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Object-Oriented Programming (OOP) is a programming  paradigm based on the concept of
“objecl:s " which can contain data and code to manipulate that data.

-

(1) CLASS
A class is a blueprint or template @). iiilf:::lic:hl’che process o0 dinﬂ

used to create objects.

o It defines the properties (data)
and behaviors (methods) that
obje.c:l:s of this 'l:tjpe will have.

unnecessary implemen‘ta:l:ion details
and showina onla the essential
features of an object.

* It helps to reduce c.omple.xit:'.

Eiample: Clase Stud
xample OSS udent Exo.mp'le.:

BASIC CONCEPTS
OF OOP

Data : name, rollNo, marks
Car

Metheds - displmj(), caleulate() We drive the car (use features)

« We don't need to know how
Enaihe works internn.llﬂ.

() OBJIECT

» An object is an instance of a class.

e Tt is a real-world entity that has
state (data) and behavior (methods).

(5) INHERITANCE

e Tnheritance is the mechanism in which

(3) ENCAPSULATION

* Memory is allocated when an object . E‘nﬂfpsulaﬁor\ is .‘the process of one class acquires the properties =
is created. b'“d'“gl dota {“"‘""‘bl’_""’) o‘"": me'i:hoc%s behaviors of another class.
(functions) together in a single unit {'It promotes code reusability.

Example: [ s1 52 (class) and restricting direct access

@ @ to some of an object's components. Example : (parent class)

o It protects data from unintended

name = Amit nome = Neha access or modification.
rollNo = 10l rollNo = 102 Exomple :

L marks = 85 marks = 92 Private data —> hidden from outside ( ) (
y : hild class child class)
Public methods —» access & del'Fl:j < -
@ POLYMORPHISM private data
¢ Polymorphism means “many forms”. Example : Esorvittes
e Tt allows objects of different classes to o Eivele -areal) @ DYNAMIC BINDING <h e
be ireaked as objects of o common ; T i ) . ape s;
feCLLa A e dbea() s Rectangle’ areal) D:jno.mm bmdma (late bind 3) is the process in which £ = hanilGrietaly:
super class. . ' a call to an overridden method is resolved at run time s.dra(); I/ calls Cirele's
» Tt is achieved thrmfgh method overloading Triangle . area() rather than at compile time. - ; draw() “:e*hid
and method Dve.rndm3< «:TE is o k"—fj feoture that supports polymorphism. L at run time

\QE Surmary: OOP wmakes programs easier to design, L.md.ers‘l:a.na, maintain and extend bg using ;ﬂmpts like Class ,_Ol;jec.tJ
Encapsulation, Abstraction, Inheritance, Polymorphism and Dynamic Binding.




OOP PARADIGM: FEATURES AND ADVANTAGES

Object - Oriented Prosra.mmina (00P) provides several key features that help in bu.il.oli.nﬂ

robust, flexible, reusable and wmaintainable software.

[ FEATURES OF 0OP |

[ ADVANTAGES OF OOP |

Feature Description
=@ cl e A class is a blueprint or template used. to
E:{ ass create objec.ts. It defines data and methods

that objects will have.

w

Modulari’c}j

Program is divided into classes and objects.
Each class handles a specific task, making the

program well orsnnize.d..

e An objer.t is an instance of o class. It has
state (data) and behavior (methods).

Reusabi lity

Classes and inheritonce allow code reusahilita.
Existina classes can be used to create new

classes.

Binc:l.ins data. and methods tosa‘ther in a class
and restrict'ms direct access to some of the

objec‘!‘. 's compone.n{'.s .

Ma.intaina.bilita

EasB to modi{-‘g and maintain os the code is
well structured in classes and methods.

Hiclina unnecessary implementation details and

S'nowins onlj the essential features of an object.

e Mechanism in which one class inherits the
properties and behaviors of another class.
Promotes code r-eusa.bili{'.}j :

Scalabi lit3

New features can be added b!ﬂ c.rea:l:ins new
classes  without a.'F-Fec’cinﬁ existinﬂ code.
Suitable for Larse Projec’cs.

Data. Securi‘l‘.g

Encapsu.l.a.tion and dota 'ni.dins proteci: data

from unauthorized access and misuse.

.‘. Po lﬂmorphism

| e Abili.{td to take many forms. The same method

or operator behaves diFfe.rantlﬂ for different
a'bjec.ts.

Flexibilita

Pciﬂrnorphism ond. dgnamic bindinﬂ make the
program flexible. New behaviors can be added
without chansina existina code.

% Dgnamic Binding
|

o Also called late bind‘mg, The method to be

executed is decided at run time.

s

Real-world
Modelina

OOP medels real-world entities like objects,
classes, inheritance etc., making the program

easy to understand.

Summar

OOP combines the above features to make software easier to develop, reuse, maintain and extend.
It leads to better productivity, reduced development time and. hiﬂh quality software.
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APPLICATIONS OF OOP

Object - Oriented Proammmina (OOP) is used in a wide range of real-world applications.
Tts concepts like class, object, inheritance, polymorphism, encapsulation and abstraction
help to build robust, scalable and maintainable software.

f&pplications 9'_F OOP

1. Real-time S:jstems
® OOP helps in modeling real - world entities
and their behaviors.

Example : Traffic control systems, ATM systems,

Ro.il.‘.-mﬂI reservation systems.

6. Web Applications
¢ OOP improves code reusability and main-l:ainnbili-l:ﬁ
in web development.

Example: E-commerce sites, Social media platforms,
Content mnn.ﬁ&ment ssstems.

F. Ente.rprise. Applications
Ellli * OOP is used to develop large-scale, reliable
o o

2. Simulation and Modelins

» OOP allows creating models of complex systems
that can be ensila updnted and maintained.
Example : F'tisht simulators, Weather systems,
Scientific simulations.

and distributed applications.
Example: HR systems, Payroll systems,
Inve.n‘tor& ma.na.ﬂemen‘t SSSte.ms.

8. Mobile Applications
e OOP is used in Android and i0S app development
for better code orsaniza.tio-n and reuso.biLitﬂ.
Example: Mobile banking apps, Shopping apps,
Health and fitness apps.

3. Game Development
e OOP is wid.e.l:, used to develop interactive
games with rich sra.Phi.c.s and ﬁuso.bilit:jv
Example : 2D/3D games, Mobile games,
Online rnul.‘l:ipl.n.ser games.

=x] 4. GUI Applications
D * OOP helps in designing user interfaces
using objects like buttons, menus, text boxes.
Example: Desktop applications, Media players,
Image editors.

5. Database Applications
* OOP helps in designing secure, robust and
easy - to-maintain database applications.

9. Artificial Intelligence and Machine Lea.mins
* OOP helps in creating modular and reusable code
for AI/ML models and data processing.
Example: Chatbots, Recommendation systems,
Imoﬂa recoani'l:iov\ systems.
10. Embedded Systems

e OOP is used to design embedded software
that controls real-world devices.

Example: Home appliances, Automotive systems,
Medical devices.

Exarn?[e: Libr-n.rs mamse.ment 355{'&“'1.5,
Banking systems, ERP systems.

e e e e e e e e e

Az Key Tokeaway : OOP is used everywhere — from small applications to large enterprise systems.

b

—_—

7
HK:

It makes software more organized, reusable, scalable and easy to maintain.




STRUCTURED Vs OQOOP

Structured Progro.mmi.ng is a procedure-oriented approach in which a program is divided intoe functions.

Object—Ori.ented. Progmmmi.ns (OOP) is an object—ba.sed approach in which a program is

combine data and behavior.

divided into o'oje.c.{:s

Exa.mELe
Structured Approu.ch

Program to calculate area of
rectangle.

Functions:
T‘&a.d-l,gnstk(), read _breadth(),
calculate _area(), display()

Data (length, breadth) is passed

from one function to arnother.

OOP Approach

Create o class 'Red:a.nsl,e’
with:

Data: Lena‘l:'n, breadth
Methods: read(), caleculateArea(),

d.ispl.a.a()

Create abjects of Red:a.nsl.e. class
and call methods.

ASPQCJC Structured Progra.mming OOP (Objec.‘l:“Oriented Proarammlns)

1. Basie APPT'}M"‘ Procedure - oriented o.PProa.c.h. Objedc—oriented ﬂ_PPan_ch_
Prog.ram is divided into functions. Proarnm is divided into objects.

2. Focus Focus on loalc or procedures. Focus on data (objects) and behavior.

3 Pro«amm Structure TC'P'dOW"‘ QPP"'OM'“- BoH:om-—u.p a.PPron.c.'n.
P"‘Oﬂf‘m is a collection of functions. Proaram is a collection of interacting objects.

A s el Eavictions Dota and functions are sepa.mi:e. Data. and functions ore combined in obje.c‘i‘.s.
Data is u.su.ullﬂ 3[0]:@]. and accessible Data is hidden and accessed onl.sj 'I'.'nrouﬁ'n
t'nrou.s'nou.t the program. methods.

5. Data Security Less secure. Data can be accessed by any More secure. Data is hidden using encapsulation.
function.

6. Reusability Limited reusability. Functions can be reused High reusability. Classes and objects can be
with some Llimitations. ea.sil.t' reused..

7. Modul.o.ri'l;*j Pmsra.m is divided inte functions (modules). Prasmm is divided inte classes and objects.

More modular.
8. Mn.i.n{:o.lnn.bi.li.tﬁ Difficult te maintain as the program grows. Easier to maintain due to dota 'hid,i.ng,
modularity and reusabilitﬂ.
5. Ex’cer\sibili_tg Difficult to extend the program. Ea.s:.j to extend bU- c\d.d.i.nﬂ new classes/ abjed:s.
10. Examples of C, Pascal, Fortran, Cobol etc. C++, Jova, Python, C#, PHP, Ruby etc.
Lo.nﬁua.ﬁes
11. Real-World Does not model real-world entities directly. Models real-world entities naturally using
Modeling objects.
12. Suitahilit5 Suitable for small and simpl.e progroms. Suitable for Lm‘se, complex and lcna-term projects.

i

Su.mma.wd: > Structured Proﬂra.mmi.nﬂ is procedure-oriented and function-based.

—> OOP is object-oriented and class / object - based.

OOP is better for:
v Lqrse and complex projects
v/ Code reusability

v Ea.sa maintenance

v Real -world rnad.eli.ns
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Obje.c.‘t*—-Ori.e.n":e.d. Progra.mming (OOP) La.ngua.se.s organize code

_TRENDING OOP LANGUAGES o

\

using classes and obje.c.ts.

These lansuase.s are wi.de.l.‘tj used. in '\ndustrs for buil.cl.ins scalable , maintainable and

robust o.ppllc,atlons .

No. Lanau.a.ge.

Ke.‘tj Features (OOP Support)

Wh‘uj it's Tre.ndlng

Common Applico_‘tions

1' cﬁ) JO..VCI.

Pure OOP language
Platform irmdgpendent (JVM)

Stmng sec.ur'ltﬁ and robustness

Wid.e_lx_.! used in enterprise appl.ic.o:ti.ons
Large community and ecosystem
Constant updu:tes and l.onﬂ—term su.pport

Enterprise apps
Android apps
Bnnki.ns systems

Pgthon

OOP with simple. sldr\tax
Supports multi Pl.e Pm‘a.d.i.ﬂms
Extensive standard libraries

Eu.sa to learn and use
Hi.ah demand in AL, ML, Data Science
Versatile and beginner friendly

Web c.le.ve.topme-r\t
AL /ML, Doata Science
Automation, Scripting

3. @ C++

Supports OOP and generic programming
Hish Pe.r‘Farma.n;.e.
Mzmor3 ma.nagement control

Used in system/software development
Game. development , embedded sﬂstems
Foundation for modern ansu.a.ses

Games
Operating systems
Embedded systems

Wid.eL5 used in web

Hu.se. communi.tﬂ and  frameworks

4 4{% Pure OOP "a“ﬂ“'“ﬂe' Used for Windows & web applica.tions Desk’cop apps
. E?‘ #+ C# Simple, modern and tHPe-sa:Fe Un'\tﬂ game ensin& su.FPart Web apps (ASP.NET)
AN Strong .NET support Regular updates by Microsoft Game development (Un'd:u)
5 R jo.vaScrlpt Proto‘tgpe—ba.se,d. OOoP Backbone of modern web development Web development
' JS (ES6+) Supports classes (ES6+) Works on both frontend and backend (Node.js) Server-side apps (Node.js)

Web and mcbile apps

OO0P with classes and interfaces

Inc.re.a.sins a.d.opti.an in La.rﬂe Projec‘ts

Larse. scale web apps

Easy to learn

Great for web d.l'.vel.opment

Continuous Performnnce improvements
St'rona ecosssi:em (Laravel, etc.)

6. Tfj'F“?-S':-‘”i']:"t Stronala ‘I:Sped. suparset of JS Improves code qu.n.l.i.i:ﬁ and sca.labilita Frontend frameworks (Ar\s\.d.ar}
Better ‘tool.inﬂ and muinta.inu.bi';its Supportgcl b«j Microsoft Enterpr'tse t.tppi.lcu‘l‘.i.Oﬂs
7 PHP OOP  support Powers most of the websites Web development

Content rnonaaemer\t sgsi:ems

E-commerce websites

o @ Ry

Pure OOP lamaua.ee.
Slmple. and elegant SHn‘l'.a.x

Convention over c.anﬂaura.‘tian

Developer productivity
Popul.cu- framework Ru.ba on Rails
Clean and readable code

Web dzvel.upment

Star‘i.ups and rapid pro‘l:otﬁpiﬂa
SaaS applications

Note :

and developer expertise.

* The choice of l,cmsuase. depends on the

Proje.c.t re.quiremenis, per&;rmance needs

Keﬂ Ta.keawaﬂ :

All these l.a.nsua.ses support QOOP

Pri.nc.iples like

encapsulation, inheritance, polymorphism and abstraction,

which help in buil.cling modular, reuseble and wmaintainable software.




OOP CONCEPTS - DATA ABSTRACTION ano ENCAPSULATION

ond. easy to maintain appli,c,o.tions'

[’ Abstraction and Encapsulation are two important OOP concepts that help in bui'.di.nﬂ secure , flexible ,W

(1) DATA ABSTRACTION

Abstraction is the process of hidi.na imple.me.n{'.a‘ti.on details
and. showing only the essential features (-Func.tlona.l.l*{:ﬂ)

to the user.
Key Points :
e Hides unnecessary information.

¢ User focuses on what the object does, not how it does.
* Achieved using abstract classes and interfoces.

Example :
~
Car
Q start() Internol worki.ns
StOP {} _______ ) (-enﬁl‘m 1 Sms )
A accelerate () Tf.ens.c»rs , etc.)
UsSs beakel) s Jedin
_J

The user knows what the car does, but not how it works.

P-j‘l:hon Exa.mPLa (u.si.ns obstract class) :

r- .
from abe 1mport ABC, obstroctmethod W Shape. is an abstract

class. It shows onl:j
class Skape(ABC):

the essentiol feature

(2) DATA ENCAPSULATION

Encapsulotion is the process of bind'm3 data (variables)
and the methods (functions) that operate on the data
into o 5insle. unit (class) and restrictinﬁ direct access

to some of the objec,t’s components.

Kea Points :

o Protects data from direct access and modification.

* Data can be accessed only through public methods.

* Achieved using access specifiers (private, protected, Public.).

Exo.mple, .

r:lu.ss Bo.nk.}\ccoun‘l: . =

def __init__ (self, owner, balance): Dota. ‘i's hidden
self. __owner = owner # private variable é/ (PVW"-‘-{:"-)-
self. __bolance = balance # private vartable
def de.Posi.Jc (self, amount):
self. __balance += amount — Access to data
def se.t_'nalmme(se.LF ) is provided
‘Ehrouah methods,

L return  self. __balance _J
Output /Usase:

@ abstractmethed ( ) o ¢ acc = BankAccount {"Ali", 1000) We ,:oiﬂﬂnt o.:F.eSi[
def area (self): e e acc. deposit (500) =S Cm i
colculote it. i £ balarcal)) 4 Cubsisks 1500 from outside the class.
S = ? e =~ e This protects the data.
Summﬂ.ra .

V' Abstroction hides the complexity and shows only essential features.
Vv Enmpsu{o.‘l:ion hides the dota and Provid.es controlled access ‘l'.'nrouﬂh methods.

Toae.{:he.r, they help in bu.i!.di.nﬂ programs  that are :

v’ Secure v Ea.stj to maintain
v' Reusable v’ Scaloble




CLASSES AND OBJECTS, DEFINING A CLASS

In OOP, a class is a blueprint or template for creating objects.

(1) CLASSES AND OBJECTS

—> A class defines the properties (attributes)
and. behaviors (methods) thot the objects
created from the class will have.

- An obje.c.{'. is o real-world enti.{'.-:j that has

state (data) ond behavior (functions).

E XCL'I'&'P i.e 2

CLASS
(Bluepri.n.{:)

Car

Real-world
objec.’cs

(3)-EXAMPLE - CLASS AND OBJECTS

—

carl

(2) DEFINING A CLASS
A class is defined using the ke.aword class .

An object is an instance of a class.

class keaward

carl, car2,

OBJECTS

(Instonces)

car3

car

Car:

CLE..‘.-E

self . brand

self. color

"

self . speed

def

display(self):
print (f"Car[(self.brand], Color[(self.color])],
Speed[(sel'F. SPized]] km/h")

def __init__(self, brand, color, speed):

brand

color

speed

Summa.-rﬁ :

—

class

def __init__(self, Pa.rameters) :
# Constructor {:optimo.l.)

# attributes (data members)

ClassName :

def methodl (self):

# method b"dtj

def method2 (self):
# method body

followed. by

class name

Constructor methed.
Called a.ul:omn.ti.co.l.lﬁ
when an object is
created .

Attributes (variables)
that belong to
the class

|

Methods (functions)
thot define the
behavior of objects

!
|
[
|
[
[
|
|
|
|
|
1
|
|
|
|
|
|
|

r3

Creating objects
; =

carl = Car("Toyota”, "Red”, 60)
= Cor("Honda", “Blue”, 80)

car
LS

|

Acussinﬂ methods

carl - d.i.spLa.ﬁ() }

car2 - display()

o

Ol.d:Pu'c -

(4) KEY POINTS

e A class is defined once, but can be used te

create many 'abject!..

Each object has its own copy of attributes.
Methods define the behavior of objec‘ts.
o self refers to the current objut.

f "self" is a reference
te the current

1 instance of the
class.

(5)- REAL-WORLD ANALOGY

Car[Toﬂota.], Color[Red], Spe.ed[ﬁo] km/h

LCN[chd.a.], Coler[Blue], Speed.[SD] km/h

OOP Concept Real-World Anulp35
Class Blueprint of a house
} Object Actual house built from the blueprint
Attributes Features like color, rooms, size
| Methods Ac‘ti.ons_T_.ika open door, close window

v' A class is a blueprint that defines attributes and methods.
v/ An object is an instance of a class.
v" We define a class using the kzﬁu.lnrd. class and create objects from it.

I v/ Objects hove stote (data) ond behavior (methods).
v This is the foundotion of Object-Ori..e.n‘l:ed Proaru.mutmg J

=
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= Functions :

1. What is a Function Prototype ?

compiler about a function's name, return type and

parameters before the actual function is wused.
— Tt does not contain the bodg of the function.

It oni:, ends with o semicolon ( ;).

A function prototype (or function declaration) tells the |

4. How it Works ?

-

[ When the compiler sees a function call,
it checks the prototype to know : B
@© What is the return type ? |
| @ How many  arguments are expected ?

[ (@ 'What are their data types ?

-

6. hp_qi‘tirﬁ_ Points

- ¢
r

Pro‘l:otﬂpe. must end with a semicolon.

Prototype and definition must have the
same return type, name and parameters.
# Parameter names in prototype are optional,
but types and order are required.

*

L in different files, but only one definition.
J

A function can have multiple prototypes

- 2. Nhg do we need a Function Protntgpe ?

Function

S

S

+ It allows the compiler to check the function call
for correct number, type and order of arguments.

« Tt enables us to call a function before its
definition.

+ It makes the program modular and easier
to read.

» It helps in separating function interface from

lmplemen{a.'t ion.

5. Example Program

int main() {

(= Tells the
/[ Function Prototype (Declaration) compiler
int add(int, int); 1 Proto{:.jpe about add()

int a = 10, b= 20, sum,
add(a, b); // Function call

" << sum << endl;

sum =
cout << "Sum =

return 0;

Function Definition
add(int x, int y) {

in{s=x+3;

Actual bod:f
s of the function

return s; (Definition)

J

Prototy pe

3 §3!1t5§__9_{_ Function Pro‘ko‘l:ga&_

I

function_name ( parameter_list );

L return _‘|:5 pe

R
Tgpe. of value Name of Types of
returned function parameters
Examples :
1. int add(int, int); /! function with two
I in'l‘.egar' parameters
2. float area(float); // function with one
/! floot parameter
3. void displng(); // function with ne
/! pa.mmeters

4. double power(double, int); // function with two

/ po.mmeters

_Note :
The prototype is like o promise of
what the function will do,

while the definition is the actual

implementa.{ ion.

In Short —3>  Function Pratotﬁpe =

Declaration of a function.

It helps the compil,er understand. the function before it is used.




=

An inline function is o function in which the

( 1. What is Inline Function ?

compiler is rearues’ted to expand the function
code at the point of function call instead of

pe.rForm'mg a normal function call.

—> It is achieved using the kegword ‘inline’.
L =,

-

o Reduces function call overhead (no call/return).

® Increases execution SPeed. for small functions.

( 2. Why use Inline Function ?

e Saves time in pu.shing po,rnme.i:ers and.
returning control.

e Best suited for small and -Fre.quentlﬂ

L called functions.
=

=

# Instead of jumping to
the function, the compiler

[ 3. How it Works ?

Inline Expansion
(Body inserted here)

copies the function bodH
at the call site.

# No jump back, so it

L
Next Statement | saves time.

T
s J
8. Advantages

+ Faster execution.
' Reduced function call overhead.
v Improved performance for small functions.

La

= INLINE FUNCTION IN C++

l
f 4. Sﬁn’cax ,

inline return_type function_name (pummetar_list)

{
// function bod.H,

L )

( 5. Important Points

# Inline is only a request to the compiler, |
not a commond.

# The compiler may ignore the request if the
function is large or complex.

% Best for small, frequently used functions
(like getters, setters, simple calculations).

% Excessive use of inline may increase the
L size of the executable file.

=B,
ﬂ]

6. When Not to use Inline ?

For large functiens.

= 7. Example Program
j AN

For recursive functions.
For functions with static variobles.

When the function is called r‘a.re.lﬂ.

X X X X

!
9. Disadvantages &
¥ Increases code size.
X Not suitable for large functions.

X C.ampi;lzr may ignore inline request.

// TInline function example
#include <iostream>

using namespace std;

// Inline function

inline int square.(int x) { // function definition

return x * X;

}
int main() {

int a = 5, result;

// Function call

result = squm-efo.}; // Inline expansion

cout << "Square = " << result << endl;

return O;

Note :
The compiler repia.ces the call to

square(a) with "return a * a;"

In Short

* Inline function is o request to the compiler to replace
the function call with the functien bod.!j ot the coll site.
Use it wisely for small and frequently used functions.




1. What is Default Arsumen‘t ?

A default argument is o volue provided in the
function declaration. If an argument is not.
possed during the function call, the default

value is used.

—> Tt mokes the function call simpler and

more flexible.

L -

,-’2. Why use Default Argument ? R

® Reduces the number of arguments in function

call.

© Makes the program easier to read and write.
e Increases code reusability and flexibility.

o Useful when some values are common or

L assumed. — K

i

B 3. Rules for Default Arguments

(@ Default arguments are given in function
declaration, not in function definition.

@ Default arguments are assigned from right
to left.

@ Once a parameter hos o default value,
all parameters to its right must also
have defoult values.

@ Defoult arguments are used only when
the corresponding arguments are omitted

Lg in the function call. J

: _.

9

9. Advantages ,
» Simplifies function calls.

# Enhances flexibility.

» Reduces function overloading in many cases. ‘
- Imprms code Mlﬁtﬂ.!.nmbtl.\ts

®

the compiler uses the default values from right to left.

sum(5) = a =25 b =10 (default), ¢ = 20 (default)
sum(5, 15) -2 a =05 b=15 ¢ = 20 (default)
Lsu..l.w'-(5, 15, 256) > a = 5, b = 15, c= 25

10. Dlsa.d.vnntnﬂes

* Excessive default arguments may hide important volues.
e TIf default values change, it may affect the program logic.
o Not suitable for all types of functions.

Lo, Shorgde
* Default ﬂrsument S

disphﬁ("kiga", 21); // Nome: Riya, Age: 21
return 0;

|}

|

e >

A value provided in the function declaration
that is used when the corresponding a.rsumen‘l: is not
provided in the function call.

DEFAULl ARGUMENT C++'3 £@
ln. -
e e — = — = = e — o — 3
& H"‘t ? Important Points o)
return_‘l:gpe function_name( data_type p1 = valuei, % Default arguments improve code readability.
data_type p2 = valuez, % They should be used when the default values
, are meaningful.
L data_type pn = valuen ); ¥t Overuse of defoult arguments can make the
L] = program conFusing.
5. Exo.mple Progra.m #r Default u.rsumen‘ts are substituted bs the
( W compiler at compile time.
// Function Declaration with Default Arguments J
int sum(int a, int b = 10, int ¢ = 20) r =
{ 8. More Examples
return a + b + ¢;
} /! Function with twe default nrau.ments
i moin() void display(string name = “Guest”, int age = 18)
{ {
cout << "sum(5) = " << sum(5) << endl; J/5+10+20 cout << "Name: " << name << ", ﬁtsa: " << age << endl;
cout << "sum(5, 15) = " << sum(5, 15) << endl; // 5415+ 20 }
cout << "sum(5, 15, 25) = " << sum(5, 15, 25) << endl; // G5+ 15+ 25
return ©;
L} int main()
e {
6. How it Works ? 1 display(); I/ Name: Guest, Age: 18
If we do not pass some arguments in the function call, displaa("Ri.Ho."); /I Name: Riya, Age: 18



= Function Overloading in C++ = 3

S

— 1. What is Function Overloading ? |— | 2. Key Points | N [ 3. Syntax | R

I

Function ove.rloading means hcwing multiple
functions with the same name but different
parameters in the same scope.

—> The function to be called is decided by the

It is a type of compile time polymorphism.

return_type functionName(parameter list); |

Functions must have the same name. return_type functionName(different parameter list);
They must differ in number, type or order

of parameters. |

‘ return_type functionName(...,);

o 0 080

compiler at compile time based on the Return type alone cannot be used to | ——— e _ = =
number, type or order of arguments. overload a function. 2
Increases readability and makes the code [ Rules Overlouding |
- — more flexible. . for i)
r'—Lr 4. How it Works ? }ﬁ = . [ = @ Functions must have the
same name.
‘ . { 5. Example Program | ~ | _
[ Function Cull‘] finclude <N (@) Parameter list must be different
l using namespace std; int main() { (number, type or order).
" Calculator obj;

: class Calculator { @ R‘_Et"_‘m _tgpe alone cannot ;
gy =y cheuks public: cout << "Sun (2, 3) = " e distinguish overloaded functions.
the arguments // Function with two int parameters << obj.add(2, 3) << endl; {/ calls add(int, int) @ Default \ candDull

int add(int a, int b) { sfaull. ariysgs-tany
with function overloading.

Matches with the best
function signature // Function with three int parameters
s — int add(int a, int b, int ¢) {

return a + b + ¢;

= & 9 ¥ .\] } << nb_i‘ddd(2, 3, &) << endl; // calls add(int, int, int) | {_ ___y

cout << "Sum (2.5, 3.5) = " [ Advantoaes ]‘W
<< obj.mdd(Z.Sf, 3.5f) << endl: // colls add(float, float) L i tﬂg

Y

}
Calls the appropriate
overloaded function // Function with two float parameters

return 0; v Improves code readability.
} v Provides flexibility.
T Output _____ o + Allows the same operation

float add(float a, fleat b) {

|
I
|
I
|
|
|
|
i
L return a + b; i cout << "Sum (2, 3, 4) ="
|
|
|
|
|
[
[
|
|
|
|
|
|
|
|
[
|

{ \
ko / return a + b; : Sum (2, 3) =5 : to work on different data types.
} | Sum (2, 3, 4) = 9 ' + Makes the to
- 2 2 | program easy to use
8. Disadvantages J—ﬂ }; S a2 55 3.8) = 6 | and maintain.
_________________ z
~» Can make the program confusing - A _J
° if overused. T — . /= -
A

s

~> Tncreases the rumber of function| | ~ " In Short : Function Overloading allows multiple functions with the same name but different
defuppore QUIV9- iy parameter lists in the same scope, and the compiler selects the best match at compile time.

L < |




—

.

A constructor is o special member function of a class that is
automatically called when an object is created.

It has the same name as the class.

e Tt has no return tt:jpe (not even woid).

* It is used to initialize objects.

J

-

(1) DEFAULT CONSTRUCTOR

A constructor that takes no
ar‘sumerd.‘.‘

e If we do not define any constructor,
the compiler provides a defoult
constructor a.utamatlco.il.a.

Example. ;

class Studenmt {
int roll;

5?|:r-i,n3 name ;

/‘.f De‘Fu.ulf Consbrucktor

Student () {

0;
"Unknown" ;

roll =
name

}

}

Exnmpke Output :

| name = Unknown
L

(sl =0 w

v It cannot returmn any value.
v Constructors con be overloaded.

TYPES OF €O

NSTRUCTORS

CONSTRUCTORS : TYPES OF CONSTRUCTORS

When an ubjed: is created

Objec.l'. Creation
(new)

ol

Constructor

Object
Initialized

I

called

@ PARAMETERIZED CONSTRUCTOR
¢ A constructor that takes one or

more a.rgume;n’cs.
* Used to initialize the object with
sPeci-FLc values.

EXQMPL& 3

p

class Student {
int roll;
String name;

// Parameterized Constructor
Studerk (int s Sl;r\na n,} {

(3) COPY CONSTRUCTOR

* A constructor thot creates an object |

as o copy of ancther cbje.ct of the

some class.

Example :

pe

class Student {
int roll;

S’t.rin.s name ;

/! Copy Constructor
Student (Student s) {

|
Q @ DYNAMIC CONSTRUCTOR

* Allocotes memory  dynamically inside
the constructor u.si.nﬂ new ke.uword.,

| . Use'ful when we need memory ot

| run time whose size may vary.

| EXD.mPl.E .

class ArraBDemc {
int *arr;
int size;

/Y D}jnami.c Constructor
An‘uaDemo(i.r\t n) {

roll = s.roll; :
roll =_rj = : size = n;
nome = n; y name = 5.name; arr = new ir\t[r\]; ¥l Dsnmu: memary
} } }
} t ] }
P I :E le : =
Example Output : [ Lty Example :
I Student s1 = Student(101, "Yunes");
roll = 101 /' If we create | Student s2 = Student(si); // copy Arrn:jDzmo abj a ArrnaDemn(S};
name = Yunes [/ Student(101, "Yunes") [ Ou.tput . 2 will have voll = 101 Me.rnor-d for 5 i.nteae.rs is allocated
i name = Yunes | dynamically inside constructor.
B Summa.r'ﬂ Table
Tapg Arau.rncn{:s Purpose Provided by Compiler Example Use
Default Constructor No arguments Initializes with default wvalues Yes (if not defined) Object with defoult stote

Parameterized Constructor | One or more | Tnitializebl W0GH given values No Object with specific values
COPIJ Constructer Objec.t of same class Creates copy of exitting objsct No Cop:jina ob‘jec.ts
Dﬁnarnb:. Constructor One or more (size, ete.) Allocates memory d.unmmcnllﬁ No Dgnu.rnni.c memory allocation




DEFAULT, PARAMETERIZED

AND

COPY CONSTRUCTOR

A  constructor is a spec.iu.l. member function of a class that is m{:omn.’c.ica.l.b:j called when an object is creoted. .
It has the same name as the class and has no returm type (ot even wvoid).

Constructors are used to initialize objec’ts.

() DEFAULT CONSTRUCTOR

e A constructor that takes no araumevd:.

o If we do not define any constructor,
compiler Providzs o defoult constructor
o.l..d.',omnii.mug.

Sﬂrd:ax . ClassName() '[ }

Example :

=
class Student {
int  roll;

stri.na name;

(2) PARAMETERIZED CONSTRUCTOR

e A constructor that tokes one or more o.rsumn‘l:s.
e Used to initialize the abje.d‘. with

specific values.
Syntax : ClassName (type pi, type p2, ) e

Exomple :

p
class Student {
int  roll;

string nome;

lic :
publ.ic: Stude {-_(' £ r, stri n) { /] Parameterized Constructor
nt Defoult Constructer NS } "3
Stucszu(z {0_ /1 Def: i ol = 7
name = "Unknown"; ! npme s NG
3 (r i
void d.tSPLﬁ:j() { vk dLSPLQ’H() { W " "
cout << "roll = "<<roll <", name = " << name; cout << "roll = "< roll &7, nome = << name;
} ' ’ }
3 ¥;
. i) N
Exa.mpl.e. Outpu‘l: X Example Output :
Lmu = 0, nome = Unknmi] roll = 101 , name = Yunus
(for object Student s(101, "Yunus"))
Kea Points :

—> Default Constructor :
—> Parameterized Coenstructor :
— COPS Constructor :

No argument, initializes object with default values.
Takes arguments, initiolizes with given values.
Tokes ancther object of same class, creates its copy.

(3 COPY CONSTRUCTOR

o A constructor that creates an object as o copy
of another object of the some class.
o Used to copy the volues {from one object to ancther.

Syntax : ClassName (const ClassName & obj) { oo}

Example :

Koo Student )
int  roll;

string name;

public :
Student (int v, string n) {

roll = r;

!/ Parameterized Constructor

name = n;

¥

Student (const Student &s) { W Cnpﬁ Constructor
roll = s.rell;

name = S.name;

}

void, ci.i.s-PLaﬁ(} {
cout << "voll = " << roll<¢", nome =" << name;

L}i } J

E)CQ.I'HPL& 5

Student si (101, "Yunus");
Student s2 (s1);
s2 . display 0,

/] Porometerized Constructor
I Cupﬂ Constructer

Ou'l:.Pu{'. :
roll = 104 , name = Yunus
( s2 is o copy of s1 )




= INHERITANCE in C++ =

Tnheritance is one of the fundamental features of

: Example :
Obje.ct~0riented. Prosra.mmms (O0OP). It allows a new 2 £ Exi.sting lassiskose
class (derived class) to acquire the properties and ase S Properti.es .
behaviors (dota members and member functions) of | (Parent Class) i
an existing class (base class).
Key Points : | Y
o It promotes code reusability. Derived. Class New class that
e It establishes an "IS-A" relationship. (Child' Class) inherits properties
e It enables the derived class to add its of base class.
. own feotures in addition to the base c.lnss,_J

& . 2. TYPES OF INHERITANCE . -
Inheritonce can be classified into the following types in C++

: S‘mﬂl.e Inheritance 2. Multiple Inheritance 3. Multilevel Inheritance 4. Hierarchical Inheritance 5. Hybrid Inheritance
A derived class is A derived class is created A derived class is creoted More than one derived class Combination of two or more
creali Fok o from more than one base class. from another derived class. is created from a single types of inheritance.
single base class. base class.
— Jauscmz[ _ [ Base Class | [ Base Class 2 |
ASe e 5
L B Cla: :
Base Class | Derived Class 1 s 2 \A /
‘ l LDerlved Class 1 l
y
Derived iCloss Derived Class Derived Class 2 Derived Derived l
Class 1 Class 2 Derived Class 2
Eats ClassiB Bdarici E cl & et 'E_‘.i: Class C is derived from
Ex : : s CLQ;S - rive Ex -r Mgla : lwml.rw'zlmls ] Class By whizhs is-/dartved Ex: Class B and Class C Exit Combingbion. of multinle’ ansk
Al 30 iy > S from Class A. are derived from Closs A. multilevel inheritance.
5. ARV - 2 Tt is a transitive property, ie., if Class C is derived from Class B, Inheritance
>  Inheritance helps in reusing existing code. and Class B is derived from Class A, then Class C automatically ""“k*’l:’& code
d
2> Tt reduces redundancy and improves mninl:aimbi.li‘l‘.s of the program. inherits feotures of Class A. b @

extensible. ©




- INHERITANCE in C++ ©

Tnheritance is the feature of OOP in C++ that allows a new class (derived class) ”

to ‘acquire the properties and behaviors (data members and member functions) °

of an existing class (base class).

TYPES OF INHERITANCE

1. SINGLE

~
r_Ke.ﬂ Points :
] Reusa.bi.l.i’cﬁ of code

Establishes IS-A rela‘tionship

INHERITANCE

Base Class
(Parent Class)

Y
Derived. Class
(Child Class)

Ex.Ei.a.nuii.on. :
Dog (derived class) inherits
the properties and functions
of Animal

(bu.se class).

When o derived class is created from o si.n.gl.e

base class, it is called single inheritance.

EXOMPLE .

class
public:
void eat() {
cout << "Eating...";

Animal {

¥
b
class Deg : public Animal {
Publ.i.c:

void bark() {

cout << " Bu.rkina e

2. MULTIPLE INHERITANCE

When a derived class is created from more than
one base class, it is called multiple inheritance.

Reduces redundanc-j
® Improves ma.i.ntu.i.nu.bi.l.lt-j R
—e
ExnmPLﬁ :

class Student {
Pu.bli.c:
void. stud.t‘.,() {

cout << " Studldi.ng e

Base Class 1 Base Class 2 )
(Parent Class 1) (Parent Class 2) }:
class Athlete {
Publ.icf
void play() {

Derived Class
(Child Class)

cout << "PLaﬁinﬁ...";
}
b

Ex Eln.na.{‘.i_on 1

SportsPerson (derived class) inherits
the properties and. functions of both

public Student,
public Athlete {

class Spor'l:spe.rson :

publ.ic,:
void info() {

cout << "I am a Sports Person”;

}

Student and Athlete (base classes). };

NOTE :

— Sinﬁle. inheritance repre.sents one Pu.re.nt to one child.

- Mui.‘l:ipla inheritance re.Pre.serd'.s mul{‘.i.PLe. Po.ren{'.s. to one child.

e IS-A Re.[o:l:i.onshi.P

The derived class IS-A type of base class.
Dog IS-A Animal

EXML‘PL'B £

Sportsperson IS-A Student, Athlete




> INHERITANCE in C++ & |

Tnheritance is the feoture of OOP in C++ that allows a new class (derived class) to

acquire the ProPerti.e.s and behaviors (data members and member functions) of

an existing class (base class).

L

KE.H Points :

# Reusability of code

#* Establishes IS-A relationship
# Reduces red.und,wtcﬁ

#* Improves mn.i.ntoino.bi.li.tﬁ

Circle, Rectangle and Triangle are derived
from Shape. Al derived classes inherit the
properties of the single base class (Shape).

PLLPPS is derived from Dos, DoS is derived from Mammal,

and Mammal is derived from Animal.

Inheritance is carried in a chain.

r__ 1
3. HIERARCHICAL INHERITANCE 4. MULTILEVEL INHERITANCE
When wmore than one derived class is created from a When a derived class is created from ancther derived
single base class, it is called hierarchical inheritance. class, it is called multilevel inheritance.
Exo.mEie :
Base Class Base Clads class Animal { // Level O
(Parent Class) public:
bt (LEVB{ 0) void eat() {
/ l cout << “Ea.ti.ng...";
Y n }
Dérived Class 1 Derived. Class 2 Derived Class 3 [ Derived SCLRE v
; : P M Lz blic Animal '/ Level 1
“(Chtl.d Class 1) (Child Class 2) (Child Class 3) (lievel 1) :,:‘:;c: ammal pu imal { [/ Leve
£ P void walk() {
xample : v cout << "Walking...";
class Shape { // Base Class (Derivetl Clasa }
Publ.m‘:d- e o (Level 2) v
voi isplay ) L ) class Dog : public Mammal { // Level 2
cout << "This is o shape™; public :
. } r - ¥ void. bark() { . .
i Derived. Class 3 cout << "Barking...";
class Circle : public Sho.pe { (Level 3) i ¥
}s '
class Rectangle : public Shape { // Derived Classes dfﬁs Puppy @ public Dog { /7 Level 3
}1_ pu ic: '
class Triangle : public Shape { s Neepo ,:[ y
}. cout << "Weeping...";
; ¥ }
Eploniyiein - Explanation - J’ Nofilh “"“"“’“‘“‘j

Inheritonce represents
the IS-A rel.a'l:u.onsh:p
It is transitive in

|
|
!
I
nature . o J

1 4

— ——
-

e e




MULTILEVEL ano HYBRID INHERITANCE

Inheritance is an OOP concept in which o new class (derived/child class) acquires the properties and

behaviers of an existing class (base/ parent class).

(1) MULTILEVEL INHERITANCE

In multilevel inheritonce, o derived class is created from oanother

derived class.

Sldﬂtﬂ.x I

[ class A {
/l base class
}
class B : public A {
// derived class of A

Di.asram :
Class A
(Bass Class)

b 4

Class B

} (Derived from A)
class C Pu.bl.i.c B {
/! derived class o{: B b 4
} Class C
] ’ (Derived from B)
Example :
[ class GrandParent { class Child : public Parent {
public : public:
void  showGP() { void showChild() {
cout << "I am GrandParent”; cout << "I am Child";
H b
5 };
class Parent : public GrandParent { int main() {
PublLr.: Child obj;
void showParent() { obj. showGP () ; /7 inherited from GrandParent
coutk << "I am Parent”; obj.shnupnunt(}; /! inherited frem Parent
} ebj . showChild () ;
hs return. 0}
e } 2,
Ou.tPu.t .

Keﬂ Points :

I am GrondParent
I am Parent

I am Child

# The child class (C) inherits from ancther derived class (B).
e It forms a chain (A =B —C).
* Al public members of oll bose classes are accessible in the child class.

(2) HYBRID INHERITANCE
Hybrid inheritance is a combination of two or more types of inheritance.

(e..a., Mulﬂplﬁ + Multilevel)

Dmﬁmm : St‘jn{',q.x :
fFr
Closs A Class B class A { ... }; ]
(Base Class) (Base Closs) class B { ... };
class C : Publ.l.c. A, Pu-'ohc. B {
/f derived from A and B
[ Class C 1
(s frm A & B) class D Fubl.i.c. € {1
\ !l derived from C
Class D ¥
ke J
(Derived frem C)
Example :
[_cln.ss A { class C : public A, public B { int main() {
public public D b
void showA() { void showC() { =
e << "Class AD e obj.showA(); // from A
} } obj.showB(); // from B
3 1 nb‘i.showC(); I from C
class B { class D : public C { Ubj'SMD(); 1/ from D
public: public: return O3
void showB() { void  showD() { }
cout << "Class B"; cout << "Class D";
} }
¥ b
J

Ke.H Points :

* Class € inherits from two base classes (A and B) — Huu'.i.lnle. Inheritance .
¢ Class D inherits from C — Multilevel Inheritance.
* Hence, Hybrid Inheritance (combination of more than ene type).



VISIBILITY MODES apits G

+ Publ.i.c.

Visi.bi.l.’-.’cﬂ modes ( access 5Peci.fie.rs} are used to control the u.ccessi.biliiﬂ of class members
( data members and member func{'.i.cns) from outside the class. - : private

The main vi.si.bili.t5 modes in OOP are : public, private and protected. # 5 jpeetested
Exa.mpl.e Class :
Visi.bi.li’c:j Mode Sﬂmbol. Access Level Accessible -From Desc.rip‘ti..on )
( class Demo {
s Within the class Members are accessible Pu.'bLLc.l f "
YO Lt TE .
Public + Hiﬂh ¢ Qutside the class from anywhere in the int a; I Pu.blic. member “nd
¢ Devived 'classss program. - v:ei.d. showA(); // Pu.bli.c. function b oy
: | ot nly within the
Members are accessible Sk dis // Pri.vu:l'.e ik only W
L ’ class Demo.
. only within the class. . ) b "
Private o Low * Within the class ord".'j Not accessible outside void showB(); // e -Fu.n.r. s
the class and not in Pm‘l:e.c{:ed.: c con be accessed
derived classes. int c; /] protected member within Demo and
Wikhin the clas Members are accessible void showC(); // protected function | = its derived classes.
TN 7 within the class and in ]'; Not outside.
Proi:ec.ted e Medium * Derived classes derived classes. . 2
e Not outside the class | Not accessible outside
the class. Exu.rru[;plg with Derived Class :
Accessibili.ta of Members : coss B { class Derived : public Base {
From Public ( + ) Protected ( # ) Private ( - ) public : public:
int a; class Derived void show() {
Within same class v v v protected : : public Base o = 10; // OK
‘ int c; — c = 20; /f OK
0 t I.d.e Ln_-'. ks ¥ i)
i pil e ol o o private /l b = 30; // Error
In derived class v v X int b; }
¥ ¥i
Su.mmrH : W, L 2
i Publ.i.c. members oare accessible avp.rswham. K’eﬂ Points :

private members are accessible only within the class. v' By default, class members are Prlvu.’r.e.(in C+s).

v’ Use \.fi.f.i.bil.i.iﬂ modes to control how members are accessed in a program.

ﬁ
— Pro’ced:ed members are accessible within the class and in derived classes.
-

Use vi.si.bi.l.i.tﬂ modes to hide doto and achieve data 5ecur'|.’t.5 (er\cupsul,n‘l',i.an). v These modes ore essential fur dota hi.r.b'.na and. e.ncapsul.a.iinn.
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~ TIntroduction:

— e

History of Python Programming Language

. P_HJC}’\OQ _p_ro%rqmmigg Langriqg_e was created b,_‘j

Giuido van Rossum. He started wo-rkjng on Pgthon

in the late [980s.

e Python was First released in Fe._bruarg___ ksl

o/

Tt was designed to be easy to read, easy to use,
J Jd z

| and powergul. N -
. The name Pgthpn" was ins_pired bg the British
comedy group g Monty Python's Fl.ging Circus”,

(@)
which  Guido. van Rossum was o big fan of .

o _Eﬂ_‘thon 1.0 was released in J_anuo.r_tj_qulr, with

_many  new. __%_e.atur_gs_qnd _i_mpmve.me.nts . -
. Over the years, Pg‘tbgn has evolved 'l:hroqg_h_manq

_versions. Some major versions are Python 2.0 ( 2800)}

. Python 3.0 (2008). ey - P LT
. ___Todag__; Pg'l:hon is _one of the most popular P"’ng_c&mming_ N\

_ languages _in- the world. Ttiis widely used in =
web development, data science, “artificial intelligence,

automation, and MALZ LR other ;E'i—e—l‘ds’” 5




Thrust area of P\dthon F & ml e d

Ptjfhon is a  versatile p'rocc:]'ramming_ Lcm_gu.age, and it has

o S'I:'rcms presence. in many thrust areas. - r 7~ £

1. Web Development : P thon is widely used for web development
using .f.'rameworks Lake. Domgo Flask, P'jramld etc.
It helps in bu:l.dmg dgnamlc and power.g-u]. websites
q.,u,tc.kl.tj

2. Data Science and Analytics : Ptjthon s o top choic_e.__i
fgor data analysis, data visualization and machine
l.e;arning, Libraries Llike Numpg_, Pandas, Matplotlib,
Scikit-learn are widely used in this#ovea. Y

3. _Artificial TIntelligence oand Machine _l_.,garning: P-d'thon

supports AL and ML with Llibraries such as TensorFlow,

Keras, PyTorch. Tt is used to build ‘smart systems

that can learn and make decisions. .

4.  Automation and Scripting : Pg-thon is used for
automating repetitive tasks like file handling, web
scraping, testing, and system administration. }

5. Game Development : PH-l:hon is used in game development
using libraries Llike ngame.. It allows easy creation
of 2D games and simple interactive applications. ]

6. Scientific and Numeric Computing : Python is used in

scientific research, simulations and engineering

applications. Libraries Llike Sc.lpg and Sﬂmpfj ore
commonly used in. this field.



Parts gfﬁfﬁthon Prosro.mmins Language:

1. Tdentifiers

o Tdentifiers are the names given to variables, functions, classes,
modules or any other user-defined objects in a Pg'\:hon program.
® The.a he.l.p to identi{g different elements in the progrom.

Rules for Identifiers :

1. An identifier can contain letters (a-z, A-Z), digits (0-9) and underscore (_).
2. An identifier must start with a letter (a-z, A-Z) or underscore (_).
3. An identifier cannot start with a digit.
4, Tdentifiers are case-sensitive. (mHVa.r and myvar are di-H:eren-I:)
5. No special symbols are allowed e.xce.P'!: underscore (_).
6. Python keywords cannot be used as identifiers.
Exo.mELes :
Valid Tdentifiers Invalid Identifiers
name —name nameil 1name name! my vor
student _name sumi .
age_ 2024 i o for while 2value
myVariable AOT AL class @data sum-1

2. Keywords
. Ke.-clword.s are reserved words in Pvd'l:hon that have a spe.cio.l. mecmina.
e They have prede-}ined purposes and cannot be used as identifiers

(variable names, {function names, etc.).
e ALl keywords in Python are written in lowercase .

List of Pg-h'nor_ Keywords :

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




. Statements

In Python, o statement is an instruction that the Python interpreter

can execute. Each statement performs some action .
P&j'l:hor"n staterments are written on a sinsLe. line or can span mu.ltip[e.

lines u.sing line continuation.

1. Simple Statements :

These ore the most basic statements and pe.r&crrm a simple action.

Examples :
e Assignment statement — x = 10 # Assignment
e Expression statement — X + y # Expression
e Print statement — P‘rin'&(" Hello, Pﬂthcn!") # Print
e Delete statement — del x # Delete
e Pass statement — pass # Pass (does no{:}-uins)

2. _Compound ( Structured ) Statements :

These statements contain one or more blocks of statements.

Examples : if x> O0:

z I{ P Sl P'rin‘t( “Positive”) # If statement
if x> O:

e If...else statement ' print ( “Positive”) P TRe ctoternent
else:

print ( “Non - positive”)
= for i in ran e(5): # For Lleo
For Locp B i)s P

e While L\DOP while : : 22 4 # While LooP
d dd s b

s Function de&initi on e§ T‘ettfr?w c:.)+ b # Function definition
class Student: i Closs defiﬂitiorl

. Class definition

pass
i:.ra 3
. T’rﬁ - e.xc:e.p{: statement x = 10 /
except ZeroDivisionError:

print( “Cannot divide by zero”) # Try...except statement

3. Multi-line Statements :

A statement can extend over mu.u:ipl.e lines u.sins line continuation ().

Example :
total =

1 + 2 + 3 + \
4 ¥ & # Line continuation u.sins backslash
Print(’ho{:al) +H Ou.‘bpu.'i:,: prie



Expressions

An expression in Python is a combination of values, wvariables, operators and
{function calls that is evaluated to produce a single result (a value).
Expressions are used in computations, assignments, conditions , function calls, etc.
Components of an Expression :
* Operands — Values or variables on which operations are performed.
e Operators — ngbcl.s that perform operations on operands.
e Parentheses — Used to group sub -expressions and control precedence.
Examples of Expressions :
@ 5 + 3 — 8 # Arithmetic expression
@) X%y — product of x and y # Using wvariables
® Ca + b) / 2 — average of a and b # Using parentheses
@ s EED TS e b D) — Pol.ﬂnomio.l. expression #H Usins exponent and operators
® len (name) — Lensth of string “name” # Function call expression
® a > b — True or False # Relational expression
@ (x > 0) and (3 < 5) — True or False # Lcsicc\.l. expression
Types gﬁ_ Expressions :
Tﬁpe Desaription E)co,mple, Evaluates to
S Arithmetic Expressi_on_ ; Llie.s_o.'r_ith_rle.{:i_c operators C+, -, "' » P ,_% » Vi4 ,_"_) #1032 "+_"' 2 18
Relational ExF're.ssicrn Uses relational operators (==, =, <, >, <=, >=) x >= 40 True / False
Los'u:o.l. Exp'ressi.c'n Uses logical qurg._‘l'_.grs (a.r_nd s crr,_no'l:) (x > 0) and (5 < 5) True / False
Assisnmen{; Exp'ression Assigns o walue to a wvariable x = 5 + 3 = _3 Cassisned to x)
Function Call Expression Calls a function and returns a value max(a, b) Maximum of a and b

Rules :

e An
e The order
* Parentheses be

E,aample. in Pathgn__s_thL :

e§

can

>>> x = 40 #

22 Ul = 3

>>> x + y H
13

>>> (x * yd) + 2 #
32

>>> x > y H

True

expression must have
evaluation is

used to

at least one operand.
determined by

operator precedence.

change the default order.

More Examples :

Statement C(assi gnment )

>3> Q) AE AR
Expression 8

>=>>
Expression 35

>>»>> not (x == y D]
Expression True

€5 T 2 NERERI- 3)

# Exponent

#  Arithmetic

# Logical

expression
expression

exp-ressicm




Variables

A varioble is a name given to a memory location in a program .

Tt is used to store data (values) that can be changed during

the execution of a progrom.

KeH Points :

e Variables act as containers for s’corins data values..

¢ The value stored in a variable can change.
o Pllj'l:hon is a dynamically typed Llanguage, so you do not need
to declare the type of variable.

e A variable is created U..u{'.omo..{'.ico.ug when you cx.ssiﬂn a value to it.

éﬂn‘l‘.ax :
voriable. frommes = Valde variable _.name — name o§ the variable
value — data stored in the wvariable
Example :
x = 40 # integer variable
name = “Python” # string variable
price. = 25.5 # {loat variable
is—valid = True # boolean variable

Rules for Naming Variables :
1. Must start with o letter (a-z, A-Z) or underscore (_).
2. Can contain letters, digits (0-9) and underscore ().
3. Cannot start with a digit.
4., Neo spaces or sPecin.L characters allowed other than underscore (_).

5. Variable names are case-sensitive (age, Age and AGE are different).
Examples of Valid and TInvalid Variables :

Valid Variables Invalid Variables
age lage (starts with di g it)
—name total marks (contains space)
total —marks @name (contains specia.l. character)
studenti for (i keaword. cannoct be used)
Price2 stu$dent (contains special character)

Cha.nﬂirls_ the Value of a Variable :

x = 5 # x stores 5
x = STl # x now stores ¥
x =220 # x now stores 20

Multiple Variables in One Line :

o by o =TS #
x=5=z=100 +t

g en e = D e e D
E



Qperafors

Operators are special symbols that perform operations on one or more
oPe.r‘omds (values or variables). Pgl:hon su.PporEs a  wide range of

ope.'r'oi'.o'rs L

1. Types of Operators in Python : \ -

e Arithmetic. Operators

Assignment Operators -

Comparison (Relational) Opemtcrs & -
Logical Operators

o Bitwise Opem‘hors

* Membership Operators
. Ideni:.'t'hs Operators

2. Arithmetic Operators : Used to perform mathematical operations.

Operator Description Example Result
+* Addition 5+ 3 8
- Subtraction 5«3 2
» Multiplication 5 % 3 i85
i Division L dige 1.666...
Vs Floor Division (Quotient) 5 // 3 1
Y Modulus (Remainder) 5 % 3 2
»*x Exponentiation (Power) 5 &% 3 4125
3 Assiqn@ ng,m’tﬁ_' Used to assign velues to variables.
Operator Example Same as Operotor Example Same as
= x =5 x =5 /= x /=3 po:= > i '3
+= x += 3 x = x + 3 Y= x Y%= 3 X = x % 3
—-= x —==/3 x ¥ x: = 3 li= x //=3 - & g WIA)
- x W= 3 X = x * 3 = x ™M= 3 e =P W 3
4. Comparison (Relational) Operators : Used to compare two values.
Operator Deseription Example Result
== Eciu.u]. to 5 == 5 True
l= Not eq'u.n.l. to 5il= 3 True
> Greater than 5 = 3 True
Less than Bl = 3 False
>= Greater than or e.cluc\.L to 5 >= 5 True
<= Less than or e:luu.L to 5 <=-3 False
5. logical Operotors : Used to combine conditions. G AR T Criiian
Operator Description Example Result Used to test membership in a sequence.
and True if both are True | (5 > 3) and (3 > 1) True  Operator Description |  Example | Result |
or True if any one is True (8<3)er(3>1) True in | Present in 3 in [1,2,3,4] True
not Reverse the result not (5 < 3) True not in . Not present in | 5 not in [1,2,3] | True
7. Identity Operators : 8. Bitwise rators :
Used to compore memory locations of objects. Werk with binary representation of integers.
Operator Description Example Result Operator Description Exomple |
& Bitwise AND 5 &3
is True if same object a is'b True/False | Bil-..mi.sg OR 51 3
is not True if not same object | a. is not b | True/False A Bitwise XOR o<
~ Bitwise NOT ~5
<< Left Shift Sige 1
>> Right Shift 5>>1




Precedence and Associativii:a

{

1, When an expression contains multiple operators, Python evaluates it according
| to a fixed order of precedence.

f If two operators have the same precedence, the associativity rule decides

the order of evaluation.

1. Operator Precedence in Python

Precedence Operator Description Example Associctivity -
(High: =o' Lous) 2. Associativity
1 ) Parentheses (2+3)+4 -
If operotors with the
) " Exponentiation (Power) - il < Risht to Left
: same precedence appear
3 +X =X X Unary plus, Unary minus, | _g , +5, ~5 Right to Left in an expression, the
Bitwise NOT ;
o.ssoc'lo.{'.'wi‘l'.s rule decides
Multiplication, Division
‘ plication, Division, o % : . hich direck: th
4 LA Floor Division, Modulus 100, 3 3 Left to Right in  whic irection they
are evaluated.
5 + = Addition, Subtraction 10+ 5 , 40 -5 Le{f to Riahl‘.
o left to R;shl'.
6 << >> Left shift, Right shift £ <ol Left to Right
7 & Bitwise AND 58 3 Left to Right e fom
it — “f g the leftmost operator
8 r Bitwise XOR ot B Left to Right and moves to the right.
9 | Bitwise OR BRES Left to Right
. Rishl: to Left
10 < <= 5 5= Relotional operators 5 <3 Left to Right
11 == = Equality operators 5 ==3 Left to Right ESIRGIN stats frow
j : the rightmost operator
12 not. Logical NOT not True Rxsht to Left » b tothe lagh:
and Logical AND True and False Left to Right
13 i , Ay — %
or Logical OR True or False Left to Risht
3. Examples
e a) 12 + 5 * 2 e d) 20 - 6 - 4
— MuLtiPLico.ticn has hishe\' Preaadenu. than addition. — - has same erc.cedanca and is Left te risht,
— So, 5*2 is evaluated {first. — (20=-6) -4 = i4 -4 = 10
= 49 +:40 = 22
e b) (42 + 5) = 2 e e) True or False and False
—> Parentheses have highest precedence. — oand has higher precedence than or.
— So, 12 + 5 is ewvaluated first. — So, False and False is evoluated first.
= 4% & 2 = 34 = True or False = True
e c) 2 %% 3 xx 3 ° 5) not True and False
— ** is right to left associative. — not has higher precedence than and.
— Se, 3 ** 1 is evalucted first. —> not True is evaluoted first.
= 2 %3 = 5i2 = False and False = False
Su-mmﬂf's :.

4 OPern.tcrs are evoluated uccordins to precedence (Hish to Low).
2. If operators have the same precedence, associativity (Left to Right / Right to Left)

determines the order.



Data -eres in Pg'l:hon

A data 'E}jP"- specifies the tﬂpe of value a variable can store and the

dict CDic*l:iono.rﬂ)

R&PTB-SGP’\{:S CDLLE-C-{’.iOﬂ O§ k!H-VO.LU.E.

pairs (unordered)

D= {'Id': 1, 'name': 'ALi'}

'EHPe of oPera.{:ions that can be Pe.rforme.d on that value.
1. Built-in Data Types :
Data Tldpe Descrip{:ion Exa.mPLe. Vealue 'T'Hpe. (in Pai:han)
int (Integer) Represen{:s whole numbers x = 40 10 t. 39
3 (positiva, negative or zero) y = -25 -25 Schaie ke
; s Represents decimal numbers R L I 3.14 « f
§|.oa.+. (FLDO.'!'.I.T‘ES Pcnn{:) (numbers with gru.c‘l',iono.l. po.r‘i:) Eﬂ.{:e = -0.%56 -0.%95 utees f!.oa:f’. ”
complex (Comple.x number) ?:Pziieh? comIL:benumbers z =3 + 4j (3+4j) < class 'comPl.e.xJ >
Represents truth wvalues a = True True ‘ )
bool ( Boolean) TTE or Falee b = Folse Folse < claes ‘bool’'>
| Represents " sequence of name = “Yunus” "Yunus” b -
str (S‘h‘tng) characters (text) msq = ‘Hello’ ‘Hello’ < classt SR
List CList) E;P:::;Ts(cmff zﬁiﬁq%ws) L = [10, 20, 'abe', 3.5] [40, 20, 'abc’, 3.5] < class ‘list'>
tuple CTuple) Represents ordefd oflleltioh T = (40, 20, 'abc') (10, 20, ‘abe’) < class ‘tuple’ >
P P of items (immutable) It
set (Set) E;'P:::f: i::::ie.re.d EeLIEekl o S = {10, 20, 30} {10, 20, 30} < class ‘set'>
{'id': 1, 'name': 'Ali'} < class ‘dict’'>

2. Type Checking :

e We can check the data i:.ape. of any value using the 'EHPQ.() fu.nc.‘l:ion.

Exa.mELe. : ‘E.:.JP!.( 10)

'f:.HPQCTme.) — <class 'bool’'>

Note :

— <class 'int'> £5P3(3.14)

— <class ‘float’>

'Eapef[i,Q,S:]) — <class ‘list'>

'Espe(“Yu.nus") — <class ‘str'>
tape({‘a.':i}) — <class ‘dict'>

Pa‘l:hcm is a dﬁna.micn.ua *!:wzw.d. l.mguo.se, sc we do not need to declare the 'l'.spe of a variable explicitly .




Indentation

Indentation refers to the spaces ot the b&sinninﬂ of a line.
In Pﬂthon, indentation is very Emporto.nt. Tt s used to
define a block of code.

. Psfhon uses indentation to indicate a block of code .

o ALl statements within the same block must have the

same indentation level.

o Unlike other Lo.nsuo.se,s that wuse { }, P‘ljthon uses

indentation.

Example :
Correct  Indentation
W= 10
Ef xip B —> Here, Prin{’.() stoterments
print (“xis greater than 5) are indented inside the
else: if oand else blocks.
Print(“x is 5 or less )

IﬁCOTTE C.t Inde.n‘toi‘. E on

x = 10
-L:F e —> This will ﬂiw.:, on

Prin{:( "x is sm{‘.er than 5") IndentationError -
else: because the indentation

Pr‘iht("x is 5 or less") = —

Nete :
* lse consistent indentation ( u.su.a.l.LH B sPa.c.e.s) {'.hr-cm.shou{:

the program.
¢ Do not mix tabs and spaces.

Comments

Comments are used to ex?l.a.in the code. The.ﬁ are isnore.d
bg the P!j‘l:.hon En‘l:e.r']:)re.{:e.r and are used to make the code
more readable.

; Sing[.e.-—l.ine. Comments

In nghon, s{nsle—Line. comments start with the # sgmbo[.
Example :

# This is a single - line comment
x = 10 # x stores the value 10
Pﬂ'.n{‘.(x) # This will Prini: the wvalue of x

. Multi-line Comments

Psihon does not have a sPe.c.lni sﬂn{:o.x for multi-line comments
like /* ... */ in cother La.nsuo.ﬂe.s. We can use Jc.r"II::l.e. clua‘[‘.v.s

(*** or """) to write multi-line comments.

i wles
This is a

multi - line comment,

It can span —> The text inside triple
across muli:i]:»[o. lines. cLucd'.e.s is isnore.d. bﬁ

ey the in‘l:r.rprete.r.
x = 25

print (x)

Note : Comments are u.sefu.[. :Fcrr documentation and unde.rsta.ndins
your code, especially

in La.rsq. programs.




Reading

i< Re.a.d.i.n& Inpuﬂ:

In Pﬁthon, we use the 'anu‘[‘.() :Func.tion to read data
from the user.

variable =

Sﬁnfa.x 2 inPu‘l:. ( Fromp‘t)

° i.npu.t() alwa35 reads the data as a string.

e We can convert it to other data ‘l'.ldPe.S using 'l‘.Hpe.
conversion functions Llike int(), float() etc.

Exa.rnELe, < Wi Reo.d.ing a s‘f‘.ring LnPu.‘!'.
name = ;.I"I.'PL.I.'t( & En‘IZE'.'I" HCU.T" name : ")
y A i wyn Enter your name: Yunus
print(“Hello, ® + name + "!") w @ |
ello, Yunus!
ExamLELe. 25 Rem:ling integer input
Sample Run :
num = Ln‘l:.(i.npu‘l'.cu Enter a number: ")) ;
Ent ber: 25
prl'.n{'.(""l’ou entered:"”, num) Yn “4 : nu;n E;S
ol entered .
ExamEle. A Readinﬂ floo.t inpu.t
So.m]:_rl.e. Run :
Pri.c.e. = cha‘l:.(i.nPu‘l:.(“ Enter Pr'Lc.e.: ) Erter orice: /99,50
Pri.n‘t( = Price 5o P'r‘i.c.e.) Pri P 9-9 5 -
rLCEe LS a

Note : The T.nPLL{:() :Fu.ncﬁcn alwaHs returns a s‘l:.rins.
Use int(), float(), etc. to convert it to the required
data tﬂpe.

Inpu't ; Prin{:ing

Output

2Py [n‘l:i.ng QOutput

In Pgthon, we  use the prinf‘.() function to di.sPLa.B owl:.Pu{:

on the screen.

', end="\n")

Sﬂn‘hax . Prin‘l‘.(volue.i , valued, ..., SeP=’

* sep is used to 5epa.ro.{:e. values (defo.ul‘l: is 5Po.ce.).

e end is used to end the Lline (d.efaul:l‘. is newline).

Pr[n’c.i.ns a singLe value

Qutput :
Hello, Python!

print ( “Hello, Python!")

Exo.mp_le A Prinﬂng multlp[.e values
name = ﬂYuﬂuS" Ou.'t u‘l: ; ..
age = 20 Name: Yunus Age: 20
print (“Name:", name,"Age:", age)

Example 3: Using sep parameter Otk -
print (10, 20, 30, sep='-") 10 - 20 - 30

Exo.mgl.a 4 .

Usi.ns end po.rcmme,‘te.r

) Output :
Hello Pﬁthon!

Prin‘l:. (“Hello”, end='
Frin{‘. s Psthon L5

ONNe / 4 =
| Note : The print() function is used to show results, messages or

— e e e

any ou'tpu{'. to the user.




ISEE Conversions

THPe. conversion (or tHPe' cas’c.i.nsj is the process of conver{:ina a value fram one data Jr.‘-jpe. to another.

In Paihon , we can convert data {‘.Hpe.s using built-in functions.

: b Impl.'l.ci.{'. Tﬂpe. Conversion (Auiomo.{:i.c.) 3. Examples cf Tq'pe. Conversion
PH{'.'n.on. a.u‘l'.omo.{:ic.o.LLa converts o smoaller data ‘{‘.udpe. to a a) int() - to convert to i.nfeger
Lo.rse.r' dato. t'dPe to avoid data loss. x = 7.89 Outpu{ : P # decimal Pa.rt
Exc.mELe. : y = int (x) is removed
o = 40 # int prinkCyy
b = 3.5 3# j—' loat
c = o + b # int is converted to floai b) floo.t( ) — to convert to float
]:u'rl'.nt (e Ou‘tpuﬁ » 43.5 it & Oq.ul:.Pu{'. : d6.6 # s{‘.rins is
s fl.oo.{:(x) converted to floo:l‘.
2. Explicit Type Conversion CMo.nua.L) print ( 5)
We can convert one data tgpe to ancther using built-in
4 c) str( ) — to convert to 5{:.ri.n3
func{:wns :
Commen ‘l::._ﬂ:ce conversion func’r.i.ons : % : 1.3.-.0( 7 OL.IJ:Pu.‘i:. . iOO' #  rumber N
Funetion Converts to Exa.mP[.e. Result IH:n‘i.n‘I:.( y ) converted to 5{""i'"3
int () Inte.se.v int(3.9) 3
fLGO..‘I.'.( ) FLOO."'. :FLOO.Q‘. ( iO) .‘LO 0 d.) bOUL( ) - 'l'.D Gonve.r‘JC. ‘ho l}GGLE.a.ﬂ
str() Stﬂ'.ns str(25) ‘a5’ % i Eool. ) Ou‘l‘.Pch. ¢ False # 0 is False
bool ( ) Boolean bool(0) False Prln‘t ( y i i e

4. Type Conversion in Expressions

a = '45' # 5-l'.r€.ns Note : o While conve.rti.ns , make sure the value is in a wvalid -’}m"m&‘l‘..
L =5 # i.n'te.se.r e Invalid conversion will raise an error.

¢ = int(a) +b # '415' is converted to 15 Eme]_g ;

pri.ni:(c) # 15 + 5 = 40 Outpu‘l:.: a0 int('abe')  will Si.ve o VoalueError.




Ib& ,{:'HPig Function and Is Ope.rod:or

Ca L B = =

1. The type() Function

The {:Hpe.() func.{'.i.on ts used to fi.nd the data tUPE' cf a
value or variable. Tt returns the class type of the object.

2. Is Operator
The is oper‘a.{'.or is used to check whether two variables

[ Note : Use ‘is' camfuu.g. For most comparisons of values, use ==.

e

= F P

e

~—

e

e e e e e

)
j refe.r to the same ol:;jec"c in memory .
Sﬁn{.ax: tﬁFE(ObJe'Ct) Sﬁnta.x: variablel is variobled
Exa.mel.e. : § Example 1

Code Output Explanation a = 100 _ Both a and b refer to the
v = A0 b = 4100 same object with value 100
pri.n{‘.(tldpe.(x)) <class ‘int’> x is an integer pri.n‘l:(o. is b) # Output : True (small integers are cached).
y = 3.14 ¢ ; g E  /
P"'iﬂt(t}_ﬂbﬁ(}j)) < class ftoai: > y is a floa.’c. xamp :
A ne// sV My J , % = [1, 2.9 —s Yy refers to the same list

St <class 'str'> name is a s{'.rms s object as x.
prin (tHPe.(no.me.)) )
pri.n{:(x is H) # Output : True
is—valid = True Bl ni® is_valid is
print (type(is_valid)) ENGRE Shedhce boolean Examale %
lab = [4,9.,3
s. - ] <class 'list’'> lst is a Llist P = (4,2,3] — P and q hove the same
prm{'.( ‘bdpe;( lst)) .
q = [1,2, 3] values but are different
‘f‘-PL = (4,2,3) ' ' . rint ( is q) # Output : False cbjec{'.s in memory
print(tgpe.(’cpl.)) < class ‘l'.l..l.Fl.e. > tPL is o {‘.u.Pl.e. P P q P
d _: {fa’: 4, 'b": 2} <class 'dict’'> d is a dictionary EEE—-—-—*-—*—-—-POLntS :
paniCtHPe(d)) e 'is' checks 'L.c:LcP.r'\.{:.ii‘.HI (same ob'je.ci in mem.ors).
——— P N SRS N DO, - S Seeene SO OU | IO e It is not used to compare values .
Note : tHPa() tells ws what JLHPO. (class) the objed‘. I:e.Lon.Bs to. é e Use == to compare values .
It does not check the value, only the data type. g e | | &V R \EEEDCEEEESEES - X



Eﬂnamic ,?ﬂfl, Stronslg Igped Lansggsg

1. Dgnami.c La.nc_qua.cle

A dﬁmiﬂ icm.sua.ge. is one in which the data {:Bpe of a

variable is checked and decided at runtime.

e We do not need to declare the '.:Hpe. of a variable .
e lhe ’('.Hpe. can dtcmse. d.u.r'l.nﬂ program execution.
o More flexible and easier to write code.

Exa.mBL_e Cpﬂthon) :

x4 =%10 # x is an i.n{‘.ese.r

print ( tHPe( x)) # Output: < class ‘int'>

x =/"Yunus" # now x is a stri.ns

Pr'mt(tg Pe.( x)) # Outpu.{'. : <class 'str'>

2015 .5 # now x is a f[.oa{:

pr'i.n{'.( ’c.spe.( x)) # Outpu{',: <class 'fl.cna.ﬁ' >
&.ﬂ_ Point :

° THPe of variable is determined at runtime.
e Same voriable can hold di.ffere.ni‘. ’cHPe.s cf values .
Pﬂihon, Javo.Scr‘i.p{'., RubH, PHP.

T S —

Noie. : Pgthon is bo{'.h &Hno.mu:‘. and s{.ronalﬂ ’c.specl
> D‘tjmmuc. - ’EHPe. is decided at runtime.

° Exq.mPLe Lansuo.ge.s:

et e e i, —

> S'I:ronsls Tsped. - opemi.l.ons are Per‘forme.d onls on com]:.\a{:t.blg {‘.Hpas (e. G+ int + int is allowed, int + "text” is not allowed).

2. Strongly Typed Language

A sir‘onsls £3Pc.d Lo.nsuo.ge. is one in which the data igpe of a
variable is checked at compile time.

o We must declare the {‘.Hpe. of a wvartable .
e The the' cannot be c.hcmse.d. once declared.
o less fle.xi.ble. but sa.fer‘ and reduces {'.spe.—reLn'Ee.d errors .

Exo.mple_ (chn.) :

int x 188

System.out.println(x); // Output: 10

mismatch

// ET’T‘CH":
// (cannot assign String to int)

n
x = ‘Wunus®™

TH pe

&gﬂ_ Point :
THP!'. of variable is determined at c'.omPi.l.e. time.

Once declared, a wvarioble cannot hold a d.i.ffe.rent E.Bpe..
Exampl.e, la.nsua.se.s: C, C++l C#‘, Rust .

Java,

i s S S = - = i e _
. - = e e i ?

e . e el e
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Control Flow Statements: The if, if-else

Control j-'Low statements are used to control the execution of a program

based on certain conditions.

1. The I.f Statement

The if statement is used to execute a block of code onLH Lf
the Sive.n condition is True.

Sﬂn‘l'.ax : i.f condition :
# block of code to be executed
i.f condition is True
Example :
age = 18 Ou‘LPu.{::
i’f age |>= 18: You are el.lsi.bLe to vote.
Pri.nf(" You. are eLi.ﬂi.bl.e, to vote.")
Flowchart :
Condition Exeaie
True? block of code

Next

statement [€

Note : ¢ In

the i.f statement, the else Pcu"’r. is oPJciona.L.

e Indentotion is very LmPar‘Ecm.{: in Pﬂ‘l:hon.

o T B e

2. The i._-f - else Statement

The Lf-e.].se. statement is used to execute one block of code i.f
the condition is True ond another block i..f the condition is False.

Sﬁn‘t@x : i.f condition :
# block nf code T.f condition is True
else :
# block of code i.f condition is False
Exa.mgl.e '
marks = 60 Ou‘EPut:
i.f marks >= 40: » D
prin‘E(“You pa.ssed.! "4 ol e

else :

Pr'i.n{'. (" You fml.e.d )

Flosehionb':

Condition
True?

Exscute.

Execute
else block

i block

|

e Code inside the 'Lf block runs Oan when the condition is True.
o In if-else, either the if block or the else block will be executed,
not both .




The Lf -al.i.f -else statement is used to execute one block of code from mul.'l:i.PLe

alternatives based on d.i.ffere,n{: conditions .

¥ Sﬁn’ca.x :

i.f conditiond :

# block of code i.f conditioni is True
el.i.f conditiond :

# block of code 'L.f conditiond is True
e.LLf condition3 :

# block of code if condition3 is True

E'.LSE i

# block af code i.f all conditions are False

& Exa.mpl.e. (Pqthon} :

marks = ln‘l:(i.nput(" Enter your marks {(0-100): "))
'Lf marks >= 90:
Fr'i..n{:( “Grade: A")
elif marks >= 75:
Pri.n‘l‘.( "Grade: B")
eLi.f marks »= 50:
Pr‘i.n{'.( “Grade: C")
e.LLf marks >= 35:
pri.n{'.( "Grade: D")
else:

Pr'i.n.l‘. (" Grade: Fail")

Note :

—

Sample Run :

Enter your marks (0-100): 82
Grade: B

Grade: C

Grode: Fail

L The PI‘OB'I"(}.I'I’L C"‘L&CI‘L‘. CO?Id.H'.I:OﬂS fmm tOP 'tO boH:om.

e As soon as one condition is True, its block is executed and the rest are sk.i.PPeci.

Enter your marks (0-100): 56 '
J False
Execute
Enter your marks (0-100): 28 else block

L If none of the conditions are True, the else block is executed.

3. Flowchart :

Condition1
True ?

False

Exe.c.u‘l‘.e.

block 1

Execute
block 2

Execute
block 3

e e e




Nested i Statement

A nested Lf statement is an 'Lf statement inside another 't.f (or else) statement.

It is used to check mul.prle. conditions (one condition inside another).
k2 53” ax : L. Flowchart :

if conditiond : 3. Sample Runs :
i.f conditiond :
# block cf code i.f conditionl and conditiond are True

Enter your marks (0-100): 85
Is

FG.LSE

else : Distinction

# block of code i.f conditiond is False

Execute outer

else block

conditionl
True ?

else :

# block of code i.f conditionl is False Enter your marks (0-100): 60

First Class

Is
conditiond

d. Example (Python) : False

Execute inner

marks = i.nt(inpuf(" Enter your marks (0-100): ")) True ? else block
i.f marks »= 50: Enter your marks (0-100): 40
if marks >= ¥5:
pri.n.’c(" Distinction") Pass Class
else : Execute inmer
Pri.n.)c ("First Class") Lf block
eLse.% s Enter your marks (0-100): 20
it marks >= :
Prl’.n{:( “Pass Class") Fail f
else : End
pri.n‘l'. ("Fail")

e e e e e e et e et

Note o T The inner Lf-eLse is executed aan when the outer i.f condition is True.
° If the outer Lf condition is False, the inner Lf is ski.ppecl and the outer else block is executed.

o Indentation is very i.mpo'r'{'.u.n{'. in nested i.j-' statements.




The while nga

The. UJI'ILLE. LOOP is LI-SEC]. ‘I:O execu{:e a bLOCk Of GOd.Q TEP&O.{‘.E.&LH

as Lons as the given condition is True. 3 Exo.mpl. e (P cho 8.
e ' '
+ = 4 # initialization
while condition : vhitla 4. e B # condikicn
# block Df code Pr‘i.n.{:(i., end = " ") # block cf code
# (rePe.a.{'.e.d while condition is True) AR Sy 4 up ek

. Flowchart :

Ou.’cpu’c.: ) N\K 5

Is

condition el L. Example Explanation :
2
ruey o Inl{‘.i.o.ua A P

e Check condition: € <= 5 = True — 'Flri.rd'. 1 and i becomes 2.

Exeoube o Aso.".n check: 1 <= 5 = True —» I:lri.r'd'. d and i becomes 3.

bk C‘f iy ¢ This continues until 1 = 5.

° Af{'.e.r Pri.n’c.i.ns 5, i becomes 6.
e Now, i <= 5 — False, so Loop terminates .

| End f¢

.ll..(.f'.ﬂ Points :

St

e The block of code inside the while lacp is executed zero or more times.
[ ] If the condition is False at the beﬂ'mni.ns , the block will not execute even once.
® Make sure to u]::d.cd'.e the condition inside the looP, otherwise it may cause an i.nfi.ni.{'.e LQOE.




The for Loop

The for LooP is used to iterate over a sequence (such as list, Jc.upl.e,

S{'.'r'i.ns , Tange etc.) and execute a block cf code for‘ each item. { 3. Exq.mple (PLJH'\.OH.) .
9. SHn ax 1 fruits = ["AFPLz","Bo.nann.“,"Manso","Omnga"] # sequence (list)
for variable in sequence : for fruit in fruits: # loop through each item
2 "Elock Of . Pri.n{'.(frui.{) # block of code
# (repea.f.ed. for each item in the se.q_ue.nr:.e.) Ou“:puf : Apple
Banana
. Mango
2. Flowchart : Shark s J
ange
Initialize loop variable 4, E.Jmmp'.e. using :_unge.() ;
(fi.rs"t item of secl‘uenm.)
for L in ra.nsg(i, 6): #mﬂefrmi’t.oS
pri.rd:(i., end = " ") #prin.i'. numbers on same line
End Output : W 2 MR 5
Teue B. ExEanai‘.i.cn ;
o The ].ocp variable tokes the fi.rsi:. item from. the sequence .
Execute block of code e The block of code is executed .
e Then the Loop variable takes the next item and the block is executed again .
Move to next item e This continues until all items in the sequence are Pmcassed..

o When there are no more items, the luoP ends

The fnr LooP is used when the number of iterations is known (or we want to iterate over a seciu.e.n.ce.) 3
It can be used with Llists, {'.u.PLes o sl:.rin.gs, sets , dictionaries, and the ru.n.ﬁe() fu.nc‘l:ion.

It m’(.omaii.ca.l.l.ﬁ takes each item one b':j one fr'om the sequence .
No need to manually update the Loap variable .




The continue and break Statements.

The continue and break statements are used inside Loops to -:ho.nse.
the normal fl.ow of execution .

1. The continue Statement : 2. The break Statement :
The continue statement ski,F.s the rest of the code inside the l_ag? The break statement terminates the LooP comPLe.{ele and l‘.rm.sfe.rs
for' the current iteration and moves to the next iteration. the control to the statement uft!-l“ the LODF.
Euarigla. ‘CPibhisnd)s Example. (Pifthon) :
for i in ru.nge.(i , 6): Outpu{:: fO\“ i in r‘cm.se.(i , 6): Outpul‘. y
w3 o B
continue # Ski.P when L is 3 1. & 4 'B break # exit the L°°P when i is 3 12
print(i, end = " ") print(i, end = "") Loop ended.
pr‘i.n{'.(nl_oop e.nd.e.d.")

Flowehart : ( Start ) — .,
wchart :
————— ( Stert )

I o= fi.rsl‘. value ‘!{ ‘ T ]
L = first value
continue
{ SkLP rest n:f the break
Exscube remaining codeNn Mhis Uarakion) (Esit tm&:;,?
code in loo Execute remainin i-mmed.lm
K" : code in loo J
- - B
| Update loop variable | B v |
& Pdﬂ- e GOP var

: ore iterations ! rue ; ;
—<_¥ ; '—@bﬁm{.@

&5
( End End

Kzld Points : e continue ski.Ps the rest of the code in the Locvp for the current s Pl de et e Liad inside t.oops ( for or while).
MUGH--I—III-FI-

iteration and moves to the next iteration.

e The L trolling the flow of the .
e break terminates the loop completely. 3R /il Ty i of the program




Functions: Built-In Functions

Pa’chon provi.des a number of buLL’C-L‘r?"func’Ci.ons"thai”a‘FE c:.'Lua.Hs a.vu:.[a.b[e.'for use.

Thea per‘form common tasks and make programs easier.

1. Common Built-In Functions :

& Exa.mELe Pmsmm Usi.n.g Built-In Functions -

Function Description E:carnpl.e. Result nome = inpu‘h (" Enter your mame: | # i-hPU-t()
! = int(i t("Ent y " # int()
print () DLSP&:EE the output print ("Hello, Python™) Hello, Python b o (anu. P L )) =
L e Pri.ni:( "Helle", name) # Pri.nf.( )
type () E::ur? tthz bype of | type (25.5) <class 'float"> print ("Next year, you will be", age + 1) # + operator
objec
I..ni. ( ) COI’\.V&]’"‘:S i}'l.?. Vﬂ.l.l..l.ﬂ L!"I.JC( " 123 " ) 133 Prl’nt ( THP& of C‘-ﬁe 9 tHPE ( ase) ) i tHPE’( )
to integer pri.ni(" Len.g’r.h oj" name: ", len(name)) # len()
C ts the wval i &
float () t:“;f;a: bizahe i | float("12.34") 12 .34 SambiW L :
&7 Eonv:r.l:s the value l str(100) “400" Enter your name: Yunus
RESSTLG | Enter your age: 20
LEI"I.( ) Ret:;:s Eh& tLEnath len( np‘d{:hmn) 6 HEI.LD YLIILU-E
Of i Next year, you will be 21
i..n.Pu.‘f.( ) Iﬁekes anui from i.npu”c.( "Enter name: ") (User i.n.pu.’c.) T‘tjpe of age: <class 'int'>
user
Raturvs Wia Hangeat " Q" 55 name: 5
max () e J max(10, 25, 5) 25
— 3. ExELanatE.on ;
3 ( ) RE‘I:U.'I‘H.'.‘- ‘hh& sma.l.l.est i ( 10 25 5') 5 . =
ot value il ; ! ° mpu.t( ) gets data from the user.
abs () Rakiiins ks akcalita e » e int() converts the input to integer.
value ° pri.nt() displays output.
round () Rounds the ""-‘-'-“"-l'fe" round (- 6%) 5 e type() returns the data type.
to nearest l.nteger‘ ] e len() gi.ves the number of characters in the name.

Built-in functions are Pred.efi.n.ed. in Python.

,ISEH Points :

Theg save time and reduce the need to write compl.ex code..
Some of the most commonl.H used built-in fu.nd;i.ons are: Pr*i.nt( 2, tha( ), len(), i.eru.ﬁ( ), int(), fl.oa.t( 5%
max(), min(), abs(), round(), etc.




Commonly Used Modules

PHH'wn Fr-ovi,d.e.s a lu.rse. number °.f standard modules that extend its funcﬁona.li.’tﬂ.
Some oﬁ the most commonlg used modules are listed below.

1. List of Commonly Used Modules : 2. How to Use a Module :
Module Purpose Commonly Used Functions Example e Import the entire module
o Mathematical functions | sqrt(), pow(), sin(), | math.sqrt(16) gt oot L A T
= and constants cos(), pis etc. - 4.0 ° Impori specific fu.n.d:i.on(s)
i Generate random numbers | randint(), choice(), random.randint (1, 10) Jrom module_name import Junctiont, functiond # use funclion directly
and choices random (), sh.u.ffla(). etc. = oy ¥ ¢ Import module with on alias
it | Werk uith dates and | datetime(), date(), didebing. fgwl) D yod xS aE gL .=
times now(), strftime(), etc. | — 2024-05-20 10:30:00
b T loted b time (), sleep(), time sleep(2) 3. Ex_o.m&_
wee S e fm e ctime(), localtime(), ete. — waits fn-r 2 seconds (i) math Lale
o Interact with opemi‘.inﬂ listdir(), mkdir(), os.listdir(".") i.mpnr'li math
5Hs‘|'.¢m re.mwe(). Pu.{'.h, etc. - list of files Prlnt(mnih<sqrt(35)) # Ou‘tpu’u 5.0
sys Sldstem-speci.fl.: . o.rg\t, exit(), Po.t"l., s&s.verslon _ ("") random m.odu.l.e. _
/ Regular expressions k0N, cealfai™ re.findall(+"\d*", "A1B2") print (randint (1, 100)) # Output: any number between 1 and 100
(Po.&em ml:clunﬁ) f'i..nda.u.(}, sub(), etc. = st e (i) datetime module
. : dumps (), loads (), json dumps({"a’:4}) from datelime import datetime
gk por il UG | asdicY, dimald, it {ta: 1)’ print ( datetime .now()) # Outpub: current date and time
; Spaai.a.l container Counter(), d.efahu{d.m*.(). Comtar('bm‘) (Lv) os module
collections S e .
datatypes namedtuple(), deque(), ete. | = Counter({'a"3,n2,b"1}) import os
Fri.n’c.(os.se.l‘.cwd.()) # Ou".pul‘.: current uorkms d.i'red:arﬂ

o Modules Pr-ovi.d.e Pre—wri.H‘.e.n code that can be used in our programs .
® Usi.ns modules saves time and zﬁm‘i’..

o We can i.mpor{‘. entire modules or spaci.fi.c. fu.n.l:.ti.on.s as per our re:lui.rt'.me.nh.
e Some modules are built-in (standard LLbra.rH) and some need to be installed using  pip.




Function Definijcion and. Co.U.ins the Function

In 'PHJchon, a j'unc{:i.on is a block cf code that Performs a speci.fic. task. We flrs’c, de.fine.

(crea.{'.e.) the “func{'.i.on and then call (u.se) it whenever needed.

1. Function De.fi.ni.ﬂon :

A f:,mc{.i,on. s d.e.fine,cl. us'\,ns the ke_tduorc{ cLe.f g fou.oue.d. bH

the fu.nc.‘ti.on name , pn.re,nihe.ses (), and a colon :

def Sre.e.lc.(nu.me) 3 # j'unc"tion :Le.‘fi.niﬁcn

Print("He.Ll.o, " % name + "I") # fu.nc’ci.on bod.ﬁ
(indented }::Loc!‘.)

ExELu.nuii.on -
a def is the keHuur-d. used to ::[efi,ne. a fum:.{.ion.

L] grzei‘. is the func’c.i.on name .
® name is a pqro.meier ('mpu{:).

o The indented block is the body of the function.

2. Cu..l.i.i.ng the Function :
A funcii.on is executed (run) or\LH when it is called.

Sre.e.‘t.( "Yunus " ) # func’t.i.on. call

Output : [ Hollo, Yunus!

f.:EH Points :

3. E.‘A:O.I’TLPLE Progru.m :

# Function c!.e.fi.nll‘,i.on
d.e.f add(a, b):

sum = a + b # statement inside fum:’ti.on

Pr'm{'.("Sum is: ", sum) # Pr'i.n'f. the result

# Cu.LLLnﬂ the fu.nc‘hi,on
a.c{.d.(io, 20) # func’f.i.cn call

O""tF’“{': Sum is: 30

4. ExELa.m{‘.i.on f

* o.d.cl(a., b) is a funcﬂcn that takes two Pu.ru.me.ie.rs a and b.

e When add(10, 20) is called, the values 10 and 20 are passed

to a and b resPech.Lve.l.H,
e [he func.’c.i.on Pe.r-forms the addition and Pri.n’:.s the result.

A funcjc.i.on must be de"fi.necl before. it is called.

o Parameters are the values received by the function .

Arsumen‘ts are the actual values Pu.ssed while co.LLLnS the funcﬂon.
A func’:i.cn can be called muH'.LPl.e times .




The return Statement and void Function

Iﬂ. PH{'.hOI'L, a functi.on can re.’t.urn a VO.LI.LE. ba.ck IF.O ‘H‘LE CC!.I.LE.T‘ u.si.ng "[‘.}1@, r*e.tu.rn. sfu.’f,e.ment.

A func’c.i.on that does not return any value is called o wvoid function.

1. The return Statement :

¢ The return stotement is used to send o wvalue frorn. the func{.i.on

back to the caller.

e As soon as return is executed, the function terminates and

control is ’t.rwm.sferred. back to the caller.

def add(a, b):

5LLI"'I'\-=G-+ID

# fl.mcii,cn d.e.fmi.ticn
# caleulate sum
# return the result

'I"‘B,f.Ll.'I""I"L sum

# Cu.l.l.i.ns the funch:.on
result = add(15, 25)

2. void Ej.n.cﬁon :

e A fun.d‘.i.on that does not return any value is called a wvoid 5uﬂ¢‘ti.0n.
o Tt is used to perform some task without returning any result.

d.e.f 31"88{:( name) :
Pri.nt( "Hello, " + name + "!")
# No return statement

# wvoid function definition

# nofh.i.ns is returned

# Ca.l.li.ns the wvoid jund:i.on

# _'fu.ncti.on call and store returmed value

Hre.e.{'. ("Yunus")
pr int ("Function eall comp'.e.’ce.d‘ ")

# fu.nc.{‘.i.cn call

# Execution continues here

Pr'i.n.{:( "Sun” result)

# Ou{:Pu{: Sum: 40

3. EIC.“TI.ELE- H U-Sl_.'l‘_'l.s bot}l re.{'.um CI.I'\.C!. V_O.l.é. j"LLT'LC-tl‘OT'L_S

def

def

# Function with return

# Function without return (voi.d.)

# Main program
square ( l"l.} 3 x = squo.re( 6 )

return n * n

Pri.n{'.( "Sclu.n.r‘e. is:” 5 x)

show (mss )

Pri.ni( " Me..ssa.ﬁe. L “"'53) Pri.rd: (" Pmsru.m ended.")

# uses r'a{'.ur'n.ed VQLU.E

show ( "Welcome to Pﬁthon!") # void function call

Oubpet i Il Yoo
Funection call compl.e{:e.d‘
Ou’cpu’c :

Square is: 36
MESS@.&E H wﬂl.cﬂm +.U PHELLOTL !
P'l"ns'l"'ﬂ.m ﬁn.d.e.d. A

Key

Points : e return sends a value from the function back to the caller.
e A ‘funr.ii,cn with return must return o value.

L] VOLd. "flLI'I.C*.LOI'L rlces I'I.Dt l'!.tl.l.l"ﬂ CU'LH va].ug.

o A void fum:.ﬁon is used to Pe.rfur-m. actions (like Pr'i.n.ti.na, upda.’ci.na,
ete.).

e Even a.fl:e.r cu.Lli.ns a wvoid func'c.i.on, the program continues execution .




Scope and Lifetime of Variables

The scopeof a variable de.j'mes the Pa.rt of e program where the variable can be accessed.
The lifefi.mg of a wvariable dgfmsa the Pcri.cnd fm- which the wvariable exists in memory .

1. Scope of Variables : 2. Lifetime of Variables :
Scope determines the vi.sihili.i’.ﬂ or a.ccessi]ai.lﬂ.a oj a wvariable ]_i.feti.mz determines the time period from creation to destruction oj a variable.
in di.ffeﬁard‘. pm-ts 05 &= T progran: Type of Variable Lifetime Explanation
T5P¢ of Variable Scope E:u.mplg lioedl Misiabla From the time the block Created when the fum:ii.onf block starts
or functi.on is entered execution and d.esl'.roHe.d. when it
Declared inside a function or | def fun(): Ll it is exited. exits.
W7o VTR A on s Global Variable From the stort of the Exists throughout the execution
Can be accessed orlJ.s within Pﬁ-ﬂt(x) ;
4 program till the end of of the program.
3 0 = Parameter Variable From the time the Created when the fm is called
y = 20 # global variable function is called Hill it and destroyed when the function
Decl I subside all F ko, d‘f f‘m{} r'l!‘.u.m‘ returns .
Qb4 C““:‘ ““"u:"‘ Jremn oy ARG # Lobasible 3. Visualization (Memory Representation)
Junchion. i the. program. fun0) Local Variable Cinside \flinction? 5 Global Variable Coutside all ‘functions)
P'l'h\t(s) Function Call s ectiataty Function : I = 20 l
—_— x= 10 | b ]
Declared in the fun.:’t.wn d.nf s, R e sad b L'__»F _____ Mml } ) .
Parameter Variable dtfmi’ti.on. PR [EE; # parameters \ ‘ ¥ %
Aiks am o locil wartabile ?NI\L(G)‘ xlnshulnwmors =z is desk iwvsp""fm T E“'d“fhﬁr“
- | (goes out of memory) | y exists in mamory
within that function. add(5, 6) ! | foud the
. Example :
.g:.e'..e"! Points ® | ocal wvariables have local scope i W igletat oarinble
. def shou(): # x is global, esists throughout the program.
¢ Global variables have global scope. y =20  # local variable : oyt booal,, ety ool durtg Juseiien call.
* Paorameter variables have local scope (mﬂ\.m’:hzjunc‘hon} m’zr)""k'( Inside f""c‘h“" g- s 3) # accessible here # Aﬂer fur\t&m ends , y is dgsiroged.
® A variable can have only one scope at a time. print( "Outside function, = =", 2) # accessible # mcan be: uend anyuhuuglls Sigprogap.
# pr-'mi.(s) # Error: y is not accessible here




_Defaul’c : Baramef:eg

-» Definition :
Default parameters are the values
assigned to parameters in a function
definition. If no value is passed during

function call, the default value is used.

> Sﬂn{'ax :

statement (s)

def function_name (parameter = default_value):

= Example {:
def .greet (name, msg = "Hello") :

L] + name + |l:I||)

Bn’n{' (mss + ",

# Function calls
ﬂre;ef ("Yunus") # uses default msg

greet ("Yunus”, "Good Morning")  # uses provided msq

# _Oufpuf
Hel{o: Yunus |

Good Morning, Yunus !

Example 2 :
def add(a, b =10, c = 20):
tsum = a + b + ¢
Prim} ("Sum =", sum)

# Function calls

add (5) # b and ¢ are default
add (5, 15) # c is default
Bl et
add (5, 15, 25) # no default
# Output
Sum-= 35
Sum = 45
Sum = 45
%ﬁ
Important Points : \

e Default parameters make functions more

flexible and easy to use.

e Default values are used only when the

a.rsu.menf is not prOvided.

o Default parameters must be at the end

Lﬂi parameter list.

Rules :
(D A parameter with a default value

cannot precede a paramefe.r without

a default value.

@ Default values are evaluated only
once, when the function is defined.

® They are helpful in reducing the

number of arsu.menfs in a function call.

Example (Invalid) :

def “invalid (a = 10, b):! X Wrong

# Sgnfa.xError

Example (Valid) :

def valid(a, b = IO)': v/ Correct

Real Life Analogy :
Think of a function like ordering food.

Some items (like water) are default

(a.ufomai'ica.lly provided), but you can

also choose extra items if you want.




