;
i

The prefix r in front of a string l
F

" i This might give incorrect [
ftmen( c :\temp“ﬂata't!t 2 T }*—_"""- raull a3 Il{lmh characier i|

Reason being that At will be treated as tab character and ‘\d’ m I !
(i

™ some platforms as numeric-digit or some error. f .'
) T . The default file-open mode is '
Us the two ways to give paths in filenames correctly are : mode, Le., Ifyou do not prmd:::: |

() Double the slashes €8 file open mode, Python will open It
f = open("c:\\temp\\data. txt", "r") RfSedinode 0.

= - gy ||

4
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(i) Give raw string by prefixing the file-path string with m

an rc.g. If you Just give the file name
. - txt®, " its path (e.g., Just "dary e
£ = open(r-c:\temp\data.txt”, “r7) than “c :\\temp\\dara 1.:: ; s
will cpenfcreate the fila | {
53.1A File Object/File Hondle airectory In Which the moduig
used to read and write data lo a file on disk. ;ﬂﬂ_r?i—__' == _';;:ﬂ

File objects are
The file object is used to obtain a reference to the file on disk

and open it for a number of different tasks.

. ) of Anleuhjrctlsarel’ermum.m
File object (also called file-hanile) is very important and useful on disk. [t opens and makes j
avallable for a  number of

tool as through a file-object only, a Python program can work .

with files stored on hardware. All the funclions that you different tasks.

perform on a data file are performed throu gh file-objects.

When you use file open( ), Python stores the reference of mentioned file in the file-object. A
data can be read cither byte by byle or line by

file-objct of Python is a stream of bytes where the .
line or collectively. All this will be clear to you in the coming lines (under topic — File access modes).

5.3.1B File Access Modes
it needs to know the file-mode in which the file is being opened. A

When Python opens a file,
file-mode governs the type of operations (such as read or write or append) possible in the opened
file ie, it refers to how the file will be used once it’s opened. File modes supported by Python

are being given in Table 5.1

T:ble 5.1 File-modes
Notes

ext Flle Binary File
r rModc ! Mawd’c Desgeription
‘ o ’ ‘rb’ read only ¢ File must exist already, othenwise Python raises 1/O error.
' ‘wh' wnte only < If the file docs not exist, file is crealed.
¢ If the file exists, Python will truncate existing data and over-
write in the file, So this mode must be used with caulion.
[ a2 ‘ab’ append ¢ File is in write only mode.
% If the file exists, the data in the file is retained and new
data being written will be appended to the end.
< If the file does not exist, 'yvthon will create a new file. | |
re’ ‘reb’ Or read and write | 4 File must exist otherwise error is raised. |
‘rb¢’ < Both reading and writing operalions can take place. | |
W ‘w+b’ or write and read | 4 File is created if does not exist. | l
‘wh+’ < If file exists, file is truncated (past data is lost). |
¢ Both reading and writing operations can take place.
a+’ .:':I;”nr write and read | ¢ File is created if does not exist,
¢ If file exists, file’s existing data is retained ; new data is
appended.
< Both reading and wriling operations can take PIJCT-'-___,_...-J |

Adding a ‘b’ to text-file mode makes it binary-file mode.
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Pl

le, you need to open a file in a P
f{!ﬂﬂwﬂﬁt J Pt |

o that supports write mode (i.e., ‘W, or'a’ or

. iik file-mode governs the type of operations (9.
lﬂ‘*l ﬂr ',.]i‘ mfﬂcﬁ]-

read/write/append) possible in the opened file Le., i
refers to how the file will be used once I's opened. |

| 7 Closing Files

| " Anopen file is closed by ‘-"’_'"i“H the close() method of its file-object. Clasing of file is important.

python, files are automatically closed at the end of the program but it is good practice to get into

habit of closing your files explicitly. Why ? Well, the operating system may not write the

Jiaout to the file until it is closed (this can boost performance). What this means is that if the

ram exits unexpectedly there is a danger that your precious data may not have been
wrtten Lo the file! 50 the moral is : once you finish writing to a file, close it.

The dose( ) function accomplishes this task and it takes the

following general form P

«fileHandle>.close( ) A close( ) function breaks the link of

: . . file-object and the file on the disk.
for instance, if a file Master.tat is opened vig file-handle  Aser close( ), no tasks can be

outfile, it may be closed by the following statement : performed on that file through the
file-object (or file-handle).
outfile.close( ) «— The clime( ) munt be woed R -t
uith fildhandle

Please remember, open( ) is a built-in function (used standalone) while close( ) is a method used
with file-handle object.

i{ READING AND WRITING FILES

Python provides many functions for reading and writing the open files. In this section, we are
going lo explore these functions. Most common file reading and writing functions are being
discussed in coming lines.

31 Reoding from Files

TFython provides mainly three types of read ﬁmrm'nﬁ to read from a data file. But before you can
read from a file, the file must be opencd and linked via a file-abject or file hamile, Most
common file reading functions of Python are listed below in Table 5.2.

T"k 52 Python data files — reading writing functions

Method Syntax Description

[ L read( ) <«filehandles.read([n])) reads at most n bytes ; if no n is specified, reads
. the entire file.

Retumns the read bytes in the form of a string.

In [21]: fllel = open("C:\\mydata\\info, tat")

In [12]): readlnfo = T1lel.read(1%)

|
In [13]: print{readinfo) \

It*s tise to wo < 15 byles read I

In [14): type(readinfo)

|
|1 Out[l4]: str { Byles read info string typo I
‘\""\.

i
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So. |- — Description
$.No. Method ~_§yntax lpwe of Input ; I mis l]#(lﬂr.lF
w lehand ey readline([n]) geads a lhw -
2 peadlinef ) of L lehiam , 1ol 8yt

read byles In the form of a gy,
In{line) character of returns a L-].,_f
bytes are left for reading, in i,

Heturna e
ending with
string If nemore
file.

In [20]! {1121 = cpan(”l I\ \ydata\iinto 1er”)

In [21): readlnfo = f11st.readline()

171 prlnt[rud‘lnfu]
i L- to work with f1les. m

————————— S— & ¥
ads all lines and returns them in a fist

—
e

cf1lehandles . readl fres()

readlines( )
In |Il|: filel = open( =L ‘v.‘l.-.id"l‘\'tlnfu.'ht']

In [24]): readlnfo = filel,readlines()

In [25): print{readInfo) )
[“It's time to work with flles. 0", ‘Flles offer and

eare and piaeer 1o Alore your work fdatsfinforastion
for laler ute, \n", "sleply ereate a 11l and
storef{wcite) In Jt An®, "Or open an rxlsting flle

and read Tros 10.An"] {: All ines road l

In [26]: type(readlnfo)
ﬂ:tll‘]‘. 1ist < Fead Inlo list pe |

The <filehandle) in above syntaxes Is the file-object holding open file's reference.

Let us consider some examples now. For the examples and explanations below, we are using a
file namely poem.fxt storing the content shown in Fig,. 5.2.

WHY 7

Wo work, wo Iry 1o be bettor
Wa work with full rest

But, why Is thal wo just don’t know any letter,

We stll glvo our best,
We have 1o steal,

Bul, why i that wo stll don'l gel & meal
Ve don'l pet luxury,

We don't gel childhood,

But we still work,

Not for us, bud for all the others.

Vihy Is it that some kids wear shoes, BUT we make them 7
by  Mythili, class 5

figure 8.2 Contents of 3 sample file poem. txt

| Y

e .
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W;] Reading a file's first 30 bytes and printing it
odt

e It

wtitel —— 5 myfile = open(r'E:\poem, txt’, "r")

’ ||
str=myfile.read(30) sodiob ety |
prett g e il
| print(str) §

\hen we specify number of bytes with read( ), Python will read only the specified number of
| tes from the file. The next read( ) will start reading onwards from the last position read. Code
' ppet 2 illustrates this fact. |

sni |

The output produced by above code is : _ Wl
| 33> TNMWMWM!“M’?
| WHY? with the file-object’s function, If you
need to perform just a single task on

we work, we try the open file. |

opening the file and performing the task, .., following stalement :

If need to perform just a single task with the open file, then you may combine the two steps of ‘
|
|

First function will open the file and the wecond I

| y»» flle(r"E :\poem.txt’, “r*).read(30) funcnion will perform with the result of first
funcrion, i.e., the reference of open file I

would give the same result as that of above code. [‘ '
|
|

For example, the following code will return the first line of file poem.txt :

open(“poem.txt", “r*).readline() 1l

(ede Snippet 2 Reading n bytes and then reading some more bytes from the last position read
————

myfile = open(r'e:\poem.txt’, ’r') endiidiN _,
str=myfile.read(30 )« . !

print(str) |
reading next 50 bytes

print(str2)
myfile.close()

The output produced by above code is : i
Output by first print statement, ie., print(str)

-1’3_.,_- d//_‘ l: 'I-I
' e E——— il
|

LW |
print has entered @ new Line afier in

i
We work, we try ‘/"_‘ outpul | e, here |

to be betrter Qutput by second print statement, |
We work with full zest — .. print{str2) i"x

But, why is t
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the newline characters inserted by print statement in the outpy
rini( ) stalement so that print does not put any “ddlﬂonu

If you do not want to have
r to code snippets 3 and 4 below.

use end = * * argument in the end of p
newline characters in the output. Refe

Code Snippet 3 Reading a file’s entire content

myfile = open(r’E :\poem. txt, “r")

sir e uyfﬂe.re;d{} e Ser whe o value is specified a3 read()'s
print(str) argument, entire file & read

myfile.close()

The output produced by above code is :

_‘_' >
| WHY?
we work, we try to be better

we work with full zest
But, why is that we just don't know any letter.

we still give our best.

| we have to steal,
But, why is that we still don't get a meal.

| we don't get luxury,
i we don't get childhood,
| But we still work,
f not for us, but for all the others.

why 1s it that some kids wear shoes, BUT we make them ?

|
|
| |
|
|
!
|
|

| by Mythili, class 5

Code Snippet 4 - Reading a file's first three lines - line by line

myfile = open(r'E:\poem.txt", "r*)
str=myfile.readline()
print(str, end="")
str=myfile.readline()
print(str, end=" ")
’ e Apumenrend = ¢ ¢ gy the end of printf ) statement

str=myfile.readline() will ensure that output shows exact content of the
print(str, end = * g data file and no print-inserted newline characters are

myfile.close()

The readline( ) function will i ton ; ;
o L e ﬁ[gl read a full line. A line is considered till a newline character (EOL) is

The output produced by above code s :

|'j 22
' + Line 2

| We work, we try to be better — line3

e
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F fl.
o

Reading a complete file - 1iy, by line

grippet 5
V myfile = open(rE: \poem, txt’, r)

| str="" #nitially storing space (any non-None value)
while str :

str= lrlyfile.readline[ )
print(str, end = ")
myfile.close( ) “

The output produced by the above code will print the entire content of file poem. ixt. |

. /
b >

! WHY? 1

| We work, we try to be bettar }
! we work with full zest ; |
' But, why is that we just don't know any letter, ) J
we still give our best. '
' We have to steal,
But, why is that we sti1) don't get a meal,
We don't get Tuxury,
we don't get childhood,
But we still work,
I Not for us, but for all the others.

) Why is it that some kids wear shoes, BUT we make them ?
by Mythili, class §

-

The readline() function reads the leading and trailing spaces (if any) along with trailing newline
daracter(*\n') also while reading the line. You can remove these leading and trailing white
$paces (spaces or tabs or newlines) using strip( ) (without any argument) as explained below.,
I'that strip( ) without any argument removes leading and trailing whitespaces.
There is another way of printing a file line by line. This is a simpler way where after Opening a
You can browse through the file using its file handle line by line by writing following code -

filehandles = open(<filename>, [<any read mode>])
for ¢vary in <filehandle> :
print{cvar})

For &I-Stam:e, for the above given file poem.txt, if you wrile following code, it will print the entire
Ble line by line

Byfile = open(r'E:\poen.txt', "r*)
for line 4n myfile :

Print(1ine)

n‘““‘Put Produced by above code is just the same as the output produced _b}' above program,
“hrmso,, behind this output is that when you iterate over a file-handle using a for loop, then
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the for loop's variable moves through the file line by line where a line of a ﬁle.is considereq -
sequence of characters up to and including a special character czEIch the newline character (\n),
So the for loop’s variable starts with first line and with each It_eralmn: it moves to the next lipe, A
the for loop iterates through each line of the file the loop variable will contain the current Jjpa of
the file as a string of characters.

a file after removing EOL characlers, leading and

Code Snippet &  Displaying the size of _
trailing white spaces and blank lines

myfile = open(r'E: \poem. txt’, r")
strl="" #initially storing a space (any non-None value)
size=0

tsize=0

while strl:
strl=myfile.readline()

tsize = tsize + len(strl)

size = size + len(stri.strip())
print("Size of file after removing all EOL characters & blank lines:", size)
print(“The TOTAL size of the file:", tsize)

myfile.close()

The output produced by the above code fragment is :

size of file after removing all EOL characters & blank lines : 360
The TOTAL size of the file ; 387

All the above code fragments read the contents from file in a string. However, if you use
readlines() (notice °s” in the end of the function), then the contents are read in a List. Go through

next code fragment.

Code Snippet 7 Reading the complete file-in a list

myflle = open(r'E: \poem. txt’, “r~)

s =myfile.readli .y
p,-;l::,} readlines() $—————— nurice it is readlines( ) not readline( ) |

myfile.close()

Now carefully look at the output. The readlines() h .
. - as read th ire file i i trin |
where each line is stored as one string : e entire file in a list of strings

(" wHY?\n', '"\n', 'We work We t
\n', ork, ry to be better\n’, *
fﬂ"r zu':::\:t'i.“ﬂ;;:. why 1;:'13‘: we just don't kn;w anyh:lee:tu:: ‘T:'Eh I
. ] ve'ﬂur st.\n', 'we have to ste ', "But '
"::hth:: wdeoifﬂl don't get a meal.\n", "\n', "we d::::ngét 'IH::I.; it
e R TN A
: -\n°, An', 'why is it th
| shoes, BUT we make them 7\n*, "\n', 'by Hythﬂii:tcina':es l;{i!:]ﬂﬂr
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Now that you are familiar with these reading functions’ working, let us write some programs.

5] Write a program to display the size of 4 file

in bytes,
pyfile = open{r-'E:\paem_txt-_ "r")
str=myfile.read()

size = len(str)

| Sa
print(“Size of the Biven file poem. txt 1s") Size of the given file poem.txt is
pr‘int{SiZE; l-by.tESM) 33? h}'tes
P52  Write a program to display the numty ol Tines in the file,
g myfile = npen(r“E:\puem.txt', "r") 333
5 =myfile.read11nes(} +  Number of Tines in poem.txt is 18
linecount = len(s)
print("Number of 1ines in poem.txt {5, linecount)
myfile.close()

342 Wril'ing onto Files

8 functions, let us talk about the writing functions for data files
available in Python, (See Table 5.3). Like read ing functions, the wriling functions also work on

open files, ie., the files that are opened and linked via a Jile-object or file-handle,
TIHE 53 Python Dato Files - Writing Functions

Sho. Name Syntax Description
L | write( ) <filehandle> -write(strl) wriles string sir] Lo file referenced by <filehandle>
T S
3 wrilelines( ) <f11ehandle>.Hritflines(L] wriles all strings in list L as lines to file refe.
renced by <filehandles
B N

.-.;____________'I't_m <filehandles in above syntaxes is the file-object holding open file's reference |
’q’e“ﬂing o File
When You open a file

in “w” or write mode, Python overwrites an existing file or creates
Isting file. That means, for an existing file with the same name, the carlier data gets lost,
*OWever, you want to write into the file while retaining the old data, then you should open
file jn “a# or append mode. A file opened in append mode retains its previous data while
i"““‘-'ing YOU to add newer data into. You can also add a plus symbol (+) with file read mode to
litate reading as well as writing. .
t means, in Python, writing in files can take place in following forms :
M In an existin 'hile retaining its content
g file, while re oo
(@) if the file has been opened in append mode (“a") to retain f.he old content. 3
(5) if the file has been open in 'r+ or ‘a+ modes to faclitate reading as well as writing.
ile has
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(i) to create a new file or lo write on an existing file after truncating/ overwriting jy la
0

content
(a) if the file has been opened in write-only mode ("w")

(b) if the file has been open in ‘w+ mode lo facilitate wriling as well as reading

(i) Make sure to use close( ) function on file-object after you l1ava:.' finished Wn'[ing as
sometimes, the content remains in memory buffer and to force-write the content o file

and closing the link of file-handle from file, close( ) is used.

Let us consider some examples now.

Code Snippet 8 Create a file to hold some data

fileout = open(“Student.dat”, "w")

for iinrange(s) :
name = input ("Enter name of student :")

fileout.write(name) +
fileout.close() T The write () will simply write the content in file
* ‘\\. withow! adding amy extra character.

I's important to we closef)

The sample run of above code is as shown below :

n 22>

| Enter name of student : Riya

It Enter name of student : Rehan

j Enter name of student : Ronag

; Enter name of student : Robert
| Enter name of student : Ravneet

[+

Now you can see the file created in the same folder where this Pyvthon script/program is saved
(see Fig. 5.3(a) below). However, if you wanl to create the file in specific folder then you must
specify the file-path as per the guidelines discussed carlier. ’

: Also, you can open the created file (“student.dat” in above case) in Notepad to see its conlents.

Fig. 5.3(b) shows the contents of file created through code snippet 5.

F=ET=)
@‘O_-“_,_u_fﬁ__, chapdt 'I"—” -:_.jmumwn'-untepm . =@ 1
[ o : [ Eile_Edn Formmt 1, Help
Organice v » Eee @ ] i
- = e RiyarehanRonagrobertravneet -
“r Mame ] -
L L:JH*S-'QH Seo, tho file has
3 _Lll:odrhipy been croated in the The data
| 3 L codeSntipy | 5ame folder where || of th ﬁ:lul;ll::i GTL::th'LM I
~ the script is e b '
L progllpy [ T scPtis saved write() doos not add a newlino
u character on its own. =
- L by ¥ o4
= - o — =
r. o
Figure 5.3 (a) File created
lr g created through open( ) with *w~
,‘ (b) The write( ) function doe:l ::: ::;t::d e same foder s Liahof scrit: fia
Y extra character in the file.
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Carefully look at Fig. 5.3(b) that is showing contents of a file created through :
write( ). It is clear from the filecontents that write( ) does not add any extra :
character like newline character("\n") after every write operation. Thus to group the :
contents you are writing in file, line wise, make sure o write newline characters :
on your own as depicted in code snippet 9, :
code Snippet 9 Create a file 1o hold some data, separated as lines

(This code is creating a different file than created with code snippet 8)

fileout = open(“Studentl.txt", W)
fori in range(5) :

name = input(“Enter name of student :")

Filmut.writfs[nnme)
fileout.write("\n') The newline character ‘in" writen ofier every name
filenut.clnsetj
@ StudertList - Notepad bt (o) S The sample run of the above code is as shown
He [de Format Yiew Hep below :
Jaya . >
}::r.:.:lhm See this tme the file has Enter name of student - Jaya
Jagjeet “:*f:d"':‘rd‘a'“'-'"-'" at the <:'ﬂ Enter name of student : Jivin
Jav ovEry name as B .
h you added 8 newkng Enter name of student - Jﬂn:fthan
after every name . Enter name of student : Jagjeet
' i Enter name of student - Javed
L ¥ |

The file created by codle snippet 9 is shown above,

Code snippet 10 reating a file with some names sep

araled by newline characters 1
function.

ithout using write( )
(For this, we shall use writelines( ) inplace wfwerite() function which
a list to a file. Function writelines() also, does not add newline ehar,

writes the content of
take care of adding newlines to your file)

icter, so you have 1o

fileout = open(“Student3.txt", W)
Listl=[]

for i inrange(s) :
name = {nput(“Enter name of student ")

Listl.append{nam +"'Lnl} ""_'—‘—‘—-—-—_._____‘_ Rexporsibil

; Hy 10 add newline
fileout.writelines(List1) character is of programmer’s

fileout.close()

--é—___ . =) Sample run of the above code is ag shown below
&-_-__Eﬁ — e 23

"ﬁ't—ﬁ— » Enter name of student : Nitya

hoe. <:I| Enter name of student : npor

Naved Enter name of student : Nathan

vin Enter name of student : nayed

. i~y Enter name of student : Navin
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Now that you are familiar with these writing functions” working, let us write some pr
based on the same. OB

l ’ 5.3 Write a program 10 get roll numbers, names and marks of the students of a class (geq frq,, User)
o

store these details in a file called “Marks.det”™.
o count = int(input(“How many students are there in the class?”))
fileout = open ("Marks.det™, w")
for 1 inrange(count) :
print(“Enter detalils for student”, (i+1), "below:")
rollno = int(input(“Rollno:))"
name = input(™ame :7)

marks = float(input(™Marks:"))
rec = str(rollno) + =," + name + *," + str(marks) +\n’

fileout.write(rec) ’\\___"_ Joining fndﬁt'd'ua]'inﬁ:wuhh
adding commas in betaeen

. fileout.close()

.r.|I >
: How many students< are there in the class? 3
| Enter details for student 1 below :
1 Rollno : 121 [ 2 Madkzdet - Hotepd =

| Name : Haze ey — —

i Marks : 67.75 l;;sl_";zg]igp;;-s ¥ bee r:
|l. Enter d:etai'ls for student 2 below : m:i%f:u:-i
' rollno : 15

Hame : Jiya ' " e

_' Marks : 78.5 . — =
| Enter details for student 3 below : File created by above program ( program 5.3)

! Rollno : 16 :
| Name : Noor Figure 5.4 File created through program.

|| marks : 68.9

I }'c!u carefully notice, we have created comma separated values in one student record while
writing in file. So we can say that the file created by program 5.4 is in CSV (comma gepara!ed
values) format or it is a delimited file where comma is the delimiter.

5.4  Write a program to - » students® detai - ; -
progr add two more students® details 1o the file created in program 5.3.

fileout = open ("Marks.det", 'B‘:;_\Naﬁcr the file is opened in append mode

rogram
("a”) this time 30 as 1o retain old conterd
for i in ranse{;;_:\
y = e add rwo
print(“Enter details for student”, (1+1), "below :7) We e s

rollno = int(input('ﬂullna:')}
name = input(“Name :")
marks = float{input('ﬂarks:'))
l rec =str(rollno) +=," + name + “,"+ str(marks) +'\n’
fileout.write(rec)
fileout.close()



w

'ﬂ'-’rﬂuﬂs for student 1 below
fg’“ : 17

- 1Ehg
r details for student 2 belgw

100 © 23
Te ¢ 2ivin
s 1 89.5
parks : 8

o

while str :
str=fileinp. readline()
print(str)
fileinp.clase()

543 The flush( ) Function

When you write onto a file usin
the file in buffer and pushes it onte actual
wantto force Python to write the
Python automatically flushes the
by the close() function. But vou m
use flush( ) function is -

dile{}hject}.ﬂush{]
Consider he following example code :

f = open( ‘out. log/, "w+')

f.write( ' The output is \n')

forite( My" + "work-status “+* is ")

M55  Write a program to display the contents of file

fileinp = open('?&arks.det‘, "

5 any of the wrile functions,

contents of buffe

files when closing them i e, this functio
ay want to flush the data before closing

@ Marks det - Hotrpad

Ih'bll‘llllnl*h'lﬂ!
12, Hazel,67.7% |
1‘.31]"1.?'. 5 I
16,n00r , 689 ;

17,akshar .78, g
23,31vin,89.%

| Enum--nummtwummﬂl I

“Marks .det” created through programs 5.3 and 5.4.

") fl >>>

12 ,Hazel,67.75
15,3iya,78.5
16,Noor,68.9
17 ,akshar,78.9

23.3ivin,B9.5

L]

Python holds everything to write in
device a later time. If however, you
rontostorage, you can use flush( ) function,

file on storage

n is implicitly called
any file. The syntax to

The Nush| ) function forces the
wriling of data on disc sl

pending in output buffer.

f.flush() «

With this statement, the

sAngy written 3o far,
be, ‘The outpus ' and

My workargru §y

have bevn pushad om 1o actual file on disk,
S='0K,’

Fawrite(s)

f'““e( \n') % These write statements” stringy may will

¥ some other work == be pending to be written on to disk
f.witet‘FinallyDver'\n'} )

f-fl‘ush(] The flush( ) function ensures that whatevr is held in

‘F-l:ln:e(}

5
44 R“mmring Whitespaces

Outpur buffer, is uritten on 1o the acrual file on dusk

ofier Reading from File

read() and readline() functions discussed above, read data from file and return it in strin

Memy o

list,

and the readlin es() function returns the entire file content in a list where each line is ane
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All these read functions also read the leading and I'.miling. tvhitespaces i.e., Spaces of tabs
newline characters. If you want to remove any of these trailing and leading Whitespaces y“f
" Yoy

can use strip( ) functions [rstrip( ), Istrip( ) and strip( )] as shown below.
Recall that :
< the strip( ) removes the given character from both ends.
< the rstrip( ) removes the given character from trailing end i.e., right end.
<> the Istrip( ) removes the given character from leading end i.e., left end.

To understand this, consider the following examples :

1. Removing EOL A\n‘ character from the line read from the file.
fh = file("poem.txt, "r") Will remonye the end of line newdine character "\n*

line = fh.readline() ‘—/ >>> fh = File("e :\\poem.txt", wmmy
line = line.rstrip("\n') »>> Tine = fh.readline()
2. Removing the leading whilespaces from >>> len(1ine)
the line read from the file 14
line = file("poem.txt, “r*).readline() >>> 1ine2 = line.rstrip("\n")
line = line.lstrip() =»»> len(line2)
13
Now can you justify the output of following
code that works with first line of file poem.text >>> 1ine3 = line.strip()
shown above where first line containing leading >>> Ten(1ine3)
B spaces followed by word ‘WHY? and a ‘\n’ in 4 -

the end of line.

512}::5 lo Pmce.rss_aﬂ-fgl__l ,

= T e AT

Following lines list the steps that need to be followed in the order as mentioned below. The five steps to use
: files in your Python program are :

1. Determine the type of file usoge

Under this step, you need to determine whether you need 10 open the file for reading purpose (input type of
usage) or wrting purpose (output type of usage). If the data is to be brought in from a file to memory, then the
file must be opened in a mode that suppons reading such as “r" or “r+" prc.

Similarly, if the data (after some processing) is to be sent from memory to file, the {ile must be opened in a
mode that supports writing such as “w” or “w+" ar “a" etc.

2. Open the file and assign its relerence to a file-object or file-handle

Next, you need to apen the file using open( ) and assign it to a file-han i i .
dle on which all the file-operations will
be performed. Just remember to open the file In the file-mode that you decided in step 1. ’

3. Now process as required

As per the situation, you need 10 write Instructlons to process the file as desired. For example, you might need
to open the file and then read it one line at a ime while making some computation, and so on.

i 4. Close the file

This is very imporant step especially if
" the last l:;:yo[ dl:uta remai:s I"P;;]Y -'l;":'“ have opened the I‘llf: in write mode. This is because, sometimes
er and Is not pushed on 1o disk unl 3 close( ) operation is performed.
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Every file F\ainlnin& a file pointer which tells the current position in the
reading will take place. (A file pointer in this context works like a book-
Whenever you read something from the file
involving file-pointer ;

(1) this operation takes place at the position of file-puinter and

(1)) file-pointer advances by the specified number of bytes
Figure 5.5 illustrates this process.
files. The working of file-pointe

file where wriling or
mark in a book),
or write onto a file, then these o things happen

Itis important to understand how a file pointer works in Python
r has been described in Fig, 5.5.

1. fhs= npen[“rurka.det, r)
will open the file and place the file-pointer at the beginning of the file (see bolow)
Ii'“lllj‘ll;lh :‘l, 75\nIT|5I.||[i}'I.|T[H.5

pomation of file-posnter when file s opened in read mode (7). ve, file-pointer Lies i beg

inf1]6], N[

g

2 ch=fth.read(1)

widl read 1 byte from the fie from the posbon the fle-pointer 1s currently at ; and the file pointer advances by ona byte.
That is, now the ch will hold “1* and the file ponler will be al neal byte holding value 2" (seo below)

Lol Lz Bl s L L L s TR

———  Sev now, the file posnter has advanced by 1 posision as peevious read operation read T bvte only.
Now the neat read will tale place ot the current position of file podnter,

AEAN

1121.|H]a]l=

3. str=fh.read(2)

will read 2 bytes from the file from the posibon the Tle-pointer is currently al and the file pointer advances by 2 bytes.
That is, now the str will hold *2°, and the filo ponter will be at next byle holding valuo 'H' (see below)

LG TuleTe T T Telo s ol s LT el s el o sl s ol [ In-

See now, the file-pointer has adiancnd by 2 poaitling as prasous ".NJ operiion tead 2 bytes only.
e rhi IF'u‘. yent pead will take place ar the current poaition of filepointer.

figure 5.5 Working of a file-painter,

' iti f File-Pointer
54.5A File Modes and Ope.iing Position o . |
T FI|E. . ° Et: file-pointer isgu\'umud by the filemode it is opened in. Following table lists the
O o of o B inter as per filemode.

opening position of a file-po
T"'-‘ﬂe 5.4 File modes and opening position of file-pointer
- Opening position of file - pointer
File Modes
AP le
beginming of the - : if the file exisls).
T, tb, r+, tb+, r+b iR of the file (Overwrites the file if “_‘H. file eaisls) —
w, wh, w+, wbe, web “' the n_'l' 1 of the file if the file exists otherwise ervates a new hle.
a, ab, a+, ab+, a+b




COMPUTER SCIENCE WITH PYTHON . y,

190

D INPUT, OUTPUT AND ERROR STREAMS
o give input to a program interactively or by typing, you know wha
t - the keyboard. Gimilarly, if someone says that the output is to be
it will be displayed on = the moniter. So, we can safely sqy
t device and the monitor is standard output device
d on the monitor So, the monitor is also standarg

55 ST ANDAR

If someone asks you t

device you need for i
know which device

displayed, you
that the Keyboard is the standard inpu
Similarly, any error if occurs is also displaye
error device. That is.
o standard input device
o standard output device (stdoul) -

reads from the keyboard
s to the display and ca

only for errors. Having error
file and still be able to read

(stdin) -
n be redirected as standard

prin

@ as stdpul bul normally

input.
tderr) - Sam
divert regular output to.d

o standard error device (5
outpul separately allows the user to

eITor MesSIges.
ented in Python? These standard devices

u can use these standard stream

aw these devices are implem
standard streams (stdin, stdout

Do you know internally h
are implemented as files called standard streants. In 'ython, y0
odule. After importing, you can use these

files by using sys m
and stderr) in the same way as you use othe

Interesting : Stondard Input, Outpu! D
¢ in your program the

If you import sys modul

kevboard. This is because the keyboard 1s the stamdard prd device
sys.stdou Lwritel ) would let you write on the standard output device,
sys.stdoul are standard mmput and standard outpul devices ru:apm:lirul}',
Thus sys.stdin and sys. are like files which are opened by the ’vthon when you start
Python. The sys.stdin is d mode and sys.stdout 1s always upcnud in wrile
ing code fragment shows you It print-:v- the contents of a

mode. Followi
file on monitor without using print statement

import sys
et fh-opcn{r'E:‘\pocm.txt'}
write on file dnice linel = fh.readline()
gusociatnd with rystdout, -
g 1ine2 = fh.readline()
sys.stdout .write(linel)
' sys.stdout .write(1line2)
sys.stderr.write("No errors occurred\n®)

r files.

ovices as Files
n, s}'s.sldin.rcndt ) would let you read from
Jinked to sys.stdin. Similarly,
the monitor. sys.stdinand
treated as files.

sidoul

always opened inrea
interesting use of these.

Output produced is :
33y EEEESESESSEsSSCSEERSEsSEsan

>

WY 7
we wark, we Try to be better

Ko errors occurred
S Sev. stderr abio displayed its text on monitor

22
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¥

rs with statement for files 1s very handy when you have two related operations which you'd like to
as a pair, with a block of code in between. The syntax for using with statement s :

o
eVt
yithopen(<filename>, <filemode>) as <filehandles :

filemanipulation statesentss

fhe classic example Is opening a file, manipulating the file, then closing It :

with open(‘output.txt’, 'W) as f:
f.write(Hl therel’)

The above with statement will automatically close the file after the nested block of code. The advantage of
wing a with statement Is that it is guaranteed to close the file no matter how the nested block exits. Even if an
esception (a runtime error) occurs belore the end of the block, it will close the file. J/

155:'.-‘9: and Erlative Poths
Full name of a file or directory or folder consists of path primarvname.extension.

Path is a sequence of directory names which give you the hicrarchy to access a particular
directory or file name. Let us consider the following directory structure ;

E\
(roct folder) the |
top most folder
- ¥ ¥ ) : -i -
[Frm | Sotes | [M:MH. |
o Prghp i' I
' | L Moy Yoy | [CASH| BANK | YSTORT!
ot _n.lf’: Lot | i At e acr) e
T ———— | . ¥ -.l‘_
T R it g &
B e e
PG ! m_,,..f“ B -~ -~ - et 5y
R ) ) : ! 2 2

o4 |
Sl w ] e S|
Figute 5.7 A Sample Directory Structure.
Now the full name of directories PROJECT, SALES and ACCOUNTS will be
E:\PROJECT, E:\SALES and E:\ACCOUNTS respectively.
So format of path can be given as
Drive-letter:\directory [\directory...]
Where first\ (backslash) refers to root directory and other ("\‘s) scparate a directory name from
Previous one.

[
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Now the directory BACKUP'S path will be :
E:\SALES\YEARLY\BACKU?

15 to follow is : under dnve E, under root dirmm-],
there Jiey

As to reach BACKUP the sequence one h : ,
(first \). under SALES subdirectory of root. under YEARLY subdirectory of SALES,

BACKUP directory.

Similarly full name of ONE.VBP file under PROJ2 subdirectory will be :

E:\ PROJECT\PROJ2\ONE.VBP

-

refers to
root directory

Now see there are fav files with the same name CASH.ACT, one under A

The full name of a fig or 3
directoryis also called pothname. \

CCOUNTS directory

and another under HISTORY directory but according to Windows rule no two files can have

same names (path names). Both these files have same name
therefore, these can exist on system. Therefore, CASHACT s

path will be

E: \ACCOUNTS\CASH.ACT

and CASH.ACT,'s path will be

E:\ACCOUNTS\HISTORY\CASH.ACT
Above mentioned patit rames are Absolute Pathnames as they

s but their path names differ,

[T —

The absalute paths are from the
topmaost level of the directory
structure. The relative paths are
relative to current working
directory denoted as a dotf)
while i1ts parent directory is
denoted with two dots{..).

———

mention the paths from the top most level of the directory

structure.

ot
O
M:

1. In which of the following file modes,
the existing data of file will not be losg ?

(2) & (b) ab (c) w
() web (e)a+b () wh
(5) wbe (h) we (i) 1+

2 What would ke the data type of variakle
data in following statements ?
(a) datz = fread ()
(b) data = fread.(10)
(¢) data = {.readline( )
(d) cata = freadlines( )
3. How are following statements different ?
(2) Lreadline( )
() E.readline( ).rstrip( )
() Leadline{ ).strip( )
(d) Lreadline r3trip(\n)

Relative pathnames mention the paths relative to current
working directory. Let us assume that current working

directory now 1s, say, PROJ2. The symbols | (one dot) and

- (twv dots) can be used now in relative paths and

pathnames. The symbol . can be used in place of current

directory and .. denotes the parent directory.

S0, with PROJ2 as current working folder, pathname of

TWO.DOC will be ;
ATWO.DOC

which means under current working folder, there is file
TWO.PAS. Similarly, path name for file CL.DAT will be

-+ \CL.DAT w (PROJ2 being working Folder)
CLDAT in parent folder

which means under parent folder of current folder, there lies
afile CLDAT. Similarly, path name for REPORT.PRG will be

++ \PROJ1\REPORT . PRG (PROJ2 being working Folder)

that is under parent folder’s subfolder PROJ1, there lies 3
file REPORT.PRG.

TWO.IXXY in curment folder
(PRO)2 being working Folder)
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<sjon aims at giving you practical exposure to file handling in Python.
. pril &
e

] Fill it in PriP 5.1 under Chapter 5 of practical component-book — Progress
; G r: Computer Science wilh Pythonafier practicolly doing it on the computer. 1._
" *

_
b el n Tl

| 5 REVISE
Aflein itself is @ bunch of bytes stored on some storage devices like hard-disk, thumb-drive ete. _ .
T The data files can be stored in two ways : (i) Text files (ii) Binary files.
=

|
Atet file stores information in ASCII or Unicode characters, where I
4

cach line of text is terminated. (delimited) with
aspeciol charocter hnown as EOL (End of Line) character. In 1ext files some internal translations take place when
gis EOL character is read or written.

+ Abinary file is just a file that comtans information in the same format in which the information is held in memory,
ie, the file content thot is returned to vou is raw (with no franslation or no specific encoding).

& The apen( ) function is used to open a dara file in a program through o file-object (or a file-handle)

% Afife-mode governs the type of operations (e g., read / write / append) possible in the opened file i e., it refers to how
the file will be used once it's opened.

% Ated file can be opened in these file modes - ‘¢ VWL TaT, T, twe T, ge?
% Abinary file can be opened in these file mades - 'th*

o wb', tabt, bt (b ), ‘wHb'(*wb+'), "a+b'(*ab+").
% The three fife reading functions of Python cre - read( ), readline( ), readlines( )

% While read( ) reads some byies from the file aml returns it as o string. readline( ) reads a line at a time and
reodlines( ) reads all the lines from the [ile and returns it in the form of a list.

% The two writing functions for Python data files are write( ) and writclines( ),
& While write( ) writes a string wn file, writehnes( ) writes a list in @ file. I
% The input and output devices are implemented as files, also called standard streams,

% There are three standard streams : stdin (standard inpur), stdout (standard output) and stderr (standard error)
& ﬂrcfbsoiure paths are from the opmost leve

I of the directory structure. The relative paths are relative to current
working directory denoted os a doi(.) while i

ts parent directory is denoted with two dots(..)

Shed Probleme
"\\__*

Low : ;
Hal is the difference between read( ) and readlines( ) funclion?
SJ]uIiﬂn_ .[-thh ro

ad() reads from a file in read mode, and stores its contents in a stning type variable,

A "eadlines( ) function, reads from a file in read mode and returns a list of all lines in the file, ;
Diff.. ..
ferentiage between the Jollowing : I ) it
0 faq '

s Pen(‘diary. txt*, 'p*) (ii) ¥ = open( 'diary.txt', 'w') |
on. (ff) File has been opened in read mode with file handle f.
U File has been opened in rwrite mode with file handle f

e ——
- = e




A

5

i,

i

w

COMPUTER SCIENCE WITH pyryyq,,
=

What is the difference betwven readiined ) and readlines( ) function?
Solution. The readline( ) function reads from a file in read nmdu.'. and reiums the next line i the f
or a blank string if there are no more lines. (The returned data is of string type) ¢
The readlines() function, also reads froma file in read mode and returns a list of all lines jp the fije

(The returned data is of list type)
Write a single loop fo display all the contents of a lext file ¢ :\poem.txt after remtoving leading and Irailgng

whiilespaces.

Solution

for 1ine in file("poem.txt”) :
print(line.strip())

Write a function stats( ) that accepts a_filename and reports the file's longest line.

Solution.
def stats(filename) :

longest ="~
for line in file(filename) :

if len{1line) > len(longest) :

longest = 1ine
print(“Longest line’s length =7, len(longest))

print{longest)

What is the output of following code fragntent 7 Lxplaim
out = file(“output.txt”™, "w")
out.write( Hello, world!\n"})
out.write("How are you?™)

out.close()
file{"output.txt®).read()

Solution. The output will be ;
¥Hello, world!\nHow are you?

The first line of the code is opening the file in write mode ; the next two lines write text to the file. The
last line opens the file and from that reference reads the file-content. Function file( ) does the same as

that of epen( ). Thus file{"output.txt™) will give the reference to open file, on which read( ) is applied.
Write a function remove_lowocrcasel ) that accepls tav filewames, and copies all Hines that do not start with a
lowercase leter from the first file into the second.

Solution.
def remove_lowercase(infile, outfile) :

output = file(outfile, "w")

for line in file(infile) :
if not 1ine[8] in “abcdefghljklmnopgrs tuvixyz® :

output.write(line)
output.close()
What is the outpul of following code ?
file("e:\\poem.txt", “r").readline().split()
Recall that poem txt has some leading and frailing whitespaces.

Solution. [(wv?)
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o It the output of following code ?
file(e:\\poem.txt", “r").readline() l
solution. YWY I
|

(Wt ts the outpul of following code ? |
h = file("poem.txt™, "r*) it
size = len(fh.read()) ;| [

print{fh.read(s)) | !

L

calution. No oulput |

Explanation. The fh.read() of line 2 will read the entire file content and place the file pointer at end

of flle. For the fh.read(5), it will retum nothing as there are no bytes to be read from EOF thus print() _
statement prints nothing |

1. Write a program to display all the records i a file along with linelrecond number,
Solubion.
fh = open(“Result.det”, "r7)
count = 8
recs""
while True :
rec = fh.readline()
if regc =u ™™

break
count = count 4 1
print{count, rec, end = '") # to suppress extra newline by print
fh.close()

12 What is the ontput produced by following code ?
ob] = open(“New.txt™, "w")
obj,write("A poem by Paramhansa Yogananda) ~
obj.write("Better than Heaven or Arcadia™)
obj.write("1 love thee, O my Indial™)
obj.write("And thy love I shall give”)
obj.write("To every brother nation that 1ives.™)
obj.close()
objl=ppen(“New.txt","r")
51 = obj1.read(48)
print(s1)
obji.close()

Solution. The oulput produced by above code will be :
| A poem by Pararhansa Yogananda Better than Heaven

" The file *New.txt™ conlains lle followng :
Better than Heaven or Arcadla
I love thee, O my Indial
And thy love I shall glive
To every brother nation that lives.
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Considering the given file, what output will be produced by the following code ?

obj1sopen(“New.txt"™,"r")

s1 = obj1.readline() '
s2 = objl.readline()

53 = objl.readline()

sd4 = obj1.read(15)

print(s4)

obji.close()

Solution. The output produced by above codeis @ And thy love I

Tuvw identical files (p1.0xt and p2.txt) uvre created by following fo codes (carefully go througl the oo cogyg
given below)

() obj = open(“pl.txt”™,"w")
obj.write(“Better than Heaven or Arcadia®)
obj.write("I love thee, O my Indial™)
obj.write("And thy love I shall give™)

obj.write(*To every brother nation that lives. ")
cbj.close( )

(k) obj = open(“p2.txt","w")
obj.write("Better than Heaven or Arcadia\n™)
obj.write("1 love thee, O my Indial\n®)
obj.write("And thy love I shall glve\n®)

obj.write("To every brother nation that lives,\n")
obj.close( )

What wvuld be the output produced if the files are read and printed with following code.
Solution. The output produced by code (a) will be

getter than Heaven or Arcadial love thee, 0 my India'and thy love
I shall giveTo every brother nation that Tives.

The output produced by code (b) will be :
A poem by Paramhansa Yogananda
petter than Heaven or arcadia
I love thee, O my India!
and thy love I shall give
To every brother nation that lives.

Considering the huwo files pl.ixt and p2.txt crealed in previous question, whal outpiit will be pmtfl"'ﬂ' by
following code fragments ?

() obj1 = open(“pl.txt","r") (b)
51 = obj1.readline()
<2 = ocbjl.read(15)
print{s2)
objl.close()

objl = open(~p2.txt","r")
51 = objl.readline()

52 = objl.read({15)
print(s2)

objl.cleoze()

Solution. No output or blank output will be produced by code (a).

For code(b), the output produced will be : getter than Hea
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’ gor the file p2-171 created above, Now predict the ontput of following code that works with p2.txt. Explain
C ied this oulpul.
o befrinn
‘”m:q: open("p2.txt™, "r7)
int{fpl _readline(208))
s1= fpl.l“’Ead]inEl:E-B}
t(s1)
;i:tzfpl.readlineu!‘p]]
olution. The output produced by above code will be :
A poem by paramhansa
vogananda
getter than Heaven or Arc
Thereason behind this oulput is that the first file-read line (i.e., fpl.readline(20)) read 20 byles from
he file pointer. As just alter opening the file, the file-pointer is at the beginning of the fQle, the
abytes are read from the beginning of the file which retumed string as “A poem by Paramhansa\n™ -
H'E.is because readline( ) returns the read string by adding an end-line character to it (An).
5o the first line of outpul was printed as: A poen by Paranhansa

1™

After the first readline( ), the file pointer was at the space following word ‘Paramhansa’, so the next
readline( ) started reading from there and read 15 characler or end-of the-line, whichever is carlier.
So the read string was “Yogananda\n” - notice the space before word Yogananda. Hence came the
second line of the output.

Now the file-pointer was at the beginning of the third line and the next readline (ie.,
fplreadline(25)) read 25 characters from this line and gave the last line of output,

7. Atext file conlains alphanumeric text (say amtxt). Write a program that reads this text file and prints only the
numbers or digits from the file.
solution.
F=open( an.txt™, "r7)
for line in F:

words = line.split()
for 4 in words:
for letter in i:
if(letter.isdigit()):
print(letter)

Read the eode given below and ansicer the question ;

fh = open(“main.txt", "w")

fh.write("Bye")

fh.close()
Iftke fite contai s "GOOD" before exccution, what will be the contenls of the file after exccution of this code ?

L

Solution. The file would now contain “Bye” only, because when an existing file is opened in write
Mode (“w*), it truncates the existing data the file.

Agiven text file “datla.txt” contains :
Line 1\n
\n
Line 3

Line 4
\n
Line g

—

| e—— T
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What would be the output of following code? 21. Wnie a progrent "ﬂf COPics a text file -
fh = open (“data.txt®, "r") ontto “target.xt” barring the lines Starting uﬂh{“"
1st = fh.readlines() L v
print(lst[e], end = *") Solution.
print{lst[2], end = '*") def filter(oldfile, newfile) ;
print(1st[5], end = **) fin = open(oldfile, "r)
print(lst[1], end = '*) fout = open(newfile, “w")
print(lst[4], end = '") while True :
print(1st[3]) text = fin.readline()
Solution if len(text) == 0:
Line 1 break
Line 3 if text[D] == "g":
Line 6 Line 3 cont inue
fout.write(text)
Line 4 fin.close()
20, Wnte onde to print just the last line of a text fout.close()
Sfile “datanar-, filter(“source.txt”, "target.txt")
Solutionn
fin = open(“data.txt", “r)
linelist = fin.readlines()
print(“Last line ==, lineList[-1])
GLOSSARY
B = |
File A bunch of bytes stored on some storage device.
File mode A constant describing how a file is 1o be uied
Streom A sequence of bytes
ﬂ-uig nme nf

Type A : Short Answer Quu_-51||::r1:.-‘f:c;r1r_'r_-|1!:_|r,11 Q
L What is the diffenence Betwaoen “w™ and “a” puslis ?
What is the significance of f He-obpect ?

uestions

word

How is file open( ) function different from close( ) function ?

Wnie statements to open a binary file C:\
file path in two different formats.

When a file is opened for output. what happens when

() the menboned file dows ol exist
6 What role is played by file
meanings.

-

Myfiles\Textltat in read and write mode by specifying the

un

(1) the mentioned file

' does exist ?
mades in file operations ? Describe the v

arious file mode constants and theif
What arc the advantages of saving data in -
When do you think teat files shoy

& m

(cRSED ¥
ode (b) To open a text file “BOOK.TXT” in write I

g =
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o £ Application Bosed Questions
P

| How are (ollowing codes dufferent from one another ?
(q) my_file = open(’poem.txt’, 'r') ()
my_file.read()
» If the file ‘poemBTH.AXU" contains the followin
i God made the Earth;
Man made confining countries
And their fancy-frozen boundaries.
gut with unfound boundless Loye
I behold the borderland of my Indig
Expanding into the World,
Hatl, mother of religions, Lotus, scenic beauty, ond sages!
Then what outpuls will be produced by both the code fragments given in question],
3 Consider the file poemBTH txt given above (in previous question). What output will be produced by
following code fragment ?
objl = open("poemBTH.txt","r")
s1 = objl.readline()
s2.readline(10)
s3 = objl.read(15)
print(s3 )
print(objl.readline())
objl.close()
4. Consider the file “poemBTH tnt” and predict the outputs of following code fragments if the file has
been opened in filepointer filel with code:
filel = open("E:\\mydata\\poemBTH.txt","r+")

my_file = open( ‘poem.txt','r*)
my_f:llc.r-ead{lBB}

5 poem (by Paramhans Yoganand) :

(a) print("A. Output 1) ()  print("D. Output 4")
print(filel.read()) print(filel.readline(9) )
print()

(r) print(“E. Output of Readlines function is")
print(filel.readlines() )
print()

() print(“B. Output 2*)
print(filel.readline() )
print()

(c) print("C. Output 37)
print(filel.read(9))

print()
NOTE. Consider the code fragments in succession, i.¢., code (h) follows code (a), which means changes
by code (@) remain intact, Similarly, code (¢) follows (a) and (1), and so on.

5. What is following code doing ?
file = open(“contacts.csv", "a")
name = input(“Please enter name.") )
phno = input("Please enter phone number.”)

file.write(name + *," + phno + "\n") [
int il i ing form !
b Write code to open file created in previous question and print it in following

Name : ¢name> Phone :<phone number>
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Consider the file "contacts.cov™ created in above guestion and figure out what the follon;
trving to do? "8 code
name = input (“Enter name ")
file = open(“contacts.csv™, “r")
for line in file:
1€ name in line:
print(line)
Consider the file poemBTH tat and predict the output of following code
following code fragment doing ?
f = open(“poes8TH. txt™, “r")

h

fragment. Wiy, ety |

nl=o
for 1ine in f:
nl += 1
print(nl)
90 I you use the code of Q8 with pliat ereated in solvid problem 14, what would be its output ?
10

Wnite a methad in pyvthon to read the content from a et file diary.aat line by line and display the sz,
ON SCreeTL [CBSE D Xt

Wnite a method in python to write multiple line of text contents into a text file mylife.itline.
|CESE D iy
Type C : Programming Proctice/Knowledae based Questions

Write a program that reads a test file and creates another file that is identical ercept that every saquence
of consecutive blank spaces is replaced by a single space,

rd

A hile sports dat contains information in following format © Event - "acti it

Write a function that would read contents from file sporfsadat and creates a Gile named Alkeletic &

copying only thow records from spurtsdar where the event name §s " Atheletics”,

3 A Nle contains a list of telephone numbsers in the (ol
Arvind 7258011

Lachin 7259197

wing form :

The names contain only one word the names and e

lephone numbsers are separated by white 5
Wnte program to read a file and display its contents

I two columns,
4 Wntea propram to count the words “1o” and "the" present inoa tead fle “Poemetat”.

_ : e’
Cawe .ﬂph.s'tu.-h proesent an a et file " Article

’
usr
r- Have the program read the file names from

me
Wnite a program that appends the contents of one file fhe filer
from the uwer,

5 Wnte a program to count the numbser of upper-

6 Wnte a program that copies one file to anothe

lovanother. Have the program take

LT characte? P

5 Write a program that reads characters from the keyboard one by one. All lower €2 4 alle

stored inside the file LOWER, all upper case characters get stored jnside the file UPPER 37

I'I'..IITl.hg'l Ll' I"“n ] -‘L!I I'jl 1'

TXT™ contains the following lines :

9 Write a function in I'vihon 1o count and display the
in a teat file T LINESTXT™, e g, the file “LINES

A boy is playlng there.
There is a playground.,
An aeroplane Ls in the sky,

Alphabets & nu=bers are allowed in password,
| the function should display the oulput as 3,

| y
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Recursion

Tn s Clhwpier

6.1 Introduction

6.2 Recursive Function
3.3 How Recursion Works
6.4 Recursion in Python

6.5 Recursion vs. lleration

INTRODUCTION

You have leamt how o creale and invoke methods/functions in Python. Inside the function
bodies, we can include function-calls of other functions. But have you ever thought : Could a

method invoke or call itself ?

Self-invocation may at first sound useless or illegal : lsn't
this defining something in terms of itsell - whalis c.ﬂlm'! a
circular definition? But self-invocation is Iu:g:.:l,. and l’.t,'-
actually quite useful. In f.}cl. it's so useful that it gets ats
own special name : recursion. |
This chapter explores recursion and recursive functions
along with some classic recursive examples.

12011
Laac]

4

Recursion refers 1o 2 programming
technigque in which a function calls
el eher directly or indrectly.

— e
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6.2 RECURSIVE FUNCTION

In many of your programs, you must h
functions, ¢.g.,

ave written some functions that call or invoke
Othey

cction Al ) is culling anotfier function, iy

def A() {*__________ Fun

finition that calls itself, then this function would be kng,

Now, if you write a function de na
1

recursive function.

That is, a function is said to be recursive if the function definition includes a call to iu-olf;_g
< saself from des et funcrion-body.

def A( ) : )
Sy flamcraoen A1) £y Gl
A ) — s i1 i @ revunine function qow

See, another recursive function :

def recur() :
recur( ) # calling itself

Recursion can be indirect also. The above example, where a function calls itself directly from
within its body 1s an example of dircct recursion. However, 1f a function calls another function

which calls its caller function from within its body, it is known as indirect recursion c.g.,

def A( ) :
B{) w— Functsm A7 P eallicp Bi L — e TTE T
ahich culls A ) — - “"::'ll‘ '_'I
def B() : A function is said to be Recurtve
A() Function if it calls itself.

So, you can say that recursion can be:

if a function calls itself directly from its function body:.
caller function

& direct recursion,
< indirect recursion, if a function calls another funchion, which calls its

Following figure illustrates it.

def A() ;
a0 functionl - pdof A():
function |OF. eg. B{)
- def B():
function2< Af)a
(@) Dwrect recursion (&) Indirect recursion
w Tunctionl def A():
o
_) be)
funct 1m2"> def B{)D
function3 E”_j
3 def C():=
LN NN L D{’
3 def DUD
function na a()
i (€} Ancthar example of indirpct recursion
Figure 6.1 Types of Recursion,
L L
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The above shown sample code is an example of indirect recursion,

In f‘t‘:ﬂ“‘ﬁ"ﬂilﬁ also, you have seen recursive problems eg., sum of nnatural numbers can be
wTiten as

sum of nnatural numbers = i+ sum of -1 natural numbers

Similarly,  sum of n- 1 natural numbers = -1+ sum of n=2 natural numbers
Similarly,  sum of -2 natural numbers = n=24 sum of n- 3 natural numbers,
and =0 on.

This saevction 1S going o discuss recursion and recursive functions. We shall be leamning how to
wnte recunive functions and implement recursion. But before we proceed, carefully po
through the tollowing csde and hiune out its output,
gef funcli( )
print{"Hello func2™)

func2( )

def func2( )

Yes, vou guessed it night. This code will print the following ENDLESSLY :

Hello func?
ves funcl
Mello func2
Yes funcl

The above tunctions (furc 0 and func20 ) will kevp on calling, one another infinitely and the
entire memory wall be vsed up = Noostop!

Pyvthon will report follosang, runtime error for it RCuURSION: |
Recursion | Tech
Runtiselrror: pialrum recursion l.h'p'lhll vrgeerded . . . v 2 technique for
solving a laige computational
. 1okl ted! n
The problem with above code 1y that 1t is a Recursive problem by tepeatedly applving

the same protedure](s) 1o reduce n
1o sl edsively smaller problems. A
recurstve procedure hay fwo party
orne Df more bate cawed and 2

Right or Sensible Recumsive code is the one that fulfills EEEINEE e
tollowing naquirements :

program but recursion code s NOT SENSIBLE. You must
wnte a sensible recursive code that has cearly defined
where to t.h'rp' |l s save how.,

© it must have a case, whose result is known or computed without any recursive calling -
the BASE CASE. The BASE CASE must be reachable for some argument/parameler.

© it also have Recursive Case, where by function calls itself later section, (Section 6.4,
evplains this clearly).

Recursion limit is platform dependent and can be set via sys.setrecursionlimit (Timit).
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To understand the above points, let us consider an example program firstand see how Works,

G.1 Write a recursive function that computes the sum of pumbers 1. get the value of lasy Mumber from

e,
rogram
1. #&programtoillustrate recursion

3. def compute (num): For mum's value 1, the renlt iy pre-knowre and g

4. if (num==1): — avuilable (or calculatad) without any rvunsive cgg

5. return l

6 el compute( ) calling well - rcunie

7. return (num + compute (num - 1) ) code
B.

9. #__rmain__

10. last=4

fritial call to function compute( )
11. ssum = compute (last) «—
12. print ("The sumof the series from1 ..", last, "is", ssum)

The output produced by above code is

The sum of the series from 1 .. 4 is 10

Let us now understand how it (program 6.1) works. Lines 3-7 of program 6.1 define a function
compute( ), which is a recursive function as it calls itself on line 7.

I. Program starts __main__ part at line 9 and then calls compute( ) with variable last that

has value 4, 1.e, compute(d) is invoked at line 11 initially,

¥

With function call compule(d) at line 11, control shifts to line 3, where the code of
compute( ) begins ; parameler num takes value 4.

21 Atline 4, condition num == 1 is fulse, so control shifts 1o elee part (line 6-7)

22 Line 7 caleulates return value

as num + compute(num-1), i.v, as 4 = compuler (1),
re., 4+compule(3).

Since the value of compute(3) is not known,

. function compule( ) is to be called
with value 2.

221 5o compute( ) is again called with value
num (which is 3) is still not 1 (condition
value) gets computed as

221.1

3 50 num takes value 3. In line 4
3 ==11is false,) so line 7 (its returm
3 + compule (3-1) e, 3 + compute(2).

A F“"_mml‘“hﬂ}. line 4 condition num == 1 is false (as num i o
so line 7 (its retum value) is executed as 2 + computel(l)
22,118 For compute(1) condition of Jine s num is}
now. So compute (1) 1o ed an
control returmns to 24 for
campule (1).

4 (num == 1) is true 2
turns value 1 as line 5 gels execut :
ompule(1) (2.2.1.1A) with value
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6.3

22.11-R So after relumning to 22.1.1.A, the compute (2)'s
return value is calculated as 2 + compute(l) =2+ 1 =
3 (value of compute(l) is 1). It calculates the
compute(2)’s return value as 3. So the control

relurns to 2.2.1.
2.2.1.R compute(2) returns value 3. So return value of 3 gels computed

as 3+compute(2) = 3 + 3 = 6. Now the control returns to 2.2.
22K compute(3) relurns 6 and thus the return value of compute (4) gets
computed as 4 + 6 = 10 and control returns 1o line 11 that called compute(4)
as ssum = compule(d),

Now variable ssum gets the return value of compute(d) as 10 and then at line 12, it
prints the sum.

What this program manages to do is to display the value of 4 + (3 + (2 + 1)). That is, it displays

the sum of the numbers from 4 down to 1. More generally, what this compute method does is to
return the sum of all the integers between 1 and its parameler n,

HOW RECURSION WORKS

Youw'll notice that the compute function doesn’t alivays recur: when its parameter n is 1, the
function simply returns immediately without any recursive invocations. (line 3)

With a bit of thought, you'll realize that any functional recursive function must have such a
situalion, since otherwise, the recursive function will never finish. In fact, these situations are
important enough to designate special case(s) where result is pre-known without invoking, the

function again : Any condition where a recursive function does not invoke itself is called a base
case.

But what exactly happens when a recursive function lacks a base case ? To understand this, we
need to get some idea about how a computer handles function invocations.

In executing a program, the computer creates whalt is called the function stack. The function
stack is a stack of frames, each frame corresponding to a function invocation. At all times, the
compuler works on executing whichever function is at the stack’s top; but when there is a
function invocation, the compuler creates a new frame and places it atop the stack. When the
function at the stack’s top returns, the computer removes that function’s frame from the stack’s
top, and resumes its work on the function now on the frame’s top.

To see how this works, let's diagram how the program 6.1 operaled.

Ta start off the program, the program pushes a frame
corresponding 1o an invocation lo. Notice how Ih}s
frame includes room for retumn value of compute(d) in
variable ssum.

line 11 | ssum = compute(d)
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i When the computer invokes cmiprite(4), the ml‘n\‘
r N places a new frame atop tbu: slack mrnﬂmndj,ﬁ:tf;
compute ; this frame will include the variable yyyp,
[ whose value is initially 4. L
| |
corpute(d) |
lnog 7 |mm = &, return & « copute(d) {
ne 11| ssum = corpute(d) |
— ——— T T T——
3 | - When the compuler sees that conpute(d) invokes
comptate(3), the computer places a new frame atop the
’ stack, containing the vanable num, whose value |s
1 | imtially 3.
I |
| I
| compute(3) |
ine ¥ Jnum = 3, return 3 4 copute(l)
compute(4) '
hne 7 |num = 4, return 4 4 torpatie] 3)
| fine 11| ssum = corpute(d)
4. | When the computer sees that compute(3) invokes
i compule(2), the computer Places a new frame alop the
| stack, containing the variable nam, whose value is
initially 2.
corpute(2) T
ne 7 [rum = 2, retum 2 & corpute(1)| |
r' corpute(l) |
{ Ime7 lme = 3, return 3 . torpute(2)
' corpute(d) |
kne 7 [num e 4, return a4 4 torpute(3) |
line 11 ] ssur = corpute(4)
I
B -
_q.l . L - ) -
o When the computer sees that compute(2) invokes |
.I t i"”fj'“fr!l], t_hu mputer places a new frame atop the
| tompute(1) ;t'?L.L' containing the variable n, whose value is
f bne 7 [mm « 1, retumn 1-....\;,,.,” nitially |,
| corpute(2)
kne 7 (ne = 2, retymn 3 . corpute(1)
r' . corpute(3)
f [ hna7 |mm s 3, return 1, Copute(2)
corpute(4) E—
I
.' | Hne7mm « 3, retun 4 4 comune(yy
| f —
|' J e 11 ) s5um = compunte(a)
I-_ = B T _-_"_-—.
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ling 7

lino 7

line 7

hne 11

lino 7

lin 7

line 11

hina 7

line 11

ling 11

compute(2)

mm e 2oreturn 2 4 1 ey, roturn

compute(3)
num o= 3, return 3 4 compute(2)

computef{d)
num = A, return 4+ compute()

surm = computie[4)

compute(d)

e e 3, return 3+ 3 §Le

oF 1 i
g return

compute(ad)
mm = &,

‘__/

Vo compute(d)

return 4

D

S5Um = lfl':rull'f‘x_ln:]

cormgutoefa)

||-'_.r|.;_.'_ reiumn 1@

LLUT = CONT jfr':'-':}‘,_//-‘

seum = 10

207

When the compuler sees hat compirte(1) seturns, it
pops the top frame off the stack and resumes with
whalever frame is oy at the top = which h.‘:ppcns to
be the frame Tor compute(2). Value for compule (1) Iy
replaced with its return value which is 1

- When the computer sees that compute(2) returns with
valued, it pops the top frame off the stack and
resumes with compute(3).

When the computer sees that compute(3) returns with
value 6, it pops the top frame off the stack and
resumes with compute(4).

When the computer sees that compute(d) retumns with
value 10, 3t pops the top frame off the stack and
restmes with statement,

ssum = compute(d) f.e., ssum= 10

| Now the last line of program is execuled and resull is
| printed as
The sum of series from 1.4 is 10




COMPUTER SCIENCE WiTH
208 N -

And after this, the program ends and its frame is also removed from stack and stack bec
emply.

: as follows :
So we can say that above given compute(d) Was executed

compule (4)

=4 + compule (3)

-

=4+ (3 + compute (2) ) It Is mandatory to haye , Base

case in order 1o write 3 sengble
=4+ (3+(2+ compule(l) )) recursion code.

=1+(3+(2+41))

=4+(3+3)
=4 +6
=10
6.2 Write a recursive function to print a string backwanls
e 1. #simple recursion

2. defbp(sg, n):
3. ifnsye:
4. print(sg(n), end="")
5. bp{sﬂ, n-1) = Revunive call 1o function bpi )
ﬁ- Eli{ N==g *
7. print(sg[e])
B.

9. # _main__

18. s =1input(“Enter a string : %)
11. bp(s, len(s)-1)

The output produced by above Program is as shown beloy -
Enter a string : NEws
SWEN

Can you figure aut the flow of execulion of above program? It
am? It is:

240N 2939445, R

—|.3_.‘__.5-_.2 & - —-- S

e | H3saas5., —tB--_E'*_-‘;_.ii |
—_-_"_"'.r_'__‘_' —_— - = ) .

| — __"‘—-_-_.f"

EWS® . y———\— |
bp({sg ="N 5.n=3l‘ _tzpj'“"'HEws.h'ﬂ bﬁ'ﬂ-'HEWS"_n=lll '-"F"{lﬂ-'NEWS'.n'n:"
o m—— | BaseCem
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FECURSION

| ot L= = how this recursive program evecited itself.

Go what happens if a recursive method never reaches a base case? Hmm, vou guessed it right
:, the stack will never stop prowing The computer, however, hmits the stack o a .l"".”mt'"
heght, s that no program eats up foo much memory. If o program’s stack t‘\f‘“ln this size, _'hr
computer imitiales an exeeption, which typically would crash the program. (From the operating
svstem’s paint of view, crashing the program s preferable to allowing a program to eat up too

much memony and intertene with other better-behaved programs that may be running.) The

eveeplion is Labwelled as mavimum recursion limit exceeded.

e
10

10
"

L]

W s R R

T ETL Ll TR T T ey R

man _ pa

(——
Crter mating KREWS
1ol cal 1 byl ) made SR T,
S s " MEWS e _""-' 0 1 b 3
: MH|lE|[W]S
—* g Pt
—_— :'_"\; _\
=g * LT ma )
| n = o | O
| raiesfd] 1 >S5S WEN
1 Do A AL
o Lal Ly Ixy ) made
14 1 =
" L .,.'.-"
f— 4 | - | '~
|
1
— L8] 4 m— 1
el WET Re g |
ey !
[EL LN S ) Jm— o
Yo paal 1o gl | e
tyeeg 1)
== = |
— : L pat |
|
! —_— sy ) ] i 4
I — man__ par ————
{ | L 1] -
| [—-— - tyusg . — | g bisg. 3}
— b 1] =
s WIWS" . " 1 2 bisg 2
n» 0w L. ppisg )
poemtiagll]. - 1— :
dy call | gl | e bpds3 U
tgusg O) .,:-"l‘it'l'lﬁ'."'a
L 2 n o= O Latus
.—-—-_-___-
=Si—— 3 nesDine fASE CASE REACHLD
. ¢ prietagl0l | :
g — IJ l
Wi E—

e

————e
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Consider another recursive function that also does the same

printing of a string,.

6.3  Write a recursive function to print a sring backwards.
regram 1. #simplerecursion
2. defbp(sg,n):
3. ifn>o:
4, k=len{sg)-n
5. bp (sg, n-1)
6. print(sg[k], end="")
7. elifn==0:
B. return
9.

Let us see how above recursive program executed itself. Although it does the same tl‘ling as
previous program 6.2, vet it is different from program 6.2.

1e. # __main__

11. s =input(“Enter astring: ™)

12. bp(s, len(s))

__main__ pan

Erter a sinng @ KEWS

1st calta bpy ) mada
bp{sg = "NEWS . n=

=)

man__ parn

bp{sg.4)
eg="HEWS  n=4
n>0 truo
k=(4-2)= [0
2nd call to bpd{ ) mada
bp(sg. J)

—~ len(s)is 4

o, S8

__mamn__par
‘e bp(sg.4)
—  bp(sg.3)
sg = "NEWS n=3
n>=0 true
k=(4-3)=[1]
3rd calto bp{ ) mace
bp{sp. 2)

len(s) is &

—~y
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Revcunnw call to funczion bpf )

thing as program 6.2 j.e,, hackward

The output produced by above program i
samie as previous program, i.e, :

Cnter a string : News

SWEN

_l- __main__ pan —

bpleg, 4)
bpl=g.3) ———
— bpisg ) ——

sg="NEWS . n=2
n>0 ftrue
k=(4-21=
ath call lo be( ) made
be(sa. 1)

— __main__ par -————|
bp(sg. 4) ——
——  bp(s3.3) —=]
bp{sg. 2) —

pem— bp{sg_ 1} e
sg="NEWS . n=1
n*0 tue

k=d-1=

5th call 1o bpl) made
bp(sp. 0)

I

—

——_ i
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RECURSION 2] ] JI
sphe! &
]
|
l man__ pat f—  __Mmain__ pan — |f
- . :
i e — ———  #d |l
_____ bpis3. 3] —— —  bp(sg.3) — I
: bpisg. 2) — k=1
__ botsa. 1) e bp{sg. 2) — Output
: _ B SWEN
. bolsp. 0) | g e
= *HEWS ., n= 0 A N
] lﬂ hl.'.!.t‘ \
n== 0 Yué }— BASE CASE REACHED : '
: : | | print{sg(] .}
etum = |
: | " -' __main__ parn —]
- I bp{sg.4) ——m |
. — k=0 |
.———: _main__ pat | | — bpisq. 3) |
p— {3, 4) — : ko= '
b3, 2) ——
—— bpis3. 3] —| ‘
— b33, &) ] |
, | |
— bpisgl) —— | || P
5 &3 ‘ | printisg(k] .}
k=3 - o
.\__th“-#: ] [ ~__man__ pan 1
& - ‘ bpdsg, 4)
I_Ilrl‘ lj.."] ] ] | 1 _‘-.. -
= — || | = |
¥
 Ti— _man__ part —_—
———— o 4)
T bpisg. 3} ——
—— bls2) —
I
bpisg. 1) ——
print{aglh].}
== =
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Thus, as you can see that flow of execution of above propram is as :

2-+M _'12_'2_.3_"_’.5_‘2__.3_'.-‘_‘5_.2_.3 s d .,5-.2—.3”4-15--2-»3—1?‘-5-.5

-oﬁ_‘sh‘u‘
J

P50 = NEWS" n=4)  bp(sg='NEWS".n=3) bp(sg="NEWS" n=2) Lpiso = ‘NEws:, 5,
he0 A= k=2 Basa Cagy !

bp{eg = "NEWS®, n = 0)
Base Case

Technically, Python arranges the memory spaces needed for cach function call in stack, The
memory area for each new call is placed on the top of the stack, and then taken off
the execution of the call is completed. So, vou can say that, the stack g
sequence in recursive calls

RN When
oes through the r{l“ll'.\‘ins

) . hosps My r
15 cal st call 15’ call UPEH E?:—S?CTEGET
2nd cah 2nd cahl / reachod which returns
il [ s m
(empty stack) - — - | —_— 3rd call] a proper resu
BASE
15t can CASE
2nd cat 1st caf 15t calt
3rd cat
Pt 2nd caf retutn returm
— v —— - —— - - —= [emply siack)
i _/
BASE CASE At call = 2nd cat—
retams returrs feturms
Figure 6.2 Men ory manipulation In recursion.

V. - 1 kg - O | i ively-
'ython uses this stacking principle for all nested function calls — not just for recursively
defined functions, A stack is an crample of a “last inffirst out’”™ structure

6.4 RECURSION IN PYTHON

As you have seen, recursion occurs when o function calls itself. In I'vihon, as in other proge

ramming languages that support it, recursion js used as a form of repetition thal docs at il
theration. | |

_ o _ 2
A Recursive Definition is a definition that is made in terms of 3 smaller version of itself. Have
look at following definition of 1", which is non-recursive :

Mmxtxt rx ve)

. o i
(Iterative definition — nonrecurs

Now, it can be represented in terms of recursive definition as follows -

- -1
T =x%(x" ") for n>1 (Recursive definition)

=r for n=1
=1 for n=0
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Writing a Recursive Function. Before you start working recursive functions, you must know
that eYeTY recursive function must have at least tuv cases :

() the Recursive Case (or the induclive case)

(if) the Base Case (or the stopping case) - ALWAYS REQUIRED

© The Base Case is a small problem that we know how to solve and is the case that causes

the recursion to end. In other words, it is the case whose solution is pre-known (eitherasa
value or formula) and used directly.

© The Recursive Case is the more general case of the problem

we're trving to solve using recursive call to same function.

As an example, with the power function x”, the recursive case

would be :

Power (x, n) = x = Power (x, n-1)

and the base cases would be

Fower (x, n)=x whenn=1
and Power(x,n)=1 whenn=2

- H
NOT .
!

The Base Case in a recursive
program MUST BE REACHABLE.

Every recursive function consists
of one or more base cases and a
general, recursive case.

Other cases (when 1 < 0) we are ignonng for now for simplicity sake.

Consider the following example (program 6.4) of Power Function

6.4

oy

# power a to busing recursion6_4&
def power(a, b) :
ifb==8": # BASE CASE
returnl
else :
return a ® power(a, b-1)

F __main__

print("Enter only the positive nurbers below™)

num = int(input(“Enter base number :7))

p = int(input(“raised to the power of :7))

result = power(aum , p)

print(num, “raised to the power of", p, "is", result)

The oulput produced by above program is as:

o

E::“ only the positive numbers below
er base nuwber : 7

Used 1o the power of : 3
Tised 1o the power of 1 is 343

Program to show the use of recursion in calculation of power €.9., a”
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< is meavT CXOCl teud, ant infinite reCHrsion occurs, An Infingy,
ase e endlessly. Infinite recursion can happen ;n

If there is no base case, or 1f the base
Recursion is when a recursive function
one of the following cases.

() Base Case Not Defined. When the

infinite recursion wall eccur. . i " o
S . pimes you have wntten @ base case but the condition to
(i) Base Case Not reached. Somehimes )

. - Ursion Occur.
execute it is never satisfied, hence the infinite rec

will face infinite recursion if You enter a Negative

rocursive function has no BASE CASE defineg

For example, the code of above progpram b

i : s Lo,
value for power. In that case, the condition for base case, of

1F b - ﬂ : ,—— l}ui .\‘IJ.-JH" -1:: T h Iﬂd'fq.'r ol
mepatie alue of b
return l

will never be satisfied and hence infinite recursion will ocour.

To avoid infinite recursion, your code should take care of There can be one or more base
possible values that may cause infinile recursion, c.. above caies in a recursive code.
program (6.4)'s code can be modified as follows to avoid infinite

recursion ;

def power(a, b) :

(f bl e ! e MNow i kb curr of Loyt I
valews of & An Infinite Recursion is whena
returnl
recursive function calls Rsell
else: endlessly
returna ® power(a, b-1)
g __rain__

Or
You may cheeh for negative value of powerin _mam__ part as well, 1o, as :

def power(a, b) :
g __maln__

num = int(input(“Enter base number :*))
p=int(input(“raised to the power of : "))
ifpca:

& Mine i paken gare of epativr wilae
print (“Sorry, negative power not al lowed®) e
else:
result = power(num , p)

print(num, “ralsed to the power of ", p, "15”, result)
’ ’

You can easily determine the flow of P
: oeculion in above
¢ program.
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Hmfi‘r‘E Version

A recursive code may also be wrilten in non-recursive way, which is the iterative version of the
same. For instance, the iterative version of above program(6.4)’s code is given in program 6.5.
below :

6.5  Program to calculate a" using iterative code,

ft power atobusing iteration
rogram

def power(a, b) :
ress=1
ifb==0;
return 1 d—— Dterutivv venion to caloulate o
else :
for i inrange(b):

res=res*a
return res

#__main__
print(“Enter only the positive numbers below™)
num = int(input("Enter base number :"))
p=int(input("raised to power of : "))
result = power(num, p)
print{num, "raiscd te power of”, p, "1s", result)

The outpul produced by above program is as :

Enter base number § 3

raised to power of : 4

3 raised to power of 4 is Bl

6.4.1 Some Recursive Codes

Let us write some Python codes that use recursion carrying out its task,

A Compuling Factorial Recursively
Now, consider another example. The factorial of a non-negative number is defined as the
product of all the values from 1 to the number :
m=1%2"."n
It can also be defined recursively as
nl=1 il ne 2
snt(n=-nt i ne=2
“Etursivcly factorial function would be writlen as follows :

® recursive factorial function 6.6
def factorial (n) :
fne2:
return 1
returnn * factorial(n-1)

“m
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& __main__
n=int(input(“Enter a number (>8) : *))
print(“Factorial of", n, “is", factorial(n))

Sample runs of above program code are :

Enter a nurber (> 0) : 4
Factorial of 4 is 24
q‘m::-n.m-ﬂ-_—_x-m'-
Enter a number (> Q) : §
Factorial of S is 120

The iterative version of above given factorial function is (you already have written this) ;
def factorial (n) :
fact=n
forIinrange(1, n):
fact=fact "I
return fact

B. Computing GCD recursively

We can efficiently compute the ged using the following property, which holds for positive
integers pand g :

Ifps>q

the ged of p and q is the same as the ped of pand p ™, q. That is, our I’vthon code to compute
GCD recursively would be

def ged (p, q) ¢
ifg==0:
returnp
return ged(q, pXq)

The base case is when q is 0, with ged(p, 0) - P- To see that the reduction step converges to the
base case, observe that the second input strictly decreases in each recursive call since p % q<q
If p < q the first recursive call switches the arguments.
gcd(1440, 408)
gcd(488, 216)
gcd(216, 24)
ged{192, 23)
ged(24, o)
return 24
return 24
return 24
return 24
I return 24
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- gLULIRMON 21.7
Ly
1his “-q,'l,l.l'hi'n.'l.‘ solution ta the pmlnlvm ul |,‘-.m||1||[i|-,|,: e prealest common divisor s koo as

Protil's ,|i.-{|,u|llur: aned s one ol e oldest known algorithms = it is over 2000 yearn old,

youvan wrile recursive code for GED computation yoursell, (also refer 1o solved problem 15)

¢ 3 ionacd Numbims

You have writhen progran o compule and display Fibonaced serles using o loap, Here we are
g o develop a recuesive method o compute numbers i e Fibonacel sequence. This infinite
sjuenee slals with and Lowhich we' I think of as the zeroth and tiest Fibonaced mimbers, and
cachisuocveding number is the sunn ol the two precediog Pitvaccs mombers, Thus, the thind term
s 4 1= LA o pet the fourth ferm Fibonacel number, we'd sam the 2md teem (1) and the drd
permnt (1) o et 20 And the fifth term s the sanof the 3nd term (1) and the il term (2), which s 3.
And so0om,

n CA | IR e e T R T (T A L AR (U B
nth Fibonacel 0 I 2 3 5 K 13 21 M 55 K9

We want to write o method fil that takes some integer 1as o parameler and returns the mth
Fibonacci number, where we think of the fiest | as the (st Fibonacel number. Thus, an
invocation ot fil{o) should returm 5, and e invocation of il (7) should returm 1.

def fib(n) :

{fne=1: #1st termis o0
return 0 «—— —
, - e are the JASE CASES = vl ©s
Eli{ Ne=22 " 'I“‘i term 15 1 returniesd witlionat IHHFLIH; i fllrll fwi
retornl oo
else :

BLOCURSIVE CASL < the filii 1 functicn
return fib(n -1) + fib(n -2) gt in ik g dpself froen o onen bawdy

In talking about recursive procedures suchas this, it's useful to be able to diagram the various
method calls performed. We'll do this using a recursion tree, The recursion tree for computing,

fib(5) is in Fig,. 6.3.

@ (Initl:ﬂ paramolor |s 5,

Fi

qure 6.3 Recursion Lree for compuling fib {5).

The tecursion tree has the original parameler (5 in this case) at the lop, representing the original
. hE ' ; Y
Method invocation. In the case of fil(5), there waould be twarecurstve calls, to fik(4) and fit(3), so

.
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5 and draw a line connecting them. Of course, fif4
ecursion tree, as does fit(3). The ml'l'lplml
ation of fib made in the course of mmpuline

we include 4 and 3 in our diagram below
has two recursive calls itself, diagrammed in the r

diagram in Fig. 6.3 depicts all the recursive invoc )
fib(5). The bottom of the recursion tree depicts those cases when there are no recursive ealls _ in

this case, when n <=1,
Following program lists the complete code of using recursive fib( ) function given aboye.

6.7  Program using a recursive function to print fibonacci series upto nth term.

rogram def fib{n) :
ifn==1: #1st termis @
return @
elifn==2: # 2nd termis 1
returnl
else:
return fib{n-1) +fib(n-2)
# __main__
n=int(input("Enter last termrequired :"))
foriinrange(l,n+1): #listwithvalues1..n

print(fib(i), end=", ')
print(™...")

The output produced by above program is :

Enter last term required : 8
0,1,1, 2, 3,5, &, 13, _

6.4.2 Binary Search
Another popular algorithm thal uses recursion successfully is binary search algorithm. But hey,
we have not talked about binary search before. No waorries! We shall first discuss what binary
searclt is, how it works, wrile its normal iterative code, and then use it recursively toa.

Binory Search Technique

This popular search technique searches the given ITEM in minimum possible comparisons. The
binary search requires the array, to be scanned, must be sorted in any order (for instancc, say
ascending order). In binary search, the ITEM is searched forin a smaller segnient (nearly half the
previous segment) after every stage. For the first stage, the segment cgn[ﬂin&-‘, the entire arra}:
fle
the

To search for ITEM in a sorled array (in ascending order), the ITEM is compared with i
clement of the segment (i.e., in the entire array for the first time). If the [TEM is mare than it
middle element, latter part of the segment becomes new segment to be scanned ; if the ITEME

ey T S

less than the middle element, former part of the segment becomes R , %
|

J M e =
l N'OTE L

new segment lo be scanned. The same process is repealed forthe onlf
new segment(s) until cither the ITCM is found (scarch | Binary search can wor e i
successful) or the segment s reduced to the single clement and | #011ed 21mays ot 1
still the ITEM is not found (search unsuccessful). '

‘search can work for bo
‘?m well as
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Following figure illustrates the process of binary search in a sorted array.
Gearch ilem is Key inasorted array with N elements,

I_ N Elements :
Search segment Low Mid High
s entre array irutially ig VIR
i ey <|Aray|mid]
If key matches the

clorment al mid
pasdtion, search

is successiul
Hi2 Elements
hiﬁ'gmt L
?:::'1' the armay | Low Mg High fetaton 2
o nex! derates
it key > Asray|rmd)
N4 Elements
Search 5::4;;'r1r.-|:T:1I iteration J
is one fourth in Low i Hagh
Ard ipraton
Search segmentis’ si2n :
will keep en reducing unbl if key == Array{mid]
one glemaent long segmont elemaent found
or the clement iz lound elsa
elemnnt pot found
figute 6.4 Working of Binary Search Algonthm. [
Algorithm Binary Searclt in Lincar List (Array ARIL: UL
Case 1: AR in ascending order Case 11 : AR in descending order H
®Initialise sepment variables # Initialise
1. Setbeg=lL,last=U #lis@, Ulssize-1 :
. whilebeg <= last, performsteps 3106 if AR[mid] = =ITEM then
3 mid = (beg + last)/2 ( :
% L AR [mid] == ITEM then }
(  print("scarch Successful®) if AR[mid] < ITEM then
print(ITEM, “found at”, mid) last=mid- 1
break if AH[HIE’] » ITEM then
} beg=mid+ 1 I
5. .
1f AR[mid] < ITEM then - SR Eians
i B Rest is simllar to the algoritha in Cose I,
6. bep=mid+1
1f AR[mid] > ITEM then INOTE _ L ]
last=mid- 1 !
®End of while beg. last signify the limits of the search
LT segment. Sometimes beg. last are also
eg # last ) ‘termed as low and high to signify lower
. print(Unsuccessful Search”) and higher fimit of the search segment. |
o,
k e T ————
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6.8  Binary Searching in an aay (a sorted list).

def binsearch(ar, key) :
low=0
high = len(ar) - 1
while low <= high:
mid = int((low + high) / 2)

# initially low end isat@
# initially high end is at size -1

if key == ar[mid] : #1f key matches the middle element
returnmid = then send its inde in array

elif key < ar[mid] :
high=mid-1 2 now the segment should be first half

else:
low=mid+1 & now the segrent should be latter half

else: # loop's else
return -599
£ __main Enter search item: 32

32 FOUND at index 5
ar=[12, 15, 21, 25, 28, 32, 33, 36, 43, 45]

item = int(input(~Enter search item:")) Enter search item: 1%
res = binsearch(ar, item) 15 FOUND at dindex 1
ifres>=0: # if res holds a@..nvalue i L
print(item, "FOUND at index"”, res ) Enter search item: 11_:'
sorry! 10 NOT FOUND in array
Else: | e e e S

print("Sorry!”, item, "NOT FOUND in array™) Enter search item: 45

45 FOuND at index 9

Some sample runs of the above program

' Enter search item: 12
as shown on the right.

12 Fousp at index O

T T ==
Enter search item: 35
Pre-requisits of Binary Seorch Sorry! 35 NOT FOUND in array

In order to implement binary scarch on an array, following conditions must be fulfilled.

(i) the given array or [= — I —
sequence  must  be
sorted. Binary search is very fast compared 1o linear search on one-dimensional

ATAYS, HME r.
arrzvs while bing
search algorithm
algorithm can w

(i) its sort-order and size
muslt be known.

linear search can work on both sorted and
fy search can work with sorted arrays only. Also, binaf
works with single-dimensional array where linea? search
ork with single and multi-dimensional arrays.

Example 6.1 Wnite the steps o search 44 and 36 sy binary <carel; in the foll DATA:
: LY ¢ follqegnge array DATA

10 [ 12 || a |23 w| g

19 :ul
’ B T R

0 1 2 3 4 5 g
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b 123 456 7 89 1011 g T
G ([l [ ]] o
= mid-lNT‘ +2 ]-lnl (5.5) =5

beg 6 7 8 9 10 11 lawt

o)

Step Il ;

Data[mid] i.e., Data]5] is 28

28 < 44 then

beg =mid+1 e, beg=5+1=6
Step 11 :
6+11
mid = INT ((beg + last)/2) = INT(( : )

5

| 42 | Data[8] ic., 42 < 44 then
rid e beg=mid+1 ir, beg=8+1=9
Step 1V .
g 9 0 H i mid:lNT[[};“]ﬂn
L“'I__ __ ! 49 | l Data[10] 1.e., 49 > 44 then
mid last = mid -1
last=10-1=9
beg ) 9 last Step V: (beg + last) (9+9)
L) mid =INT( - ): Ay
mid

(beg = last = 9)

Data [9] fe, 44 = 44

SEARCH SUCCESSFUL " A
(i) Search for 36

t location number 10,

Sepls beg=0;last=11 Step IV:  mid =1NT[6*7 )= 6
3
. 0+11 K
mid :[NT[ 3 ]= 5 Data [6] is 31
31 < 36 then
Step | Data [mid] i.e, Data |5] is 28 beg=mid+1=64+1=7
28 < 36 then beg
SRRl AT e Step Vi mid =|nrr[?_*?]h-.
- a4
S . . 6411 -
LUk mtd=INT[ > )=H (beg = last = 7)
Data|8] i.c., 42 Data [7]1is37 = 37,36
42 > 36 then 5 i
last = mid-1=B-1=7 SARCH UNSUCCESS
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6.4.3 Recursive Binary Search

orithm and how it works, It ¢ on
fair idea about Binary search alg rithm ¢ wh
Now that you have fair ides 5K

can be implemented recursively.

is same in all search-sepments on)

A see that process of linding the element s :«al.?*;l:'. :lumuni is not fnun:l i
i Ca o r . . i L L I~

h,f.,:;ﬁ:,:.:nd hiF:h‘-"' limit higlt of a segment changes 1

.

COMPUTER SCIENCE v Moy n

Ow |y

}' th'-' I(IWQ:

the Midd],
scursive call can be made to the biy
(mid) position of the search-segment. Thus, a recursive ¢

W v v 10
‘h stops when either the elen
function by changing the limits The search :»Iﬂl"i* ‘1 higher limit-this will b
index is 1 'tumud OR lower himit becomes more thar i E v is stll unsucce
% 18 1e . search is succe
- single element and ses
. - segment re 5 Lo size of single e :
search- segment reduces et limit more than hig
both mid + 1 or mid - 1 will make lower lin

unsuccessfuyl,

Y search,
nt is found and jjs

PPen whep i,
ssful, in this Casp
her limil - which meang Search g

; : inary scarch algorithm,
Following program lists the recursive version of binary scarch alg

6.9

rog 4 binary recursive search
ram

def binsearch(ar, key, low, high) :
if low> high :

return -9g9 =
mid = int ((low + high) 7 2)

if key == ar[mid) .
return mid
elif key <ar(mid] :

high = mid -1 # now the
return I:rinsc-ar-ch(ar, ke
elso;

Write a recursive function 1o implement binary search alporithm,

# search unsuccessfyl

BASE Casks

# 1f key matches the middle element
# then send its inde

x in array

segment should be first half
¥, low, high) ¢——ou

RECURSIVE CASES

low=mid+1

return blnsearch(ar, key, low, hiph)

# —main__

ary=[12,15,21,25,28,32.33,35,43,45]

ftem=
res =

% sorted array

Er search item:"
item,
#1if reg hold

print(itnm,"rmriﬁ at
else:

Int(input("gnt

binsear:h(ary,

)
if reg =0

e, len(ary)-l)
5ad..n Value,

index",
print("Scrr'yI ", item, "NOT Founp in array™)

Some sample rung of the abgy,
as shown op the rj

N

'/ # now the se

Bment should be latter half

Enter search item: 32
32 FOUND at index 5
_____ N ——
Enter scarch item: 15

15 FOUND at index 1

Ee=sm=Eaa
Enter search item: 10

sorry| 10 nNOT FOUND in array

B T T R
Enter search jtem: 45

45 FOuND at index 9

=mmnhz=ﬂﬂ.ﬁ=ﬂ-‘ﬂ#
Enter search item: 12

12 FounD at index 0

EEsscoossssssso=sSSE

Enter search item: 35 rl"!”-' 3

mtﬂ-ﬂ

a
Sorry! 35 noT FOUND 1N
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RECURSION PRACTICALLY
P Progress In Pﬂhun 6.1

This ‘PriP”’ session is aimed  al practice of reo

cursion in Python.

Please check the proctical component-book - Progress in Computer -

Science with Python and fill it there in PriP 6.1 under Chapter 6 olter |
practically doing it on 1he compuler. -

o DL ECe

Al
e
MJ 6.5 RECURSION vs ITERATION

Which of the following ate examples of i{rmr':%iun and loops are actually related concepts. Generally,

e functions ? .u_u.'lhmp, you can do with a loop, you can do with recursion, and
e Vice versa, Sometimes one way is simpler to wrile, and sometimes
the other is, but in principle they are inter- changeable. Although
loop and recursion are interchangeable, yet there are some

() def Print{ch) :
fchte " s

Print(F:'i)m‘\:h +1) ;;:ﬁ:f‘:;*- where recursion is indeed the best way to approach a
{h) def recur(p) : Even for problems that can be treated cqually well through
ifp==p: iteration and recursion, there is a subtle difference which is because
print(~==" of the way loops and method calls are treated by a programming,
else: language compiler.
recur(p) When a loop repeats, it uses same memory locations for variables
p=p-1 and repeats the same unit of code. Whereas in recursion, instead of
recur(5) repeating the same unit of code and using the same memory
[r, dof r'r:cur[p] . '|.,.c_|t||,lln~.' for '\'i!r!.‘lh!l‘h, fresh memory space is allocated for each
Fpesp: recursive call. B
print("2") As it happens, any problem that can te solved via m'r..rrmn :'m:.llc solved
el using recursion and any ,'n-f‘.f.!'m .'-’_.-.:f can be soloed vin recursion can be
) colped wsiny iteration. Iteration is preferred by programmers for
p=p-1 most recurring events, reseeving recursion for instances where the
recurl{p) programming solution would  be greatly  simplified. In a
def recuri(n) : I\“‘Hfﬂﬂ""i"?: language, recursion invelves an additional cost in
Ifnx2--0: terms of the space used in RANM by each recursive call to a function
return n and in time used by the function call.
else: Because of extra memory stack manipulation, recursive versions of
0 o return (n-5) functions often run slower a_r?ui use more fmn_‘ulury than  their
Cheek(c) : iterative counterparts. But this is not always the case, and recursion
H-ltei'.nl}‘- can sometimes make code easier to understand.
def Ha.te(:l} H Sp, vou can say that :
Check(d-1) . makes a solution look shorter, closer In spirit to

g . & recursion . .
&f ProNum(n) : abstract mathematical entity.

)

fnsaq. & iteration makes a solution less costly to implement but all
return i T f loop, so lengthier it appears.
o logic is part of loop. S0 leng .
se : Jt always depends on the problem being solved which approach is
Print(n) lw-“ﬂ for it — iteration or recursion.
PrnNle(n-Z}
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LET Us REVISE
—_ ]
< A function is said to be recursive if it calls itself. . d the base case.
% There are two cases in each recursive functions ; the recursive e ‘.m e i
The base case is the case whose solution is pre-knawn and is LI'H.'IJ without compurarion.
The recursive case is more general case of problem, which is being soifo
% An Infinite recursion is when a recursive function calls itself endlessly.

] i scursion oECcuUrs.
= Jf there is no base case, or if the base case Is never exccuted, infinite re '
ry (o recursion where fresh memory is allocated for each

=
o e

< leration uses seme memory space for cach pass contra
successive call,

<+ Recursive functions are relatively slower than their iterative ruunrrrpﬂf’ Is. - » .

< Some commonly used recursive algorithms are factorial, ged, fibonacci serics printing, binary search etc,

Solved Problems - B
R R I—

1. What is recursion ?

Solution. In a program, if a function calls itself (whether directly or indirectly), it is known as

recursion. And the function calling itself is called recursive function ¢.g., following are two examples

ol recursion :

(1) def A(): (ify def B():
A() c()

def C( ) :
B( )

What are base case and recursioe case? What is their role in a recursive program?

8]

Solution. In a recursive solution, the Base cases are predetermined solutions for the simplcsl versions
of the problem : if the given problem is a base case, no further computation is necessary to get the result.

The recursive case is the one that calls the function again with a new set of values, The recursive step
is a set of rules that eventually reduces all versions of the problem to one of the base cases when

applied repeatedly.
3. Which of the following is correct skeleton for a recursive function?
(1) def solution (N) :
if base_case_condition ;

return something easily computed or directly available
else :
divide problem into pieces i

return something calculated using solution(some number)

(b) def solution (N) :
if base_case_condition :

\ return something easily computed or directly available
else :

divide problenm into pieces
return something calculated using solution(N)
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£

() defsolution (N):
divide problem into pieces
return something calculated using solution(N)

(d) def solution (N) :
if base_case_condition :

return something easily computed or directly available
else :

divide problem into pieces
return something calculated using solution(some number other than N)

Solution, (d)
Why is base case so important in a recursive function ?
Solution. The base case, in a recursive case, represents a pre-known case whose solulion is also preknown.
This case is very important because u pon reaching at base case, the termination of recursive function
occurs as base case does nol invake the function again, rather it returns a pre-known result, In lh.r.'
absence of base case, the recursive function exccutes endlessly. Therefore, the execution of base case 1s
necessary for the termination of the recursive function,
Wihen does infinite recursion eccur ?
Solution. Infinite recursion is when a recursive function exccutes itself again and again, endlessly.
This happens when either the base case is missing or it is not reachable.
Compare fteration amd recursion.
i 3 i r » =1 " & H v}
Solution. In iteration, the code is exccuted repeatedly using the same memory space. That is, the
memory space allocated once, is used for cach pass of the loop.
On the other hand in recursion, since it involves function call at each step, fresh memory is allocated
for vach recursive call. For this reason we, because of function call overheads, the recursive lunction
runs slower than its iteralive counterpart.
Slate one advantage and one disadvantage of wsing recursion over iteration.
Solution. Advantage. Recursion makes the code short and simple while iteralion makes the code
longer comparatively.
Disadvantage. Recursion is slower than iteration due to overhead of multiple function calls and
* * -

maintaining a stack for it.

. . g e ¥ ] " Ly b} e Ul . » oAl
Consider the _,'h!hm'nl,\' -fm;cn.m ! takes fwo postlioe inbeger parane fers x ald y. Anstwer l',-'r.'ﬁil'fr‘ht'mg
questions based on the eode beloie.

def compute (x, ¥) :
ifx»> 1:
ifx & ¥ == a:
W
print(y, end = )
compute (int(x/¥), ¥)

else:
compute (x, ¥ +1)
(a) What will be printed by the function call conpute (24, 2) 2
(I:) “q“]! tl‘l'” hl- prj”hﬁf !1}.-' fhl'ﬁ”ff'fﬂ” flT” Cﬂm.!!llfﬂ {S‘;' 2,} ?
(c) State in one line whal is conpuite( ) trying to calculate ?

Solution. (@)2223 (1)2 237 (c) Finding factors of x which are > y
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9. What will the following function Cheek( ) return when the valies of both “m* and ‘n”* gre cqual to 5 »
Shew the working.

def Check(m, n) :

ifn==1;
return -m
else:
return (m+ 1) + Check(m+1, n~-1)
Solution.
—
|_Start _m | n | Statement executed L __Internal work and Stack ___
Call1 | 5 5 | Check (m, n) r.e., Check (5, 5)
n==1 5 =1 False tl
Call2 | 6 | 4 | retum (m + 1) + Check(m, n=1) | return 6 + Check (6, 4) L+ Check (6, 4}
e -
¥ —_—
Check (6, 4)
T 4 == 1 = False
- X N . - 7 v CheckiT, 31
Call3 | 7 3 | retum [Ln_+ 1)+ Clu--.m_ntnm ._ :_EI_":EE‘I" 3) = Check 5, 4
|
Check(7, 3) 1
n o1 3=1-=False \
Call4 | 8 2 | return (m+ 1) + Check (m, n=1) return b+ Check(S, 2) :—-E%:::{*“;ILL\
— B i g
» i+ + Chech (6, 4) |
Chueckis, 2 2= 1= False
noe 1 ]
Call5| © I | retum (m + 1) + Chechim, n=1) | return 9 « Checkto, 1) |2+ Chechts, 1)
—— B S + Chechis, 2 I
[ ] 7. chffk“‘: 3 |
Chech(9, 1) fi + Cheek (6,41
=4}
Callts | H n==1 ) s ] = Trye T D
retum = m ; =9 and returns o call 5 | 8 + Chech(8, 2)_ |
statement re, Check (9, 1) 7 ¢ Checkt7, M _|
b s Check (6, 4
0 D
Call 5 retumn 9+ (= 9) retums 0 to Call 4 i, Check(s, 2) - (=8
' " 7 s Checkt7, 31
v Chﬂl_l_h;__'u.-
Call 4 turn 8 + 0 g
] (R S—
a return returns 8 to Call 3 ie., Check(7, 3) EITEL "
6+ Chek (6.9
Call 3 return 7 + 8 " :
relums 15 1o Call 2 ir, Check(b, 4) 15
| e
C.n" 2 ﬂ‘.l!'..lm ﬁ + 15 n‘l{lm"i 21 o Cﬂ" l o llSI = 1‘
Call 1 21 = Ans
__.—-——-"'"-"
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10. Cansider the following recursive function which has a base case defined and recursive case too. But when run
with an otd number as parameler, this always gives RecursionError. Figure out the reason and sugyest the

solubion,
def skip_prod(n):
“““Return the productofn* (n-2)*(n-4)*... """
LE e # the base case
returnl
else:

returnn * skip_prod(n - 2) # recursive case

Solution. In a recursive code, the base case should always be available and reachable too. That
means, it must get executed for some value of the parameter passed.
Let us consider what happens when we choose an odd number for m, e.g.

skip_prod(3) will return 3 * skip_prod(1).

skip_prod(1) will return1 * skip_prod(-1).
Here arises the problem. Since parameter it decreases by 2 at a time, for odd numbers, it will
completely miss the base case, as from 1, the value of mwill decrease to =1 completely missing n==0,
the base case ; and the function will end up recursing indefinitely.
The solution to this case is that the values less than 1 should also be considered. Thus the corrected
code may be like ¢ (there may be other solutions as well)

def skip_prod(n):
1fnc=8: — N, hise cme o reuchable for all walue
return l

else:
returnn * skip_prod(n - 2)

1. Figure out the error in the f Nozeing recursive code of factorial :
def factorial(n) :
ifn==0:
returnl
else:
n* factorial(n-1)
#__main__
print(factorial(4))
is that the recursive case is calling function factorial{ ) with a

Solution. The error in above code
result of the call.

changed value but not returning the
The corrected version will be
def factorial(n) :
ifn==0:
return 1

clse:
returnn ® fa:tnrial(—l]

#_main__
print(factorial(4))

/

=
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‘WykﬂmwmgmkpmMmlrmmﬁm?
def Out_upto(n):
i=1
ifi>n:
return
else:
print(1)
i4=1
out_upto(l)
Out_upto(4)
Solution. The above code is printing Tend|
reason is that value of § becomes 1 for cach ¢a

essly because the base case i > n is never reachable, The

I to function Qul_uptol ).

l“""riu YO Ot 1\-“.;1'“” ‘1‘#"-'_1'!1- (1 ”“” lhl' Irndnh‘,” l-" I!f'r_'i‘f-ll".‘: lj'ut'l#h!" :.:t'l':i Sl'irf."l'll“

Solution.
def out_upto(n):
ifn==0:
return
else:
out_upto(n-1)
print(n)
#__main__
Out_upto(4)

Write recursive code 1o compute and print sum of squares of 1 numbers, Value of nis passed as parameter.

Solution.

def sqsum(n):

ifn==1:

returnl

returnn * n+ sqsum(n - 1)
#_main__
n = int(input("Enter value of n:"))
print(sqsum(n)}

Wrile recursive conde to compule greatest common divisor of two mumbers

Solution.
def gcd(a,b):
if(b==0):
returna
else:
returnged(b, aXb)
nl = int(input(“Enter first number:"))
n2 = int(input("Enter second number:*))
d=pged(nl, n2)
print(~GCD of", n1, "and™, n2, “is:*, d)

—
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Idea of
Algorithmic Efficiency

7.1 Introduction

7.2 What 1s Computatonal Complexity ?
7.3 Estimating Complexty of Algonthms

74 Besl, Average and Warst Case Complexity

INTRODUCTION

An algorithm is a method or procedure for accomplishing a specific task, and which is

sufficiently precise and that can be programmed on computer. In Computer Science, it is
impurtnnt- to measure efficiency of algorithms before applying them on a large scale i.e., on
bulk of data. The quality of an algorithm or shall we say, performance of an algorithm depends
on many internal and external factors.

Internal Factors specily algorithm's efficiency in terms of

< Time required to run ¢» Space (or Memory) required to run.
External Factors affect the algorilhm's performance. These include :

& Size of the mpul 10 the algorithm &y Speed of the computer on which it is run

< Quality of the compiler.

Since, extornal factars are controllable to some extent, mainly internal factors are studied and
measured in order to determine an .ﬂgmithm'ﬁ efficiency or we can say complexity. Cmr:ph'xii-:,- of
analgorithm is determined by studying and measuring internal factors affecting the algorithm.

This chapter is going to introduce how you can determine or measure efficiency of an algorithm

in terms of computational complexity. Let us begin our discussion with "What is computational
Complexity '
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WHAT IS COMPUTATIONAL COMPLEXITY ?

The term “Computational complexity' is made of two words : “‘Computation’ and “Comple

ity
calve > algorithm
The Computation involves the problems to be solved and the alg S 10 sg|

Ve the
Complexity involves the study of factors to determine how much resouree g Sufficieny
necessary for this algorithm to run efficiently (performance).
The resonrces gene

rally include : ri‘.l!.ll_'_l_-z,u_n_;__
k . i c::rnplenlh,r refers o
? dime * 1 smporal complexily). . C oy
© The time 1o run the algorithm (Tenspors ! ) Crmotedtyeerton s
< The space (or the memory/storage) needed Lo run the .

algorithm (Space Complexity)?.

The first thing to take
Lffectiveness means th
means the algorithm
efficiency, we
needed as

into account is the difference between cfficiency
at the algorithm carries out its intended function cor
should be correct with the pest possible performane
determing complexity. Complexity of an
a function of the amount of dat
Complexity is not the
behaviour of the
algorithm for ¢

and effcclivennss‘

rectly. But cfﬁcfmry
¢. And o measyre

algorithm quantifies (e TesOUrces
a processed.

absolute measure, but rather
algorithm as the size of the dat
ffic'ivm:}z and predicts the

a bounding function characte
A setincreases, It allows the
ir behaviour as data size

rizing the
comparison of
increases,

7.3 ESTIMATING COMPLEXITY OF ALGORITHMS

As mentioned, algorithms
is memory) used and the
important, The motiy
the one that is the

are usually compared
time taken. Of the
ation o study time
most efficient in 5 P

Actual run time on a particular computer (external §
since it depends heavily on the speed of the con

compuler, the OS running on the svslem and the Quality of 1}y compiler used. So we need a
more abstract wWay to compare the time l_'IT[]]]‘IIL\_‘“V of :111.:llrlt|1l:15.

Infummll:.', we can define tipge complexity of Program (for 4 pive
u!umunl.‘sr}' Imstructions that this Program exceyles, This number g
the size n of the input data.

7.3.1 Big-O Notation

The Big-O notation is used to depict an
algorithm’s performance when
algorithm's performance is spe

that this algorithm w

along o dimensions - amount of space (that
o, the time taken s usually considered the more

complexity is (o compare ditferent algorithms and use
articular situation,

actors) is not g pood basis for comparison
Puter, the total amount of RAM in the

N input) is the number of
computed with respect to

: algorithm's Browth rate, The growth rate determines the
Hs input size grot

5 vs, T'hrnu;;h big-0O, the upper bound of an
alied e if we S analgorithm takes O(n?) time ; this means
Hl carry out s lask taking at the most N
The Big-O notation is very

uscful for cnmpnn‘ng the pe

Forinstance, if we say that we have two algorith ms for s
- . -

O(n”), and the other has complexity 02" ) We can now

to solve the problem for different sizes as depicle

steps for input size N.
rformance of two or more -'IIE“THhr!Lq.
olving a prablem ; one has complevi?y
+ Compare the number of sleps need
d in !'nlh.m'ing table :

1. Theze days. for web specific algorithms, Network Traffic may alsg be considered,
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Comparing Number of Steps for O(n?) ond O(2") Algorithms

Size N
Complexity N i 20 10 ‘ 100 | 100
\? m:'——‘— ——
gt | = ] W 1600 ‘ 10000 | 160000
| e —— T I
2" g - Sl
024 | 1048576 e 126 10 | Very Dig..

More the number of steps, more is the time taken and lesser is the performanee. As for N =100,
(from the above table) the time taken by an algorithm with O(2") is 1.26x10% compared to
algonthm with O(N ) which is 10000, As1.26=10™ is way more than 10000 i ¢, 10%. Thus, you
can say that performance of algorithms is inversely Pf‘-‘.l'*“f' : _ —
tional to the wall clock time it records for a given i;-.pm size. F: SritE : o

_—

3 N q,l'. | - W : - ) = . - :
EIIL -Gh ]!’1 1.:[1?.][] = {_IJ\r ]!\ lnl‘l Q.:l\r-] is b‘u“"lr Ff‘rfﬂrm:n:f l:ll a'gnlllhﬂ'ﬁ is
algorithm than (27} algorithm as it clocks lesser time inversely proportional to the wall
comparatively. [t other words, we can say that the algorithm clock time 1t records fnr; g!ﬂ;

i i Iy s . ire. th a bigger
with compleaity O(n” Aot : sl » input size. Programs wi

h ¢ _ ilnnz Ofn7) is better than the algorithmy with 5 e than programs with 2
complexity O(2") for solving the same problem. «raller O

Dominant Term

Big-O notation indicates the growth rate. It is the class of mathematical formula that best
describes an algorithm's performance, and is discovered by looking inside the algorithm.

Big-O is a function with parameter N, where N s usually the size of the mpul to the algorithm.
More the input size, more impactit can have on the growth rate of the algorithm. However,
while describing the growth rate of an algorithm, we simply consider the term, which s going
to affect the most on the algorithm’s performance. This term s known as the dominant term.

For example, if an alporithm depending on the value n has performance an® 4 b4 e (for
constants a, Iy, ¢) then we can say that the masimum impact on the algonthm’s performance will
be of the term an®, So while describing the complexity of the algenthm, we canignore the rest
of the terms and simply say that the algonthm has performance O(N?) In other words, for

large N, the N7 term dominatues. Only the dominant term is included in big-O.

Common Growth Rotes

Some Growth rates of algorithms are as shown in following table ;

Time complexity Example
o constant Adding 1o the front of a list
Ollog N) log Finding an entry in a sorted array
OIN) finear Finding an entry in an unsorted array
ONlogN) nlogn Sarting 1 items by *divide-and-conquer’
OIN7) quadratic Shortest path between two nodes in a graph
oY) cubie Simultancous lincar equations

o™ exponentis] The Towers of Hanoi problem
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F' 7.3.2  Guidelines for Compuling Complexity

: r you can actually co
Afler talking about some basic terms, let us now discuss how ¥ Y compuye
i complexity of an algonithm.

. : ithm are :
The basic steps for computing complexity of an algorithm

qasure. N ally w ' ,

, 1. Select the computational resource you want [h: m;:_::.r;uf;l?\:‘:'l;} nulf\':r? fra:"t’:n
' options : time and memory. But other studies can be _”n lexity € C.

But here, we are mainly interested in measuring time COmpiex Y- .
2. Look 1o the algorithm and pay attention lo loops or recursion. Tr\ I?_ q:}i i vfm_ﬂhles

and conditions that make the algorithm work mun:' or ]bSS.. Smmll:ma i .bl‘me !.armb.le_
some times several. This is going to be our size n.f inpul. [wrni:m er that -w:lh
complexity analysis, we are interested in getting a function that relates the size of inpuy
with the computational resource. ]
Once we have the size of inpui of the algorithm, try lo see if there are different cases
inside it, such as when the algorithm gives best performance Le., la._kus shortest P({SSIHE
time (best case); when the algorithm gives worst performance fe., takes maximum
possible time (orst casc); and when the algorithm performs in between the two cases e,
performs better than the worst case but does not give best performance (average case),

Calculating Complexity
Five guidelines for finding out the time complexily of a piece of code are: (Assumption: All
steps take precisely same time to execule.)
< Loops

< Nested loops
<» Conseculive statements
<> If-then-else statements

< Logarithmic complexity
1. Loops

The running time of a loop is, at most, equal to the
loop (including tests) multiplicd by the

running lime of the statements inside the
following loop :

number of iterations, For instance, consider the

for i inrange(n) :

m=m+
2 — AN the stepa i gl Ioap qake
| CoRstant time, NIy

Loop evecurad n times ——__

So, the total time taken by the above loop Lo execute jtself is

Total time=c*n= ¢n i.e., O(n)
Tin;u tah‘en by | | Tolal Timo taken by
ne step the 100p to exocyty
allits sleps

MHo of sleps In the loop

| In a lovp executing N times, the body of the loop

, . Bets executed
evaluates to false and loop terminates without ¢

: N -1 times, the candition
xecuting the body,
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To compute mmpluxu;.r of nested loops, analyze inside out. For nested loops, tolal running time |
is the product af the sizes of all the loops,

For instance, consider Lthe following code : .

fori in range(n) :
mmhr,f* ge(n)

Fatan =l |
iy

for j in range(n): '

K=k+1 ‘\‘.\h‘"""‘ frnier kv exevules n times

All these sbeps 1ahe coemsfurd BRE wn e

So the lolal time taken by the above shown nested loops to execute is :

Total time=c*n* n = cn’ i.e., D{n’J

| Total Time taken b
Time laken by one ilfpj otal Time taken by

the nestod loops 1o
exccule all sleps

Mo of steps in the ouler loop

Mo of sieps in the nner loop

3. Consecutive stolements
To compute the complexity of consecutive statements, simply add the ime complexities of vach

statement. For instance,

X=X41 $— pobes comsland B, &I Oy

for 1 inrange (N) 19— | covutes ntime
mem+2 1—“\‘
Labies Cowpstanl BiEes LIV 6

Outer boop —— for § in range (n) :

rurcules n

times for k in range (n):
e frtner foup AL 1TSS

a=a+l «
\ fakey coenlang e, 20V ¢y

%o the total lime taken by the above shown code lo execule 152

1
Tntaltime:cﬁc,nn;n’ i.e., O(n")

| | Considerning enly the dominant
Time taken by staloment! term which is n®

Ti L 1 OTE — :
ime tnken by loop NOTE - - -———-"——'—"""l

B

Time taken by nested lecp
cimple programs can be analyzed by counting the nested
leops of the program. A single loop over nitems yields
Jin) = n. A loop within a loop yields f(n)= n’. A loop
within another loop inside a third loop yields f(n) = n?,
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4. If-then-else statements e consider worsl-case running time

. : if-then-else statement, w
To compute time complexity of if-then-else st ne taken by either the then parg o

; vst, plus Hr
which means, we consider the time taken by the test, p
the else part (whichever is larger).

For instance, consider the following code :

if len(list1) l=1en(list2) :
The true ;\Hr" step takes comtam time, say g,
Comparison tesl 1ok return False ‘____——--__—-

CURBIINL KT 3V ©y
else : |

Tear condition takes constant time yro
foriinrange(n): _—— ¢ say ¢
Lasep repeats ntime ""‘/' if 115‘:1{1] I=list2[i]:

Fakes constant time wry ¢,
return False «—

The el e b rcl.T' i rimes ) wfuch
in total tales times as (g 60 %

S0 the total time taken by the above shown code 1o execute s ¢

Totaltime =co+ ;3 + (c;+¢,) * n i.e., O(N)

Timo taken by test -j |

Tina taken by then pan

Considering only the dominant
lerm which is M

Time taken by olse part

The logarithmic complexity  means that an algorithms’  Given a series of for loops that are
performance time has logarithmic factor €8 an algorithm js  *¢9uential, the slowest of them
determines the asymptotic behavier |
of the program. Two nested loops
lollowed by a single loop Is asymp-
totically the same as the nested
loops alone, because the nested
loops dominate the simple loop.

5. Logarithmic Complexity RORER. l
!
|

O(log N if it takes a constant time to cut the

! problem size by 5
fraction (usually by 14), )

An example algorithm having logarithmic complexity s
binary search algorithm.
But, the best performance isn’t always desj rable, The

re can be
a tradeoff between ¢

¢ Easc of understanding, writing and dchugging
< Efficient use of time and Space .

So, maximum performance is not always desirable Hoy
‘ ) v

. v H ™ . g the
performance of different algorithms, even if the ever, it is still useful to compane

OPtimal algorithm may not be adopted.

..»10-
-

Wi

P
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To analyze a [unction analyze ca -
T s e rder ol e :-[un :t _ th ."-I.ati ment in the function. The statement that has the greatest complexity
et 1on. Some helpful rules are being, given for your reference : '

mAnBIlSis

ullRUles foRAIgafith

Simple statements such as assi
. as . .
R 1 of data. The L‘“iw:::,':l“- T:LS;JIL mients are O 1), since their execution time is not dependent on the
‘ ! ould be assigning one array’s ele ]

e i rmpesents the 12 o the aray gning rray”s elements to anather which would be O(n).
The running time [ o call Is

e p.lmmtiﬁ : ::.r o function call is just the running time for the function’s body, plus the time 1o setUp

h Ore . lll L) Ll Wy 1 |
e ing up the parame 1}1‘. is (1), unless a large structure is passed as a value parameter, I
structure must be copied into the parameter which is Ofnl

onditional statements are executedd.

, you should assume the worst rase,
time of the test

.I.n an it/else statement, the test (which is usually O(1)) and one of the ¢
llsmr_l.' you generally cannot determine the result of the test ahwad ol ume,
ie., the m;lmmma_nmr and thus the running time of the ifelse will be the sum ol the running
amd the running time of the worst-case stement.”

M
o

addition rule, which stares that the

wences of statements by using the
times of cach individual

he mavimum of the running

Addition Rule *You can combine seq
running time of o sequence of statements 15 just 1

cratement.”
rmine the

for a loop. “You need to dete
ultiply

This is used to determine the runming time
erates. Freguently you con just m

o body ond the number of times the loop it
by the number of iteralions &

Multiplication Rule
running time for the loop’
the running time of the boidy

A

W

ORST CASE COMPLEXITY

7.4 BEST, AVERAGE AND

We have discussed in the pr

vious section that we can count h

oW many steps our algorithm will

the

piven input. However, to really

¢ by simply eaeculing it on

piven nput instanc
gorithm is, we must kn

take on any
or bad an al

understand how good ¢
which means ©

o howe it works over all Instanoes,

& the best ['ru“ilwh- performance of the algorithm (best case)

performant
of the algorithm (average case)

v of the algorithm (worst case)

& the worst quuih]u

& the averagd performance

¢ nolions of the Dest werst,
gomplexity, ONv must think

| gun’ihm on all pue-'-ihh'

an be fed
p of possible input
all  the passible

YWorst

To understand th
Case

and arerage-case ©
about running an 4

yta that ¢ o it, For the

Averoge

instances of
Case

problem of sorting, the ¢
consists ol

nts of all the posst
nt every n

inslances
ble numbers of

put instande
canis s the

arrangeme
hevs, We can rep

sy

No. of steps taken —w

aph, where the
(for sorting the number of
y-axis is the mumber of
on this instance.

asonably, that it

as a point on A Kr
size of the problem
items o sort) and the
steps taken by the algorithm
Here we assume, quite TC

Caso

Y

Inpul 8ize —h

figure 7.1 Best, worst, and average-case complexity.
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just how many of them there are and how they ape

doesn’t matter wh g values of the keys are :
tter what th ) » ¢s than it does to sort 1,000 Frend,

ordered. It should not take longer to sort 1,000 English nam

names, for example.

Once we have these points, we can define three different functions ﬂﬂtr themm :

& The wurst-case complexity of the algorithm is the funclion defined by thg maximum
number of steps taken on any instance of size n. It represents the curve passing lh'““ﬂh
the highest point of each column.

& The best-case camplexity of the algorithm is the function defined by _lh(' minimum number
of e'atn.-p.n taken on any instance of size n. It represents the curve passing through the lowest
point of each column.

& Finally, the average-case complexity of the algorithm is the function defined by the average
number of steps taken on any instance of size .

In practice, the most useful of these three measures proves to be the iworst-case complexily, which
many people find counterintuitive. Worst case
¢ Provides an upper bound on running tme of an algorithm.
<> An absolule guarantee that no matter what, this algorithm won’t take time more than this
time,

Let us understand the cfficiency calculation in terms of complexity by taking up twao different
programs for the same problem

Example 7.0 Deterntine the complexity of a program that chiecks if o nmumtber 1 s prime,
Solution.

Option 1 : (Linear approach for prime test)

# check whether n is a prime or not using the 1inear appr
n=int{input("Enter a number : ")) 4

oach

Comaturt tinse ¢y

# prime flag 0 indicates that nis a prime and the valye 1indicates that it is not a prime

prime_flap=0 4

N .
Compntamne 1 €y

repvals
L p———
- if n¥i==0: #if i 1safactorofn, nis not a prime

prime_flag=1

sl e Comtuns fime ¢y

if prime_flag: o

Comtant time ¢, (checly if prime_flag is trucl

print(n, "is a prime number™) —_—

else: Constans time '

‘_-—‘-_——.___‘_- Caor I'"[f‘
(LY AT ] s
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Total time taken by option 1 (the lincar approach)
=g+ H(G vy (o, 405 +0,)
=Cp+ Cyn (Co=y+cy 46 405 46, Cy =624 63)

=(n) considering the dominant term, which is n.

Optien 2 : (vN opproach for prime test)

#check whether n is a prime or not using the sgrtn approach
('q"nl'dﬂ"ﬁ"ﬂl'f-‘n

n = int(input(“Enter a number : ")) *

gcheck whether n is a prime or not using the sqrt n approach

prime_flag-=90 = Covutint time 6

1=2 = Cornbast nee ¢ s

Condiint folen cosmtant e Oy

e
_—=vhile(1*1c=n): ¥ notice that i ndoes not have a factor less that sqrt n, itwill

# never have a factor between 2 andn-1

Loop
T
:I:F:J:F-'ﬂ if ﬂxi" u:‘-—_.-_-'-'-—._.,
Covpiaand firmt ©,
prime_flag=1e—
Lottt i Oy
break e—
(Cimzsant Hee €

+ -
1o 4] o Coniant time &

if pr‘!l.!-'ﬂ.‘_fiﬂﬂ : — Cowpitadmt time ¢

= hor™)
print[n, is a prime numDer ) Uit fome oy

else:
print(n, "1

Total time taken for option 2
tee aIN(Ey + G40 46 V) 4 0g 4G H

¢ not a prime number™) <
Cumtsrae! 1 o,

JN approach)

=0 * Oy

=C,y + C; JN [Cy=cp 46y #0340+ 4 Ohos Camey 46y +05 46, 405 4 0y
= O(WN) Considering the dominant term.

. [ ' | L o H  y
Comparing complexity of option 1 and Option = we can say thatoption2is betteras N < N

Example 7.2 Deterimine the complexity of a program thats searches for an element in an array.

Solution.
Option 1 : (Lineor search)
def 1inearSearch(arr, x):

1=0 PP
n=len(arr)

Cowstarmt e ©
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‘//.——-— Consrant fime Cy
loprepecs Wile( £<n and x I=arr[i] ):
v \____’__- Corustant Hime 6
mtma S » i=1+1
*\‘\‘- cl;l'l-luﬂl time ©
1fi<n: « Constant time ¢
return # Element x found at index L #+—— ... time ¢,
else:
return None # element x not found «———__ conpunt fime c,
Total time taken by option 1 (the linear search)
Total time taken =y +n(c; +¢; +¢3) +64 + 05 + 6
=0+ 0 +eg+6g +n(e) +65 +063)
=0(n) considering the dominant term.
Option 2 : (binary search)
def binsearch(ar, key) : esasnsEATERES
l.llllhll_".."-.'l- TELELL AL Srease s dEre . CUJ'I.'II'HFH‘ "m ru
low=0 <-* #initialy lowend is ate
high = len(ar) -1 # initialy highend is at size —1
T, :
......... 0800806050550 50000s00tennrennes Cortsturt time ¢
fop i while low<=high: +— Corstant rime ¢,
muar hogs N i 3
M.;u:.ﬂ";_"::w mid = int((low + high) / 2) +—— Comtant fime ¢,
sexment becomes if key == ar[mld] s a—— Constant time '
half in size
fexplanation returnmid <«—— Conuant time o,
below)
“~—r  elif key <ar[mid] : +—— Constant time ,
high=mid -1 <—— Comstant time o,
else:
low=mid +1 <+ Comstant time ¢,
else :
# loop’s else; reaches here when key not matched

return None «—— Comstant time ¢,

Total time taken by option 2 (the binary search)

Total time taken =co +¢; +logy n(cy +¢, + €4+ 05+ €5 + 0y +0g) + 6
=Cy +log, nC
o 10g2 Gy (4ot =g FO HC O+ 405 40 =Cy)
= O(log, 1) considering the dominant term.
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How Many Times above While Loop Executes

L il . .
The -.\l'n!q. Irlu:-p of above given binary search algorithm executes how many times 7 To
determine this you need 1o answer the question :

How mﬂ;}' ':T"ES. e i divi_de N by 2 until you have 17 This is because in binary search,
the search segment’s size bugins with N and reduces by half in every iteration and Stops
when the search segment’s size reduces to 1 element.

2 if loop repeats k times (unlil the segment reduces to size 1), then in a formula this would
N le =1
2" =N

Taking the log, on both sides :
log,(2") = log, N
k*log,(2)=log, N
k*1= log, N

k= IOE: N

This means you can divi de log N times until you have everything divided. That means the above

loop repeats at max log N times.

of eption 1and oplion 2, we can say that option 2 is better as log, N< N.

Comparing complexity
t us quickly revise what we have leamnt 50 far.

With this, we have come to the end of our chapter. Le

LET US REVISE

]

—

% An algorithm is a sufficiently precise method or precedure for accomplishing a specific task, which can be

programmed on computer.
%4 Complexity refers to the measure of the performance of an algorithm.
be refared o nme (temporal complexity) or to spoce (space complexity).

% Complexity can
o depictan algorithm’s growth rate Le., change in adlgorithm performance when its input size

% Big-Onoration is used t
grows.

“ Dominant term is the onc which affects the

% Only the dominant term is included in Big-O notanon.
d on running time.

most, an algorithm's performance.

U The Worst case complexity provides an upper-boun
% Average-Case complexity provides expected running time.
" Best-Case complexiry provides the time of optimal performance.

E:l:':i PMHEM-;

L Define Big ‘O’ notation. State the two faclors which deterntine the complexily of an algorithm.

Solution, Big O notalion is Pﬂr[il_‘“!ﬂr tool for assessing algorithm efficiency. It describes the
Petformance or complexity of an algorithm denoted via Big O, e.g., O(1), O(N), O(N log N)etc
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. ! factors.
Performance of an algorithm depends on many infernal and external facio

. 0 T oy 5 3 v U‘[ :

Internal Factors specify algorithm's efficiency in terms .

& Time required to run & Space (or Memory) required to run. |

External Factors affect the algorithm’s performance. These include : o |
© Size of the input to the algorithm & Speed of the computer on which it is run

¢ Quality of the compiler.

2. Consider the following three algorithms for determining wieller anyone in the room has the same b rihday as

_I.,"|IH.
Algorithm 1: You say your birthday, and ask whether anyone in the room has the same
birthday. If anyone does have the same birthday, they answer yes.

Algarithm 2 : You tell the second person your birthday and ask whether they have the same
birthday ; and so forth, for each person in the room.

Algarithm 3 : You only ask questions of person 1, who only asks questions of person 2, who only
ashs questions of person 3, ele, You tell person | vour birthday, and ask if they
have the same birthday; if they say no, you ask them to find out about person 2 .
Persen 1asks person 2 and tells you the answer. If it is no, you ask person 1 to find
out about person 3. Person 1 asks person 2 to find out about person 3, elc,

(1 What is the factor that can affect the mumber of questions asked (the “problemns size”) ?
(i) Int the worst case, how many questions will be asked for each of the three algorithms ?
(ne) For each algoritiim, say whether of 15 constant, linear, or quadratic in the problem: size in the worst case.
Solution.

(1) The problem size is the number of people in the room.

Jl (i) :‘\55:11’.11-.' there are N people in the room, In algorithm | you always ask 1 question. In 'i
I| algorithm 2, the worst case is if no one has your birthday, Here you have to ask every person

to figure this oul. This means vou have o ask N l|'.]l't-'~|i;'lllﬁ. In :]Igorithm 3, the worsl case is
| the same as algorithm 2. The number of questionsis 142 +3 4+ o N = |,+ N. This sum is
N(N+1)/2, using formula for sum of lirst N natural numbers,

algorithm 1 is constant lime, algorithm 2 is
time in e problem size,
3. Distinguish betieen tworst-case and best case complexity of an alooriphm '
Solution. The tworst-case complexity of the algorithm is the l
of steps taken on any instance of size 5. It represents the
cach column.
| The best-case complexity of the algorithm is the function defined by
f] onany instance of size n. It represents the curve passing ;
e L]

|
i (1) Given the number of questions you can see that
‘ linear time, and algorithm 3 is quadratic

function defined by the maximum number I
curve passing through the highest point of l

the minimum number of steps laken
through the Jowest poinl of each column.
| . 4 - L

4. (1) Give the meaning of the Sollowing eommron expression in

J O(N): O(N?)
{ fﬁ} -Lrl.ﬂ ﬂﬂy tux cases o ﬂﬂ'ﬂfy.\'(' H'l.l;{lnl,”[n; m"';"‘fll-”fs_ .
Solution. (1) O(N) describes an alporithm w
proportion to the size of the input dala set.

O(N") represents an uIE‘;uE'illlrn whose performance js directly pruportional to the square of the sire
of the input data set. This is common with algorithms that involve nested iterations over the data set.

Big O notation : I

hose performance will grow linearly and in direct

e ———

Al
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(i) The efficicncy of an algorithm is determined i
: ) | .
to analyse algorithm complexitivs are : wl through algorithm complexty T o
@ Sorting algorithms @ Scarching Algorithms

5 What is the worst case complexity of the following code fragment 7
1. foriinrange(n):

2. a=i+ (1+1)
3. print(a)
4. forjinrange(m):
5. b=1*(i+1)
6. print(b)

Solution. Time taken in the execution of given code :

for i inrange(n) :

{oop I repeats Do (L DY e
1l rime rint( ( ) fitkes corstant dime oy
D) e—
P ) fakes constant time 6

for j inrange(m) :

loop 2 repears
= — |
b=4*(i+1) Likey constan! vime ¢y

m lima

— '
print(b) takey comtant time ¢y

Tolal time taken = n" (¢, +¢;)+m* (02 #6)

= "CI + Hl'lf;_._ [CI =I.L-| 4 {‘:r C: =f: |‘l‘_‘1]

=i+ mj

6. What is the worst-case complexity of the following code fragment laving a nested loop followed by a single

loop :
foriin range(n) :
for jinrange(n):
sequence of statements
for kin range(n):
sequence of statements

Solution. Time taken in the exccution of given code :
(hiter i:llp
repeas mlimies foriin range(n) :

Inner loop for j dn range(n)
Frpedls i limcs —_— sequence of statements e Tuke up constant time sy G
U

Loop 3 repets for k in range(n) :
ni —— —
i sequence of statements Take up constant time say G

Total time taken =n*® (n+Co)+nC,
=Con’ +Cyn
=0(n*) considering the dominant term only.
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4 y ?
(a) What is the wors! case complexity of the following code fragment :

for x inrange(a):
statements

fory in range(b):
for z inrange(c):
statements

(h) How roonehd Hhe complexity change ifall the three loops repeated N times mmstead of n, band ¢ times respectively ?
Solution. Assuming that each slatement has ({1) complexity, then @ (a) Q@+ be) (b)) QIN?)

8. Compute the complexity of fllocing algorithm (it is not written in any programming language) :

# Finding the largest and second largest elements of a list
# 1. Find the largest element by scanning from left to right
# 2. Go back through the 1ist and find the second largest element.

bigl{array a of integers) :
maxl « a,
for i« 2tondo
1f 3, » max1 then max1 « a,
1f max1 = a; then max2 «- a,
else max? «— g,
fori« 2tondo

if (a, > max2 and a, # max1) then

max2 <= a,
return{maxl, max2)

Solution. Analysing the given code.
maxl «- al
for 1 «- 2 tondo
if ai > max1 then maxl «- a;
if maxl = 3, then max2 « a,
else max2 « a,
for { «- 2 ton do
if (a, > max2 and a, » max1) then
max2 - a,;

return(maxl, max2)

This gives us the following totals

Total number of comparisons
n-1 first for loop
1 if statement
2n-2  second for loop

3n-2

1 assignment

n-1iterations

1 assignment and one comparison
1 assignment and one comparison

n -1 iteratians

2 comparisons and 1 assipnment each time
Total for loop 2(n - 1) compariscns and
at most n - 1 as5ignments

0(1)-constant complexity

Number of assignments
l4+n-1+414n-1=2n

For the first for loop, we have Z I=n-1and inthe second we have i 2=2(n-1)

=32
Thatis n=1+2(n=-1)=3(n-1)=0 (n).

i=2
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(i) Reorder the foll 2 |
g, i Facr e ‘J“"'"S’ ‘)?fdﬂll'.'fﬁfmp” 1] _ i‘ 3
(a) 2" (&) n! ;Tr:'u”m 10 Vs targest : i
c)n
(ii) Reorder the following cfficiencies fro (d) 10,000 (c) nlog,(n)
- & e m the smallest to the largest :
oga(n) Mnen+n (c)2* (@) %
Solution. ‘
(a) 10,000 <1t log, (n) <n® <2 <1 '.
2! <n® <uloga(m)<m+n® 4 1
: : . |
g Cd;md;f the run-time efficiency of the following progran: segment : I! 1
= N
whilei<=n: |
j=1
Hhile j <=n:
k=1
whilek<=n:
print(i, j, k)
k=k+1
j=j+1
i=1+1
Solution. There are three nested loops, each loop 15 executed in 1 times, so run-time efficiency is
nxnxn=n’
1. Calculate the run time cfficiency of the following program segmenls.
(a) If the function dolt las an (b If the cfficiency of the (¢) If the cfficiency of the algo-
efficiency factor of 5n. algorithm dolt  can be rithm dolt can be expressed
expressed as ((n) =n'. as O(n) = n’.
i=1
whilei<=n: =1 e
dolt(...) whilei<=n: whilei<n:
i=141 jed doIt(...)
whilej<n: i=1*2
doIt(...)
j = :] +1 I
i=1+1 .
Solution.

(a) Function dolt is exccu ted in n times, 50 the run-time efficiency is Snz ie., 0{,,’ ).
(b) The iteration of variable i is executed in i times while the iteration of variable j is executed in
n-1 times. Therefore, the run-time efficiency is
nx(n=1)x n?=n' -n? =0n')
(¢) The function dalt is executed inside a Jogarithmic loop (notice iis updated as i=i"2 ie.,
i doubles every time), with cize n, s0 the run time efficiency of the program is :

loga(n)* n? =0(n® loga 1)

5
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1

f
‘l
12. (a) Given that the efficiency of an algorithm is 5*, if a 5“’}”_5" this algorithm takes 1 nanosecond (10°%), py,
i long does it take the algorithm lo process an impul of size 1000 7
5 (1) Given that the efficicncy of an algorithm is n°, if a step in this algorithm takes 1 nanosecond (107), poy,
long does it take the algorithm fo process an input of size 1000 ?

(c) Given thal the efficiency of an algorithng is Sulog, (n) if @ step f’f this ”fh';""' ithm takes 1 nanosecopy
(10°%), haw long does it take the algorithm to process an inpul of size 1000 2

Solution
- =0 _
(@) Given size is 1n=1000, hence the time taken is : 5= 10007 =107 =5ms
i =4 .
(b) Given size is n=1000, hence the lime taken is = 10007 =107 =1s

-y -
(€) Given size is n=1000, hence the time taken is @ 5% 1000 log,(1000)x 107" =ps.

[Recall that 107 is malli (my: 10°% is micro (1) ; 1077 is nawo (n) ; 107" is pico (p) ]
I

GLOSSARY

o ———
Algorithm Sulficiency finite and precise methad lor accomplishing @ 1ok,
Averoge-Case  Expected running time of an olgarithm
Complexity
Best-Cose Running time of an alganthm in cose of optimal perfarmance,
Complexity
Camplexity Meazure ol on olgonthm’s pedamance,
Worst-Caze Upper bound an running time of an olgonthm
Complexity
Assignmen]

Type A : Short Answer Quuestions/Conceptuel Questions

1. What is an algonthm? What do you understand by algorithm performance ?

- What is computational complexity ?

. Which factors affect an algorithm's performance ?
- What are different types of complexities that are comsidered ?

. What do you understand by Big-O notation? What is its sipnificance ?
6. What do you understand by best-case, worsl-case
considered 7

s LS D

and average case complexities 7 When are they

7. Determine the big-O notation for the fullowing ealculated complexity :

(a) 5™ 4 n?® (b) 6log,(m)+ 9 (c) 3n" + nlogy(m) (1) 5 4 402
8. Reorder the following cfficiendes from the smallest to the largest -
n 5
{u) 2 {h) n! (c)n 0y 10,000 (€) n logy(n) ,
9. Reorder the following effliciencies from the smallest 1o the largest :
(@) nlog,(n) (M nen®su’ ()2 () n"3 |
10. Determine the big-O notation for the following : |
(a) 5012 4 n?3 (1) 6logy (n)+9n ()30 s mlogy() () 517 4 2
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Data Visualization
using Pyplot

"m'tc, Q\n&ﬁ er

g1 What is Dala Visualzaton 9

g2 WUsing Pyplot of Matplotib Library

g3 Creating Chars with Matplotibs Library's Pyplot Interface

8.4 Customzing the Flot
g5 Comparing Chart Types

WHAT IS DATA VISUALIZATION ?
fast and competitive with the pace of the development in all fields

and facilities have gone global because of the modemn
Jsier and competitive but at the same time data have
grown so big that a specific term has been coined, “big

Modern age has become very
of life. The reach of all businesses
l1as made things ¢

technologies. This
1l data have

increased multfold. In ki

data’.
is to empower decision makers to make decisions

As you all are aware that the role of data s
jilable in the form of data. But since data is so

based on facts, tremds and statistical numbers av
huge these days thal the decision makers must be able to sift through the unnecessary,

W pet the T'Hl't jnll‘.irl':mhnn |1ru:u.-ulu:| 1:1.1:11:11.;'-.15‘[ and apt way, so Lhat lhu:.'
For this purpose, data visualization techniques have gained
isualization? Well, read on,

unwanted data a1
can make the best de
popularity. Confuscd? WI

Data visualization basically 1
data using visual elements
useful in decision making. 12
the data, and thereby helps de

decisions.

Cisions.
qat is this data o
efers to the graphical or visual representation of information and
like charts, graphs, and maps ete. Data visualization is immensely
ala visualizalion unveils patterns, tremds, outliers, correlations ele. i;‘
cision makers understand the meaning of data to drive business

Sham—
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aphich advertising solution should it inpeg in 1o
elp = just pull out data of Company
performance of different platforms and

For instance, a company has lo decide _ﬂl'-'ﬂfuh o h
promole its new product?’ Dala visualization 15 hl-j“- ILI‘
wi - { comparing the
previous campaigns, and plot a bar char = i _
bingo! the right decision is nght in fronL. IDATAWISUALIZATIO N s

i I
This chapter is dedicated to get you started with data i«:ﬁs lu“:‘:: ;:li?ul hm_':"""
visualization using Python’s useful tool PyI'lot where you prica: or visul

i representation of informatlon
. . : uch
shall leamn to represent data visually in various forms s and datd using visual elempnss

as line, bar and pie charls ele. So, let's get started. like charts, graphs, and mgps
etc.

8.2 USING PYPLOT OF MATPLOTLIE LIBRARY
For data visualization in Python, the Matplotlib library’s Pyplot interface is used.

The matplallib is a Python library that provides many inlurff:ln'ﬁ NIOT K |
and functionality for 2D-graphics similar to MATLABY s in various

forms. In short, you can call matplotlib as a high quality plotting ;T::dshw:th:umm cf
library of Python. It provides bath a very quick way to visualize library (of Python) which'

allow user to construct 20
The matplotlib library offers many different named collections of plats easily and interactively,

methods; PyPlot is one such interface

data from Python and publication-quality figures in many formats.

PyPlot is a collection of methods within matplotlib which allow user to construct 2D plots

easily and interactively. PyPlot essentially reproduces plotting functions and behavior of
MATLAB.

B8.2.1 Installing and Importing matplotlib

You shall learn to plot data using PyPlot but before that make sure ST R~ o |
+ ¥ - '] f i # i ‘ =
that matplotlib library is installed on your compuler, i

library is already installed on your computers. You can check  Preinstalled with Anaconda)
- it yourself by starting Anaconda Navigator. From Navigator :““ﬁ"m:th"; wl: TH: x
window, click Environments and then scroll down in the l:l:'::l t mr:v:h:ﬂuﬁﬂ
alphabetically sorted list of installed Packages on your  Anaconda distribution.

< If you have installed Python using Anaconda, then matplotlib  The matplotlib library I5)

computer. You will find matplotlib there.

r—

& Il you have installed Python using standard officia] ¢
malplotlib separately as explained here,

] Firsl_ you will need to download wheel packape . v Pvthon's
version inatalled and the platform (MacOs i’v.rﬂfm.f:“;flf:f::naif whigh it
netalled. For this go to the link "tps/ipypi.org/project/matplotlib/zfiles and

| download required wheel Package as per your P'ﬂlfc':rm matp
= Next you need to install it by giv .

ing following commands
python -mpip install -Upip : .

python -m pip install -y matplotlip -

istribution, you may need {o install

1-"_""-

puting. It integrates com utation, visualization,
ere problems and solutions arﬂ expressed in m

1. MATLAB is a high-performance language for technieal com

and programming in an easy-to-use environment wh
mathematical notation.
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F_;:E—F‘TNFQN -
(;’wf' - =
.) ANACONDA NAV|GATOR You may also lype

| ©@ vrgsten matplotlib here to
rytade N
# Home quickly search it here
f Jearch Emvrprements
L2 : Q r— \ -
ﬁ [ mvhonments et [v| Channels Update Index~ i tearch M |
base (root) [ Norve . " =
hd Drscription Version L
8 Projects (bota) B e O z10
. B markupsal implements a xmi/htmi/xhtmd marbup safe
B Leamning Scroll down in this e o string for python e
alphabetically sorted list 5 matplotth O Python 2d plotting Ebrary Az
2% Community of installed packages to
look for matplotlib y B mecebe O 1ceabe complesity checker For python 0.6.1 .
] S—— I menuinst D Cross patform menu ltem ins tallation 1.£.11
Docymentation G mistune ) The fastest merkdown parser ln pure 023
prthon with renderer Festure
Developer Blog 2 mil o tAath Chrary fer Intel end compatisie - n
processoms
Feedback & mitsenice O Python bindings to mit sendce functions 112
B memath o) Python Ubsery For arbitre ry-precision 1.00
T ! - 14
' = =‘ l_- n _i_ s Henting-peint arithmetic ‘.[‘.'
Create ' - Import o - 221 paciapes evallzbie
L p— re—————,

Importing PyPlot
In order to use pyplot on your computers for data visualization,
ironment by issuing one of the following commands :

you need to first import it in

your Python env

import matplotlib. pyplot a— This wourld require you to refer to every
comnand of pyplot as
matplotlib.pyplot, <comnmand >

With this, you can refer to every command of pyplot as

import matplotlib.pyplot as plses=""

pl.<command>
as you have given an alies name to matplotlib.pyplot us pl

With the first command above, you will need to issue every pyplot command as per following

syntax :

matplotlib. pyplot. <command>
But with the second command above, you have provided pl as the shorthand for
matplotlib.pyplot and thus now you can invoke PyPlot’s methods as this :

pl.plot(X,Y)
You can choose any ]egal idEﬂliﬁEI’ in P]ﬂCC of pl above.

8.2.2 Working with PyPlot Methods
The PyPlot interface provides many methods for 2D plotting of data. The mafplotlib’s

Pyplol interface lets one plot data in multiple ways such as line chart, bar chart, pie chart, scatter
chart etc. Let us talk about how you can plot sequence orarray of data using PyPlot methods
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ave an idea of using Nump., 1.
But before we proceed with it, I shall recommend you 'llfi)c];lly ' & NumPy libra
> ] 1 g
and some of its functions, for these lwo reasons, SpeC

. ate arrays of dala, which
(i) NumPy offers some other useful functions to create array Prove usefy
while plotting data. )
(1) NumPy offers many useful functions and roufines.

. orize perations, i.c., i
(ii)) NumPy arrays which are like lists, supporl vcctorll ed oi)cin the a;rae i ])J-(Eu aPply 4
function, it is performed on every item (element by elemen ¥ unlike lists eg.,

Lel’s suppose you wan! to add the number Z 1o every item in .Hu' I;)S’ :)r ﬂrm% mfd if you
give an expression such as List +2 (where List is a P Yy f "O." fist), Python will give error
but not with NumPy array. For a NumPy array, it will simply add 2 to each elenent of
the NumPy array.

This feature may prove very useful in plotting, ¢.g., if you have a NumPy array namely
X (say., ([1,2,3, 41) ), and you want to compute sin() for each of the values of this array
for ploiting purpose, you just need to wrile is numpy.sin(X)

! 2
For these reasons, | recommend that you should know how to create NumPy arrays and use

NumPy functions on them. Following section briefly introduces how (o create and use NumPy
arrays.

8.2.2A Using NumPy Arrays ‘

NumPy (“Numerical Python' or ‘Numeric Python’, pronounced as Num Pie) is an open source
module of Python that offers functions and routines for fast mathematical computation on

arrays and matrices. In order to use NumPy, you must import in your module by using a
statement like :

4— You can use any identifier name in place of np but np has

) been a preferred choice, generaliy
import numpy as np

The above import statement has given np as an alias name for NumPy module. Once imported
with as <name>, you use both names i.e,, numpy or np for functions e
[ r

numpy.array() is some
as np.array( ).

Array in general refers to a named group of homogeneous
(of same type) elements. For example, if you store the

‘ Please note that if you have
similar details of all sections together such as if vou slore

installed ~ Python through
nimber of students in each section of class X in a school, e.q., Anaconda installer then NumPV.

sa = : - i tc. are

Students array conltaining 5 entries as [34, 37, 36, 41, 40 | then St;c.'#;y, fpandf:s'tw:;?ﬁf: ;.ﬂhon.
. sta

Students is an array that represents number of students in B v

i ike li otherwise you need to install
each section of class X. Like lists, you can access individual these separately through plp
elements by giving index with array name ¢.g., Students|1) installer of Python.

will give details about 2™ section, Students|3] wil| give you
details about 4" section and so on. :

A NumPy array is simply a grid that contains value
can think of a NumPy array like a Python list hav
arrays are different from Python lists in functio
lines).

‘ou
s of the same/homogeneous typeé: \I’\'
i 1
ing all elements of similar types (but Nun'ni:
nalily, which will be clear to you in comt
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axis=0

2654

Consider following code :

Code
import numpy as np 4,/'-

Nawy, you can use numpy Junctions either as
num Py functionName or np. JuntctionName .
e.g., numpy.array( ) or np.areay()

Indices O 1 2 3 .
paa| 1| 2| 3| 4 List = [1, 2, 3, 4
- { o df (* ¥ . 9
al = np.array(List) l’;{:‘;’l:"’:mﬂ Numpy array from
Inside memory print(al) ) l

et St ks 2t e Kl L LY et
'In [13]: import numpy as np ~ Jupyter Untitled11 ? & L
I
EIn [14]: List = [1, 2, 3, 4] | Flo Bt Mew iment Cot  Kemdl Wit To¥ Tusea /4 |Pyrond o
1 B + » & 0B Cooe v
:Iﬂ [IS] al = “P-ﬂ"‘f'-‘-‘y(Lis{) i 4 + % MHR:n B C W Co Lo
] In [2): isport n ;
'1n [16]: al e
1out[16]: array([1, 2, 3, 4] In [4): st =1, 2, 3, 4]
: al = np.array(List)
:In [17]: print(al) !
‘[1 23 a] [ in [7]: a1 |
i cur Il arrayll, 2, 2, 40
Notice how it displays array and In [8]: print(ad) l

how it prints it with print{ ) {1234] |

Individual elements of above array can be accessed just like you access a list’s, 1.c.,

¢array-name> [ <index>
That is, a1[0] will give you
Following Fig. 8.1 illustrates the

1, all1] will give you 2, ..al[3] will give you 4.
basic terms associated with a NumPy array :

axis = 2

——— e Bl :
100 The axes of an The shape of an
010 array describe array is a luple . .
0 0 1 the grder of indicating the All elements must be of
indexing into the number of elements the same dlype (datatype)
100 array. 2.9, axis =0 along each axis. An | 0
01 0 refars 1o the firsl pxisling array a has The defaull dtype Is float
0 01 index coordinate, an attribute a.shape o Byt
10 axis = 1the which contains .
2 se;cond elc. this tuple \
010 ' _ ;
Shape = (8, 3)

Figure 8.1 Anatomy of a NumPy Array

array in the same way you check the type of objects in Python,
d attributes: () shape that returns dimensions of a NumPy
gth of each element of array in bytes. (see below)

You can check fype of a NumPy arra
i, using type( ). Also, there are associate

array and (if) ilemsize that returns the len

& see the lypo It relumed for NumPy arrays you createdJ

type (31), typr(a?]

:!ﬂ 25]:
:o“tEISL (numpy .ndarcay, nutpy.ndarrny) .
: In [26]: al.shape The shape attribute gives the dimensions of a NumPy amay. For 1D
' Dut[26]: (4,) amay, 5e¢ it retumed as (4, ) L.e., 4 elements , single Index only
© In [27]: a2.shape For 2D amays, it retuned both dimensions.
out[27]: (2, 3)

@.Tmbma returns the length of each element of amay In bytes

| In [28]: a2.itemsize
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T ——— —
i ! 11]: al.dt '
‘¢ elements using i In [ ype
| You can check data type of a NumPy ar;ay §£ | Out[11): dtype('int32.) !
“ on the right b e |
<arayname>.dlype ¢.g., (see d numpy-<datatype>}‘f R e T o *
Some common NumPy data types (used as [l N'OTE o 2]
are being given on Table 8.1. | Numpy arrays are also called Ndarrays,
Tahle 8.1 NumPy Data Types : . ‘
ze
Description’| s
S.No. | DataType | —V_iTuerqE;nn ge —128 to 127 1 byte
] i i integers ang
1. numpy.int8 Stores signec ‘ pid | J—— 2 bytes
2 numpy.inti6 Stores signed integers in rang
' in range —2'° to 2'° -1 4 bytes
; ) ! < I 1¢ -
3. numpy.int32 Stores signed Tnlcgerq 'fl S 5 8 bytes
4. |numpy.int64 Stores signed integers in range —2 iy
5. |numpy.float Default type to store floating point (floal64) ) b)t
e : H i i rtes
6. numpy.floati6 Stores half precision floating point values ¥
(5 bits exponent, 10 bif mantissa)
7. | numpy.float32 Stores single precision floating point values 4 bytes
(8 Dits exponent, 23 bit manlissa)
8. | numpy.floatea Stores double precision floating point values 8 bytes
| (11 bits exponent, 52 bil mantissa)

Some useful ways of creating NumPy arrays

'In [73]: arrs = np.arange(7)

(i) Creating arrays with a numerical B
Python’s range() function but it returt
Python. In other words, the arange( )
specified numerical range. It is use

ange using arange( ). The arange( )
1S anidarray in place of Py
creates a NumPy array w
das:

function is similar to
thon list returned by range() of
ith evenly spaced values within a

<arraynamey = numpy . arange( [start, ) stop [, step] [, dtype 1)
< The start, stop and step attribute provide the
step valiee for a numerical range, Start
given, the numerical range

values for slarting value,
and step values are
is generated from
© The dtype specifies the dataty

Consider the following stateme

stopping valie and
optional. When only stop value s
=ero to slop valie with step 1.

pe for the Numl’y array.

nis :

______

Stop value
Start value

\ l /S:eprufne
In [74]: arrs 0 [77): arrs = nP.arange(1,7, 2, np.float32)
'0ut([74]: array([a 1, 2,3,4,5,¢ :

! ut ] Y([ » y 2, ] ]) In [78]: arré

iIn [75]: arrS.dtype Qut(78)

10ut[75]: dtype(‘int32')

-1, dtype=float32)

g

(11) Creating arrays with a numerjc

; ace( ), etime
spaced elements betyyeen two given limits, Fop this )}:1 % SomLtimL
function to which you provide, the gtqr PUTPose, Num]
generated for the ndarray, The synt

<arrayname> = numpy, linspace
For example, following code wj

Arrl = np.linspace(z, 3,6)

al range using ling 5, you need evenly
y provides linspace( )
ax . . and number of elements to be
ax for using lmspace( ) [lunction jg :

of values to be generated>)

With 6 valyes falling in the range 2 to 3

¥
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Consider some more examples :

Start valye

In[zs] al = np.linspace(z.s;'
‘In [26]: &l

‘out[26]: array([2.5, 3. , 3.5,
'In [27]: 82 = np.linspace(2.5,
rIn [28]: a2

out[28]

array([2.5 , 2.85714286,
' a

.28571429, 4.54285714,

R S i B A e S S e

Some useful NumPy functions

We are giving some NumPy

plotting data.

e

Stop value

/ No. of clements

5, 6) Ndarray with 6 values falling |
inrange 2.5t0 5
4, , 4,5, 5,
5, B)
[ Ndarray wih 8 values falling
‘ inrange 25105
3

.21428571, 3.57142857, 3.92857143
D

B L .=

|

A R S e S SO Bl SRR NS A B

functions (without much details) that may prove useful while

Trigonometric functions

sin(x, /[, out])
cos(x, /[, out])
tan(x, /[, out])
arcsin(x, /[, out])
arccos(x, /[, out])
arctan(x, /[, out])

Trigonometric sine, elemenl-wise.

Cosine element-wise.

Compute tangent element-wise.

Inverse sine, clement-wise.

Trigonometric inverse cosine, element-wise.

Trigonometric inverse tangent, element-wise.

Hyperbolic functions

sinh(x, /[, out])
cosh(x, /[, out])
tanh(x, /[, out])
arcsinh(x, /[, out])
arccosh(x, /[, out])
| arctanh(x, /[, out])

Hyperbolic sine, element-wise.

Hyperbolic cosine, element-wise.

Compute hyperbolic tangent element-wise.
[nverse hyperbolic sine element-wise.
Inverse hyperbolic cosine, element-wise.

Inverse hyperbolic langent element-wise,

Rounding Functions

round_(a[, decimals, out])
floor(x, /[, out])

ceil(x, /[, out])

trunc(x, /[, out])

Round an array to the given number of decimals.
Return the floor of the input, element-wise.
Return the ceiling of the input, element-wise.

Return the truncated value of the input, ¢

lement-wise,

Exponents and logarithms

exp(x, /[, out])
eXp2(x, /[, out])
log(x, /[, out])
logie(x, /[, out])
log2(x, /[, out])
Loglp(x, /(, out ..])

Calculate the exponential of all elements in the input array

ay.
Calculate 2**p for all p in the input array
Natural logarithm, element-wise,

Return the base 10 logarithm of the

ll'lpul array elem .
: enk-w
Base-2 logarlthm Of X, }' wise,

Return the natural logarit

o

hm of on 5 i
¢ plus the inpyt array, element-wise
\—P\L\—____-__
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netions :
Parameters used in the above fu
l ' nal argument
x: array_like sequence P— 4 None, optiona .
> of 11 1
e, or tuple 0 ;
out :  ndarray, Noue,

> that the inputs broadcgg
. If rovided, it must Iave a shape P f
vhich the result is sfored. i P turied.

I fapution Jib 3 a fresh y-allocated array 15 16

to. If not provided or Nove, hile plotting Although you shall learn aboyt
are wh

: t following code lines make you appreciate
tion, ):-fy if things are not clear right now, they will
‘two

’ ions
See below how useful the nump} funf:hrm5 :
all components of plotting in the c9n11115€D0n
the use of numpy arrays and functions.

be, soon. I promise ©)

In [39]: import numpy 3s NP

In [40]: import matplotlib.pyplot as pl -
Generate an array i range 1.3,

In [41]: x = np.linspace(l,s, 6) having 6 elements

In [42]: y = np.log(x)

In [43]: pl.plot(x,y) o

Out[43]: [<matplotlib.lines.Line2D at Bx8af79de>]

16 =

14 -

12 //./"

10 )/,/

e

08 s

a6

04

02+ /

00

19 1 2 25 2 35 o o 50
8.2.2B Bosics of Simple Plotting
Data visualization essentially means graphical represent
and charts are

ation of compiled data. Thus, graphs
You can create many different types of
La few of them gas per your syllabus.

very effeclive tools for da
graphs and charts using PyPlot but v

Some commonly used ch

ta visualization,
e shall stick g jus
art types are -
¢ Line Chart. A line chart or line graph is a type of ch
series of data points calleq ‘markers’ connecfed b ) :“"
© Bar Chart. A bar chart of bar graph js 5 -
rectangular bars with heights o lengtl
The bars can be plotted verlically
< Pie Chart. A pie chart (or
into slices tp illustrate nu

t which displays information as 2
raight line segments.

chart or graph thay Presents categorical data with
15 Proportional tg the values that they represent:

1S a circylar Statistica] graphic, which is divided
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Chople

" / 5 "o .
some commonly used chart ty pes are shown in figure below.

i 1 : “
100 r"___ le7 e |
o8 o
059 20 | :‘ |
0% s 3

15 i
000 1K
015 \ 10 | ¥
%0 \ i |
] f | |‘
S \ / 0s \‘I |
/ N/ il |
100 — - l |
o b & ¢ P oo '!- }
Aline chart or line graph is a type of chart which Abar chart Is a chart that presents categorical dala . il
displays information as & senes of data points called with rectangular bars with heights proportional 1o the ”
‘markers' connected by straight ine segments values that they represent, l-i;
yr— \ i
i
r It
| — s i
Eshama - |
by oy r ' R i 1
A pie charl (ora . \.’.‘ P il
circle chart) s a el ‘\ 4 i
circular statisticsl \’ Nl ‘, | : I
gy G it
graphuc, which rs | |
divided into shices to "‘1 | A% AT xS E
illustrate numerical ; —— !f
proporon | EAnS i}
|

i 1 2 Some (nmmmﬂy used chart types. i

Following section talks about how you can create various chart types using pyplot methods,

83 CREATING CHARTS WITH MATPLOTLIB LIBRARY'S PYPLOT INTERFACE
You know that graphs and charts play a big, and an important role in data visualization and
decision making. Every chart tvpe has a different utility and serves a different purpose.

Let us talk about how you can create fie, bar and pie charts using matplotlib.pyplot library of
Python,

As stated earlier make sure to import matplotlib.pyplot library interface and other required
libraries before vou start using any of their functions.

|

g . i
: 31 Line Chaort |

} Aline chart or line graph is a type of chart which displays | 3 } {
| INformation as a series of data points called ‘markers’ Aline chart or line graph is a e i

| ‘Onnected by straight line segments. The PyPlot interface of chart which displays information

| “"‘Drs plo{{ ) f“nl.‘liun 1'01" Creﬂting a Iinc gr‘]ph_ Carcfull}' ?5 akseries of data poinls called i '

. BO through the example codes given below to understand MArKers’ connected by straight b

l line segments.

the working of plot( ).

o I g =
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H ] b Elnd- c:
Say we have following three lists, namely 4

a= [1.1 2,3, 4] )
List b contar
b=[2,4,6,8] «—

| List ¢ containing values squares of
| c=[1,4,9, 15]4_,_.-——'-"‘"

e list a
sing values ds double of values i lis
"

values in list a

Now, if you want to plot a line chart for Al values of list a vs values of Iist b, then, in simplest
ow, if ¥ e é

form you may write : -
The import statement is {0 0¢
import matplotlib.pyplotaspl«—
pl.plot(a, b)

given just once

|
And python will show you result as :
Data points are called

markers
In [2B]: pl.plot(a,h)
Out[28]: [<matplotlib.lines.lLine2D at Bxd27738>]
| g
7
3
5
I The values of listb  *
| are plotted on
vertical axis : P
| b 7 The values of fist a are
! “l - : . . lotted an horizontal axis
' 19 15 20 2% Y i e— P

But are you satisfied with the result? Shouldn't {he axes show
the labels of the axes ? Let us say we want Lo Jabel the x-axis, t}

horizontal axis, as ‘Some values’ and the y- T e
as ‘Doubled values’. You can set x '

functions xlabel( ) and ylabel( ) res

axis, the vertjcal axis

e Before using any PyPlot
-axis” and y-axis’ |

; : abels using function or  numpy

pectively, ie, ; function, make sure that

| these libraries are

i ) . ~ -

| matplotlib.pyplot or its aliasy, xlabe1(<5tp>) imported beforehand.
and .

<matplotlib.pyplot or jts aliasy -ylabel(<st )
r>

So you may write (since w

e us(.‘d ide 1Es
statement) : identifier

Pl as alias for matplotlib.pyplot in jmport

pl.xlabel("Some Values")
pl.ylabel("Doubled Values")
pl.plot(a, b)

Let us see, what Python does,
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in [39]7 pl.xlabel( tore w1y =)

out[38]: Text(0.5,0, 'Some values*)

1917

08

06

o4

02

00 X J T —_— ]
0o 02 e 08 10

fg_\i?me-.-alt.cstj,

In [31]: pl.ylabel( - i )
Out[31]: Text(@,8.5, 'Squared valuas')
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See, on IPython console's
prompt, the three
statements have produced
three charts, even if you

No axes titles because Python has not
considered any of the previous statements |

_____ 5

In [32]: pl.plot{a,b)
Out[32]: [<matplotlib.lines.line2D at Oxd42b392:]

10
3
L \}_ i
h vy /
Y 2
12 0é ~
>0
1T I 5 .’/
[ d
-
||g‘| a //
h n P
L. g
~p2 3 /
2{
oo T y T
co L2 ca 13 us 149 10 15 20 25 20 as 40

e
No X-axis title only Y-axfs litle as only

current statement is considered

See, Python has shown us three different charts, one for each statement we issued. But this is not
what we wanted. We wanted all these three statements to take effect in a single plot.

On the prompt, if you give these Hiree slatements, Python interactively draws plot for each
statement separately. To apply multiple statements on a single plot, do one of the following :

(i) Either write a script, store it with .py extension and then run it

4 , In [33]: pl.xlabel( - y < Press CTRIENTER h
(i) Or, on the IPython console e s s
prompt, press CTRL + ENTER ..: pl.plat(a, b) ’E——\_p,.xsf-_-’ENTE,.\, |
to end each statement and C in the end
ENTER in the end. This will 0ut[33]: [<matplozlib.lines.Line2D at @xd454b705)
group multiple statements and 5 —
execute them as one unit, r.e., .
86
3 /
‘3 5
Now all these statemenis have 3—; )
impacted one plot as you can see a
the labels on both X and Y axes and 5
graph plotted In the same plot
r———— ——— J.
15 28 35 3 3 oy

Soree vaives
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- andsin -
But the first method of writing plotting comm how( ) command in the epg o

ib.pyplot>.s
choice for many. Also, in a script use <matplotlib-pYP

|
262 a script(-py extension) is often a preferreg i
|
ions. L

show a plot as per given specificat Color in a Line Chart
o i :Jth and Line Color in _
8314 _Ghangiog Lins Sil6 igesife trol the look of the plotted line by specifying it

While plotting in a line chart, you can con
|

features like :
& Line width, Line color, line style

& Line marker type, size -

& etc. ) ) )
To change line color, you can specify the color code next to the data being plotting in plot() |

function as shown below :

<matplotlib>.plot(<datal>, [,data2], <color code> )

You can use color codes as: ‘r’ for red, 'y’ for , ‘g’ for green, ‘b’ for blue etc. (Complete

color codes list has been given in Table 8.2), e.g.,

import matplotlib.pyplot as plt
import numpy as np

X =np.arange(@., 18, B.1)
a=np.cos(x)

b=np.sin(x)
plt.plot(x, a, 'b') «———— Cvlor code bive for ndarray a

plt.plot(x, b, 'r’ ) «——— Color cade red for ndarray b
plt.show() !

The output produced by above script is as shown below - 1

100
075 ‘
050 %
025 |
009 |
025
=050 ?'
-0.75 :
|

-100 _
— —ﬂ-—-ﬂ-.fg f

10

ip Even If you skip th
e color j . : )
e o ) v :
mally bP l;)f with different lines in the same Pt
¥ Fython, different colors b

colors are
internally by Py

colors but these colors are decided ipe
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with
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Tahle 8.2 Different Color Codes
h I
Chargcter color T character color character color
‘b’ bl oy . =
ue m magenla o cyan
JE. preen y yellow ‘W' white
! red K black

}n a‘dc‘htllon. A San also .specify colors in many other ways, including full color names (&8
red’, ‘green’” etc.), hex strings ("#008000) ete.

To change Line width, you can give
additional argument in plof( ) as
linewidth = <width> where you have to
specify the width value in pnilllsz, C.8.,

102
[SpH]

& 4 pts linewidih l

. #x, a, b are same as earlier code
plt.plot(x, a, linewidth = 2) —a%0
plt.plot(x, b, linewidth =4)

!

\
\
\
\
X 2 pts linewidih
\-\. ——

~ :J il
¥

-]

»
=3

The result produced by above code is as » 2
shown here :
To change the line style, vou can add following additional optional argument in plof() function:

linestyle or 1s = [ ‘solid’ | ‘dashed’, ‘dashdot’, ‘dotted’ ]

eg.,

; Possible line styles are : ‘solid’
. d Y
: #x, a, bare san.ie as_ear‘ller‘ code ; L ashed iliar
plt.plot(x, a, linewidth=2) ~ dashed line, ‘dotted’ for dotted
plt.plot(x, b, linewidth = 4, linestyle = *dashed”) ine and ‘dashdot’ for
dashdotted line.
The result produced by above code is as shown here :

Linestyle ="'

wi~ ~ ~ N - ,
31 \_f ""7‘ f’/ ."-.l" % hneslylc='dashed Bl"‘"‘u’“"ln:ulﬂ""-‘."‘ﬁila
A 4 / I "
0sa{ \ / A . ;
; p . / / \ Y Linestyle ="'~
2 \ u‘ !f ] \ L\ mpman-ﬂ’%.
ooy f \ ] ;' i ".\ 1
) \ “\ / f \ 1 . Linestyle =*.
f ] ]
-050 \ v/ 4 — T TR o s T B
/ ! \ "
015 ’,’\ / \
Sk L 4T NS Linestyle = '
e e e Sl IR — — —

8.3.18 Chonging Marker Type. Size and Color

Recall that data points being plotted are called markers. To change marker type, its size and color,
you can give following additional optional arguments in plot{ ) function :

marker = <valid marker type> , markersize = <in points>, markeredgecolor = <valid color>

% Line width or thickness is measured in points e.g-. 0.75 points, 2.0 points etc.
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'.

dots or crosses or diamonds etc. by specifying degjr ed
t specify marker type, then data points wij| e
efault type will be same as that of the line type.

You can control the type of marker i.c.
marker type from the table below. If you d(.) no
be marked specifically on the line chart and its d

Also, the markersize is to be specified in points and nmrkercdgecofar must be a valid color.

Table 8.3 Marker Types for Plotting

marker description marker description marker ' description

.2 point marker ‘s’ square marker :3: trf——]?ﬂ "El_rl.“'e_r______q_
x pixel marker ‘p’ pentagon marker 4 tri_right markL
‘o’ circle marker ks star marker v’ triangle_down marker
4+ plus marker ‘h? hexagonl marker o triangle_up marker

fyt x marker oy [10Xﬂg(1112 marker ¢! triangle_left nmrl-:er__
‘D’ diamond marker ‘1’ tri_down marker ol triangle_right marker
‘d’ thin_diamond marker €2 tri_up marker “|*, | vline, hline markers

Now consider following example where p=1[1, 2, 3, 4l and q = [2, 4, 6, 8]

In (€1]: plt.plot(p, 6, ', markeér= @', markersize = 5, markeredgecolor = -~od')
Out(61]: [<metpletlib.lines . Line2D at Oxa09c310>)

8

13

Line color is black (color 'k')
Marker lype = small diamond (‘d’)
1 Marker size = 5 points
Marker celor = ‘red’

[t

10 1y 10 2 1 1y 40

Note you can combine the marker type with color code, e.g., v+ when given for fine color marks

. Ll r - ¥ " ofd . .
the color as ‘red" and markertype as plus('+'). Consider two following examples combining these :

Line color and marker slyle combined
so marker lakes same color as ling

\,(‘_'
In [75]: plt.plot(p, q, s linettyle = (111 In [76]: pl
Out[75]): [<matplotlib.liniis.Line2D nt Oxbdfed70>) 78] p t-plot(p, q,

i
N

Here marker color
separately specified

vot, Tinestyle = colid’,
+ 1 mhrkeredgecolors )

2 Ouel76]: [<matplotlib,linef.L1neD at Oxbd46c507]
o .
7
7
t!
¢
5
T
Ll
'y
L
Y
2
2
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See, when you do not specif

color as the line. Also, lijf ).03; I::: i{;rzdge_‘?ﬂlor Se_Paralely in plot(), the marker takes the same

marketstyle-combination-string (e.g., * 'pec:fy the linestyle separately along with linecolor- and-

line, (see below). To get tl N . '*"‘"l r+' above), Python will only plot the markers and not the
get the line, specify linestyle argument also as shown above.

én [3]: plt.plot(p,q, =)
ut[3]: [«¢matplotlib.lines.Line2D at OxB834770>]
; (-]
7
c if you do not specify the
" lInestyle argument separately
s along wilh linecolar-&-
marketstyle-string (2.9, ‘r+' or
4 o b0’ elc.), Python will anly plot
. the markers and not the line
2 ]
10 s 20 25 0 15 40

So full useful syntax of plot() can be summarized as

_¢colorcode and marker type>] [, ¢linewidth>]

<data2>] [,
tyle>) [,<marker>][, ¢markersize>] [,<n1a|‘keredgec0].0r‘>] )

plot( <datal> [,
[, <lines

where,

o datal, data2 are sequenc
affect the look and format of the
pe coler and marker symbol for the line chart

os of values to be plotted on x-axis and y-axis respectively

o Rest of the arguments line chart as given below :

m color code with markerty
linewidth width of the line in points (a float value)

[‘solid” | ‘dashed’, ‘dashdot’, ‘dotted’ or take markertype string]

alid marker style such as *~, ‘o', 'x’, ‘+, 'd’, and others

]
linestyle can be

B
g marker asymbol denoting v

ele.
(-] markersize size

" markeredgecolor color I«

of marker in points (a float value)
or markers; should be a valid color identified by PyPlot

! full syntax of plot().

atill not the complete an
scope “',f' the book.

that this 15
f}]hl” ) Is I”l'_l-'H-'I’nJl the

* please notc !
Complete syntax covrerage v

If you are working on a Jupyter Notebook, you can make the
| ¢ plots appear inli
in the notebook by using following magic function : ppear inline

Example 8.1 Create an array i e =
the range 1 to 20 with palues 1.25 imatplot1ib inline
the if you don‘t use above function, the plots will appear in a pop up window as with

apart, Another arral contains
) y other methods.

log values of the clements 11 first

array,
plat the two arritys first vs second in a line chart.

s second array, specify the x-axis (containing fi {
| arral y f g first array 5) title
Y-axis title as ‘Logarithm Values’. f SR S

(@) Simply
() In the plot of first
‘Random Values’ and
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(c) Create a third array that stores
third arrays vs first array. The

(d) Change the marker type as a circle with blie col
(¢) Only mark the data points as this : second array

array data points as black circles.

Note : Show commands and their resuls.

the COS wvalues of first array
Cas valies shoul

COMPUTER SCIENCE WITH PYTHON - y

d be plotted with a dashdotted line.

or in second array.

——

Solulion.
import num In [16): print{a)
P Py as np 1E 235 3.5 475 6 7.25 B.5 8.7511. 1225135 14,35
17.25 16,5 10.75]

import matplotlib.pyplot as plt | 1.
a=np.arange(1, 28, 1.25)

b=np.log(a) ®

!n [17]: print(b)

2.14005616 2.27726720 2,38789527
2.77258672 2.64781214 2,01777472

1.55514462 1.79175047 1,96100147
2.30552594 2.50268060 2.69124308
2.08315249]

0.81032022 1,25276297

and then plot both the second qug

data points as blue small diamonds, thirg

(@) plt.plot(a, b)

In [18]: plt.plot(a, b) =
Qut[18]: [(matplotlib.line?/

2D 2t Cxcafed30>]

20
25
20 =5
15 4 S/

10 /

05

00 4

(b)

plt.plot(a, b)

plt.xlabel( ‘Random Values”)
plt.ylabel(‘Logarithm Values® N (e
plt.show() J 3

In [19]: Plt.ploz(s, »)

Topltixlanel(
b pltoylabel(
vl Dlt.shgd{}

]

\

\

o
\

%

Logantm Valuss 3
e e e
=

'y
=~
-
w
‘-\‘\

—

5 g v v T
AR s il
o g L 1
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© In [21]
_ n i € =np.cos(a)
c=np.cos{a) ..-i plt.plot(a, b)
p]_t_p]_o-t(a, b) ...1 plt.plot(a, c, linestyle= daithdot’)
) <o plt.show()
plt.plot(a, c, linestyle = “dashdot’ ) :
plt.show()
o, 30
e, 25
et 20
., 1 15
"'--.‘_ 10
. gy
oo F
-5
-10
25 50 73 W0 12§ 150 175 2070
(d} In [22]: ¢ = np.cos(a) :
= ...: plt.plot(a, b) ‘
¢=np.cos(a) ...t plt.plot(a, ¢, no’, linestyles= dazndot’)
plt.plot(a, b) ...t plt.show() -
plt.plot(a, c, ‘bo’, linestyle = ‘dashdot’)|
plt.show() — — =2 =
‘4.,_”. 253 '//f/_’-—
e "
[ 20 —~
. ‘.... \E ’///
e 0 o e A
L 4 i F B
CLINCY ix T A
\ / ; /
eo \ l" \'\ P l‘-\ e
o / / ‘ /
0% \‘1'\.7 / L\- ; h\ ;
10 » © ]
350 75 MO0 125 132 1S w0
(e) In [23]: ¢ = np.cos(a) !
-+t pltiplet(a, b, 1)
C=np.cos(a) +oot plt.plot(a, ¢, ro°)
plt.plot(a, b, ‘bd?) ....._'.-'.' «e.t pltishow()
plt.plot(a, c, ‘ro’) -...,
plt.show() T, |20
*, e, L]
...'-. -..,?’5.. .t o 0 ¢ ¢ ¢
‘-..'. 20{ "y, , 0 o * |
18 * ‘
. % °
._'.‘ ® e ° o
'-.,ns g . e o ||
taf + [
* L]
0% A ¢
& 'y
-10 ° : .
S 2550 7% 100 us T ad
— ____‘_;___E_ 215 wg
T
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8.3.2 Bar Chart
A Bar Graph or a Bar Chart is
using bars of different heights. Ab
vertically or horizontally using rectangl '
heights /widths PyPlot offers bar() function
chart where you can specify the sequences
corresponding sequence to be plotied on I

ponding x-value on x-axis. . .
did in line charts, make sure to import

| S e
. . . Likewise, if you want that
| matplotlib.pyplot and also nunipy, if you are usmg a1y nunpy f”;”':“"’{ o qu‘emeﬁé g
|r multiple connmands affect a conmon bar chart, Hen ¢ ther store all the reiie :p thon consol o
5 . i . ) - ( |
script(.py file) with Iast stalement being <nmfp!f'HIf’-P}fP!Ub-f"”m‘( ), or on ; ¥ y ole, group
r related commannds by pressing CTRLAENTER; press ENTER only after the fast conmmand.

2 graphical display of data [GAR GRAPHUICHAR
rawn

ar chart can be.dlc t A Bar Graph / Chartis a graphical

es or bars of differen display of data using bars of

to create a bar different heights.

for x-axis and

xis. Each ¥ value is plotted as bar on corres-
ol . b fr

But before creating any bar chart, like you

Now consider the following code. If we have firee sequences a, b, and c as :

|
' a,b,c=[1,2,3,4],[2,4,6,8],[1,4,9, 16]
1

Then commands matplotlib.pyplot.bar(a.b) and matplotlib.pyplot.bar(a,c) will produce !

result as :

|
[

|
’ In [18]: pl1.bar(s,D) ﬁ‘: In [11]: plT.bar(z,c) = |
| Out[10]: «lontainer opjecioa %t artists) Out[il]: <Containzr ca'.ﬁ'ie-l.f:,.' 4 Ertists> L

. I
: = e 15 |
s — |
t g J u | !
‘ * | { 1z
x | |
} | | 1
4 —— | : o
3 | ‘ 3 |
3 ‘ ‘ )
b I R — | ! | | s ‘
i e
: | | w | |
o v L - | i — [
LRI LA LR O e e —.__ §
- ° ] 0 v
' |

P10 a5 20 3% an 3 g0 4%

Notice, first sequence given in the bar( ) forms the y-gxj
X-nxis

plotted on y-axis, and the second sequence values are ‘

/ ASL'I['“E]' i ] |- ify x { 1 - s ¢ t d T nas
> y if YDU want Lo ] "3|:]f} X-Axis h?bl’.'{ a d 1} nl‘f‘: h?b 'f l“ﬂ"l y[JLl ni t ! d
~ ’ e 0&{ 'e commar S . E
ﬂ]atl)lotl il . B .[ 3 |
Jl } p}'pl(}' .X]ab@l (( abe Stra )) |
atplﬂtllb. ]yplol. " I.Ild' bﬂ](<label str 1. nu)) Jl

Also, you need to group the commands e

(py file) or by pressing CTRL+ENTE ither in script file ﬁ

R on the Prompt for 1]

group (ENTER
yourself in the figures

commands except {or the last command of the
for the last command), as YOu can sce
below.

when there is just one level of

The simple bar plot is best used l
Brouping to your varlable. !
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in [12]: plt.bar{a,b)
...0 plt.xlabel( ... ) In [13]: plt.oar(a,c)

: plt.ylabel( 1 ) (~ plt.xlabel( ) %
Dopltiylabel( s ire ) =
Qut[13]: Text(0,0.5, Squares’)

) m 16 ,......_......i

put[12]: Text(€,02.5, 'Doubles')

B
| 14
o~ i 3 2
(et \ .
] ‘\k | .
neh e
IR

!

|

]
5 . | (I~
1{5,‘_‘ ! - jI‘P-

' |

|
' i

1 1 1

- [ u
ey 10 15 o.eewsl 30 315 4 s Ll T

s » S
~ Valbes
T PR

The first sequence given in the bar{ ) forms the x-axis and
the second sequence values are plotted on y-oxis.
Consider another example :

In [9]: plt.os~(Cities, Pesulstion)
Cities = [“Delhi’, ‘Mumbai’, ‘Banglore’, ‘Hyderabad’] ‘ '

Population = [23456123, 20083104, 18456123, 13411093]

plt.bar(Cities, Population)

plt.xlabel( ‘Cities’) l -

plt.ylabel( ‘Population’) . o | | ,
plt.show() ........................ = \ \.
%3
| |

The order of bars plotted may be
different from the order in

2ctual data sequence. s bare Dern | Jronted e

{
|
i

e

Nole that the order of bars plotted is different from the order in actual data sequence e.g., the
Cities sequence being plotted contains values in the order (“Delhi”, “Mumbai”, “Bangalore”,
“Hyderabad”) bul when plotted their order is differenl, ie, “Bangalore”, “Delhj”
“Hyderabad” and “Mumbai” - the sorted order. ’

83.2A Changing Widths of the Bars in a Bar Chort

By default, bar chart draws bars with equal widths and having a default width of 0.8 units on a
bar chart. That is, all bars have the width same as the defanlt width. But you can always change
- the widths of the bars.

© You can specify a different width (other than the defaull width) for z1] the barsofab

) ) ar chart
© You can also specify different widths for different bars of a bar chart




I
{
!
|
|
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Out[B): «Container chject of 4 artists>
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1 the default width) for all bars, you can specify widgh
function, fe,as:

width = <float value>)

er tha

mmon width {oth
Jue in the par()

(i) To specify co
a scalar float va

argument having

- e>
0t>.bar(<x—sequence>, <y sequence?,;
e first chart has tl

0.5 units) an

<matplotlib.pypl
1e bars with default widths,

+e where Eh
bar charts where d the third chart has widt)

Consider the following three :
r expression 1/2 (i.c.,

second charl with a width as pe
specified as 0.3 units.

Width as 0.3 units for all bars

Tn [B): plt.bar(Cltles, I;EJU].I‘.'.D.‘\]

1e7

Width as 0.5 units for all bars
plLbar(Cities, Population, width =1/

plt.bar(Cities, Population, width = 0.3)

eh w 172 In | . Loar(CiT Population, wldth = 0.3
2 ' plt.bar Populaticn, width 172) 1In [10): plt.Dd (Citles, " .3)
In [9): plt.ba (Citles, Populad W pctas]: B e ser oF ¢ Srtlevas

Out[9]: <Contatner cbject of 4 artists>

Default width for all bars

plt.bar(Cities, Population) 2) |

=1

=S

F ™ T E
; 1
| |

- B
| 1B

14

Eargirr = = . 2 o2
e b trderabed Do Bargie Dets Fyaeratat Pmzal Bargwe [

Se, when you specify a scalar value i.e., a single value for

width argument, then that width is applied to all the bars of
If yau specify a scalar value (a
single  value) fer  width
(i) To specify different widths for di argument, then that width is
ifferent [ ; y I :
bars of a bar applied to all the bars of the bar

chart, you can specify widtlh argument having a sequence chart
fsuch as lists or tuples) containing widhs for each of the bars .
in the bar() function, r.c., as : o

the bar chart.

<matplotlib,pyplot>.bar(<x-
yp (¢x-sequence>, <y-sequences, width = <width values sequence>)

The widths given in the > i

sequence spebcifies the 11::!?:] EJE ?;Ztﬂfe e Lt Hghtyie; the, st yaluesot [,

for the second value of dath oo LL. value of data Sequence, second value specifies the width

Rote that the width sequence quence, and 50 on. The width values are ﬂF: tv 1 Ple
must have widths for aj] the bars (i.;:.,(it% Icitfgt]"tan‘:s:t m:js;

the length of data s
sequences bei
[ValueError: sk ] bu.ng plotted) otherwise P :
: shape mismatch error). e Python will report an error, the

Consider the following bar chart -
plt.bar(Cities, Population, width =[0e.,5, .6
'5,.6, .7, .8])
So as per above bar( ), the widths 0.5 6

“Delhi™’s bar will be A 7, .8 are applj
ar willbe 0.5 units wide; “Mum applicable to Cities values in order i.c.

will be 0.7 units wide - s bai"’s bar vy .
s wide ; and Hyderabad”’s bar will be []]] :"3 0.6 units wide ; “Bangalore™’s bar
- Llnit.‘i ‘p\_lidc.

: “5: '!.

LT == P
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The output produced by above command will be as shown below -

N e,

th =[0.5,.6, .7, .B])%;

S ST TUTTPTTY Priet

In [12]: plt.bar(Cities, Population,i
0ut[12]): <Contsiner object of 4 artis¥:

1e7 ] o—— e
el T A o~
20 [ ! s
ey % i I See, the widths are
= | ‘ applied to values of
| -—[ data sequence in foft The width values’ sequence in a
LRI ‘ } to right order but the bar{ ) must have widths for all
| bars appear in sorted the bars, ie., its length must
s ‘ I ' arder in the bar chart match the length of data
t ; | ' sequences  being  plotted,
00 T y ise Python will report an
Bargiare Datny Fydarabad Mamsa otherwise Pyt

errar.
8.3.2B Changing Colors of the Bars in a Bar Chart

By default, a bar chart draws bars with same default color. But you can always change the color
of the bars.

© You can specify a different color for all the bars of a bar chart.

¢ You can also specify different colors for different bars of a bar chart.

(1) To specify common color (other than the default color) for all bars, you can specify
color argument having a valid color code/name in the bar( ) function, Ie, as:

<matplotlib.pyplot>.bar(<x-sequences, <y-sequence>, color = <color code/name>)

The color given with color argument will be applied to all the bars, e.g., consider this :

|
[ In [13]: plt.bar(Cities, pDJuld‘CiD-’:,@l . /’],\ 1n IJ-] plt.bar{Cities, Popy
| Out[13]: <Contairer ebject of 4 artistsry "% lut[14]: <Container object
lel R :_ 1-T
| R K P
[ i |
| 20 | ———— 20
‘ e L8 ] e ] ]
| N * | | {
‘ 15 ot ‘ 15 ; | !
| 4 [ p—
| e . | . | |
1 i o f ! | 1
‘ { !
2 °x ! | i
41 05 | | |
h | : i | . . !
€ oo e . — = 20 €23 ‘V!H'_‘_L |
| Eangiore Dl kyderabad Huymizai Bargiore sty H,‘ll:r.:beg ———— 1 |
[ —_— s = = = = —_— —
| When you specify single color name or single color code wilh color argument of the bar() function, the spegif
color Is applied lo all the bars of the bar char, Le., all bars of the bar charl have the same con';mgn F'?t:l ied
— —————— — color,
| s - - - —
(i) To specify different colors for different bars of a bar chart you .
o argument having a sequence (such as lists or tuples) containinly col Ca‘} specify color
AT ' bars, in the bar( ) function, i.c., as : & colors for each of the

<matplotlib.pyplot>.bar(<x-sequences, <y- sequences
* s colop = <colop na
mes/codeg Seque
nces)




}“.
‘I
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i from leftto right, i.c. the first value of the sequence
rom

ifics color for the sec¢
o salue specifies the cotid
s - of first value of data sequence; second .}af Co]LJJITCﬂtfﬂ’S or names. Please note thag
specifies the color of firs i o are vali l s Plssenoe
‘ ‘ ™ Lo i LS &
value of data sequence, atnlcl 50 omloﬁ c o the bars e, its length m hae
ve s
the color sequence must ia

- the [ValueError; s)
p : an error, the [Va : shape
data sequences being plotted) otherwise Python Wi
L o

mismatch error].

. 2 lie
The colors given in the sequence are aj P

Il report

Consider the following bar chart : J
plt.bar(Cities, Population, color = [‘red’, b, B ‘black’]) |

So as per above bar(), the colors wed’, b, ‘g", ‘black’ are apPlica ble lolC1tlesl\!ill(lf§l;1; (:f;:. ,b e,

“Delhi”’s bar will have ‘red’ color; “Mumbai”’s bar will ha\i? blue c;; (:im 0 ode )

“Bangalore™’s bar will have ‘green’ color (color code ‘g") ; and “Hyderabad™s bar will have

‘black’ color,

The output produced by above command will be as shown below :

In [15]: plt,par(Cities, Populstion, color =if ’].?
Jut[15]: <Containe~ object of 4 artists> 2
7 e e RIS IR
: ._,___T
20 i, Lo :
T
15 ) : {/ &
£
10 ,
B
cs ! |
) , =
Eargloe Dt Fyd=rabad 14 1miag

Both width and color arguments are opti
optional and y combi
ptione d you can combine them both also, ¢.g.,

In [16): plt.bar(Cities, Population, width «[0.5. .5
= = a s W Lv.2,.0 7y, B . - paed * ' 10
Out[16]: <«Container cbject of 4 artistss 7% T By color = {'rea’, bty y, ulage’])
1e7
e
20
159 b i
ﬂ"é -y -1‘!;
10 )
L Bl
R
cs{ [
s N
e
L4 L)
co = y
Barglore Deim Hydsrabad Famaal

8.3.2C Creating Multiple Bars chart

Often in real life, you may need to pl
multiple bars. As such PyPlot does not
creale one exploiting the wid# and ¢o

ot multip]

PrO\’ide]J::i dat‘a. Tanges_ on the same bar charl creating

Tor gireum Pecific function for this, BUT you can always$
g ents of bal'( } th:ll. you IEarnt above.

I

In

In
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Let’s see how,

(7} Decide number of X points, Firstly, you need to determine how many X points you will
need. For this, calculate the number of entries in the ranges being plotted. Say, you are
plotting two sequences A and B, so length of sequences A or B being plotted will
determine the number of X points in our case. You can create a sequence with this
length of A or B using range( ) or numpy.arange( ) functions.

Do note that both the sequences A and B must have similar shape ic., same length
(number of elements).

(i) Decide thickness of each bar and accordingly adjust X points on X-axis. So, if you
want to plot two bars per X point, then carefully think of the thickness of each bar. Say
you want the thickness of each bar as .3, then for first range keep it as X and for the
second data range, make the X point as X + 0.3. (sce below)

(i) Give different color to different data ranges using color argument of bar( ) function.
(iv) The width argument remains the same for all ranges being plotted.
(v) Plot using bar() for each range separately, i.c., the number of bars decide the number
of bar() functions you will be using to plot different bars on same plot.
Following example will make it clear.

Say we want to plot ranges A=12, 4, 6, 8] and B=[2.8, 3.5, 6.5, 7.7]

() Deciding X points and thickness. Say, we want the thickness of each bar as 0.35, then for
the first range, X point will be X, and for the second range, e X will shift by first
bar’s thickness, i.r., X + 0.35. (If there were three bars, then X points would have been X,
X +0.35 r.e., X + thick of one bar onits left, and X +0.70, i.e., X + thickness of two bars on
its left.)

(if) Deciding colors. Say we want red color for the first range and blue color for the second
rangu.

(ii) The width argument will take value as 0.35 in this case.

(iv) Plot using multiple bar(') funclions.

As there are two ranges to be plotted, we shall need to use two bar( ) functions one
vs. A and the second one for plolting X + width vs. I3, as depicted below -

for plotting X

In [1): import matplotlib.pyplot as plt -—_

++1 lmport numpy as np

In [2]: A = [2, 4, 6, 8]

: B - [2.8, 3.5, 6.5, 7.7) |Sequence created for X points 5
: using lengths of sequences 4
A or B being plotted 3
In [3]: X = np.arange( len(A) )
2
In [4]: plt.bar(X, A, color="red”, width = B.35) .
-+« plt.bar(X+B.35, B, color= ‘blue’, width = 8.35)
<o pltushow() NTT— o
i See, X in first bar() is X and in second ‘.. ST
bar(), it is X +0.35. Also, first bar() plats X ‘s

vs A and second bar() plots X+width vs B




par chart plotting
Following

ote inside if. 1t confai
am ' i ine three lists inside 1 p
8.2 Val is a list having nese Hiree
f;:dug]eii by company A. Create a bar chart that plots

" of each bar as 0.25.
Solution.

s a multi
example also create

import numpy as np .
i import matplotlib.pyplot as pl

| val=[[5., 25., 45., 28.], [4., 23.,49.,

X =np.arange(4) _ o2
plt.bar(X + .80, val[8], color = ‘b, w:-Ldth —:-25;
plt.bar(X+8.25, val[1], color = ‘g’, w:.Ldth = .25)
plt.bar(X +0.58, val[2], color = ‘r’, width =@.

The output produced by above code is :

oo

8.3.2D Creating o Horizontal Bar Chari

To create a horizontal bar chart, you ne

bar( ). Also, you need to give x and y axis labels carefully — the labe]
bar( ), will become y-axis’ label in barh( } and vice versa,
For instance, consider the followin

& code where we hay
earlier code :

¢ replaced

In [2]: Cities =['Delni’, ‘Mumbal’, ‘Banglore-, ‘Hyderabad+]
..t Populs

l P —— 9083104, 18456123, 13411093
.. .%glt.barh(Cltdes, Populatignl=>,
| ae

: plt.ylabe 1t1es

ed to use barh( ) function (b

COMPUTER SCIENCE WITH PYTHON _ yy

three different data ranges.

s summarized data of three different trig)s
::b!ists of Valina single chart. Keep the widyy,

17.1, [6.,22.,47.,19.1]

e See the X range for the third bar(), is deviated witlt X+ widths of twe bars on
U, o A RInge i 1 : gy . b
plt.show() H::' left of it. i.e., X+0.50 as width of one bar is 0.25

ar horizontal), in place of
that you gave to x axis in

bar( ) with barh( ) in an

¥ - plt.xlabel_('Pcpulation‘) hd

«vei plt.show() "" Mumsal §

. Hyderabad §
..Q
*:k Detni §
Also, nolice thay the labels
of x and y axis have been
Swapped for barh(} when

compared (o bar() E o

all‘.qh re
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8.3.3 The Pie Chart
Recall that a pie ch

. . art (or a circle charl) is a circular PIE GHAR Lﬁm
SlE‘IlISlI_CE![ graphic, which is divided into slices to illustrate “The Pﬁ chart is a type of graph
numerical proportion, Typicallv, a Pie Charlt is used to ;11:)'.\! in which a circle is divided into
parts to the whole, and often a % share. The PyPlot interface sectors that each represent a
offers pie() function for crealing a pie chart.y - Popaorithe WheR

.. Be[(?re we proceed with pie( ) function’s examples, it is important to know two things :

(1) tl'he. pie( ) function, plots a single data range only. It will calculate the share of
| individual elements of the data range being plotied os. the whole of the data range.
(if) The default shape of a pie chart is oval but you can always change lo circle by USIng

axis( ) of pyplol, sending “equal” as nrgumc;ﬂ lo it. Thal is, issue following command
before you use pie( ) function :

In place of mutplotlib.pyplat, you nay also wve its alias
piven fo it while impaorting

matplotlib.pyplot.axis(“equal®) <

neme, the nanae vor fave

Now consider following example code to understand working of pie( ).

Your school houses have collected amount for PM charity fund. To plot a pie chart from this
data, you can do the following :

contri=[17, 8.8, 12.75, 14] # contribution in thousands

plt.pie(contri) «—0  m gura range being plotted
i pie( )

The output produced by above cede will be :

The adjacent chart shows the values of contri list as

slices of a pie.

8.3.3A Labels of Slices of Pie - . T——
] P . ¥ . .

‘ The above shown pie chart is jusl incomplete. You cannot make out which slice L‘D]Ungs to what.
l Sp, there must be labels next to the slices to make more readable and understandable. TFor this

purpose, you need o creale a sequence containing, the labels and then specily this sequence as
value for labels argument of pie() function. The first label is given to first value; second label 1o

' second value and so on, ¢.g., S¢¢ below

contri = [17, 8.8, 12.75, 14]
houses = [ ‘vidya’, ‘kshama’, ‘Namrta’, ‘Karuna’]
plt.pie(contri, labels = houses)

Now the labe!s for the slices
will be taken from the
sequenco namely houses.

#t contribution in thousands

Now the output looks like :
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o Pie
8.3.38 Adding Formatied Slice Percentoges 10 T

To view percentage of share in alpxe r
string, such as #0p1,1F%%". It will show

o add an argument autopct with a formay

t
d‘artfoue:;ﬁ share of each glice to the whole, formatted
the p

in a certain way, ¢.g., see below ! : @

autopct =

l|%1. 1.F%%"J
plt.pie(contri, 1abels = houses,

__ Midya

Kshama

|
‘ Namirta

The percentage of each value plotted is calculated as : single value/(swm of all values) * 100 and this
also determines the size of the slice, i.e., more the value bigger the slice.
For instance, if a list being plotted contains values as [30, 50, 10, 6], then
() First of internally sum of all these is calculated which is 30 + 50 + 10 + 6 = 96.
(if) Next each value's percentage share and its slice size is calculated as :
Slice 1 :30/96 = 31.25%
| Slice 2 : 50/96 = 52.08%
Slice 3 : 10/96 = 10.42%
Slice 4 : 6/96 = 6.25%
The format string used with autopet will determine the format of the percentage being

displayed. The format string begins with the “2,"
L ' ’ e “%" operator, whi o 2L
percenlage value being displayed, o operalor, which specifies the format of the

The general syntax for a format placeholder is

"%[flags][width][ -precision]type"

© The l'irs-t % symbol is a special character that sienifies t
determine the format of the values to be disp]% .
@ The width determines the tolal number of Chari -

4 after decimal point + 1 for deci
| o cimal point). Tf
‘ of digits than the wi e - If the value bej ;
1 howj,it.esl- :;n the width specified, then (he value is being displayed has lesser r_lumbe}'
. » the value has more digils than 'S padded as per the flag SpEClﬁEd»I
displayed. The examples below n the widt) i
© In pie charts, the most 4
. ) ' seful flag is \
being displayed with preceding z%ros ilE Ti‘;oz{.“t’hlch "
© The precision is specified with dj its ‘ igits
point. Bls and it specif

cters to be displayed (digits before and

hen specified will pad the valu
of value js less the width.

€s the number of digits after decuﬂﬂ]

Will make it cleqy. Specifies, then the full value 1%
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¢ The type specifi ,
type. pecifies the type of value : d or i means integer type and f or F means float

© To print a % si iv
P % sign, given %% (two percentage signs) in the format string, The 2 %% signs

are necded to pri . . i L
character with print - le.r]!age sign, otherwise single % is interpreted as a special
supproess its s a S_Pfﬂﬂl meaning and thus used accordingly. By doubling %, i.e., %, you
. pecial meaning and thus a percentage sign is printed.
Now conside ing ¢ ;
ider following examples of format strings as given below.
— |
___Formut string Description
%5d” , "3l ) width = 5, type = d or 1 (integer type)
I'I"fnl the value with 5 characters e.g., if The value being printed 15 123 then il willl be
printed as __123, because 123 consists only of 3 digits, the outpul is padded with 2
L leading blanks.
~%05d", “%05i" flag = 0, width = 5, type = d or 1 (integer type i.€.) N0 decimal point)
Print the value with 5 characters and pad with leading zeros if necessary. E.g. if _th"
value being printed is 123, then it will be printed as 00123, because value 111}'!-‘-‘!1-‘-1515
only of 3 digits, the outpul s padded with 2 leading zeros Lo make it have width of 5
digits.
“5.03d %7, width = 3, type = d or 1 (integer type), percentage cipn in the end
ad with leading zeros if necessary and end witha
as 123 %, no

Print the value with 3 characters, p

©, sign. Eg., if the value being printed is 123 then it will be printed
leading zeros as the width 3 s fully filled.
pe = f (float type)

*203i W%

width = 6, precision=2, ¥
keep the precision of

“b.2f",
“%62F" Print the value with space of 6 characters; after decimal point,
2 digits (rounding off may take place for this precision); pad with leading blank if
necessary. Consider following examples
I
Value Formatted As Remarks
12.679 _12.68 Rounded off for 2 precise digits ; 1 leading blank
0018 o Rounded off for 2 precise digits ; 2 leading blanks
211.2 211.20 1 trailing zero added for 2 prease digits.
| <
- 700 2 trailing zeros added for 2 precise digits ; 2 leading
blanks.
S
1009.27 1009.27 This time 7 characters will get printed (more than the
widlh) as the number before the decimal point
cannol be reduced and also, predsion digils cannot
be reduced as 27 is already precise to 2 digits.
e
1009277 1009.28 7 characters will get printed as the number before
the .duclmnl point cannol be reduced and for 2
precision digils, 0.277 is rounded off as .28.
—
“ne g afa Game as previous bul with a percentage sign in the end.
TRE2F%
- IR
Now consider some examples below where we added one new value cach to lists contri and

houses used above.



In [30]: comtrd
out[30]: [17, E.B, 12.75, 14, 8.1]

In [31): houses o o o
put[31]: ['Vidya', “Kshama', Haerta®, "Karund ,
pitaxis("equal®]  # ferclrcle shape

plt.pie{contr, labels = houses, autopct =--;g3:i%%"+l"h"_

. s
[E T

plt.axis|"equal®] & for circle shape

plt.ple{contri, labels = houses, autopct ="9%03d%%) .

phtaxis("equal”)  #forcimle shape
pit.pie(contri, labels = houses, autopct =“?;l:|5.3f.’-a$:"]_._,i-

8.3.3C Changing Colors of the Slices

']

COMP

UTER SCIEMCE WITH PYTHON .

Seo, ‘New’ house's |

conirl value 0.1 s

depicled as 0% ind
(integer format)

¥

See, leading zerps
have been padded
this lime to make it 3

==1 characlers wide

¥

have baen added
this tima to maka it 3
4-1 digits precise

J Sea, lrailing zeros

By default, the piel ) function shows each slice with a different color. Il vou are nat salisfied
with the default colors, you can specily own colors for the slices. '

creale a sequence containing, the color codes or name

sequence as a value for colors arpument of pi
second color to second value and soan, ey,
lists containing live values cach).

We need a sequence conlaining five colors for fjv

colr conlaining five color names {you may
colr=[‘red’, ‘cyan’, ‘pink’, *yellow®
Now we issued followed command -

¢

also pive

» “silver?]

(i
plt.pie(contri, labels = houses, colors = ¢o1p autopct
Ve e
And the result we pot way - g
/ KT
lorm
MIre
=
: s
Earura

For this purpose, you need to
) s for cach slice and then sp-.‘cif}' this
0) function. The first color is given lo first value;
see below (considering the same contri and houses

e values of list contri, so we created a sequence
color codes such as ¢, ‘b, ‘g, elc)

"%2.2¢F%%" )

Swee, the colors to each
slicos have been given from
colr saquence In order (17
color lo 1% value,, 27 coll

T .
o w : g
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DATA VISUALIZAT
ION WITH MATPLOTLIB'
L
PYPLOT INTERFACE =2
Progress In Pwl‘lon 8.1

riP

The pyplot interface is ;

2d P];’ﬂ.ﬂing with hf},:;{ff;;ﬁ?i:rfpru?dum interface of matplotlib library that is used for mostly
: T . - * tunctions, In this P'ril’ sessi ; ; . i lot Lo

explore the plotting capabilities of matplotlib. fiP session, you shall work with PYP'S

Science with Python and fill if there in PriP 8.1 under Chapler 8 alter

Pl ;
( ease check the practical component-book - Progress in Compuler
- praclically doing it on the compuler.

L T

LET US REVISE

J—
+  Data visualization basically refers to the graphical or visual representation of information and data using visual
elements like charts, graphs, and maps etc.

The matplotlib is o Python library that provides mony interfaces and functionality for 2D-grophics similar to

e

MATLAR's in various forms
& PyPlotis u collection of methods w ithin marplothib which allow user to construct 2D plots casily ond interactively.

PyPlot essentially reproduces plotting functions ond behavior of MATLAB,

In order to use pyplot pn vour computers for data viswalization, you need to first import It in your Python
environment by issuing import « ommand for matplotlib pyplot

for creating and manipulating arrays, which come handy

NumPy is a Python library that offer many functiens

"
e

while plotting.
& You need to import numpy before

called ndurrays.
are line chart, bor chart, pie chart, scatter chart ctc.

which displays information as a scries of data points called ‘markers’

using any of its furctions.

Numpy arrays are olso
& Some commonly uscd chart types

A line chart or line graph is a bpe of chart

connected by straight line segrients,
using pyplot’s plet() function.

& You cun create line chorts by
style, marker-type, marker-color, marker-size in plot( ) function

line color, width, line-
solid* for solid linc, ‘dashed’ for dashed line, “dorted” for datted line and *dashdot’ for

% You can change

& Possible line styles arc
dashdotted line.

& A Bor Graph/Chart is a grephical display of

create bar chart using pyplot’s bar( ) function.

pars, widths of the bars in bar( ) function.

date using bars of different heights.

% You can
& You can change colors of | he
& Use barh( ) function to create
% The pic chart Is a [ype of graph i

whole,

horirontal bar chart.
n which a circle is divided into sectors that each represent a proportion of the

& You can create a pic chart using pic( ) function. The pie( ) chart plots a single data range.
By defult, the pic chort 15 oval in shape but you can change to circular shape by giving command

<matplotlib,pyplot>.axis( “pqual”).
& The plor arca is hnown @3 figure und every other element of chart is contained in it.
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COMPUTE

The axes can be labelled using label( ) and ylabel( ) functions.
i i /i ctiuns.

The limits of axes can be defined using xlim() and ylim( ) fun :

f ned using xticks( ) and yticks() functions.

The tick marks for axes values can be deft
The title( ) function adds (itle to the plot.

Using legend( ) function, one can add legends fo d plot w _
that the data ranges must have their label argument defined in p

The loc ergument of fegend( ) provides the location for legend, v

here multiple data ranges have been plotted, but before

lot( ) or bar( ) function.
chich by default is 1 or “upper right”.

d Prohlems |
P — —— B

=

_— -
What is data visualization 7 What is ils significance ?
Al term that describes any

a visual context. In simple
hical charts, figures and bars.

«I-based data can be exposed and
niques or tools such as line chart, bar chart, pie chart,
lools, information can be processcd in

offort to help people understand the

Solution. Data visualization is a gener . nderstan
words, Dala visualizalion is the

significance of data by placing it in
process of displaying data/information in grap
Patterns, trends and correlations that might go undetected in te
recognized easier with data visualization tech
histogram, scatter chart etc. Thus with dala visualization
efficient manner and hence better decisions can be made.

Wihat is Python’s supporl for Data visualization ?

Solution. Python support data visualizations by providing some useful libraries for
visualization. Most commonly used data visualization library is matplotlib.

Matplotlib is a Python library, also sometimes known as the plotting library. The matplotlib library
offers very extensive range of 2D plot types and output formats. It offers complete 2D support :ﬂon-g
with limited 3D graphic support. 1t is uscful in producing publication quality figures in interactive
environment across platforms. It can also be used for animations as well. )

There are many other libraries of Python that can be used for dala visualization but matplotlib 1s
very popular for 2D plotting, :
What is pyplot 2 Is it a Python library ?

Solution. The pyplot is one of the interfaces of mal ib i

L aces pletlib library of Python. This inl :
, sulo : ) . This inlerface offers simple
MATLA‘B %:T.)IL [unclmn‘s that can be used for plotting various types of charls ‘__ P
matplotlib library’s functionality. ypes of charts using underlying

Pyplot is aninterface, i.e., a collecli . . .
a.li,hrar}', not a library. The :m_.-:;::;:; I‘I’!i:::;l;::ibn[]‘;;"{;‘I:::‘I:i:;:‘::f"gg t:rdurlyi'ng b nctigmaﬁty o
Name sonte conmmonly wsed chart types. . -lanEigith g interface:
Solution. Some commonly used chart types are line chart, bar chart, pie chart
Name the functions you will wse to create a (i) line chart, (ii) bar ¢ ’P ] 1t scater chart ¢t
Solution, ' MRy (il pie chard, ¢

() matplotlib.pyplot.ploi()

(i) matplotlib.pyplot.bar()

(i) matplotlib.pyplot.pie( )
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6. Consider the code siven belog

~1

(all reg

wired librarip
output produced by i iyt

imported) and the

. , : L. Why is the chart )
ls::.:-":}:r:ft “?m var oty whil we are Plotting four vaiugs on o
o]
a=[3,6,9, 12 3
b= (38, 48, 54, 48] ?
plt.xlim(-B, 5) Yo 1 &1 T T
plt.bar(a,b)
plt.show()

Solution. The given chart is showing a single bar as the limits of x axis have been set as -3 to 5. On
this range, only one value from the data range being plotted falls ie., only a[0] and b[0] fall on this
range. Thus only a single value b[0] i.e, 30 is plotted against a[0] i.e., 3.

What changes will you make to the code

of previous question so that the bars are visible for all four points, But
do keep in mind that the

X axis must begin from the point =3

Solution. If we change the limits of X-axis so that all

the points being plotted fall in the range of limits, all =
values will show. Thus, we have changes the limits x
from -3 to 15, in place of =3 to 5. N
A

plt.x1im(-3, 15)
plt.bar(a,b) o
plt.show() f

Wiy is following code not producing any resuft ? Why is it giving errors ?
(Note. all required libraries have been imported aud are available)
a=range(l@, 5@, 12)
b = ranpge(9a, 208, 20)
matplotlib.pyplot.plot(a, b)

Solution, The above code is producing error because the bwo sequences being plotted i.e., a and b do
x = * 3 ! ’ 1 .
iy m“'l e at : While sequence ‘a’ contains 4 elementls, sequence 'b* contains 6 elements, For
not match in shape. S : forad , ; i i 2
iride i " --i«;swn' that the two sequences being plotted must match in their shape,
ing, it is necessary

: . p (n previons question’s code ?
What changes will you recommend to rectify the error in previous question’s

; ; he sequences being plotted must match in their shape, we can achieve this
Smeutlun. S;:l:u both t “i ‘mnlnls to sequence a so that it has the same shape as sequence b (e, 6
Cither b}r a ]ng two ele 5 r

| , g rom
EIEI‘I‘IE[‘I‘S) or by removing two clemenls

B
sequence b so that it matches the shape of sequence a N
(ic., 4 elements). "
For instance, o
a = range(10, 50, 12) 1
b= range(90, 160, 28) o
lot(a, b) n .
matplotlib.pyplot.p ’ e
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10.  Consider the two charts given below : "
(@)
iy Chart i ’_’__,_chi_’__.

al ll_.- =
» rd .
® n

- H
1 o~ A

L ] ¥ 1 " 1 . - T - T T

Which of these charts has been produced by following code ?
plt.plot(x, y, 'r--")
plt.xlabel("x")
plt.ylabel('y")
plt.title('MyChart')
Solution. Chart (a) has been produced by above code as Lhe lineslyle is

LU

11, Wrile code to produce the chart shown in q 10 b,

Solution.
plt.plot(x, y, ‘'r-")
plt.xlabel('x")
plt.ylabel('y")
plt.title('My Chart') B
i
12. Givenan ndarray p as ({1, 2, 3, 4]). Wrile code to plot a 1
bar chart having bars for p and p**2  (with red color) "
and another bar for p vs p*2 (with blue color). .
(assume that libraries have been imported) ¢
Solution. P
plt.bar(p, p**2, color="'r', width=6.3 ? B
» 4 : ) ) F . i lo
plt.bar(p+@.3, p*2, color='b", width = 0.3) c_:_‘-] : i

13, Wrile to create a pic Jor sequence con = [23.4, 17.8, 25 34 . . e
‘Central’]. ! o 14:0, 23, 34, 40] for Zones = | East’, "Wesy, ‘North', ‘Soully',

© Show North zone's value exploded ) st
@ Show % contribution for each zone

@ The pie chart should be circular,
Solution.

import matplotlib.pyplot as plt
con=[23.4, 17.3, 25, 34, 40)
Zones = [ "East’, 'West’ » 'North',
plt.axis("equal"J

plt.pie(cnn, labels = 7
P1t.show()

'South®, 'Central’]

nes, explode = [, @,0.2,0, 8], autopct = "%1.2F%%")
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Data Structures - I :
Linear Lists

Tn Wis Chaptes '

9.1 Introduction 9.5 Linear Lists

9.2 Elementary Dala Representaticn 9.6 Linear Lists Data Structures

9.3 Different Data Structures 9.7 Nested/Two Dimensional Lisls in Python

9.4 Operauons on Data Structures

INTRODUCTION

The computer syslem is used essentially as data manipulation system where *Data’ are very
important thing for it. The data can be referred to in many ways viz. dala, data items, data
« . ) . : j y ) !
struclures  ete. The data being an active participant in the organizations” operations and
i::hnning; data arc aggregated and summarized in various meaningful ways to form

[ dl ! . A
. X . s renresentted, stored, or 'iflll::'if. rocessed and manaced so
information. The data must be represe nted, s , Ty | g ged 50 as to support
the user environment. All these factors very much depend upon the way data are aggregated.
The bm,, <tructures are an effective and reliable wav lo achieve this.

Firet part of this chapler introduces data structures, basic terminology used for them, and
sp ; i
different commonly used data structures.

The sccond part of this chapter talks about list data structures. You have learnt about list data
bu oy " plprevmus class, but here you shall see them in data structure avatar.
'FIL’ mn }'Olll'

ELEMENTARY DATA REPRESENTATION

n of data can be in forms of raw data, datn

--I.lI|-I|.'4I

-

- : A Dato Structure is a
Elementary rcprcsentatm -

| group of data of different data
item, data structures. types whichis stored in a specific

facts. These are simply values or sct of values, way and can be processed as a

< Raw data areraw

. i es of cerlain tyvpe. single unit, A data structure h
. conts single unit of valu \ ; ure has
© Data item r._prl'b-Lnl-" b well-defined operations, beha-
- ~ecociated data types. viour and propertles,
. s per their as
Data items are used 2

_—
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{he Jogical picture of thedataina Particy,
r

ermine ) X
rations that will be applieq Py

ile designing truclures, one must det
While designing data structure - d develop the ope

- 1 “'
program, choose the representation of the daté

Data Type vs. Data Structure
A Data type defines a set of values along with Wt
behaviour e.g., you cannol put decimal point 10

mu[lipliud cle.

voll-defined operations staling its input.ompul
an integer or two strings cannot not b,

sical implementation that clearly defines a way of
in a data structurc. The data stored in a dayg
rtions and deletions take place at ong

, a Data structure is a phy
a stlored
in a stack, all insc

On the other hand
sloring, accessing, manipulating dat
structure has a specific work patlern ¢.8.
end only.

For example, Python supports lists
of elements, but when we implement
¢.g., it will store all elements of same lype

as a collection data type which can store heterogeous types
List as a data structure, its behaviour 1s clearly predecided
. for scarching, list clements will be presorted and so forth,

9.3 DIFFERENT DATA STRUCTURES

a computer system, as these not only allow the user to

also allow processing of the group as a single unit
1 structures can be classified into

Data Structures are very important in

combine various dala types in a group but

thereby making things much simpler and casier. The dat
following liwo types :

1. Simple Dala Structure

types like integers, rea

as simple data structures :

. These data structures are normally buill from primitive data
Is, characlers, boolean, Following dala structures can be termed

¢ Array or Linear Lists
2. Compound Data Structures, Simple data struclures can be combined in various ways lo
form more complex structures called compound  data structures. Compound data
structures are classified into following fwo types :
© Linear rhr.'nl striictieres. These data structures are single level data structures. Adata
structure 15 59::1 to be lincar if its elements form a sequence. Following are the
examples of linear data struclures : (@) Stack () Queue (¢) Linked List
& Non-Linear data structires. These are mulltilevel data
. W . el
structures. Example of non-linear data structure is Tree

Following figure (Fig. 9.1) shows all the data structures python’s built-in linear 639
Data Structures structures are : fists w
Y dictionories, sels.
Simple Data Structures co R
mpound Data Structures
1 ' : *Python offers many fineal

I—Arrﬂy or Linear LI'.il_'I i Un@ built-in data structures
Non-linear I gther than lists = )
clionanes.

tuples, sels and di

G o (o] Lo

Figure 9.1 Different Data Structures

]
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9.3.1 Lineor Lists ﬁ(rra-,rs

Linear Lists or Arrays refer to a named list of
Each of the data clements can be referenced re

a finite number n of similar data elements.
spectively by a set of consecutive numbers,
usually 0, 1, 2, 3,..n. If the name of a linear list of 10 elements is LIL, then its elements will be
referenced as shown:  LIL[0], LIL|1], LIL[2], LIL{3], ... LIL[9]

Arrays can be one dimensional, two dimensional or multi dimensional. In Python, arrays are
implemented through List data types as Linear Lists or through NumPy arrays.

9.3.2 Stocks

Stacks data structures refer to the lists stored and
accessed in a special way, where LIFO (Last In First
Out) technique is followed. In Stacks, insertions
and deletions take place only at one end, called the
top. Stack is similar o a stack of plates as shown in
Fig. 9.2(a). Note that plates are inserled or removed
only from the top of the stack.

9.3.3 Queues

Queues data structures are FIFO (First In First Out) People
lists, where insertions take place at the “rear” end "‘1;’:‘?"'31!;-';::0 CE {
of the queues and deletions take place at the L
“front” end of the queues. Queue is much the same
as a line of people [shown in Fig. 9.2(b)] waiting for
their turn to vote. First person will be the first to
vole and a new person can join the queue, at the

rear end of il.

9.3.4 Linked Lists

Linked lists are special lists of some data elements linked to one another. The logical ordering is
represented by having each element pointing to the nux!‘olemunl.. Each element is called a node,
which has two parts. The INFO part which stores the 111fl¥m1ﬂllfl'l. and the reference-pointer
part, which points to v, stores the T'L“r”“'n'-'“‘“f the next element. Figure 9.3 shows both types of
lists (singly linked lists and doubly linked lists).

(@

(a) Stack of plates

3
People join
queus [
from rear

(b) Queue of people walting for their turn

Figure 9.2 A stack and a queue,

In singly linked lists, Nodes

nodes have one reference- A
pointer (next) pointing 10 stan INFO INFO INFO
the next node, whereas L_’ i1 -
nodes of doubly linked >

il ' 5

. L Nﬂdes nexl ne’i
lists have two reference- nex
i next).
pointers (prev and ) — Mo ro
Prev points o the INFO 7
]
previous node and next L_ 3 | M Il-'

the list,

Figure 9.3 Singly and doubly linked lists.

ik
.‘u' -
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90.3.5 Trees

9.4

9.5

9.6

cOMPUTER SCIENCE WITH PYTHON -X

ruclures having @

Trees are multilevel data st o menls alled
hierarchical relationship among ! s

X e dree aid
nodes. Topmost node 18 culted 1he ma: “f;r”:
= " ' s [ rd.
bottommost nodes are called leaves of the .
reference-pointcrs:
of) the nodes

Each of the nodes has somc

pointing to (i.c., storing the reference

below it.

Figure 9.4 Trees,

OPERATIONS ON DATA STRUCTURES

The basic operations that are performed on dat

1. Insertion. Insertion means addition of a nev

a structures are as follows :

data clement in a data structure.
2. Deletion. Delction means removal of a data element from a data structure. The data
element is searched for before its removal.

involves searching for the specified data element in a data structure,

ol

Searching. Scarching
Traversal. Traversal of a data structure means processing all the data clements of it, one by one.

=

wm

Sorting. Arranging data elements of a data structure in a specified order is called sorting.

o

Merging. Combining elements of two similar data structures to form a new data
structure of same type, is called merging.

LINEAR LISTS

A linear data structure is that whose elements form a sequence, When elements of linear
SRS e |1nr!m5;unmu¢; and are represented in memory by means of sequential memory
locations, these linear structures are called arrays. Lincar Lisis or Arrays are one of the
i 5 C o] R ¥ . " e [ [2
s:n}plcsl L!;ﬂ:l struclures and are very casy lo traverse, search, sort etc. An array stores a list of
Jinite number (n) of homogencous data clements (i e, data eleents of L .
Vhe eiments of the same type). The number n s

called lenglh or size ¢ ) inoar i
alled lenglh or size or range of a linear list. When upper bound and lower |- inear list
are given, ils size is calculated as follows - and lower bound of a linear i

Linear list size (fength) = UB - 1.5 +
. B+1 (UB - Upper Bound, LB - Loreer Bound)

For inslance, if a linear Jj
o near l!st Or an array has elements numbe -
en its 15 IS an(l [__B 15 —7 and ﬂrra}: Iel'lglh is 'er_’d as -y P 6; = 5.....{]; lf 2,- -.--]5

=15-(-7)+1 . ) ._____,]

=1547+1=23 Alinear list is a sequence ofn 20
clements, £,, E,, .. E, whert
LINEAR LIST DATA STRUCTURE each clement £, has the same

data type T.

You have learnt .
about list dﬁht L
means {hat all its jm TYPein class X] 1,

i : Plementatio > e DUt when we ) . it
defined at alion funcyj _ alk about lists as data structuresi
ertormi one Plnce: In the followine s ith storage delail :‘ a e
H ] on linear list ang then fin-.ilb Nes, we gl first talk ails (e.g., size) are cl€ b

i . ! i f JIE A
% e, P ase nate that we shal] jm | ¥ have 4 complete alk about various opcrall_ﬂ
eamlin lists in clags x| Piement lineyp list dat Program implementing linear Jists-
" St dats
A structure based on what you have
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linear search, each

9.6.1 Searching in a Linear List
1
9 car

element of the array/flin

There are many di
r different se p y
binary searcl. searching algorithms : linear search and st Is compared with the
given ltem tO pe searched
for, one by ene.

Linear Search

In linear search
£ , each ele i
searched for, one by Dncm"[:]l:-t of the array/linear list is compared with the given [tent 10 s
locate the given e, is - Is‘muimd, which traverses the array/linear list sequcntiall}' to
, is called lincar search or sequential scarch.

Algorithm Linear Scarch in Lincar List

el
ear list

#Initiali ,
ialise counter by assigning lower bound value of the 1in

Stepl. Se =
P tctr=1L # L (Lower bound) 15 @ (zero).

# Now search for the ITEM
:tep 2. Repeat steps 3 through 4 until ctr> U.
tep 3. IF AR[ctr] == ITEM then
{ print("Search successful”)

print(ctr, "is the location of”, ITEM)
# go out of loop

#U (Upper bound) 15 size-1

break
}
Step 4. ctr=ctr+1
# End of Repeat
Step 5. 1F ctr > U then
print("Search unsuccessful !")
Step 6. END

hes for ITEM in linear list AR with lower bound L and upper bound

The above algorithm scarc
| ol the IUUP {fl:'l'ﬂk statement), olherwise

LI As soon as the search is successful, it jumps ou

continues till the last element.

9.1 Linear Searching in an array (linear list)

rogram # 1inear search
def Lsearch(AR, ITEM) :
i=0 |
while i < len(AR
i+=1
if i < len(AR) :
return i

) and AR[1] I=ITEM !

glse :
return False

# ----main----
N = int(input("Enter desired linear-list size (max. 50)..."))

print(“\nEnter elements for Linear List\n")
AR=[B]*N # initialize List of size Nwith zeros
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for i in range(N) : i )
AR[1i] = int(input("Element” + str(i)+":")

ITEM = int(input("\nEnter Element to be searched for ... )) |

index = Lsearch(AR, ITEM)

if index :
print("\nElement found at index :

else :
print("\nSorry!| Given element could not be found.\n")

“ index, ", Position: “, (index +1))

Sample run of above code :

enter desired linear-list size (max. 50) ... 7
Enter elements for Linear List
Element O : 88

Element 1 : 77
Element 2 : 44
Element 3 : 33
Element 4 : 22
Element 5 : 11 In this chapter, we are alter.
Element 6 : 10 natively using words linear-lists
Enter Element to be searched for ... 11 or arrays. All linear-lists being

considered here are assumed to
store homogenous elements,
just like arrays.

Element found at index : 5, Position : 6
Enter Element to be searched for ... 78
sorry!! Given element could not be found.

The above program reads a lincar-list and asks for the item to be scarched for. Then it callsa
function called Lsearch( ) which receives linear-list and scarch-item as parameters. It then
searches for given item in the passed linear-list. If the item is found, then it returns the index of
found clement otherwise it returns False.

The above search technique will prove the worst, if the element to be searched is one of the last
elements of the linear list as so many comparisons would take place and the entire process
would be time-consuming. To save on time and nwmber of comparisons, binary search is very uscfitl

Binary Search

This popular search technique scarches the given ITEM in minimum possible comparisons- The
binary scarch requires the array, to be scanned, must be sorted in any order (for instanc® <ay
ascending order). In binary search, the ITEM is searched for in smnllt;r segment (nearly half the
previous segment) after every stage. For the first stage, the segment contains the entire a2y
To search for ITEM in a sorled array (in ascending order), the ITEM is ::umpan.'d with middle
element of the segment (i.c., in the entire array for the first time). If th(; ITEM is more than

middle element, latter part of the segment becomes new segment to be 5,:;,;1“._-d ;if the
less than the middle element, former part of the segment becomes s L

new segment to be scanned. The same process is repeated for

the new segment(s) until either the ITEM is found (scarch Binary search r.nn

successful) or the segment is reduced to the single element and sorted arrays WE

still the ITEM is nol found (scarch unsuccessful) sear:l:lcan workf_ |
g as well as uns .
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Algorithm Binary Searclin Linear Lis)
S ——

Case I : Array AR[L : U] is stored in ascending order

#Initialise segment variables
1. Setbeg=1L, last=y #Lis@andyis size-1.
2. while beg <= last, perforn steps3to6  # INT( ) is used to extract integer part

3. mid = INT ( (beg + last)/2)

4, if AR [mid] == ITEM then
print(“"Search Successful™)
Print(ITEM, “found at", mid)

break # go out of the loop
5. if AR[mid] < ITEM then

beg =mid + 1
6. if AR[mid] > ITEM then
last =mid- 1
# End of while
7. if beg+1last
print("Unsuccessful Search")
8. END.

Case II': Array AR[L : U] is stored in descending order

# Initialize
if AR[mid] = =ITEM then

if AR[mid] < ITEM then
last=mid- 1
if AR[mid] » ITEM then
beg=mid+ 1
# Rest is similar to the algorithm in Cose T,

9.2 Binary Searching in an array.

def Bsearch( AR, ITEM) :
beg=9
last =1len(AR) - 1
while (beg <= last) :
mid = (beg + last )/2
if (ITEM == AR[mid]) :
returnmid
elif (ITEM > AR[mid]) :
beg=mid+1

fogram

else !
last =mid-1
else :
return False #when ITEM not found

[ S H—T-I.-.-:“

—

T e — e et a
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#__main__

N = int(input(“Ente

print("\nEnter elements for L1

AR=[B]*N

for i in range(N) :
AR[i] = int (input(

1ist size (max. 50)..."))
<t in ASCENDING ORDER\N")
e Nwith zeros

r desired linear-
near Li
# initialize List of siz

wglement” + str(i)+” "))

ITEM = int (input("\nEnter Element to be searched for ..."))

index = Bsearch(AR, ITEM)

if index :

print("\nElement found at index : " index, ", Position : ", (index +1))

else :
print("\nSorry!! Given element coul

.+ desired linear-1ist size (max. 50)... 8
Sample f the above as Enter . o )
ple run of the above code crter elements for Linear LSt in ASCENDING ORDER

d not be found.\n")

shown on the right. Element 0 : 11
9.6.2 Insertion in a Linear List Element 1 : 15
. . Element 2 : 18
Insertion of new clement in array Element 3 : 21
can hu'dnrw in two ways : (i) if the Element 4 : 23
array .15‘1|11t1rdurud, the new ele- Element 5 @ 25
ment la_mscrlni al the end of the Element 6 : 27
array, (ir) if the array is sorted then Eloment 7 : 29
TR element is added at appro- Enter Element to be searched for ... 29
priate position withoul altering the Element found at index : 7, Position : 8

order and to achieve this, rest of
the elements are shifted.

For instance, 35 is to be added in an array as shown in Fig. 9.5(a).

0| 10 | o 10 ol 10
V] 12 1| 12 112
| -
2| 23 2| 3 2| 23
5 | &
ol 3125 3| 25
41 3 Right 4| 3 sy |
——  position - 4 31
- - ed
6 43 I8 39 6 39 |nSEf1
7 45 To create space 71 4 43
s| so for new elements, —— g B
| existing elements Bl 45 al 45
9 are shifted 9 K en |
() dovwnwards —EU—— 9 ._._.'_5_0——--
. (b) ()
o] ! ar ,
riginal array Elements shifted 1o Array after |nserton

create place

Figure 9.5 Insertion in a sorted array.

If the array is already full, then insertion of an element into its results into OVERFLOW:
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| aligorithm Insertion in Linear List
—

# First the appropriate
appropriate position is
maximnpussibleindex ina

1. ctral

2. If LST = U then
Print("Overflow :*)
Exit from program

position for ITEM is to be determined i.e., if the
[+1 then AR[ 1] <= ITEM <= AR[ + 1], LST specifies
rray,uspecifies indexof last element inArray

# Initialise the counter

3. if AR[ctr] > ITEM then
pos = 1
else
{
a. while ctr < Uperform steps 5 and 6
> if AR[ctr] <= ITEMand ITEM <= AR[ctr + 1] then
pos=ctr+1
break
6. ctr=ctr+1
7. ifctr=Uthen
pos=U+1
} #endof if step 3
£ shift the elements to create space
B. ctr=u # Initialise the counter
9. while ctr »= pos perform steps 10 through 11
1. { AR[ctr+1]=AR[ctr]
11. ctrsctr-1
}
12. AR[pos] = ITEM # Insert the element
13. END.

You have just now read the traditional algorithm of in._wrtin};_ an element in a sorted list, piven
above. If vou notice, the above algorithm involves shifting of elements. Shifting of clements is
an t.'xpcn;i\'n: operation in a programming language. Expensive in the sense that it consumes
much of CPU time.

To understand this, consider the following example :

0 1 2 3 4 5 6
Given array is : |22 33,55 r?lﬂa 99 | 100

Element to be inserted : 44
() Determine the appropriate position for new element : it is index 2, after element 33

(i) Create space in the end of array for one clement.
o 1 2 3 4 5 6 7

22| 33|55 |77 | 88|99 100
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index 2 i.e.,

2 till
(iii) Keep shifting clements from the right end B

0 1 2 Em 5 6 ¢
0 1 2 3 < 5 6 7
first fourth | 22 | 33 | 55 77 | B8 | 99 |19
ehifting | 22 | 33| 55 |77 |88 | %9 100 shifting |___1
1- 2& 4 5 6
o 1.2 3 ° SQ . fifth : 55 | 77 | 8 -
second 100 mn 22 | 33 8 1 99 | 100
shifting 22| 33|55 77|88 99 shifting
o 1 2 3 4&_ 6 7
mng 2233|5577 aslgg 100
0 i 2 3 4 5 6 7
(iv) Now insert the new clement : 22| 33| 44|55 77 ‘ 88 99‘100

As vou can make out that insertion of a new element requires the shifting of elements to make

room for new element.
process and should be avoided if a better algorithm is

Shifting of elements is an expensive
in bisect module.

available. Python makes available a better algorithm called bisect, available
So, if you use following statement after importing bisect module :

bisect.insort(list, <newelement>)

The insort( ) function of bisect module inserts an item in the sorted sequence, keeping it sorted.
The above function offers a better algorithm to insert in a sorted sequence.

But one thing that you must remember is that the bisect module works on a sequence arranged
in ascending order only. The bisect module also offers another function bisect() that retums

the appropriate index where the new item can be inserted to keep the order maintained, €8+
bisect.bisect(list, <element>)

will give you the index where the new element should be inserted

In the following lines we are giving two programs for insertion of an clement — program e
that uses traditional algorithm given above by finding position and shifting elements 27
program 9.4 that uses efficient bisect algorithm of Python bisect module

{'— 9.3 Inserting an element in a sorted array using traditional algorithm

rogram def FindPos (AR, item) :
size = len(AR)
if item < AR[O] :
return o
else :
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for i in range(size-1) :
if (AR[i] <=itemanditem<AR[i+1]):
pos=i+1
break
if (pos==-1and i <=size-1):
pos =size
return pos

def Shift( AR, pos ):
AR.append(None) # add an empty element at the end

size = len (AR)

i=size-1
while i >=pos :
AR[i] = AR[i-1]
i=i-1
#__main__
myList = [10, 20, 30, 40, 50, 60, 70]
print("The list in sorted order is")
print(myList)
ITEM = int (input("Enter new clement to be inserted :"))
position= FindPos( myList, ITEM)
Shift (myList, position)
myList[position] = ITEM
print("The list after inserting”, ITEM, "is")

print(mylList)
The output produced by above program 15

. The list in sorted order is
(10, 20, 30, 40, 50, 60, 70]
Enter new element 10 be inserted : 80

The list after inserting 80 15
[10, 20, 30, 40, 50, 6O, 70, 80]

Following program usts bisect module of Python for insertion of new element in a sorted
array.

[\ 9.4 Insertion in sorted amay using bisect module.

rogram

import bisect
mylList = (10, 20, 30, 40, 50, 60,
print(“The 1ist in sorted order is )

print(myList)

70]
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ITEM = int (input(“Enter new element tO be inserted :"))

The bisect( ) function would retum the correct indey
ind = bisect.bisect( myList, ITEM ) ] %‘J ITEM. And the insort( ) would insert the ITEM l;:fr"fw
bisect.insort (myList, ITEM) myList maintaining the vrder of the elements.

print(ITEM, "inserted at index”, ind) The 1ist in sorted order is
i&:};t(‘The list after inserting new element (10, 20, 30, 40, 50, 60, 70]

Enter new element to be inserted ; 4
print(myList) 45 inserted at index 4
The output preduced by above The Tist after inserting new element {s

program as shown on the right. [10, 20, 30, 40, 45, 50, 60, 70]

...........................................

module’s functions work with sequences

---------
---------------------------------------------------

E But one thing, you must be aware of, which is that the bisect
< arranged in ascending order of their elements. In order to insert an element in a descending order :
E sequence, you may tweak it as listed below : :
% @ lirstly revcrs(- the list as follows »»» 12 = [80, 70, 60, S0, 40, 30, 20, 10] '
to change it to ascending order >>> 12.reverse() 5
. list : »»> 12 !
’ <list>.reverse() [10, 20, 30, 40, 50, 60, 70, 88] :
© Add the new element using bisect || >>> bisect.insort(12, 45) :
module as explained above., »>> 12.reverse()
@ Reverse the list again so that It is >>> 12 IE
back to descending order. EE:E’ 70, 60, 50, 45, 40, 30, 20, 10] I
Ll . PR R R - cunewed

e ww e o -

9.6.3 Deletion of an Element from a Sorled Linear List
The element to be deleted is first searched for in the array using one of the search techniques iLy
either lincar search or binary search. If the search is successful, the element is removed and rest of the

elements are shifted so as to keep the order of array undisturbed. Let us consider element 22is10
be deleted from array X shown in Fig. 9.6(a).

0] 5 0| 5 ol 5
1 7 1 7 1 7
2 |542 2| 12 2 12
I 1. 313 3| 13
v |- 4118 4| 18
: 19 5119 5| 19
21
L o > [
B |S25 deleted B[ 25 s 30
9 30 9 30 9 p—""
(a) —
Original array Element ::r)rmed Array an,{fL,uum
of element

Figure 9.6 Deletion of an element in array X.
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If the elements are shifted downwards or towards right side, then unused elements (free spaces) are
available in the beginning of the fixed-size array otherwise free space is available at the end of
the array. However, if you are implementing arrays through lists, then there would not be any
such issue as Python lists are very flexible and can grow/shrink easily.

Algorithm Deletion in Linear List
O e

# Considering that ITEM's search in array AR is successful at location pos
Case 1 Shifting wpmwards (or in left side)

# Initialise counter

l. ctr=pos

2. whilectr<Uperformsteps 3 and 4
3. AR[ctr] = AR[ctr +1)

4. ctr=ctr+ 1

# End of while

Case 11 Shifting downiwards (or in right side)

1. ctr=pos

2. while ctr > 1 performsteps 3 and 4

3. AR[ctr] = AR[ctr-1]

4, ctr=ctr-1

# End of while

Python provides a remove( } method that itself takes care of shifting of elements. You have
worked with remove( ) method and del<item> statements of lists in class XI. The same
method/statement you can use for removing an element from a sorted array/list.

Following program deletes an element from a sorted array.

l 9.5 Deletion of an element from a sorted linear list.

def Bsearch( AR, ITEM) :
beg=0
last = len(AR) - 1
while (beg <= last) :
mid = (beg + last)/2
if(ITEM == AR[mid]) :
return mid
elif (ITEM > AR[mid] ) :
beg=mid +1

else :
last=mid -1
else : # else of loop
return False # when ITEM not found
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# __main__

myList = [18, 20, 30, 40, 50, 60, 70]

print("The list in sorted order is")
print(myList)

ITEM = int(input(“Enter element to be deleted :"))

position = Bsearch(myList, ITEM) «—————— Daermining the position of element
fo be delered

if position :

Statenent defeting the element as index position

del myList[position] <«

print("The list after deleting”, ITEM, "is")
print(mylList)

else:
print(“SORRY! No such element in the 1ist")

The output produced by above code is:

The list in sorted order 1is

[10, 20, 30, 40, 50, 60, 70]

Enter element to be deleted @ 45

SORRY! No such element in the Tist

>5> = = == RESTART ===s=====——===——==—=====
The 1ist in sorted order is

[10, 20, 30, 40, 50, GO, 70]

Enter element to be deleted : 40

The 1list after deleting 40 is

[10, 20, 30, 50, 60, 70]

The above program firstly reads an array and then asks for the element to be deleted. It then
searches for the element’s position in the array, using Binary search. And if found, then the
element at determined position is deleted,

9.6.4 Traversal of a Linear List
Traversal in one-dimensional arrays involves processing of all elements (i.c., from very first 10 Jast
element) one by one. For instance, traversal of array shown in Fig. 9.6(a) would process in
following order :

X[0], X[1], X[2], X[3].......X[10]

7

Algorithm | Traversal in Linear List - 755 ¥

# Considering that all elements have to be printed

1. ctr=L # Initialising the counter
2. Repeat steps 3 through 4 until ctrsu
3, print(AR[ctr])
4, ctr=ctr+ 1
# End of Repeat Liss

5. END. j
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1"_ 9.6  Traversing a linear list.

| def traverse(AR) :
rogram size = len(AR)

for i inrange(size) :

print(AR[i], end =" ) % Loop seaversing the clements in

the linear list

‘ # __main__
size = int (input(“Enter the size of Linear list to be input :"))
AR = [None] * size # create an empty list of the given size

print("Enter elements for the Linear List")
for i inrange(size) :

AR[1i] = int (input("Element"+ str(i) +":"))
print("Traversing the list :")

traverse ( AR ) ——— trureral Junction imvoked

enter the size of Linear 1ist to be input : 6
Enter elements for the Linear List

. Element 0 : 12

' Element 1 : 23

Element 2 : 34 o SEARCHING, INSERTION, DELETION
| Element 3 : 45 IN THE LIST
Element 4 : 56 T Progress |n P\dl’ton ! 5 |

| Element 5 : 67 This Pril’ session aims at practice of these concepts :

Traversing the list : searching, insertion and deletion of elements in an array.
12 23 34 45 56 67 iy

i x Pl
9.6.5 Sorting a Linear List
Sorting refers to arranging elements of a list in ascending or dusa.:ndu.lg order. There are many
sorting algorithms that you can app]}' o §urt clen}enls ofa lmc_ar list. You Emvc learnt about two
sorting algorithms, bubble sort and m.n:cr!mn sorl, in your previous class. You can choose any of
these algorithms to sort your linear list. .
Jow any program to sort a_lincar list as you already know this. In fact, we
expect you to add a sorting function to following program (create a need) that implements a
linear list data structure. Before we do that, let us talk ab.m-lt an efficient way of creating lists—
List comprehensions. Data structures always de"}““d “f“f’“‘“! l'mi‘lt‘mt‘ﬂlntion n‘mthods, thus,
it is important for you to know List comprehensions - an cfficient way of creating lists,

We are not giving be

9.6.6 List Comprehensions o
You know already how to create lists, You have been creating lists cither by directly

comma separated values to a name or by employing a for loop to do this, e.g.,
1st=[]

for i in range(1,6) :

1st.append(i*2) #1stisnow=[2, 4, 6, 8, 10]
ts with the same elements,

assigning

lst=[2,4,6,8,18] Or

Both above codes create the lis
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in fact, a concise way called list c"mpmhmsiun,

There is another way of creating lists -
cise description of a list that shorthands the list creating for loop g

the form of a single statement.
Let us see how it works. The above list

A list comprehension is a con

creating for loop can be wrilten as :

1st2=[i*2 foriinrange(l,6)] #it is a list comprehension

Now if you print Ist2, it will also be containing the same elements ie., [2, 4, 6, 8, 10)

Carefully look at following figure that illustrates how et
list comprehension is created from above loop : r" A

R . v
ik,

I L
|Alist comprehension is Shﬂrt-hrd"p.f‘i,
'loop that creates a list, e
A list comprehension is usually shorer

an

_.1St..=‘_—.[ ]

¢ o i e Yo,
. = 1st.append(i * 2) g T
.:d ", £‘...- _.A-p v:-

;'A ¢.——“—\r "
I1st =[ 1 * 2 for 1 in range(1, 6)]

The above conversion of for loop to list comprehension can be summarized as :

sssbdEsEssRsISENy

e
b-na-llo-ll-.lnd.c-
-

for(set of values to iterate upon): ﬂ___:> [expression_creating_list for(set of values to iterate upon)]
expression_creating_list 'd

.. N
---- eand?®

Now let us consider another for loop (more detailed) that is creating a list based ona condition.

1st3 =[]
for num in range(1, 50): < The for loop
ifnumX7==0: < condition
1st3.append(num) < Expression

As you can see that above loop carries out expression_creating_list only if the given conditions
true. The list produced by above code is [7, 14, 21, 28, 35, 42, 49].

To create a list comprehension from above for loop, you need to use following conversion rule:

sEmrEER AR R AR e e, ,,
teu,
.

-.,-'

for (set of values): m—> [ expression_creating_list for (set of values) con:j‘itiun]
< B

condition

L 1™ ™ . -
LT - - .
L L L T T LT TTY

(X1

" - e
""'li\%u--on--.;.--o-----""""' i

expression_creating_list

requin®

our list comprehension for above for loop will be :
So, p P lbe: Please note that color () is ’ﬂ“cﬂr .

— with if and else keywonds in

hension

1st3 = [num for num in range(1,58) if numX 7 == @]
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Consider another list comprehension.

A = [num if num < 5 else num*2 for num in range(2, 9))
e

The above list comprehension will produce list A as

['2,3,4, 1e,12,14,16]

Values < 5 are stored as it is Values > 5 are stored through expression num*2

m . . : .
For more clarity, you can enclose entire if clse part in parenthesis, e.g., -

A= [(num if num < 5 else num * 2) for num in range (2, 9)]

N_ntlc-: again that with if and else we do not give colon in list comprehensions otherwise Python
gives error, ¢.., following code will give an error.

A=[numifnum<S: else:nun*2fornuminrange(2, 9)]

»
/ \ STICOMPREHENSIONID o
Not to be given in list comprehensions A List Comprehension is a concise description
of a list that shorthands the list creating for loop

. N J I .
Consider some more examples given below : N the Torm af & single statemsnt

Example 9.1 Create a list myList with these elements (i) using for loop, (i1) using list comprelension.
Solution (1) (11)
myList =[] mylList = [2** i foriinrange(11)]
foriinrange(11):
myList.append(2** 1)

Example 9.2 Given an inpit list Vals below, prodice a list mamely Muwl3, using a list comprehension having
the numbers from Vals that are multiples of 3.

vals = [31, 15, 42, 12, 5, 39, 21, 61, 25]
Solution
Mul3 = [num for num in Vals 1f num¥X 3 == 0]
The list, Mul3, will store [15, 42, 12, 39, 211
Example 9.3 Consider the code below. What will the list NL be storing 2
Lst=[('a', 11), ('b',12), ('c’, 13)]
NL=[n*3for (x, n) inlst {fx=="'b'orx=="c']
Solution
[36, 39] . ‘ -
Example 9.4 Consider the following code. What will the list Res be storing ?
Res = ["Ev" 1if i{%2==0clse »od" for 1 in range(10,20)]
print(Res)

Solution o
['EV. 'od" ‘Ev', ‘od’, ‘Ev', ‘od*, "EV’, od', 'Ev F odn]



2 nested for loop.

.--u'"'"."- 4‘
n:? (expression creating_list for loopl for 1:0]:,2]
a 12}
I -For.loapl: ;.‘ IIIDIIIIIIUI.-.'.“'
: -For- lcgpz --u----u---lll-n-.:.......-:::-‘.--.-ln--
i expr'essinn_creating_.llsf_,.--'

;i loop :
For example, consider the following nested loop

result=[]
for x in [18, 5, 2]:
foryin([2, 3, 4]:
result.append( x **y)
print({result)

It produced result as:  [100, 1000, 10000, 25, 125, 625, 4, §, 16]

The list comprehension for above nested loop will be like :
result=[x**yforxin[1e, 5, 2] foryin (2, 3, 4]]
So the equivalent code for above code will be :

' result=[]

| result=[x**yforxin[1e,s, 2] foryin[2, 3, 4]]
print(result)

And the result will just be the same.

The nested for loops may have oplional condition(s) and

include optional condition just in the same way as you have
loop. )

For instance, look at the I’nlluwing list comprehension

[(x,y) for x in range(5) if x %2 ==
Can you write ils equiv

alent nes
surely can, I bet | Please ted for loap 7 y

checlk : . _ ou
correct 7 © ¢ck if mine (given b“]‘“‘") is
L1=(]
forxin range(s) ;
ifx%X2==09.

foryin range(s) .
ifyX2=2q,

u.append((x, ¥))

print(L1)

COMPUTER SCIENCE WITH PYTHgy, 0

-..'..|---cr---|.....

included conditions in single for

@ foryin range(5) if y % 2 == 1]

is based on this, check T}m h

_— k.,

the list comprehension will

.‘-\I oOT

| List :umprehlms.fon!_?':_
Il useful but you shou
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Advantoges of List Comprehensions

List comprehensions are considered mor

e Pythonic as they truly re t Pyth ding slyle
and also offer these advantages y y truly represent Python coding sty

() Code reduction. A code of 3 or
reduced to a single line of code,

(if) Faster code processing. List compre
for loops for these two reasons :

more lines (for loop with or without a condition) gels
hensions are executed faster than their equivalent

(@) Python will allocate the list’s memory first, before adding the elements to it,
nslead of having 1o resize on runtime,

(0) Also, calls to append( ) function set avoided, reducing function overhead time (i.c.,

additional time taken 1o call and return from a function) which may be cheap but
add up.

Each camp is Iocated at a location on a specific date. The organization maintains a monthly list of
lrogram camps planned in this format :

03 New Cly, 18T Nagar, 25 K Pura

Where first two digits of every entry signify the date on which the camp is to be conducted. Write a
program to implement this aiong with following points ;

f 0.5 Linear List Implementation. A charity organization conducts camps in various locations of a city.

() A lincar list, planned, stores the camps thal are to be conducted. A camp's -
details are added to planned list once NOC is oblained.

(i) As soon as a camp is conducted, its details are moved to list conducted and
removed from planned list.

(iif) Each camp servers some people.

(fv) The program should be able to provide aptions for adding to planned list,
getting conducted camp’s details, searching for a camp, a report of how many
camps were conducted so far and how many people were served and disp!ay
the linear lists planned and conducted.

def addloc(cmp):
dd = cmp[B:2]
1n = len(planned)

ifln==0:
planned.append(cmp)
. else:

last = planned[1n-1]
if int(dd) >= int(last[0:2]):
planned.append(cmp)
else:
for i in range(1ln):
cp = planned([i]
if int(dd) <= int(cp[@:2]):
planned.insert(i,cmp)
break
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def conductCamp(cmp):
conducted .append(cmp}
planned-remWE(cmp) # linear search technique

def search(cmp, 1st):
1n =len(1st)
for i inrange(1ln):
if emp in1st[i]:
return 1st[1]

else:
return False
def Report() :
lenp = len(planned)
lenc = len(conducted)
print("\t REPORT")
print(" ")
print("Camps conducted so far:", lenc)
print("People served so far", ppl)
print("Camps to be conducted:", lenp)
print(" ")
def display():
print("\nCamps Planned : ", end =" *)
for i inplanned:
print(i, end=", ')
print(*...11")
print("\nCamps Conducted so far - “,end="'")
for i in conducted:
print(i, end=", ')
print("...11")
#__main__
planned = [
conducted = [1
PPl =0
ch=9
while (ch 1= 6):
print(*\t—=)
print("\tHEHU")
print("\t—n)
print("1,
print("2,

print("s, Report ")
Print("s. pispi,
Pr-int{"s_ EXit")
ch=

Y List"y




hapie 9 DATA STRUCTURES — | : LINEAR LISTS 3‘];

ifch==1:
cm = input("Enter Camp location : ")
dd = input("Enter date of the month (only dd) : )
cmp =dd + cm
addloc(cmp)
elifch==2:
cm = input("Camp conducted at location?")
p = int(input("How many people are served at this camp?"))
ppl =ppl+p
result = search(cm, planned)
if result ==False :
print("Sorry no such camp in the list")
else :
conductCamp(result)
elif ch==13:
cm = input("Enter camp location : ")
rl=search(cm, planned) # resultl
if rl==False:
r2 = search(cm, conducted) # result2
if r2 ==False:
print("Sorry no such camp in our list")

else:
dd = r2[8:2]
print(cm, “was conducted on date”, dd, "of this month")
else:
dd =ri[@:2]
print(cm, “camp is to be conducted on date”, dd, "of this month")
elif ch==4:
Report()
elif ch==5:
display()
elif chI=6:

print("Wrong choice! Enter choice from1 to 6 only")

else:
print (" THANK YOU")

e* Please note above program is based on certain assumplions such that :

() dd part is always 2 digits long i.c., enter single digit dates preceeded with a zero
e.g., 03, 06 etc.

(i) there is no check to ensure that location name is not repeated. If you want, -
can add this functionality-




Sample run of above program is

MENU

1. Add Camp Location

2. Camp Conducted

3. Look for a Camp

4, Report

5. Display List

6. Exit

Enter your choice (1-6): 1

Enter Camp location : K Pur

Enter date of the month (only dd) : 09

MENU

Enter your choice (1-6): 1
Enter Camp location : D Pur
Enter date of the month (only dd) : 27

MENU

Enter your choice (1-6): 1
Enter Camp location : B Nagar

Enter date of the month (only dd) : 03

s

MENU

Enter your choice (1-6): 1
Enter Camp location : Y Vihar
Enter date of the month (only dd) : 15

MENU

—

Enter your choice (1-6): 5

camps Planned : 03 B Nagar, 09 K pur, 15 vy
vihar, 27 D Pur, ...!!

Camps Conducted so far : ...!!

MENU

—

Enter your choice (1-6): 3
. Enter camp location : D Pur

D Pur camp is to be conducted on date 27
of this month

as shown below :

COMPUTER SCIENCE WITH

—_—

MENU

———

enter your choice (1-6): 4
REPORT

e e
—

camps conducted so far: 0
peaple served so far 0
camps to be conducted: 4

T ——
-
—

Enter your choice (1-6): 2
camp conducted at Tocation? B Nagar
How many people are served at this camp? 3

MENU

Enter your choice (1-6): 2
Camp conducted at location? K Pur 4
How many people are served at this camp? 42

———

MENU

Enter your choice (1-6): 4

REPORT
Camps conducted so far: 2
People served so Tar 732
Camps to be conducted: 2

!

MENU

—

Enter your choice (1-6):6
THANK YOU
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o
o7 NESTED/TWO DIMENSIONAL LISTS IN PYTHON

you know that lists are objects that can hold obj
. Tonc b jects of any other types as its elements. Since list
are objects themselves, they can also hold other list(s) as its element(s). Carefully go lhn;ugh lmf

code shown below that creates four lists namely LA, LB, LC and LX :

LA = [22, 11]
! A
LB = [33, 11] LX = [11, LA, LC, 15]
IIIII '* .‘.ﬂ
LC = [11, 44, LB]

-

L] an®

T
Pesssanunasamnenst

Out of the four lists created above, two are nested lists, i.e., LC and LX are nested lists as they
contents of lists LC

contain one or more lists as their elements. So when you display or print the

and LX, it will be like :

In [12): LC g In [13]: LX === ======="=" &
ost[12]: [11, M’\'ﬁf'_:'l.l_.]i out[13]: [11,'[22, 11] (11, 44, [33, 1117, 15]

- === T T |

K |

The 4% clement of LX, f.e.. LX[3] ‘

The 3? element of LC, i.e.,LC[2] = e Ay
is the list LC ,which is a nested

is the list LB , i.e., [33,11] Je., LX[2 ] is the hist LA,
io,|22,11] list itself
!

I
So with LX as:
LX = [11, [22, 11], [11, a4, [33, 11]], 15]
What will be shown if you display :

Gy LXI0L () LX[2[2],  (vi) LX[2)[2)[1] ?

(ii) LX[2]. (i) LX[2][0],

() LX[1],
Well, 1 already knew that you knew it . =2
are like:

So the values displayed
Lx[2
LX11) 12 Lx3) |

Lx[0]
[11, [22, 11], [11, a4, [33, 1111, 15]

7 N |
Lx“}[g]/l ol | w)ol | L2l | Lx2y210] | L2121 _| |
(iV) 11 (t'} [33, Il] (p;’) 11 [

@ii) (11, 43 (33, 1111
INESTEDILISTRR SIS |

hat a list that lhas onc¢ or more lists as its
14 Wo dirnenfiiﬂ"ﬂ] list is also a A list that has one or more lists
as its elements is a nested list.

ted list. Al

LX =

(0 (22, 11) (i) 1

-———
e ememm—

So, you can say !
elements is a nes

nested list. Let us see how-
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9.7.1 Two Dimensional Lists

A two dimensional list is a list having all its elements as lists of same shapes, ie.

dimensional lisl is a list of lists, ¢.g..
L1=[[1, 2], [9, 8], [3,4]]

L1 is a two dimensional list as it contains three Iists, each having same ShQPQ.

COMPUTER SCIENCE Wity py, ;

Jal-h,u

I.' t'.r all

singular lists (i.c., non-nested) with a length of 2 elements. Following representation will

it clearer.
Li=[[1, 2],
(9, 8], You can visualize ﬂas>
[3,4]]

9 1 Eud.l ml ﬂ)l'.urm
0 1 2 has a valye,
is singular yva
1 9 g les luu__
3 4

Regular two-dimensional lists are the nested lists with these properties :
(i) All elements of a 2D list have same shape (i.c., same dimension and length)
(i) The length of a 2D list tells about Number of Rows in it (i.e., len(list))
(1rif) The length of single row gives the Number of Columns in it (ie., len( list[n]))

Ragged list. A list that has lists with different shapes as its clements is also a 2d list but it s an

irregular 2d list, also known as a ragged list.

For instance, following list () is a ragged list :
L2=[1[1, 2, 3], [5,6] ]

as its one element has a length as 3 while its second

element is a list with a length of 2 elements,

Let us quickly learn how you can use a two
dimensional list. Please note that in the following
examples, we shall mostly be using regular 2D lists
unless specified explicitly.

9.7.1A Creating a 2D List

IREGUPARETAVOID T ENSIONALILIST

A regular two dimensional list is a list having
lists as its elements and each element-list has
the same shape i.e., same number of
elements (length).

To create a 2D list by inputting element by clement, you can employ a nested loop as shown
below: one loop for rows and the other loop for reading individual elements of each row

Lst =[]

r=1int(input(“How many rows?"))

¢ = int(input(“How many columns?™))
for i inrange(r) :

row =[] PR e Each row is mitiulized as an cripty list and then

for j inrange(c) :

-

clements are added 1o this row list

elem=int(input("Element"+ str(i) +", "+str(§)+ ": "))

row.append(elem) ¥~/ pers being ad,

Lst.append(row) 1-_._~__‘~

print("List created is :", Lst)

row list is added as an element of 2d list

Ied to roww list

&
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The sample run of above program is given below -

How many rows? 3
How many columns? 3

Element 0, O: 2
Element 0, 1: 3
Element 0, 2: 4
Element 1, 0: 22
Element 1, 1: 32
Element 1, 2: 43
Element 2, 0: 50
Element 2, 1: 60

Element 2, 2: 70

List created is : [[2, 3, 4], [22, 32, 431, (50, 60, 70]]

As you can see that above code has successfully created a regular 2D list having a size of 3x 3.
9.7.1B Traversing a 2D List

To traverse a 2D list element by clement, you can employ a nested loop as earlier : one loop e
rows and another for traversing individual elements of each row (see below).

# We have added following nested loop to previous code of 2d list creation
print(“List created is :")
print(“Lst=[")
foriinrange(r) :

print("\t[",end="")

for j in range(c) :

print( Lst[i][j], end=" ")

print(“]")

print("\t]")

The output produced is like :

List created is :

Lst = [
[2 3 4]
[ 22 32 43]
[ 50 60 70]
]

dual Elemenis in 0 2D List

i ing Indivi
SIS Sesine e 2D list by specifying its indexes in square brackets, e.g.,

Y(,ll - - t -
0 & [ & U’l'l L tI e -

sections, you will write &
Lst[2][2]
Indexes begin with 0

Using the same syntax.
types, i.c., following stat¢

Lst[1][2]:=345

and go till n-1.
n also change a specific value in a 2D list as lists are mutable
rou can ak

ment will change the 3rd element of 2nd row to 345:
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9.7.1D How a Two-dimensional List is Stored

. . iners rather they st :
You know that Python variables are not like storage contain ¥ store or po;
L s \d. You have
address where a certain value is localt '.j' g +d in them.
(memory location) of cach individual item store
Lists are stored in memory exactly like strings, except

beci bjecls are larger than
ause some of their 0
g:::.-rs they store Aa reference  al each index

instead of single character as in sinngs.

Each o! the individual items of the list are
stored somewhere else in memory.

Here Lie the memory addresses of the
individual items (stored somewhere else)

Figure 9.7 How lists are internally stored.
On the same lines, a 2D list stores references of its element lists at its indexes,
figure 9.8 will make it clearer.

01 2

TDL=[[3.6.4].16.5.5]) le. TOL= 0|3 6 4

116 5 5

.'" --b-_h-“'«.__

S it ¥ id2 b a3
oL -[idr} - o -4-7 o[ 3+ 3 of 4+
i -137 11 ++6 1] 4+ 5
2 o« T+ 4 2 —=e §

Here lie the memory addresses of the individual items
A (stored somewhore elsi)

o TDL halasid i e « the memory address of a Lst having 1"”[‘[“_} ie .2 elements in it

© TOL[| holds id i e, memory nadress of o one dimens,

enal list having leny TOL)) elements

 ————

—_—

I Sa if integer values 3,4, 5 6. 7 are slored

; an at memory locations as shown here And Id1 is ot
uugmy adaress 10110, 12 nt 20300 and 13 at 20600, then ntermally TOL will be s.!url.\::l as

—

G016 6032
- [{HB‘ -f-,oﬁ_‘ 6080
L 4 ‘ R h
SN4AN5 {6 {7
|
\.“ t » '1\4“ ah
"b‘- ‘."l'..__-- \__“‘-:_‘--- 1 "-_h_---“-
q-q.‘--.._____‘::-"""-:.:_;.-_-—4_'_-'— ----- -.-__-;““‘
- -\ - - - \\
Storage will look, Iike ey TR T
2 . . h‘\ ‘\ b
10‘10 0‘3200 \\‘ ll' “ 206m .h\ \l\
L -,/ 'ojd3 vy
TD 4 0 0 = 3—" ‘l '| 3 e ‘}"I'rfj
m ’ —+— 0 r5
- 1 :' 1 —— 5 .-’ ’J' 1 N . 5 ’l :
2 —— 4-" 2 I 5 r_..-

read in class XI that lists alsg store p
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n the same way as regular 2D lists, ragged lists are also stored (see Fig. 9.9)

p=([2T. 33 19]. [20,99]]

Tl e id2

4’ A

p .. S0 ofid2p-y 0
I 1[ida}-’ 1
T 2

Figure 9.9 Internal Storing of Ragged lists,

e o ———— e ——

- € | i
Rk P Li‘:.".'; : -

TRy
. 27 o[ J—20 The regular 2D lists are the lists
| L33 M e _having lists of same sizes as its
elements and that means lts

— 19
rows have equal sizes. On the

other hand, the ragged lists are
also nested lists with rows of

different sizes.

9.7.1E Slices of Two-dimensional Lists
The slicing rules of Python are applicable to 2D lists in the same way as you have applying to

lists, tuples and other sequences. In a 2D array, you just need to be always aware tha

t the top

level list’s elements are lists themselves. Following examples will make it clearer.

s»>Lst = [[2, 3, 4], [22, 32, 43], [Se, 6@, 70], [9, 10, 11]]

3> Lst[ : 2]«

h

[[2, 3, d’]: [22, 32, -:3]]

>>>Lst[2: ] «

Flomenes of Lar wirln imdey < &

Flements of Lar with indey == 2

[[se, 6@, 78], [9, 10, 11]]

\3 ot

S 0

1

| &d

N =

b o

What do you mean by the following
terms ?

(1) raw data
(iti) data type
What do you understand by the
following :

(1) simple data structures

(if) compound data structures
(117} linear data structures

(iv) non-linear data structures ?
When would you go for linear search in
an amay and why ?

State condition(s) when binary search
is applicable.

Name the efficient algorithm offered by
Python to insert clement in a sorted
fequence.

State condition(s) when binary search
15 applicable,

What s a list comprehension ?

What is a 2D list ?

What is a nested List ?

Is Ragged list a nested list ?

(1) data item
(1iv) data structure

Since the slice itself is a list, vou can further apply slicing on
it:

y3> Lst[2: ][ :1]

[[5e, 60, 70]]

Following figure (Fig. 9.10) illustrates it.

TOL = ([9.6) (4. 5L (7. 711

Tou -+[ia1]

_______
-

T g e s T i

Pl =
id1 ‘__---", ’-':"_ id2 i id3
0| 2r ,I 'n‘ 0 -1 9 '_" 0 - 4
N S 1 e 6| =5
2|4 - \ \
] v A !
__«' \ b \
- ‘\ *s
,,' R P "h.“
Y. X=TDL[: 2] . See
id4 wilgive  Xas X K5 0
I
of 4=7 because TDL [:2] is 0 -k’ /]
1 [18. 6], [4, 5] |1 _d

i e, element 0 and
elemenlt 1 of TDL.

I'igull.' 9.10 Hil.'[l'lg a Hl.llu-dimensio"al list,
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LET Us REVISE
= —"_"'—----7.'-'-‘::".'” =
s which can be processed as a single unit,

= A data structure is a named group of data of different data type.

Dbuilt from primitive data types.
o form compound data structures. The compound daig

and non-linear (which are multi-level).
data elements whereas a structure

< Simple data structures are narmally

<+ Simple data structures can be combined in various ways

structures may be linear (whose elements form a sequence)

& A Linear list or an array refers to a named list of a finite number of similar

refers to a named collection of variables of different data fypes.
& Stacks are LIFO (Last In First Out) lists where insertions and deletions take place only at one end.

= Queues are FIFO (First In First Out) lists where insertions take “ rear” end and deletions take pluce at

the * front™ end.

< In lincar search, each element of the array is con
ription of a list that shorthands the list creating

place at ¢

pared with the given Item to be searched for, one by one.
< A List Comprehension is a concise desc for loop in the form of a
single statement.

. 2 A list that has one or more lists as its clements is a nested list.
A regular two dimensional list is a list having lists as its elemenis an

same number of elements (length)

A list that has lists with different shap

ragged list.

Internally a 2D list stores references of its element lists at its indexes.

d each element-list has the same shape ie.,

os as its elements is also a 2d list but itis an irregular 2d list, also knownasa

Tolved Problems
NN e |

1. What is a Data Structure ?
Solution. A data structure is a logical way of organizing data that makes them efficient to use.
Different data structures are suited to different types of applications, and some are highlv

specialized to specific tasks. For instance, stacks are best suited for reversal applications or recursive

applications.

2. Compare a data type with a Data structure.
Solution. A Data type defines a set of values along with well-defined operations stating its
input-output behavior ¢.g., you cannol put decimal point in an integer or two strings cannot not b2
multiplied etc.’
On the other hand, a Dala structure is a physical implementation that clearly defines way of storin®
accessing, manipulating data stored in a data structure. The data stored in a data structure has 2
specific data typee g, ina stack, all insertions and deletions take place at one end only-

3. What are linear and nonlinear data Structures ?

Solution. Linear Data structure. A data structure is said to be linear if its elements form a sequenc
or a linear list, e.g., Arrays or linear lists, Stacks and Queues etc
Non-Linear Data structure. A data structure is said to be non-linear if traversal of nodes is nonlined

in nature, ¢.g., Graphs, Trees etc.
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4. In gencral, what contmon operations are performed o different Data St 1
3 ’s |
Solution. Some commonly performed ope
(i) Insertion. To add a new dat

(i) Deletion. To delete an e

rations on data slructures are :

a item in the given collection of dat
xisting dat
] | (ifi) raversal. To access each dat. at it can be processed

(i) Searching. To find out the location of the data item if it exists in the giv

| (2) Sorting. To arrange the data items in some order i.e., in ascending or descending order in case of
numerical data and in dictionary order in case of alphanumeric data. N
5. What purpose Linear lists data structures are
)

a items,

a ttem from the given collection of data items.
a item exactly once so th

en collection of data items.

: mostly used for ?
Solution. Linear lists data structures are used to store and process elements that are similar in type
and are tO be processed in the same way. For C:\’ﬂmp[(}r to maintain a shoppjng list' a linear list may
be used where items to be shopped are inserted 1o it one by one and as soon as an item is shopped, it
: is removed from the list.
6. Consider the following similar codes (carefully go througl these) and predict their outputs.
’ () Niist = [ ee, 32, 13, 'hello’ ] (fi) NList = [ 6@, 32, 13, 'hello" ]
print(NList[1], NList[-2]) print(NList[1], NList[-2])
1 NList.append( 15 ) NList.append( 15 )
print( len(NList) ) print( len(NList) )
print( len(NList[3]) ) print( len(NList[3]) )
NList.pop(3) NList.pop(3)
NList.sort() NList.insert(2, [14, 15] )
NList.insert(2, [14, 15] ) NList[3] += NList[4]
NList[3] += NList[4] NList[3] += NList[2][1]
_— NList[3] += NList[2][1] print(NList[3])
print(NList[3]) NL?st[Z]:remDve(la)
NList.pop() print(NList)
NList[2].remove(14)
15C. print(NList)
hly Solution.
ive ; :
) 32 13 () :2 13
2 5
i07 43
its 60, 32, [15], 43, 15]
¢ be [13, 15, [15], 107] [
e code ?
7. What will be the output produced by following code
.ing, text=['hl, .e',llljllJ U]
as 2 print(text)
vowels = "aeiou” : :
in text if x not in vowels ]
newText= [ x.upper( ) forxint
nce print(newText)
y Solution.
( ['h‘ .er l"IU' "l'- 'D']
r L 1]
ned

['w', 'L, 'Ll




8.

110).

B

COMPUTER SCIENCE WITH PYTHON _

e

What is a list comprehension ? How is it useful ?

Solution. A List Comprehension is a concise d
loop in the form of a single statement.

escription of a list that shorthands the list creating fo,

. execute.
List comprehensions make the code compact and are faster to

Predict the output,
() LA = [1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
LB = [num/3 for num in LA if num % 3 == 8]
print(LB)

(if) [x +y for x in 'ball’ for y in 'boy’]

(i) 1i=1[1,2,3,4,5,6, 7,8, 9] )
k = [eleml*elem2 for eleml in 1i if (eleml - 4) >1 for elem2 in 1i[:4] ]
print(k)

Solution,

(n [3.0, 12.0, 27.0]
(i) ['bb', *bo’, ‘by', ‘ab’, ‘ao’, ‘ay', ‘1b', ‘lo’, ‘ly', ‘1b", *T1o’, ‘ly’]
(i) [6, 12, 18, 24, 7, 14, 21, 28, 8, 16, 24, 32, 9, 18, 27, 36]
Wihal is the difference between a regular 2D list and a ragged List ?
Solution. A regular two dimensional list is a list having lists as its elements and each element-list has
the same shape i.¢,, same number of elements (length).
On the other hand, a list that contains lists with different shapes as its elements is also a 2D list but it
is an irregular 2D list, also known as a ragged list.
For instance, in the example code below List1 is a regular 2D list while List2 is a ragged list :
Listi=[[1, 2, 3], [7,9, 8]]
List2=[[4,5,6], [1,7]]

The Investiture Ceremony is a prestigious event in cvery school’s calendar wherein the school formally
entrusts responsibilitics on the ‘young student leaders’, |

At MySchool, the list STL stores the names of all the students of class XI who have applied for the various
Scheol Leaders posts. Out of Hhese, school leaders will be selected.

Students need to register their name through an online application form available on school’s website. ldeally |
the name should be in the forne such that First name and Last name have their first letter capitalized and restof |
the letters in lowercase. : :

Buf' un‘f all Studc'nf:: are carefil when entering Heir nanies, so the names can appear with incorrectly
capitalized letters. For example ;

STL = [ 'Meesha Jain', 'khushi khan', 'Raman Singh', 'yashi Sheril'] :
Write a program that provides functions for

(i) selecting only those correctly entered entrie

s where the first letters of irs > and last
itali s SQ > first name and 1
name are capitalized. af the first n:

(if) selecting only the incorrectly enlered namoes

(#if) returning a list with corrected names,
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Soluton.
def select_errors(STL):
newlList = []
" for record in STL:

name_surname = record.split(’ |

name = name_surname[@]

surname = name_surname[1]

if name[@].1islower() or surname[@].islower():

newlList.append(record)
return newlList

def select_correct(STL):
newList =[]
for record in STL:

name_surname = record.split(' ')

name = name_surname[8)

surname = name_surname[1]

if not name[8].islower() and not surname[8].1islower():

newlList.append(record)
return newlist

def correct_entries(STL):
newList = []
for record in STL:
name_surname = record.split(’ ')
name = name_surname[8]
surname = name_surname[1]
newlList.append(name.capitalize() +

+ surname.capitalize())
return newlList

#__main__

STL =[]

ch=6

while (ch !=4):
print("\t----")
print (" \tMENU")
print("\t----")

print("1. Apply for the School Post™)
print("2. List of all applicants”) o
print("3. Correct the Incorrect Entries )
print("4. Exit") o
ch = int(input("Enter your choice (1-4):"))
ifch==1: =
name = input("Enter your name :
STL.append (name)
elif ch==2"* .
print("Students applied s0 far:")

print(STL)

b 's‘I\:'.;’
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ect(STL)

(sTL)

tFiES(STL)

ok entr‘iF-'S)

..n error_entries)

glif ch == 3:
ok_entries = select_corr

rs
arror_entries = SEIECLEPZC; :
corrected_entries = c&:'r‘r‘;lf_’na;e5
pr‘int("Correctly entere

mes:"”
Pr‘int("Incorrectly entered na recte:d o ries)
print("torr‘ected names :", €Or =

elif ch 1= 4: . "
print("valid choices are 1..4:

else: '
print("THANK YOU")

Sample run of above program Is :

MENU
MENU

MENY _ )

1. Apply for the School Post : ’
g Enter your choice (1-4): 1

2, List of all applicants :
3. Correct the Incorrect Entries Enter your name : Raman Singh

4., EXit
Enter your choice (1-4): 1
Enter your name : Meesha Jain

MENU

. Apply for the school Post

. List of all applicants
Correct the Incorrect Entries
. EXI1t

Enter your choice (1-4): 1
Enter your name : yashi Sheril

TV N

MENU
Enter your choice (1-4): ]
| Enter your name : khushi khan

MENU

.
.

Enter your choice (1-4): 2 1
Students applied sg far:

["Meesha sain®, "khushi khan', 'Raman Singh' . 1
_ 915 "yashi sherirg 5
MENU -
i 14
15

16

17

, "vashi sheril] ==
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Data Structures - 11 :
Stacks and Queues

101 Introduction

10.1 INTRODUCTION

Any good programming language course does cover data structures. A d.rf‘.: slrm"fu‘rr, in
EL'T;L‘HII. refors to a ;'l:irt'n:ulﬂl* way of storing and organizing .d.ua in .3 f:mpfulrr m_lhat it "%n be
used most efficiently to give upiimal pcrfu.nn..:mn-. [)I“_L'ﬂ.:'ﬁ.l‘ klt:l. s 0 :.1@ :-I!‘NCI'H-J'T? JTE
desiened and used t'r..tr different kinds of applications. The ﬁf};n}ﬁmm e of data structures lies in
1}:*3"[}::: “:j“ lh,_:-.._- h,_.]r; 3 .:nmpuh'r pi-rfurm tasks in most efficient and prl:h.!ut.‘tn'u manner,

[ L3 1 L ) .

So d L 5 are highly *apucialin.‘d lir F[."-L‘l.'i fic tasks. Stacks and Queues are such data
me ructurnes Ehily S d

@.qata :! ”L- chapter, we shall be talking about the basics of these data structures and how
structures. In this chapich ; b

; in Pyvihon.
these can be 1mplumunlcd in Pyvtho
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10.2 STACKS
i irs anner where j :
A stack is a linear structure implemented in LIFO (Last lf‘ F““:I ?u:) E;;g :“r :\hux; L sertions
and deletions are restricted to occur only at one end - Stack’s : ﬂi ek _q"‘l?fi clement Jag
inserted would be the first one to be deleted. Thus, we can sa) that a stack 1s a list of data thy

follows these rules :

1. Data can only be removed from the top (pop). 1€ the element at tl}e fop of the stack, The
removal of element from a stack is technically called POP operation.
top of the stack (push). The insertion of

A new data element can only be added to the
peration.

element in a stack is technically called PUSH 0

12

Consider Fig. 10.1 that illustrates the operations (Push and Pop) on a stack.

Fi
T \
N 1]
X 1 ' ' 29
1 t Il ) .
1 1 |element at the ¥ 't f-“emﬁ‘:‘;
0 A
\ : top popped X POPT
15 |—top ' 29 p=top '
32 |-top 32 32 [—top 32 32 [—top
top = None
(a) Stack empty  (b) Push 32’ (c) Push*18°  (d) Pop 1 element () Push 29 () Pop 1 element
Notice, all stack operations - Push or Pop-take place at one end-the stack's top
Fiqure 10.1 Stack operations — Push and Pop.
The: stack is a dynamic data structure as it can grow (with A Stack is a linear list imple
increase in number of elements) or shrink (with decrease in mented in LIFO - Last In First Cut

manner where insertions and
deletions are restricted to odcur
only at one end — Stack’s top.

number of elements). A static data structure, on the other
hand, is the one that has fixed size.

I

Other Stack Terms

There are some other terms related to stacks, such as Peck, Overflow and Underfloz.

Peek Refers to inspecting the value at the stack’s top without removing it. It is also
sometimes referred as inspection. . |

Overflow Refers to situation (ERROR) when one tries to push an item in stack that is full.
This situation occurs when the size of the stack is fixed and cannot grow further ]
or there is no memory left to accommodate new item ‘ :

e e —— i

Underflow Refers to situation (ERROR) when one tries ta . e
pop/delete an item from an empty stack. That is, e 2l ] |
stack is currently having no item and still one  The technical terms for insertion™
tries to pop an item. a-stack and deletion-from-stack 3¢

Push and Pop respectively.

i e s il
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Consider some examples iMlustrating stack-function:
-lunctioning in lim;
have bound fixed the capacily of the & in limited

“size stack. (Ple '
stack for unde <k. (Please note, we

rstanding purposes,)
gxaMmPLE 10.1 Given a Bounded Stack of capacity 4 1

the follewing steps. Initially the Stack js enply,
(0 Stack is empty (if) Push 3

hich is initial ¥ emply, draw pictires af the stack after each of

(11i) Push *p* (1v) Push ¢’
|§p] Pu[:'r B (1) Push ‘g’ (vir} Pop (viii) Push ‘e’
[f) Push ‘f (x) Push (xi) Pop (xii) Pop
(xiif) Pop (xiv) Pap (xv) Pop
Solution.
top="T
() Stackis empty ( top = Nane) (vii) Pop top=1

0 1 2 3

12 3 0 1 2 3
T ,:[_l_L _|__.J |IL.[_E:'._J_~E|\ a

(i)  Push*a’ tep=p Mg
O 1 2 3 (1) Push "e’ top=2
' [a[b[e] ]
(fif)  Push ‘b’ top=1 0
0 1 2 3 (ix)  Push ‘f* top=3
| L J b ]_ g 0 1 2 3
T [ a | b e [ ¢ |
(fv)  Push ‘¢’ top=2 T
0 1 2 3 (x) Push g’ top=3
[
| a i h | r 4] | 1] 1 2 3

- Im

| lalb[e] ﬁ
() Pop top =1 . N

{OVERFLOW because the stack s bounded, it cannor

] 1 2 3 grow If it eoidd grow, then there wonld bave bevn o
- OVERFLOW until no mewiory is left,
i a | b :\Q—J |
T
[<]

I Pythion, (for stacks implemensed througl fises) sinmce
| Lisis can grow, OVERFLOW condinon .

W frol drise
trmird afl the memory is exfraismd |

J (vi) Pop top=2
[l’l‘} Push ‘d* top=2 ‘ (i} 1 2 3

k) Jﬂ b [

; s | ey
2 L %
CaTeTal ] | TN

1]
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mp=T

. = e
(xii) Pop tope1 (xiv) Pop top Non

0 1 2 3 [_‘| 1
. .
| re n |

(xiii) Pop top=0 (xv) Pop top= Mone

2 3

(rarsrs

0 1 2 3

La |

RS

10.2.1Implementing Stack in Python

In Python, you can use Lists to implement stacks. Python offers us a convenient set of methods
to operate lists as stacks.

For various stack operations, we can use a list say Stack and use Python code as described

below :
Peek  Wecanuse:  <Stacks [top]
where <Stack> is a list ; top is an integer having value equal to len(<Stacks) - 1.
Push We can use : <Stack>.append(<items)
where <item> is the item being pushed in the Stack.
Pop We canuse:  <Stacks.pop()

it removes the last value from the Stack and returns it,

Let us now implement a stack of numbers through
def Push(stk, item) :

a program,

10.1 Python program to implement stack operations,

rogram
BRRERRURERERY STACK IMPLEMENTATION

EEE T

Stack: implemented as a 1ist

top : integer having position of topmost element in Stack

LB ]

def isEmpty( stk ) :
ifstk==[]:
return True
else :
return False




chap'e’ 10 : DATA STRUCTURES - 11 : STACKS AND QUEUES
def Push(stk, item) :
stk.append(item)
top = len(stk) - 1
.’ def Pop(stk) :
| 1f isEmpty(stk) :
return "Underflow"
else :
item = stk.pop()
' if len (stk) ==o:
| top = None

; else:
§ top = len(stk) - 1

return item

( def Peek(stk) :
| if is Empty(stk) :
return "Underflow"
else:
top = len(stk) - 1
return stk([top]
def Display(stk) :
if isEmpty(stk) :
’ print("Stack empty")
else:
top = len(stk) -1
| print(stk[top], "<—top")
[ ' fora inrange(top-1, -1, -1):
print(stk[a])
| #__ main__
Stack =[]
‘ top = None

#initially stack is empty

while True :
print("STACK OPERATIONS")
print("1. Push")
print(“2. Pop")
print("3. Peek")
print(“4. Display stack™)

print("S. Exit") )
ch = int(input ("Enter your choice (1-5) :™))

ifch==1:
{tem = int(input("Enter item "))
push(Stack, item)

elifch==2:
item = Pop(Stack)

if item == "Underflow" : )
print ("Underflow! Stack is empty!”™)

| else :
print("Pnpped itemis”, item)




]

e —— e s

e

S

elifch==3:
item = Peek{Stack)

ifitem== "Under‘FlDH" :

COMPUTER SCIENCE Wity -
N

print({“Underflow! Stack is empty!”)

else :

print(-Topmost item is”, item)

elifch==4:
Display(Stack)
elifche==5:
break
else :

print(“Invalid choicel™)

Sample run of the above program is as shown below :

STACK OPERATIONS

1. push

2. Pop

3. pPeek

4. Display stack

5. Exit

Enter your choice (1-5) :1
Enter item :6

STACK OPERATIONS

. Push

Pop

. Peek

4. Display stack

5. Exit

Enter your choice (1-5) :1
Enter item :8

ad B
*

STACK OPERATIONS

1. pPush

2. Pop

3. peck

4. Display stack

5. Exit

Enter your choice (1-5) :1
Enter item :2

P ————— ————————— e

STACK OPERATIONS

. Push

. Pop

. Peek

. Display stack

. Exit

Enter your choice (1-5) :1
Enter 1tem :4

LY I O P N B

STACK OPERATIONS
1. push

2. Pop

3. peek

4. Display stack
5. Exit

Enter your choice (1-5) :a
4 <= top

2

g

6

—_—

STACK OPERATIONS

1. pPush

2. Pop

3. Peek

4, Display stack

3. Exit

Enter your choice ( 1-5) :3
Topmost item ig 4 -

—-_-_‘—___‘___'_‘—i—-—._

L

STACK OPERATIONS
. Push

. Pop

. Peek

. Display stack
5. Exit

Enter your choice (1-5) :4
4 <= top

2

5

6

da L B

STACK OPERATIONS

. Push

Pop

Peek

. Display stack

. Exit 5
Enter your choice (-9 ¢

[V, - T I N
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Types of Stack-ltemnode

An item ﬁlﬂf“d_i“ a stack is also called item-node sometimes. In the above implemented stack

the stack cc_mlmned item-nodes containing jusl integers. If you want lo create stack that rnﬂ}:'
contain logically group information such as member details like : member no, member name, age
etc, For such a stack the item-node will be a list containing the member details and then this list
will be entered as an item to the stack. (See figure 10.2 below)

m M

3 iyt
i py alwl -
EONT pusted porg pushod

B o
[ 7 a'
|
| {a) Stack of integers |b) Stack of characters
| (item-node type : integer) (tem-noda lype : slring)
|

[31, ‘Zubin’, 28
(T

" g
Beng outhed

2%, "Shreyn’, 30

13, "Rohan’, 35

(c) Stack of logically refated information
{tem-node type : @ ist)

fio.m= ULI  Different types of stack jtem-nodes.

¢ For stack of Fig. 10.2(a), the stack will be implemented as Stack af integers as item-node is
of integer type.
‘(. ¢ Forstack of Fig. 10.2(b), the stack will be implemented as Stack ﬁfﬂl‘“ﬁsﬂ:‘- item-node is of
string type. -
& TFor stack of Fig. 1

X . o
0.2(c), the stack will be implemented as Stack of lisgs as ilem-node is of
m 20 implements such a-stick,

list type. Solved proble u -{ , r
10.2.2 Stack Applications’ aa - v

There are several applications and uses of stacks. The stacks are basically applied where LIFO

(Last In First Out) scheme is required.

10.2.2A Reversing o Line

of stack applicalicm is reversal of a given line. We can accomplish this task by

A simple example i .
P P aslack asilis read. When the line is finished, characters are then

l pushing each characler on to

Ty

-
1. Some stacks include : .
! other applications of evious state of a program when a function is called, or during recursion

s (e g stacks to store the pr , : :
L b Eb; m ifﬂl::?mp;um applications of Stacks is backtrocking. Backtracking is used in large number of puzzles like

«—_n-Queen problem, Sudoku etc and optimization problems such as knopsack problem.

e =
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=0

popped off the stack, and they will come off in the reverse order as shownin Fig. 10.3, The given

line is = Stack

I Puth Sin @
STy ek Vil Popk 0
1
Il Push1 s
-1
" : &
1, Push a N Vil Pop e 1
s s |~
': =0
1X. Pop a
V. Pushc a e 5
i
-1
= o &P T
' V. Push k -
Ut
Figure 10.3 3 Xl Peps @
Reversal of a line —l—r”

using stack,

V1. Erdctdine

10.2.2B Polish Strings

Another application of stacks is in the conversion of arithmetic expressions in high-level
programming, languages nto machine readable form. As our computer system can only
understand and work on a binary language, 1t assumes that an arithmetic operation can take
place in two operands only e.g, A « B, C = D DA etc. But in our usual form an arithmet
CXPression may consist of more than one operator and two operands e.5., (A + B) » C(D/(J - D)}
These complex arithmetic operations can be converted into polish strings using stacks which
then can be executed in tuv operands and @ operator form,

Polish string, named after a polish mathematician, Jan Lukasicwicz, refers to the notation in which
the operator symbol is placed cither before its operands (prefix notation) or after its operands
(postfix notation) in contrast to usual form where operator is placed in between the opﬂmgg
(infix notation).

Following table shows the three types of notations :

i
i

Tﬁbie 10.1 Expressions in infix, prefix, postfix notations

Infix notation Prefix notation Postfix notation
A-B + AB AB+
(A-O)x B - ACB AC - Bx
A=+(BxC) « Ax BC ABCx +
(A+ B)/(C-D) {+AB-CD AB+CD-/
(A+(BxCN/C-(Dx B) /+ A= BC-C= DR ABCx + CDEx -/
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anwriiﬂﬂ of Infix Expression fo Postfix (Suffix) Expression
While evaluating an infix expression, there is an evaluation ordcr acmrdmg to which
| Brackels or Parenthesis,
Il Exponentiation, ') 0 -
' [II Multiplication or Division,
IV Addition or Subtraclion

: DATA STRUCTURES ~ 11 : STACKS AND QUEUES

take place in the above specified order. The operators with the same priority (e.g., % and/) are
evaluated from left to right. _

To convert an infix expression into a postfix expression, this evaluation order is taken into
consideration.

An infix expression may be converted into postfix form either manually or using a stack. The
manual conversion requires bwo passes : one for inserting braces and another for conversion.
' However, the conversion through stack requires single pass only.,
The steps to convert an infix expression into a postfix expression manually are given below :
() Determine the actual evaluation order by inserting braces.
(i) Convert the expression in the innermost braces into poslﬂx notation by putting the
npfmh!r ’Tﬂ':l" the ope ramds,
(1)) Repeat step (i) until entire expression is converted into postfix notation.

EAMPLE 10,2 Convert (A + B)= C/ D into postfix notation.
Solution.
Step I : Determine the actual evaluation order by putting braces
=((A+ B)=C) /D '
Step 11 : Converting expressions into innermost braces

=((AB+)» )/ D= =(AB+Cx)/D=AB+CxD/

BampLe 10.3 Conver! ((A+ B)*C/D+ £ A Y/ Ginto postfix notation.

Solution. The evaluation order of given expression will be

' ~(((A+B) O/ D)+ (EXENIG

_ Converting expressions in the braces, we get
=((((AB+)" O)/ D) +(EF )G

=(((AB+C" ))'D)+EF ”G
: TR =((AB+C" DQ+EF“)IG MH+C D}EF"‘+){G

=AB+C D/EF* +G/

q(ll:r follo: wwing expression Y

‘ EHM . st \r
PLE 10.4 Girve ;mﬁxﬁ (B (s D} (E+F).-‘G] H

Evaluati deris. - . " |
Solution. Evaluation or (A*(B+((C+D)"(E+ F)GY*H
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Converting expressions in the braces, we gel ) EE+ 9/G*H
=(A*(B+[(CD) " (EF H)/ON" H =2 (BH;L? cGI*H
= A*(B+(CD+EF+*Gl)* H=(A"(BCD+EF~

- L -
=[!13CD+EF+'G}+-}-”:ABCH+EF+ G/+*11
Buanput 10,8 Gice postfix form for A+[(B+ C)+(D+ E)* FIIG
Solution. Evaluation order is : f1+[{(ﬂ+(_‘)+{{p+£) F))/G]

Converling expressions in braces, we gel )
= A +[[(BC+) +(DE +)* F}/G] ~ A+|((BC+)+(DE+F )/l

= A+[{BC + DE+F*+]/G] = A+[BC+DE+F*+Gl]
=ABC+DE+F*+G/+

S

——

T

Exanpet 10.6 Give postfix form of expression for the following : NOT A OR NOT B NOT C

Solution. The order of evaluation will be
((NOT A) OR ((NOT B) AND (NOT Q) )

(As priority order is NOT, AND, OR)

=((ANOT) OR ((BNOT) AND (CNOT)))

=((ANOT) OR ((BENOT CNOT AND))

=ANOT BRNOT CNOT AND OR
While converting from infix fo prefix form, operators are put before the operands. Rest of the
conversion procedure is similar to that of mfix fo postfix conversion.

Algorithm fo Converl Infix Expression 1o Postfix Form
The following algorithm transforms the infix expression X into its equivalent postfix expression
Y. The algorithm uses a stack to temporarily hold operators and left parentheses. The postfix
expression Y will be constructed from left to right using the operands from X and the
operators which are removed from STACK. We begin by pushing a left parenthesis onto
STACK and adding a right parenthesis at the end of X. The algorithm is completed when
STACK is emply.

Algﬂl’ilhl‘l‘l ;" *—:-_ A :"'. -, -;It_ '1.,-:' R Rl TRATI :,_1 \

Supposc X is an arithmetic expression written in infix notation. This algorithm finds the equivalent
postfix expression Y.
1. Push”(" ontoSTACK, and add ") " to the end of X

2. ScanXfromleft to right and REPEAT Steps 3 to 6
X UNTIL the STACK is empty : 5 or each element of

3. 1Ifanoperand isencountered, add it to Y.
4, Ifaleftparenthesisis encountered, push it onto STACK
5. Ifanoperator is encountered, then :

(a) Repeatedly pop from STACK and add to v each operator (on the top

of STACK) which has the same
than operator. precedence as or higher precedence



Chapter 10 : DATA STRUCTURES - 11 : STACKS AND QUEULS

(b) Addoperator to STACK.
""'‘End of If structure'"’
6. Ifarightparenthesis is encountered, then !

(0) Repeatedly pop from STACK and add to Y each operator (on the top
of STACK) until a left parenthesis is encountered,
(b) Remove the left parenthesis. [Donot add the left parenthesis toY],
"'YEndof If structure'"’
"""End of Step 2 Loop' "'
7. END.

EnHFLE ID-? Cﬂ”’l'{'rf }:: .f‘l - ( ”' r: "'( Dir E-"" _F] . G] - If i'."rl"l‘,'ﬂﬁflﬁj f”"” 5}"“‘1[”.\' .‘hlfji .'!Il””‘i "‘fhir l."l't'f_hl' .‘lll'p
in tabular form.

Solution.
Symbol Scanned Stack Expression Y

1. A ( A

3 + { + A

3. ( ( + ( 1

i B { + ¢ AB

5. ? (+ (" AB

6. C (+C* ABC

7. - (+( - ABC*®

8. ( (- (= ABC:®

9. D ( +{ =1 ABC*D

10. / (+(-0/ ABC*D

1. E (+(=-(1 A € DE

12 A (+ (- (/" ADC*DE

13 F (+(-(/" Apcprr

14 ) (+ (- ABc*DETF"™

15 . t+t-"* ABC*DET"™

16 G (+(-" ABC*DEFNG

17, ) 0+ ABC*DEF"IG" -

» .r".HC'DEF’“J'G‘-

" . {+. ABC"DEFYNG "= H

> " 5 AHC'DLF‘“IG‘-H‘+
20 )  —

sion over Infix Expression

infi . i difficult for the machine to know .'m'd keep track of precedence of
An infix expression 15 d, a postfix expression itself determines the precedence of operators
operators. On the other hand, "j.-]::.-. postfix expression depends upon its precedence). Therefore,
(as the placement ‘:’_f“};ir::c::mrr}' out a postfix expression than an infix expression.
for the machine it 15 €

Advantage of Postfix Expres
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Q0
T y

o riP
This PriP session is dedicated to
pructical assignment for the same.

)

34-7’3

WORKING WITH STACKS

(1
-

10.3 QUEUES

Progress In Python 10.1

the practice of data structure Stack's concepts and provides

Plecse check the practical component-book - Progress in Compuler

8]

¢ Science with Python and fill it there in PriP 10.1 under Chapter 10 after

practicolly doing it on the computer.

b5 T P

Queues are similar to stacks in that a queue also consists of a sequence of items (a linear list),
and there are restrictions about how items can be added to and removed from the list. However,

a queue has two ends, called the front-end and the back-end Q0 EU AR R N ) 5

or rear-end of the queue. Items are always added to the queue

at the rear-end and removed from the queue at the front-end. implemented in FIFO — First In First
The operations of adding and removing items are called Out manner where insertlons take
enqueue and dequeue. Anitem that is added to the back of place at the rear-end and

the queue will remain on the queue until all the items in front
of it have been removed.

A Queue Is a linear  list

deletions are restricted to occur
only at front end aof the queue.

A queue is like a “line” or “queune” of customers waiting for service. Customers are serviced in
the order in which they arrive on the queue. Thus a queue is also called a FIFO list i.e., First In
First Out list where the item first inserted is the first to get removed. So, we can say that a queue
is a list of data that follows these rules :

1. Data can onlv be removed from the front end, re., the
clement at the fromt-end of the quene. The removal of

element from a queue is technically called DEQUEUE  The Enqueue operation adds item at

operalion.
. ' he ’ Y orear o
A new data clement can only be added to the rear of the item from the front of the queue

[

the back of the queue (at rear-end)
and the Dequeue operation remaoves

the quene. The insertion of t‘|L'11‘|l..‘I:IT. in a stack is gy B e et e
technically called ENQUEUE operation.

Other Queue Terms

There are some other terms related to que

Peek

Overflow

Underflow

ues, such as Overflow and Underflow.

Refers to inspecting the value at the quente’s front without removing it. It is also
somelimes referred as inspection.
Refers to situation (ERROR) when one lries lo enqueue an item in a queue that

is full. This situation occurs when the size of the queue is fixed and cannot grow

further or there is no memory left to accommodate new item.

Refers to situation (&
empty queuc. That is,
dequeuc an item.

on (ERROR) when one tries to Dequeue/delete an item from an
queue is currently having no item and still one tries 1o
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EXAMPLE 10.12 Given a Bounded Queue of capacity 4 wh

of the following steps :

() Queue empty
(iv) enqueue ‘¢’
(vii) enqueue ‘e’
(x) dequeue

Solution.

Front="T ;
f

(i) enqueue ‘@’

(v) dequeue
(viif) dequeue

(xi) dequeue

Rear="T

r

() Queue is empty

(front = rear = None)

0 1 2 3
R -
(i)  enqueue ' (front =@, rear =0)
0 1 2 3
[ a | Bl
)
rr
(1if) enqueue'b’ (front=0, rear = 1)
0 1 2 3
D b | | j
il T
I )
(lv) enqueue'c (front = 8, rear=2)
0 1 2 3
La b C '
D T
f r
(v)  dequeue (front =1, rear = 2 )
[ 0 1 2 3
,',l’: b ¢
i R
(] ;oo

.! (vi)  enqueue'd (front =1, regr = 3)

Ei 0

1
[ To

i

f

ich is initially empty,

C

(iii) enqueue 'b:
(vi) enqueue d
(i'x) dequeue

| 0

OMPUTER SCIENCE WITH PYTHON .. X

draw pictures of the queue after eqe),

(front =1, rear = 3)
2

1
o [CIe
. T

f

3
C d
T
-

[OVERFLOW because the queue is bounded, it

cannot grow, If it could grow, then there would

have been no OVERFLOW untif no memory is lef,

In Python, (for queues implemented through lists)

since Lists can grow, OVERFLOW condition does
| not arise until all the memory is exhausted.]

(viii) dequeue (front=2, rear=3)

0 1 2 3
’,-,'.f c ‘ d |
| 2 V)
| 2] Lo
(ix) dequeue (front = 3, rear-;— 3)
0 1 2 3 |
- ’f—- - d
L
(x)  dequeye -
| queue”  (front = Non e, rear = None)
0 -'

- o

-




Cropter 10 : DATA STRUCTURES - II : STACKS AND QUEUES 349

10.3.1 Implementing Queues in Python

In Python, you : .

to Eypemle :l’lﬁﬁcaﬂanu::ul:t;;ﬂ ‘mEIcmE&‘IUPUES- Python offers us a convenient set of methods
. For various Queue operati : il

Python code as described below : perations, we can use a list say Queuc and use

Peck We can use : <Queue>[ front)

where <Queue> is a list ; front is an integer storing the position of first value in
the queue.

Enqueue We can use : <Queue>.append(<itens)

where <items> is the item being pushed in the Quewe. The item will be added at the
rear-end of the queue.

Dequcue We can use <Queue>.pop(0)
it removes the first value from the Queue (i.c., the item at the front-end) and returns it.

Number of Elements in Queue
We can determine the size of a queue using the formula;
Number of elements in queue = rear - front + 1

In Python queues, implemented through lists, the front and rear are :

front = 0 and rear = len(<queue>) -1

You can also use Python function len(equeue>) to get the size of the quenc.

Let us now implement a Queue of numbers through a program.

102  Program to implement Queut Operations
e sfuanasaEnEE queue IMPLEMENTATION sERpEsSnRRERES
.o e

queue: jmplemented as a list
front : integer having position of first (frontmost) element in queue

rear : integer having position of last element in queue

def cls():
print("\n”* 109)

def isEmpty(Qu) :
{f Qu== [1:
return True

else :
return False

def Enqueue(Qu, item) @
Qu.append(item)

1f len(Qu) ==1:
front =rear = 0

else :
rear = len(Qu) -1




def Dequeue(Qu) :
if 1sEmpty(Qu) :
return "Underflow”
else :
item=Qu.pop(@)
iflen(Qu) ==0:
front = rear = None
return item

def Peek(Qu) :

if isEmpty(Qu) :
return “Underflow”

else:
front=90
return Qu[ front]

def Display(Qu) :
if isEmpty(Qu) :

print(“Quecue Empty!™)

elif len(Qu) ==1:

COMPUTER SCIENCE WITH PYTHON .y,

#if it was single-element queue

print(Qu(®@], "¢<== front, rear")

clse
front =0
rear = len(Qu) - 1

print{Qu[front], "<- front")

for a in range(1, rear ) :

print(Qula])

print(Qu[rear], "f— rear”)

& _main__ program
, queue =[]
front = None
while True :
cls()

| print ("QUEUE OPERATIONS™)

print("1. Enqueue™)
print("2. Dequeue”)
print(“3. Peek”)

print("4. Display queue")

print("5. Exit")

# initially queue is empty

ch = int(input("Enter your choice ( 1-5) +*))

ifch==1:

| item= int(input(“Enter item "))

! Enqueue(queue, item)
input(“"Press Enter to continue, . ")

elifch==2:

else :

item = Dequeue(queue)
| if item=="Underflow" :
‘ print("Underflow! Queue is empty!")

print("Dequeue-ed item is*, item)
input(“"Press Enter to continue. . )
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elifch==13;
item = Peek(queue)
if 1tem == "Underflow" :
print("Queue is empty!"™)
else :
print("Frontmost itemis”, item)
input("Press Enter to continue...")
elifch==4_:
Display(queue)
input("Press Enter to continue...")
elifch==5:
break
else :
print("Invalid choice!")
input(“Press Enter to continue...”)

I Enter your choice (1-5) : 2

{1 QUEUE OPERATIONS o5, Exit
| 1. Enqueue Enter your choice (1-5) : 3 pequeuc-ed item is 5
7. Dequeue Frontmost item is 5 press Enter to continue...
3. peck press Enter to continue... || — _
4. pisplay queue QUEUE OPERATIONS
5. Exit _ QUEUE OPERATIONS 1. Engueue
Enter },_fuur choice (1-5) : 1 1. Enqueue 2. Dequeue
Enter item :3 ; 2. Dequeue 3. peek
Press Enter to continuc... 3. peek 4, pDisplay queue
[ 4, Display queue 5. Exit
| QUEUE OPERATIONS 5, Exit fnter your choice (1-5) = 2
i : E:Et::g . gnter your choice (1-5) @1 pequeuc-ed item is .?
1. peek . Enter item :9 . Press EAter to continue...
: press Enter to continue...
| : ;?:hy quene — | QUEUE OPERATIONS
' Enter your choice (1-5) : 4 QUEUE OPERATIONS 1. Enqueue
' § <== front, rear 1. Enqueue 2. Dequeue
' Press Enter to continue... 2. Dequeut 3. peek
3. Peek | 4. Dpisplay queue
QUEUE OPERATIONS 1 4. pisplay queue 5. Exit
1. Enqueue |, §. Exit . Enter your choice (1-5) : 2
2. Dequeue cnter your choice (1-5) @ 4 | pequeue-ed item is 9
| 3. peek . 5 <= front | Press Enter to continue...
| 4. Display queue L7 U
5. Exit g < rear | QUEUE OPERATIONS
E::::: :’””" choice (1-5) ¢ 1 | press Enter to continue... | 1. Enqueue
tem :7 J— . 2. Dequeue
| 51‘5_5_5 Enter to continue... QUEUE OPERATIONS | 3. peek
QUEVE OPERATIONS ‘ 1. Enqueut } :' 01?:133' queue
L. Enqueve | 2. Dequeue [ . Ex1 . 1-5) : 2
) | 3. peek enter your choice € :
* Dequeue : underflow! queue is empty!
3. Peek ‘ 4, pisplay queut )
4 5. Exit press Enter 1O continue...
& - Display queue u |
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B

Colved Preblems

What s a Data-Structure ?

I
e A data-structure is a logical way for organizing datai
items stored but also the relationshi ; g data in memory that considers notonly the
| pfrfom‘-‘nm In ulhtr‘ : 1 .n 1ns “]1 ﬂ““.]n:q lh[' i[urng S0 AN |l.1 gi‘-o l‘rfil.‘il.‘l'll nnd ﬂ[‘lll‘l’ml
| ords, it is a way of organizing data such that it can be used cfficiently.
1 al (s s . . .
— Ivh';!t s ar :‘:irf-l N 1‘?::7’ I'J.":l, ﬂ;‘f‘f.]‘"p”s cinnt I|tl j"'l.'l' I,r"".‘r ot ”fr”f 2
akes place at one end ‘

ack is a basic g . )
is a basic data-structure where insertion and deletion of data t

Solution. St
n-First Out(LIFO) principle.

called the top of the stack ie., it follows the Last |

In Python, a stack is generally implemented with hists.

Following basic operations can be performed on stacks:
(@) Push ic., Insertion of element in the stack

() Pop ic., Deletion ofan element from the stack

(c) Peck ic., viewing topmost clement without removing it

(d) Display or view all the elements in the stack.

3. Enlist some applications of stacks.
plications like :

of LIFO property of stacks, these are used in various ap

Solution. Because
& reversal of a sequence,

& Infix to Postfin conversion,

¢ Postfix and pn-l valuation,

n :-\prv:ﬂinn I

and many more.

Al pperations can be perforeed on quenies?

eues? What i
data is entered into the quene at one end = the rear

4. What are qu
thiese follow First ln-l"ir!'-l Oul {FIFU}

Queues are the dat
he other end -

ralions Can be po
¢lement in the queue
Jement from the quene
smoving it

a structures where
the II'II'I'I! e, L,

Solution.
rlormed on quenes

end and deleted from
principle. Following basic
() Enmyueuc 1.6 Insertion

letion of an ¢
lement withoul re

l.lpt"

U‘f an

(1) Dequene fe, Dv
(ftr) Peck te. \'iu\\'in}:frtmfmﬂif ¢

(iv) Display or view all the eleme

nts in the queut.

5. Enlist some applications of qucnes.
cations of queues include the situations where FIFO property is exploited. Some

f queues i
ce among multiple u
xecutive's
ues in sit

Salution Appli
nclude :

common applications ©
(i) Sharing of on¢ resour
multiple computers: Call cenler €

ke use of que

sers or seckers such as shared printer among
response among waiting callers elc.
uation of sharing a single runway of airport for

(i) Airport authoritics M |
both landing and take-off of flights.
(i) CPU uses queues to implcmml round-robin scheduling among waiting processes.
compuler algorithms also.

(i) Queucs are used in many
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. . oA ) l! 3 -‘ 23, +
6. I"ﬂﬂ* le ﬂ’ruil'ﬂl’ﬂ” I-"ﬂ-t fj‘JUTSSH'l" ﬁ?r . Iﬂ. 3- e Py

e 102100023 f 8 elements :
: rray o :
7. Consider the following stack of characters implemented as an array

STACK : A, 3, P, N

T top
Describe the stack as the Nowing operations take place : )
(a) POP (STACK, IfEM) (b) PUSH (STACK, K) () PUSH (STACK. 5)
(d) POP (STACK, ITEM) (¢) PUSH (STACK, G)
Solution.
(4) STACK: 4, ], [ as N is Popped

() STACK: A, I P, K as K is Pushed
1np
() STACK: A, I,P.K S as S s Pushed
top
(d) STACK: A, LP K asSis Popped
top

(¢) STACK: A, l. P, K, G as G is Pushed
top

8. Given a stack as an array of 7 elements STACK : K, P, S, -, -, -
(@) When will overflowe and underflow occur ?
(b) Can K be deleted before S 2 Why ?
Solution

(a) Overflow will occur when stack will be having 7 elements ang there would be no space to
insert a new element.

Underflow will occur when all the elements will have been deleted from the stack and no
more element could be deleted.

(b) K can not be deleted before S, As S has been inserted after K and stack follows the LIFO rule
Le., Last In First Out, therefore S will be deleted before K.

9. F""f‘:‘f"’_ {"'_" Jollowing ‘-"ﬁfr expression P=—g4 po ot (d*e) f where 1 denotes exponentiation, and /
inleger division. Translate P into jrs equivalen| Postfix expression using the fOHmm'ug set of prioritics :

1

| I

0

1
unary - x | + 2
<t 3
Solution. Pe~gype et d*e)/ f

The order of evaluation will be [atcurding to given PrinriﬁES} as given bel
n below

SEDHE T N ) =(a- 4 (e (€T (de )/ 1))
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10. Give the algo

STACKS AND QUEUES

=(@=) (b ede Ty py

=((a =)+ ((bade* T */ £))=(a)+ ((bade1 Wi
=(g=)+(bafe*?t *fH=a-balet - fi+

. ﬂ;hmfur a.:."wrﬁ"g an infix arithmetic expression into a postfix arithmetic expression. Use the
algorithm for the following expression, showing in a tabular form the changing status of the

Q:(A - (C/D)+E

Solution. The simulation of this algorithm for the above expression is shown in the following

slack :

table :
Conrersion of (A = 1) * (C/ D) + E into postlin expression
Step ";;mmb:jﬁ:;:;" Actlon Stack status D";?;:t:;bt
# (emply)
L (9 I'USH “
2. ‘A’ Print “( A
3. . PUSH (- A
1, B Print - A
5. i ror & I'nnt [ s AB-
ror z AB-
6. . 'USsH ; AB-
7. ( PUSH Y AB-
8. C I'rnt “( AB-C
9, / 'UsH *(' AB-C
10. D Print (! AB-CD
1. y ror & 'rint l: _l AB-CD/
ror
AB-CD/
12. + POP & I'rint "4 AB-CDf
PUSH +
1. E Print + AB-CD*E
14. : rOPr & Pant # {(empty) AB-CDIE+
sTor

The resultant postfix expression is AB-CD/*E+.

. Evaluate following arithmehic expressiont A which is in postfix notation. Show the contents of the stack during

the execution of the algorithm using the following :
‘5‘-3{]1 5!1 & lzf ﬁ.l |'.'.| P .

T
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ssion 1.¢., the ex i
Solution. Push ‘(* to the stack and add *)’ at the end of expression ic., th pression becomes

30,5,2 % 12,6,/ +-)

Step = Input Action taken Stack Status W
'ement/Symbol —_—
1. (
2. 30 Push (- 30
3. 5 Push (- 30,5
4. 2 Push (- 30,5 2
5. e POP (2 elements) (, 30 5™ 2=25
6. Push the result (25) | (, 30, 25
7. 12 Push (, 30, 25, 12
8. 6 Push (. 30,25, 12, 6
9. POP (2 elements) (, 30, 25 1276 =2
10. Push result (2) (, 30, 25, 2
1. + POP (2 clements) (, 30 2542 =27
12. Push the result (27) | (, 30, 27
13. - POP (2 elements) ( 30-27 =3
4. Push the result (3) (3
15. ) POP everything #
Result =3,

12. Convert the expression (TRUE and FALSE) or ol (FALSE or TRUE) to postfix expression. Show the
contents of the stack af every step,

Solution. (TRUE and FALSE) or not (FALSE or TRUE)]
Adding |to the end of expression and ing

erting || to the beginning of stack.
Scanning from Left to Right

S.N Symb S| Hirs f p
Uo ymbol | [ Stack Postfix Expression Y
| [ (
2 TRUE - TRUE
3. and [ (and —
:1. :?ALSE [— TRUE FALSE
5.
TRUE F :
. . Cor FALSE ang
7. not [ or not -
8. |( [ or not ( —
9, FALSE —
TRUE k 3 : 3
0 . [ or not e B ALSE ang FALSE
11, TRUE -
i \ [ or rot TRUE FALSE and FALSE TRUE
o I B of By ' TRUE FALSE ang FALSE TRUE or
Pression | TRyg FALSE and FAI SE TRUE o”L“lrJ
———>Fand FA

o S SRR



20.

2l

Describe the similarities and differences between quUeNes and StAcks

Solution.
Similarities :
1. Both queues and stacks are special cases of linear lists.
2. Both can be implemented as arrays or lists.

Differences :
1. A stack is a LIFO list, a queue is a FIFO list.
ver, may be circular or deque.

2. There are no variations of stack, a queue, howe
id a stack housed in an array ? Why is stack called a LIFO data

What is the difference between an array at
structure ? Explain how push and pop operations are implemented on a stack.

Solution. An array is a group of homogeneous elements stored in contiguous memory locations. The
elements in an array can be processed from anywhere in the array.

A stack implemented as an array also has elements stored in contiguous memory locations. Buta
stack is always processed in a LIFO manner i.e., Last In First Out manner wherein the elements can be
added or removed from the top end of the stack. That is why a stack is also called a LIFO dai2
top

structure.
An addition to the stack is known as PUSH. The new element is added at the top and the

(variable or pointer) is made to refer to the new element.
A removal of an element from a stack is known as POP. The elements (being pointed t0 by top) ¥
removed and the top is made to point to the next element in the row



