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Evolution of Object-Oriented Programming

Object-oriented programming (OOP) Udh programming paradigm %’GﬁW program
Cal design @TWW%W object & ITINT 3R I interaction TR SR il B
OOP &1 concept B 1960 %Wﬁw&ﬂﬁﬁ Simula & fa®HT & TTY @ S Febell
g, S Th programming language g fS simulation M & ferg design C RIE AT
¥, oop @ fowm fafim programming languages, software development
methodologies 3R technologies T gHTfad wT R

00P & fasM # $& UgE Hid & geR Fufafad &;

1.

Simula (1960): Ole-Johan Dahl 3R Kristen Nygaard gRI fa&fid T®
programming language Simula @I AYH FU I Ugail object-oriented language
T 1A 81 T8 simulation & M0 &1 T0d9 @37 & AT design foar mam o1
3R classes, objects 3R inheritance 1 concept D1 UL HRA dTelt ugal language
i

Smalltalk (1970): Smalltalk, Alan Kay, Adele Goldberg 3R Xerox PARC H 310 GRI
fasRid T programming language, graphical user interface (GUI) &I ITIINT
HA aTelt Ugdl! language It 3R 3MYF® 00OP & fawra & gura=met ot | Smalltalk
q mes%aging Gl concept U1 &I, It 0OP | object & §9 communication &I
YR B

C++ (1980s): C++ Udh general-purpose programming language g fora Bjarne
Stroustrup gRT C programming language ¥ foaR & ®u & fawfya fear m 3|
C++ H inheritance, polymorphism 3R encapsulation & TIY-TIY classes 3R
objects Gl concept U $Il I8 AUS ¥U I system programming, game
development 3R scientific computing o IuanT far S 3|

Java (1990): Java sun microsystems H James Gosling gRT ICEARK] Uh
programming language gl Java @I platform-independent g & fau design

fooar man T, o developers B U dR code form SR 3@ ﬁ platform TR
JA Bl S-Iﬂ"qﬁﬁ?ﬁl Java A virtual machine (VM) Pl concept a'QfEbQ[, ST Java
code fardl 4t Java VM installed machine T run 811 &1 &Iﬁﬁlﬁfé?ﬂ%l

Ruby (1990 & TRD): Ruby Yukihiro Matsumoto gRT fapfa T dynamic,
interpreted programming language gl Ruby ﬁuaﬁ 3R forem 7 S a1 &
ferg design foar T o1, T syntax & 1Y S 3 programming languages Gl
Sl ¥ natural language & T B Ruby T JUINT HRR web development
3R scripting %ﬁmmaﬁn%



6. Python (1990 & TRID); Python Ud high-level, interpreted programming
language & R Guido Van Rossum gRT fasfia far mar §1 Python (gt
readability, simplicity 3TR IUTRT H 3O & AW SIHT S1GT €1 Python data
analysis, scientific computing 3R web development & fou e Aty
IanguageEHTFf%’I

7. Swift (2010): Swift TP programming language g o i0s 3R macos
development & forg Objective—C—Fﬁ & replacement G| Apple Inc. gIRT
ey foran T B 1 Swift B TH syntax & 1Y safe, fast AR modern 811 & forw
design ﬁ'TEITTPCIT%GBWEe[ 3R forga & 3MA B Swift optional variable 3R type
inference F%Hﬁﬂ%ﬁﬁﬂﬁa'ﬂm%l

2 programming languages & 3fdrar, A software development methodologies,
oY agile development 3R test-driven development, = 00P & fa@T &I yvTfad fobar

81 OOP software development tools 3R technologies o integrated development

environments (IDEs) 3R version control systems ﬁﬁém 9 off gurfad E;'&H%I

Pl TR, 0OP &1 fd®wM™ more efficient, readable 3fR maintainable code S &t
W@ﬁﬁﬁ"@’x’rﬂ%l a@—aﬁ:ﬁctechnologies 3R programming languages I Xt
8, 00P @ fah™ SR T4 &1 YU &, S e T &n design 3R software fawRId
Wﬁ% Bﬂﬁﬁﬂﬂ%ﬁmﬁ features 3R concepts Tﬁa'-‘ZTWGTTE}T%I

Comparison between Procedure Oriented vs Object-Oriented
Programming

T8l IRUfleg Uy H procedure-oriented programming 3R object-oriented

programming & o Tdh ﬁﬂﬁ EJ,FHT%:

Aspect Procedure-Oriented Object-Oriented
Programming Programming

Focus Procedures dT functions U &1 Objects 3R 39! interactions
FHfed FRar e TR &I Hi%d HRaT &

Programming Structured Programming Object-Oriented Programming

Paradigm

Data and Data 3R Behavoior 3[@¥I-3@  Data 3R Behavior objects o

Behavior entities § encapsulated g




Aspect Procedure-Oriented Object-Oriented

Programming Programming
Program Program functions Il procedures Program objects & around
Organization & around organize ﬁv_l;f\_rﬂﬁ% organizeﬁv_Q\_rﬂ?f%
Code Code reuse ®3- § i Code reuse 3T g it

Reusability procedures P! fafRIY data types faf¥ st context # objects T Y:
& 1Y HTH B & o4 design FUTNT fobaT o el ©
o T §

Data Security Data secure T8l § Fifer g 113' Data secure § Jifd 98 objects
program & ferg exposed g o encapsulated g 3R
controlled methods & ATHH I
access {1 I AT §

Complexity =~ Complex program Cal manage Complex programs Eal manage

Handling HAT G § Fifd code HRAT T § Fifh object
unmanageable AEIGIEEEIN code B TA §1A § 3R
modify FRATGRFAGISAIE  modularity B! STaT <d &

Inheritance  Not supported Supported, code reuse Gl
AR AT & 3R modularity &1
qGTdT 3T 3

Polymorphism Not supported Supported, objects Eal multiple
form T &1 &ani%rém g 3R

code flexibility P ST &

Performance 3T AR TR dvil ¥ Fifds objects 3{H IR W objects & overheads
D HH &b BRI overhead HH 3R 3@ interaction & HRUT

gl 8 dielt il §

IR H, procedure-oriented programming 3+ functions T procedures U &4 GG
HT § Sl data TR HIH HRAT &, STaah object-oriented programming 3 objects UX
Ffad Bt 8 S data 3R behavior I &I encapsulate R ]l Object-oriented
programming inheritance 3R polymorphism & HIEOH ¥ code reuse 3R modularityﬁ
Serdl gt g, afe procedure-oriented programming objects | Gﬁ overhead &1 ®Hl
& BRI Al &1 Gl g1 e, &l programming paradigm %aﬁ?{?ﬂ?ﬁlﬁ develop fbu
SR program Gl specific requirements R R eHam|




Features of Object-Oriented Programming

Object-oriented programming (OOP) U programming paradigm %ﬁm program
Cal design 3R develop & & forg objects & IGINT 3R IT! interaction TR Higd |

0ooP &) faRiwarsit & znfid @:

1. Class - C ++ U, U class U user-defined data type & Sl data 3iR functions @1
U®H 3HTs H encapsulate FRAT &1 T8 objects BT I & A TH blueprint TT
template & FTUH WW% S f& class & instances & |

C++ ff@ class H data member (variable) 3R member function (methods) E?f
THd & SNl class B behavior @ define B & | Data member farit objectﬁ state

3R ITD properties Cal represent Hd 8, SI&f member function 3 actions

DI define HRd § Sl T object TR T B

C++ U classes object-oriented programming & T SR UM &l 8 3R
encapsulation, inheritance 3R polymorphism St features &1 support H B

d code reusability 3R modularity Gl &fﬂ'ﬁfﬁ 3d g g complex systems Eal
develop BT 3R maintain HAT 3T 81 ST 3|

2. Object - C++ e object U class &I Udh instance g fored properties 3R
behavior ®I U specific set g Bl Object object-oriented programming &

basic building block & 3R code reusability 3R modularity Gl &Hﬁlﬁlaﬁ%I

C++ 0 object TR & %’Q 3MUHT g DE?[ Udh class P! define BT @TIT 5|
object & properties 3R behavior BT a0 &1 8| TP SR class define 81 S &
dlq, 31U "new" operator &I STINT TR 39 class b TP AT 3AH object &1
m% ISi| object %%’Q memory allocate W% G?RW constructor ®T 3T
data members I initialize B 351%1? call ddl %I

C++ objects H data member 3R member function GiFI 81 T&hd &, ST HH:
3Jd! state 3R behavior @I define B 1 data member variable Bld & S
object DI state Pl represent A g, SIdidb member function T TP g Sl
object gIRT fT ST gb aTat action BT define B4 B

3. Data Hiding - Data hiding, S information hiding & ¥4 # #} ST ST &,
object-oriented programming (OOP) T T fundamental concept HEH object
CAC IR object & internal data A direct access &1 b & practice DI refer
FAT &



OOP T, objects T data 3R behavior GFI 81d €1 data variable TT attributes &
stored BIdT 8, ST&f% behavior methods §RT define f&aT ST g1 Object & data
o fUTHR, 89 U8 fFfa o= Tahd © fh 38 ¥ access 3R modify faT og, g8
ﬁﬁ'@ﬁ P Y & 3@ Hdd controlled methods T access faaT Sy |

Attributes @1 private Ul protected declare &P data hide foaT ST g, St objects
& d18Y Y 3 attributes I access B U BT 8 | TS data security BT SeTal
a1 8, Fifeh T8 object & data B unauthorized access 3R modification @I
Rl B

. Encapsulation - Encapsulation W%ﬁéﬁ@ﬂw data 3fR behavior &1 bundle
B DI concept AL object gl SIIdl gl Encapsulation objects ®I 30 data
@1 R S B SR ST &, I8 A FRal § fb 39 Had controlled
methods % AT ¥ access a1 SITAT 8, 3R data security D1 FeTal &l g foait
object & IR data dI encapsulate &P, data DI manage Pl 3R maintain
HIAT 3T B ST &, T g DI consistency 3R validity ﬁﬁl’f’:‘lﬂ AT ot
A B ST B | Encapsulation 1 dreht program &I gy foru fom foeeht object
& implementation details DI FeaHT H A1 5§, Fifh object @1 internal
working CIRR Q‘ﬁtﬂ ¥ fosdt gl 5 Dol TRy, encapsulation object-oriented
programming Pl Th UHqY9 feature g 3R robust, maintainable 3R secure
software system S & Hgdqul Wﬁll'l?ﬂ%l

. Inheritance - Object-oriented programming T inheritance WW concept

%@Wclasses%WWW%CI%%S%@Wﬁ&WﬁﬂT%I gg Uh ¢
class @1 &Iﬂﬂﬁf 31 8, S subclass T derived class & ¥U & SFT 1T §, S
superclass Ul base class & ¥ U H UgaH o d1d Haluj\dl class & properties 3R
behaviors P! YT BT &

Base class @1 UHTfad U foHT, subclass STIRY D AR 3 I & properties
3R behaviors & add dT modify dX b dl 81 T8 code reuse Bt &Iﬂ'ﬂfﬁf T g
3R modularity ®I dgral adl 8, Fifh common functionalities ®T base class &
defineﬁv_qTGlTW% B‘ﬁTﬁ subclass ffElH: WWWW%I

. Polymorphism - C ++ | polymorphism different classes P object GRS
class T objects A ST &1 &A1 § | T8 31 flexibility 3R code reusability Bt

G-IT:IﬁI &dT &, T different class inheritance 3R polymorphism & Wy 9

common functionalities IIT h g&hd ?fl




C++ QA UPR & polymorphism &1 JHST HT 8 compile-time polymorphism
3R runtime polymorphism |

e Compile-time Polymorphism: Static polymorphism T early binding &
g o off S ST B, SIUBR & polymorphism Gl compile time WX gd1
far S g1 ERERCIRP] arguments 4l data types & 1Y function T
operator & B3 version I & AT function SR operator overloading
3R template &I IUINT HAT M B | 5 fH function a1 operator Eal
call fFaT SITaT 8, <l data type 3R pass feu e arguments & YR TR Tg!
version T‘:]Fﬂ\_:l'l?ﬂ%l

e Runtime Polymorphism: Dynamic polymorphism dT late binding & TqH
1t ST ST 8, 39 UBR & polymorphism &1 runtime TR 8¢ faodT SITaT g |
39H virtual functions 3R pointers Ul base class & refrence @1 IUTNT
AT IS ¢ il objectsﬁruntimeﬁ@@%@ﬁmm
ST oh | o fobal object UR virtual function DI call fFar ST 8, O object
& IRAfAH YR & ATYR TR Tal version AT 91 &, 7 fh 39 I UgaH
%ﬁﬂ Wﬁﬁnaﬁ?ﬂ@r pointer Tl reference F UPR b YR TR |

7. Dynamic Binding - C++ | dynamic binding runtime polymorphism Dl Th
feature g SiI object & dRGAId® UHR & YR W runtime TR 3T function &1
call B Pt Wﬁ?ﬁ%ﬁ%%ﬁaccessﬁ%%ﬁwmﬂﬁaﬁ pointer
Tl reference & UHR o SO | T virtual function BT STANT B U T SITd
8 3R 38 HH-F1 late binding FET AT B

EERER object UX virtual function Bl call fHUT ST 8, @ C++ runtime
environment object & rdfd® UHR HI AUia &1 g 3R function %B’qﬂaﬁ
version @I call XA & T I THGR! BT IUART AT ¢ 1 T8 AT YR B
objects DI TRER IUTNT A Dt Gl’flﬁfa_cﬂ% d d® fob d inheritance & ATEH
Y Ud I interface TT9H HRd & 3R JHM virtual function define 1d gl

8. Message Passing - C++ G| message pass Pl objects & g a1 fpdt object
3R system & oI messages U &I UfhaT &1 Taffd Hal 81 T8 object-
oriented programming A us Mifers concept g 3R DT TN objects & dlF
communication 3R interaction ﬁmmﬁ%ﬁ«mmw gl

C++H, message passing TAAR TR member function call AT virtual function call

BT ITINT HRoh HIAT-ad B! ol & | Member function call H foat faf object
TR function call ®AT YMHA Eﬁ?ﬂ % S&f® virtual function call | pointer UX




function call @1 T base class & reference ¥ XA BT g, S dynamic dispatch
3R runtime polymorphism Gl &Iﬁﬁﬂ%{a?ﬂ%l

Message passing B %tﬂ@'ﬂﬁﬁ?ﬂ%%% objects W@% internal data
gl methods TP T qﬁvﬂef & gl Th @3\’ Dl message USHR communicate
H &1 T8 code design | encapsulation 3R modularity ﬁaaané?n% Fifeh
object Teh IR I 3T BId & 3R Had 3! IRE ¥ defined interface & ATEH

T IIddd R Ihd g

Benefits of Object-Oriented Programming

Object-oriented programming (OOP) & 3 programming paradigm UX F3 AH B,
o Jmfira &

1.

Modularity and Code Reusability: OOP code @I BIC, reusable modules H
fqufora s @t &Iﬂ'ﬁlﬁf ERIGASE] object gl WIdl 81 S code @I maintain
TG, debug FRAT 3R modify HRAT T 81 ST 8, Fifer Th module H fHT
T gREdT 3 module &I GHIIT T8l B &1 3T AR, objects BT 3=
progéam ﬁHHG'CI@FTWGTWT% %m@coding T g SR YO &t g9d
Bidl 5

Encapsulation: OOP encapsulation UGTH oI g, forge aref g for forst objectaﬂ
internal working ST8<1 g ¥ f5tht 81t 81 I8 falt object & data 3R methods
@I unintended modification ¥ STAT &, 3R dTEY! code I object ®I state T
SXIEAY B U Al 5|

Polymorphism: OOP polymorphism Gl G'ITjFIﬁ a1 g, forgeer srdf g fh object &3
EY YR HR el g I ATT-3HTHT AP F behavior HR bl &, oI context
o IhT IUTNT {1 ST 81 T8 code design H 3T flexibility 3R modularity

B 3 ST B

Inheritance: OOP inheritance WW% ST hierarchal class structure %ﬁﬂfUT

Gl &IﬂﬂﬁéﬂT%I qg s objects T code & reuse I aanﬁram% 3R developers
®I minimum code duplication & 1Y ﬁqm classes & 3MTYR TR 7% classes &
o W& S 5|




5.

Abstraction: OOP abstraction @1 Wﬁ[ a1 7, foraeer o g foh faeit object PT
Had necessary detail g ST AT & WA 3T 8, S&fd implementation
detail f3UT 8141 81 T8 modular code design ﬁmé‘cn% 3R code readability
3R maintainability # GYR &1 5|

Easy Debugging: OOP code ® Ffedl & Uga AT 3R & HRAT G{WF[GHF-IT%
b code Eﬁ% self-contained module ® faHTfoId Eildl %I i%lcb Gﬁﬁﬂﬁ
encapsulation ﬁﬁ'@ﬁ Rl g f% TH module H 'a’%CIT 3= module &1 FHIfdd
el PRl 5 |

% fHAHR, OOP software development & foTT &g dTH T &dl 5, foTIH 98 code
organization 3R modularity, code reuse 3R efficiency ﬁq@ 3R easy debugging 3R
maintenance AW &1

Application of Object-Oriented Programming

Object-oriented programming (OOP) & software development T &3 application g,
o =mfie &

1.

User Interface Development: Application & T user interface & development
" OOP F1 US ¥U ¥ IUINT fha1 Srar §, Hifds T8 modular, reusable
component & fAaur 3t e—anﬁrém%%l% complex interface M o g s
J ST off gobaT g

Web Development: OOP &I ITINT ruby on Rails, Django 3R Laravel S web
development framework ¥ forar ST B, S 3= W) B abstraction UG #d §
3R developers CARS GAREIN Pl T web application T H &rH 94914 B

Game Development: OOP &T JUNT SMHIR WR video game & development |
foran Sran 8, i U8 dynamic objects & 1Y complex, interactive game worlds
I BT 3AT ST § S U GO & 1Y interact @ U&d g

Database Application: OOP &1 JUINT database applications & development o
foran SIraT 8, Fifs T8 3 objects & U0 St AR a1 § = database ¥
AT F store 3R retrieve {01 ST &1 B

Artificial Intelligence: OOP &I JYANT  artificial intelligence system &
development 7 o S1ran 3, i U8 intelligent agents & fAmToT @ &r@’cri%r%m
% S data 3R rules & 3MYR W WG Tavd % reason X b % 3R decision @
qHhd gl



6. AEEd U STAUHC: OOP HT ITINT THIR R Hiasd VT & I & fasar Sian
2, P g AisTeR, T: Ty gl & Fmfor @t srgafa <ar § R wfea
SehY 3R SEXaH §91 & foIT Y J SNST off JohdT g |

7. Roeq M. oop &1 IuANT Rew UnfH & fasar Srdn €, Fiifds a8 3 axgei

& o St 3AfT <A1 § off Aieger iR $IA ik J e 3R Witeadr
1T &b 1Y Seae HR Ihd ¢ |

Fd HAdHR, 00P THh Sggd! Ui ufad & o’ Bict f¥py 3R ITAfiarst ¥ dax

S UAM & SR MR yunferdt do, Aivcdar fasr uRasHist @ ue favga g

R 1 {1 ST GobdT g1 Ufaeudmd], ®ie gH: ITANT 3R aHidd UaH &b, OOP

SAATY B T W dTR §H &1 3AT a1 8 S Hd, IWRWG AT 3R TRSRITd 8l

Structure of C++ Program

C++ UIUTH U fAfRY template structure BT SUURT B foRaT SITAT 81 C++ HTST H ford
¢ program P structure BFW%:

Documentation

Link Section

Definition Section

Global Declaration Section

Function definition Section

Main Function

Skeleton of C Program



. Documentation Section:

s program & logic 3R purpose @I document FXA & T IUTRT o
SIS

. Comments & ¥0 ¥ forar T g 3R compiler gIRT compile T8l T
Tl

« Optional T*{ﬁ? program 3% foT execute B IHAT |

. Linking Section:

- SHHAHIEIAE:
= Header files: Program T standard C++ library elements DI
A A & e ST faan S g |
= Name space: C++ token Gl Uh Ep[ au 3 group PR B %T{
SUINT {31 ST 3

. Definition Section:

. Constant declare @ 3R custom data types P! define IR & faQ
SN a1 S 5|

o YU AHJHNT T #define 3R typedef oY compiler directives I IUGHT
ERIEIGIE

. Global Declaration Section:

. Variable declaration 3fR class definitions &I global 1 & ﬁfQ ﬁ‘l’Q
IR faT ST g |
- 9 section H declared variables &1 GRR] program end ARGERGSIE

. Function Declaration Section:

« main function %m&mﬂlﬁ function Q]T&IF[%I

« J3H ?‘ﬁ?tl? 29 section H user-defined function A Bld %I

« Function prototype ¥ section H 39 functions & 1%111 fora M % S|
main function %Wﬁf@’m%l

. Main Function;

« Compiler ARSI IR CY program &I execution Hg] | R[> PRI gl
« Execute m ST aTd g4t statement main function § fora M %"I
« Program &I execution main function & 1Y L= BhT JHTT G\Idl %I




Example:

// Documentation Section

/* This is a C++ program to find the sum of two numbers */

// Linking Section
#include <iostream>

using namespace std;

// Global Declaration Section

int num1, num2, sum;

// Function Declaration Section

void findSum();

// Main Function
int main()
{
// Get input from user
cout << "Enter first number: ";

cin >> num1;

cout << "Enter second number: ";

cin >> numz2;

// Function Call

findSum();




// Print the sum
cout << "The sum of " << num1 << "and " << num2

<< "ijs:" << sum << endl;

return O;

// Function Definition Section

void findSum()
{

sum = num1 + numz2;

Output:

The sum of 10 and 20 is: 30

Data Types in C++

C++ [l UHR & data types &1 g HR1 8, S basic, derived 3R user defined
UHR UMHE g1 Basic type language gIRT predefined gl 8 3R compiler H built-in Bd
8 &% derived UBR basic type 3 faftfa g gl §\‘:R°f 3R, user defined type
programmermwfﬁlﬁal

Basic Data Types: Basic data types C++ & basic building block g 3R simple data
values T UfAfAfA@ e & fore IuanT foru od €1 378 Y9 data types AT &;

1. Boolean: g data type Udh boolean value Eal represent ddl 8, S true TT
false 81 g&dl 8| Boolean data type &I size STHIR W 1 byte g8l
Example:

bool isReady = true;



2. Character: dg data type single character value Cal represent Xdl gl
Character data type &I size AR TR 1 byte a8l
Example:
char letter = 'A’;

3. Integer: Integer type decimal point & form, positive Ul negative whole
number &1 represent TS| T8 signed RAREEIE (negative 3R positive
RT3t Bl represent WW%} 4l unsigned (hdd positive T3l &l
represent X b dl %)I Compiler 3R operating system & SMIUR W
integer data type ®1 size i g1 g g | Integer data type ®T size 3TAAR
W 4 bytes BT g
Example:

int number = 42;

4. Floating-Point: Floating-point type U fractional part & 1Y real number
Gl represent hdl HE single-precision (float) T double-precision
(double) ARELIE Compiler 3R operating system & YR W floating-
point data type I size fir 81 TohaT 81 SUH F UPHR M & float 3R
double | Float data type &I size AR | 4 bytes BId1 8, Safd double
data type &I size IR IR 8 bytes HGIE

» float: U data type Ud single-precision floating-point number &I
represent Xdl 21 Float data type Pl size 4 bytes g
Example:

float pi = 3.14159f;

» double: g data type U double-precision floating-point
number @I represent HXdl 81 Double data type ®I size 8 bytes
g
Example:

double price = 9.99;

Derived Data Types: Derived data type basic data type 3 faftfa g § ok s fg
data type A B &

1. Array: Array type ¥HIH data type & elements & collection &I represent
W%I Yg Ud one-dimensional array, Tdh two-dimensional array dl Udh
multi-dimensional array 8 g gl Array data type &I size BRI
elements &1 T 3R TAF element F size T FYRa grar g1




= int[]: g data type integers P! Th one-dimensional array Eal
represent Xdl gl
Example:

int numbers[] = {1, 2, 3, 4, 5};

= int[][]: Ug data type integers & fgtwo-dimensional array Gal
represent cXdl gl
Example:
int matrix[3][3] = {{1, 2, 3}, {4, 5, 6}, {7, 8, 9}};

2. Pointer: Pointer type Ud memory address Gl represent Xdl gl QUDI
ST &3 variable AT object & memory address DI store BRA & oIT
foram ST B System & SMYR W pointer data type &I size 4 bytes Ul 8
bytes gl
Example:

int number = 10;
int* ptr = &number;

3. Reference: ¥ data type WB’C@"TWW variable T reference S
& g foba SITaT @1 8 variable & T T alias Ua &l &, forad 9
reference & HTSAH ¥ access 3R manipulate fpar o gopar g |
Example:

int number = 10;
int& ref = number;

User-Defined Data Types: User-defined data type programmer gRT &I ST § 3R

=94 MY data type AT B &

1. Struct: Struct type faf¥ s data types & data elements & collection I
represent BT & | 3BT YU F5 data members & 1Y TH U type P!
define & & forw fasam ST 81 Struct data type Pl size Ud® data
member & size ¥ fAURd g1 81

Example:
struct Person {

string name;
int age;
float height;



2. Class: Class type data elements 3R member functions & collection &1
represent I 21 SUHT YT encapsulated data 3R behavior & ITY
Udh U type P! define ®R & foQ foar Sran g1 Class data type I size
U data member 3R member function & size ¥ fA4iRa gral %I

Example:
class Rectangle{
private:
float width;
float height;
public:

void setDimensions(float w, float h);
float getArea();

T C++ H I fafid UPR & data type%"l fafia UPR & data types DI GHIHR, 319
39 program & ol SUTE data type T Tohd & 3R T8 AT B Tohd g (& ATIHI
code performance 3R functionality & ferg optimized gl

Operator in C++

C++ operators DI Th ﬁﬂﬁ YT BT support HIAT g, o symbol I keyword g ot
3Ud! data types U} fafera operation A B \’rl_-j?:lﬁf ad gl Operators &I SUTRT
arithmetic, comparison, assignment 3R logical operation ﬁﬁﬁﬁ%ﬁﬂm

ST 81 T8, C++ W Iuas fafis YR & operators ®I IETERUN & ATy JHSAT AT G |
1. Assignment Operators: Assignment operators I JUINT variables @I value

assign ®A & fore v srar 81 3 aftfera #a &
a. Assignment (=): E;"I'Sgc 3R & value &I El'lé 3R & variable &1 assign hXdl
gl
Example:
intx = 10;
inty=x;//y=10



b. Addition assignment (+=): E{I’sc ﬁ%valueﬁﬁﬂ'&ﬁ 3R & variable f[\_rﬁSTﬂ
gl

Example:
int x = 10;
Xx+=5;//x=15
¢. Subtraction assignment (-=): Eﬂ'sc 3R & variable 9 E'I'sc 3R & value &I
g |
Example:
intx = 10;
x-=5//x=5
d. Multiplication assignment (*=): §|T§ 3R & variable ﬁars‘ 3R & value T
0T HRT ] |
Example:
int x = 10;
x*=5://x=50
e. Division assignment (/=): ET% 3R & variable &I E‘Tg 3R & value T
fquiforg e g
Example:
intx = 10;
x/=5;//x=2

f.  Modulus assignment (%=): SRIT 3R variable & 3R It 3R & value &1
modulus &1 TUMET Bl % GﬁT result 1 ST 3R variable & %’E assign

FRAT &

Example:
int x = 10;
X%=3://x=1

2. Arithmetic Operators: Arithmetic operators I JTINT numeric data types UX
mathematical operation Wﬁ%ﬁﬂﬁﬁmw%l aﬂ'@lﬁﬁmé

a. Addition (+): 33f operand Gﬁ@?ﬂ%l
Example:
intx =10,y =5;
int sum =x +vy; //sum =15



b. Subtraction (-): EIB?[ operand | @3 operand P! geTdl %I
Example:
intx =10,y =5;
int diff = x -y; // diff =5

c. Multiplication (*): @l operand B! 3TTH & T[0T &Rl G|
Example:
intx =10,y =5;
int product = x *y; // product = 50

d. Division (/): Ugdl operand Cal @ operand Y faufora a8
Example:
intx =10,y =5;
int quotient = x /y; // quotient = 2

e. Modulus (%): Tgd operand & ATHA Bl @ operand q fauTforg e
dlerdl gl
Example:
intx =10,y =5;
int remainder = x % y; // remainder = 0

. Relational Operators: Relational operator &I ST &l values &1 Skl B 3R
boolean value ATIY = & forT fobam SITaT § 1 d AfHferd vd &

a. Equalto (==): 3R GIHl side & value W% dl true return é?n% AHYYT
falsel
Example:
intx=05,y=5;
bool result = (x ==y); // result = true

b. Notequal to (I=): 3R GHI sides & value Wﬂﬁ% ar true return e
A1 8; 3T false |
Example:
intx =5,y =10;
bool result = (x !'=y); // result = true



c. Greater than (>): Tfc a8 3R BT value T8 3R & value I 3IfH 8, dl true
return aﬂT% YT falsel
Example:
intx =10,y =5;
bool result = (x > y); // result = true

d. Lessthan (<): ?T%Eﬂ_sc 3R T value Elg 3R P value QW% al true return
%'(T‘lT%; SHYYT false |
Example:
intx =5,y =10;
bool result = (x < y); // result = true

e. Greater than or equal to (>=): gfe aﬁ 3R & value E‘Té 3R & value T
3P TT IYPB SRIR @, I true return ST 8; 3T false |

Example:
intx =10,y =5;
bool result = (x >=y); // result = true

f. Less than or equal to (<=): gfe aﬁ 3R FT value E‘Téf 3R & value T HH
ZITBH%W%, dl true return ?(?IT% YT false |
Example:
intx =5,y =10;
bool result = (x <=y); // result = true

4. Logical Operators: Logical operators I SN Boolean values TR logical

operation W%WWW%I 3 gfRIferd a &

a. Logical AND (&&): gfe gl operand true 8 I true TCTAT B; 39T false |
Example:
bool x = true, y = false;
bool result = (x && y); // result = false

b. Logical OR (|)): gfq T operand true 8 dl true TCTAT &; 39T false |
Example:
bool x = true, y = false;
bool result = (x || y); // result = true



c. Logical NOT (!): operand & opposite gl
Example:
bool x = true;
bool result = !x; // result = false

5. Bitwise Operators: Bitwise operators &I ITINT binary value UX operation B
& fore fosan SiTaT 1 o Ffeferd vd @

a. Bitwise AND (&): UA® bit position H1PH Ty Udh binary value rerdn %

EREARI operand #1gargl
Example:
intx=5y=3;

int result = x & y; // result = 1

b. Bitwise OR (|): U bit position & 1 & TTY TH binary value Al § ST&l

fdt +ft operand ® 1 1T B
Example:
intx=5y=3;

int result = x | y; // result =7

c. Bitwise XOR (A): U bit position 1% Y TH binary value a1 § T8l
U operand d1gare @T@:{f operand Hogargl
Example:
intx=05y=3;
intresult =x N y; // result = 6

d. Bitwise NOT (~): Operand &I bitwise complement Fﬁ?’l?ﬂ%l
Example:
intx =5;
int result = ~x; // result = -6

e. Left shift (<<): w operand gRI specified position P! I=AT T UgA

operand & bits I T3 3R shift AT 5
Example:
int x = 5;

int result = x << 2; // result = 20



f. Right shift (>>): QIR operand GRI specified position &1 TEAT ¥ Ugd

operand & bits 31 aTs 3R shift BT 3|
Example:
intx =5;

int result = x >> 1; // result = 2

6. Ternary Operator: Ternary operator Ud conditional operator g o operand
T %I 3@ conditional operator I inline if statement & =0 # Ht ST ST %I
P19 syntax &:

condition ? expression1 : expression2

gfe condition true B, I expression1 &1 el fopa STTaT 8; S, expression?2
T H™IDb forar S g H{Uf expression dI result evaluated expression I
value B
Example:

intx =5,y =10;

intresult = (x >y) ?x:y; //result = 10

3 3ISTE0 H, condition x > y false B, 3T y &7 value T TAT B

7. Unary Operators: Unary operators ol IYGRT single operand UX operation
perform &3 & foru foram Sran 81 9 IfRferd &vd &

a. Increment (++): Operand > value I 1 ﬁmél
Example:
intx =5 x++;//x=6

b. Decrement (--): Operand & value B 1 T UeTdl %I

Example:
intx=5;x--; //x=4
Y
c. Address-of (&): Operand &I memory address NEGIE
Example:
intx =5;

int *ptr = &; // ptr points to the memory address of x

d. Dereference (*): C++ H dereference operator &I JUART 39 variable &
value @I access @ o faU fopar Sra g 5@ pointer point ®X gl gl
Dereference operator & fo syntax pointer variable & M @ 4T *
symbol gl



Example:
intx = 5;
int *ptr = &x; // ptr is a pointer that stores the memory address
of x

e. Unary Plus (+): Positive sign & 1Y operand &I value A gl
Example:
int x = -5;
int result = +x; // result = -5

f.  Unary Minus (-): Operand &I value negative sign & Iy AT g
Example:
intx = 5;
int result = -x; // result = -5

8. Member Dereferencing Operator: C++ T member dereferencing operator arrow

operator (->) g, e S fard pointer & members ®I gl object d&
Ugd & forg foran ST B
faferRad Iameru | faR Y

class MyClass {
public:
int myInt;

int main() {
MyClass obj;
obj.mylint = 10;
MyClass *ptr = &obj;
ptr->mylnt = 20; // using the arrow operator
//to access mylInt through ptr
return O;




9. Scope Resolution Operator: C++ | scope resolution operator "::" BT IUANT Uh
variable T function WW%WWW%%@W class T namespace
scope & TTeR define fHa1 AT B1 T8 3MUHT I namespace I class Gal specify
DI B &Iﬂtlﬁf ST § TSI T variable T function T&fd g
gl Ush ITeR0T a1 a1 § S UF class & 1Y scope resolution operator &
U Bl Fafid &l 8;

#include <iostream>
using namespace std;

intx = 5;

class MyClass {
public:
intx = 10;
void printX() {
cout << "Local x: " << x << end|;
cout << "Global x: " << :x << end|;
// using the scope resolution operator
//to access the global x variable

int main() {
MyClass obj;
obj.printX();
return O;

Output:

Local x:10
Global x:5

10. Memory Management Operator: C++ al memory management operator Ucld

HIATS - 'new' 3R 'delete’ - ST 3TTDH! dynamic U memory allocate HA 3R
g B AT T B

8T Udh 38R0l T 71 § S U class 3R object CINES] operators & IUTNT
&1 UGRId el 5




#include <iostream>
using namespace std;

class MyClass {
public:

int *ptr;

MyClass() {
ptr = new int;

// allocating memory for the integer pointer

*ptr = 10; // setting the value of the integer pointer

}

void printPtr() {
cout << "Pointer value:

<< *ptr << end|;
}
~MycClass() {
delete ptr;
// deallocating memory for the integer pointer

int main() {
MyClass obj;
obj.printPtr();
return O;




Typecast in C++
C++H type casting Udh data type & value ﬁ@i’ data type T g &1 UH
PTG C++ P UBPR & casting operator Ual ddl g Sl 3! explicit T
implicit type casting A DI &Ifl?:lﬁf Sargl
gl C++ U IUas type casting operator & UPR B
1. C-style cast: C-style cast operator Udh general-purpose dIcll operator g
ST fafe data types & & conversion TR I&Hdl g1 T8 specified data
type & foru expression & value I cast B & T syntax (type)
expression o[ JUTNT HRAT ]
intx = 10;
double y = (double) x;
// casting int to double using C-style cast operator

2. Static cast: Static cast operator ®I I related data types & S
conversion ®4 & T f5aT ST 8, S derived class  base class, a1
UM size dTdl numeric types| specified data type & forg expression &
value @I cast B & ﬁ‘l’Q syntax static_cast<type>(expression) I

I HRAT g |

class Base {
public:
virtual void print() { cout << "Base" << endl; }

class Derived : public Base {
public:
void print() { cout << "Derived" << endl; }

int main() {

Base *b = new Derived();

Derived *d = static_cast<Derived*> (b);
// casting Base pointer to Derived pointer
//using static_cast operator

d->print(); // prints "Derived"

delete b;

return O;




3. Dynamic cast: Dynamic cast operatormw run-time type checking
& 1Y related data types & §IF conversion & & T {1 SITaT 8, S
derived class ¥ base class| g specified data type & forg expression &

value @I cast B & T syntax dynamic_cast <type> (expression) &I
SUIRT Rl 5

class Base {
public:
virtual void print() { cout << "Base" << endl; }

class Derived : public Base {
public:
void print() { cout << "Derived" << endl; }

int main() {

Base *b = new Derived();

Derived *d = dynamic_cast<Derived*>(b);
// casting Base pointer to Derived pointer
//using dynamic_cast operator

if (d != nullptr) {

d->print(); // prints "Derived"

}

delete b;

return O;

4. Reinterpret cast: Reinterpret cast operator &I JUTNT unrelated data
types & oI conversion & o g fdar Sirar g o9 f pointer Eal
integer T convert BT T 3P opposite | g specified data type & ferg

expression &  value DI cast dA D foU syntax
reinterpret_cast<type>(expression) &Il SUTRT Bl %I

intx = 10;

double y = reinterpret_cast<double&>(x);
// casting int to double using
//reinterpret_cast operator



Type casting T SUANT FAYUTH! o A1y foar ST 91fey, Aifds afe T ailes 9 el
fosar T/ RGN URUMH loss of precision 9l undefined behavior 63[ g dl %I

TR TR C-cast style J T 3R 3P o 3D specific 3R safer static cast,
dynamic cats, 3R reinterpret cast B DI RETRE Bt ot ]

Operator Precedence in C++
C++ H operator precedence 34 hH ol Ay o=t g o operators I
expression | Heih far AT 81 o1 Udh expression T Py operator g
JEaH UIIHHdT a1 operator &1 Yedid- Ugd T ST 8, 3P &1 &1

T aret operators T Hclh RIS
T8l C++ H operator precedence table precedence & descending HAH T

Precedence

1

2

()l []l >

Operator

*
++I T !I ~ +, -

sizeof

*I/I%l

1 ! !

&, (type),

Description
Scope resolution

Function call, array subscript,
member access

Prefix increment, logical
negation, bitwise NOT, Unary
plus, unary minus, dereference,
address, Type cast, size of

Multiplication, division,
modulus

Addition, subtraction
Bitwise shift operators
Relational operators
Equality operators
Bitwise AND

Bitwise XOR




Precedence Operator Description

11 | Bitwise OR

12 & Logical AND

13 I Logical OR

14 2 Ternary conditional
15 =, +=,-=, %=, /=, %=, <<=, Assignment operators

>>:/ &:, /\:, |:

16 ) Comma operator

I WIS AT A operators &1 U8 Ao [hdT ST €, 39D &G HH
Trufdhdr ara operators T Hclh forar STTaT §1 IR & forg, expression a
+b*c ff, multiplication operator (*) P additional operator (+) ﬁ@?ﬁTﬁBﬁ
YAl % Eﬂﬁm expression b * ¢ Pl tl_e!?f W fopar ST % 3P dIS a
ST ST B

C++ ¥ operator precedence famt B correct 3R efficient code foraa & o

qHT AUl g, 3R 3MaRg® 811 IR Yedidhd & default HH & override HA
& foTT paranthesis &1 ITANT HAT HedqUl g |

Manipulators in C++

C++H manipulators special function & o Iuam output stream & behavior
Eal modify B & for foran o TevdT 8 | ST STRT output DI TP specific way
J format HA & fore fosar oram 8, S floating point numbers Pl precision Gl
&I, field B width FIYIRT &A1 AT output @Y align HRATI

Manipulators Cal iomanip header file o iy forar man % 3R output stream Gal
modlfy FHP ﬁ«m B% insertion (< <) operator & 1Y IUTNT BT S gl %I
gl C++ H $S MR, manipulators &;

. setw(n): 3Td output field @I width @Y n characters TR set BT 5 |

e setprecision(n): Floating-point numbers G| precision ®l n digits UX
set AT &

o setfill(c): Fill character Pl c W set HIAT %I



« left: Output @I left-justified TR set BT |

« right: Output Gal right-justified U set Il gl

¢« endl: Th newline character gfeTferd Hdn % 3R output stream G
flush T 3|

« hex, dec, oct: Integer output & base P hexadecimal, decimal T
octal R set AT & |

TGI C++ T manipulators BT SUIRT & BT T GGVl fedm T &:

#include <iostream>
#include <iomanip>

int main() {
double x = 3.14159265358979323846;

// Set the width to 20 characters and the precision to 10 digits
std::cout << std::setw(20) << std::setprecision(10) << x << std::end|;

// Set the fill character to "*'
std::cout << std:setfill("*");

// Left-justify the output and set the width to 10 characters
std::cout << std:left << std::setw(10) << "Hello" << std:endl;

// Right-justify the output and set the width to 10 characters
std::cout << std:right << std::setw(10) << "World" << std:end];

return O;

Output:

3.141592654
Hello*****
World

2 3a1eRUI H, €61 double value x & T output B1 width 3R precision IBEIRG]
P B %I'Q setw() 3R setprecision() Pl IUIRT fHa| —E:'q%[ fill character 3R
output & alignment B set HIA %ﬁm setfill(), left 3R right &Il } IuART foa|
3{d H 891 TP newline character STaH 3R output stream P flush HRA & forQ

end| &1 STIATT T



Function in C++

C++ H, Td function, code T T block BIdT & il U AR S 1 ST BT H=all B
Function C++ &1 Tdh IIBETIUf feature 8, @If® d code I modular, reusable unit &
AR B B AT &d & = program & fafie 3=t & call fpar S gpar 1 78
code @I read, maintain 3R modify B H S{HE A B |

T R W, C++ function § FRRIRAT component 81 &:

1. Function header: 39 function ®T name, return type 3R parameter list Rl
g1 Return type 3¥ data type oI Ay HRa1 8 O function call A R return
3T, Safdh parameter list 3 variable o Ay & 8 S function &I
arguments & =0 Y pass fpu S|

2. Function body: T8 code @I block g Sl [aRIy & a1 waf & fFAearfed & @
S function &1 &3 & forg design f3ram a1 81 SWH conditional statement
(if/else), loops (for/while) 3R 3= function Afed F3 statements 8 IHd & |

3. Function call: g program &I dg point ® T8 function & TITH argument
pass ®Xd U function &1 aRAd | call {1 STaT B

gl T WA C++ function HT IaTR0T fedT 7T € Sl &l integer & sum @1 TTOFT HRl
&

int sum(int a, int b) {
int result = a + b;

return result;

2 3aIexUI H, function header, function name “sum”, return type "int", 3R parameter
list "int a" 3R "int b" fAfEY HaT 1 Function body dd arguments CaRSURE pass al
integer value & sum DI TUFT BT &, 3R result B TH 7T variable "result” & o
fAfEy @a1 g1 ofd &, "return” statement program T 39 point UX "result" &I value
ST § ST81 function T call fasaT T |

9 function @I program T call B & T, 31U 9 code BT ST HRAT:

int x = 5;

inty =7,

int z = sum(x, y);




3 ISTE0T H, variable “x" 3R y" Eal arguments & =ad pass HP function DI call
fdT ST 81 Function §RT SET™T 7T value (x 3R y &1 sum) fhR T& T variable “z"
Cal assign far T gl

Function @I program T &gl ot define fhaT ST OHar g, 3R program o ot 3= umT
Y q9 TP call {51 ST bl & W6 d& P function I scope H fexams a1 31 SIS
JSTERUT O user-defined function & ATEl, C++ H &g predefined function g
standard Iibraryao—[%W%, o foh "isalpha", "isdigit", "pow" 3R "sin"|

Function Prototype in C++

C++ HTH function prototype function @1 declaration 8 S function name, return type

3R parameter type fAfdy w=ar 81 ZPHT SYANT compiler @I function & dRAd |
defined 4T implemented 819 ¥ UBd function & existence & IR Y E]j%l_d IR & forg
EZISIGIN

Function prototype 3R C++ program ﬁwmaﬁ%aﬁwﬁﬁ@amw
T b function Flﬁ @ ¥ declared m M % 3R T function signatures % HRU]
ﬁ@?ﬁ ¥ §9+ & fUl Function prototype D! YD dRAdD implementation I Ugd
declared B, compiler g Sl F&HdT 8 f function call 9% signature & W%
3R program compiled Eﬂﬁﬁ%@f@ﬁﬁfﬁ qdT & Gl g |

Tl C++ H TP function prototype I Uh Jclg Ul CRIRIEIES

// function prototype

int sum(int a, int b);

9 IaIex0T H, function prototype "sum" FH® function @1 declaration HdT § S &I
integer parameter "a" 3R "b" TAT § 3R Th integer value ST ®1 Function prototype
T function body Ul implementation RIEGEEE

Function prototype Eal program T Pl Wt declare forar ST Tbar % 3THAIR IR file Pt
R[> 3T T T header file Bl Actual function implementation P! 9rg o program |
declare T30 ST I 5

A4

gl U full program T T IGTEXT {01 7T 8 S TP function prototype BT START
W%:



#include <iostream>

using namespace std;

// function prototype

int sum(int a, int b);

int main() {
intx =5;
inty =7,

// call the function

int z = sum(x, y);

cout << "Thesumof " << x << "and" <<y <<"is" <<z << end|;

return O;

// function implementation
int sum(int a, int b) {
int result = a + b;

return result;

9 3aeu 1, program G| R[> 3ATd T "sum" & fAT function prototype declare foan
1TCIT%I Function @1 @d "main” function # call f&ar Gﬂ?ﬂ% 3R actual implementation
CAKICE:| program H define fPaT ST | 5@ program compile ICRIRIGI Fﬁcompiler
check ST fdb "main” & function call function prototype & SIIU 8, 3R function

call B program T "sum" & actual implementation 3 link BT



Function Calling

A. Call by Value
S fad function @1 call by value H called foraT ST €, @ actual parameters &
value &I formal parameter | copy foar ST B
Actual 3R formal ALl parameter & values BT TT copies Eﬁ’cﬁ % Eﬂﬁﬂl Th
UHR & parameters H @rs ft aRadH @3\’ &R reflect 781 BRI
T 39foTT § 1P actual 3R formal GFI parameter memory T 3IeT-3feT
T Bl point CIGE @1 G & 3fTT-3HeT memory address %) I

fornnal

a > -
parameter T
actual X =N ==
parameter S Baisasasais o

Call by Value in C++

Call by value method gRT call 8 IUANRTt Bldt § OId §H 8! d18d & actual
parameters & values &I 39 function gRT dad ﬁTITTﬂTQ S invok foar TI?ZIT%I

C++ Example implementing Call by Value

#include <iostream>
using namespace std;

//Value of x gets copied into a
void increment(int a){
a++;
cout << "Value in Function increment: "< < a <<end];

int main()

{

intx = 5;




increment(x);
cout << "Value in Function main: "<< x <<endl;
return O;

Output:

Value in Function increment: 6
Value in Function main: 5

Program & output UX &4 31 'a' BT UM 6 9P increase B a1 T B, Afdp1
main method ¥ 'x' &7 value dg! &1 B

g Tfad &Rl § 1% value I call by value T T 3 memory location UX
copymﬁﬁ_&ﬂ%l

. Call by Address

Call by address method H actual 3R formal G parameter indirectly U |
same variable FI%ITW%I

Y UHR & call mechanism H, pointer variables P formal parameters FEqH
SYIRT a1 STl &

Formal pointer variable actual parameter &I address XddI 8, 39T formal
parameter gIRT m M ufadT actual parameter H ‘J-ﬁﬁ"@?f aﬁ%I

i m—— .
formal a > | oxcossr .
pavramweter —

-
actual 3¢ > =
parameter ——— - R |

Call by Address in C++




oI foh diagram ﬁﬁETEITTR?IT%, al parameter memory T 3{QT-31TT location
Eal point R 8, Al ?J_ﬁ? formal parameter actual parameter & address @I
store WT% d same value H@TW%I

C++ Example implementing Call by Address

#include <iostream>
using namespace std;

//a stores the address of x
void increment(int *a){
(*a)++;
cout << "Value in Function increment: "<< *a <<end];

int main()
{
intx =5;
increment(8x); //Passing address of x
cout << "Value in Function main: "<< x <<endl;
return O;

Output:

Value in Function increment: 6
Value in Function main: 6

gl outputﬁ 'a' 3R 'x' GIFI BT HH §ed SIrdl |
I8 WY g f& formal parametermquﬁﬂ?ﬁ W actual parameter T B
Jead &

. Call by Reference

Call by reference T formal 3R actual G parameter same value T 1 B
Actual 3R formal gl parameter memory T U Bl address dI 3R point Hd
gl



formnal a > ﬂ = |

parameter

o . /

pavrameter

Call by Reference in C++

BT Addd ¢ [ Th UHR &b parameterwmﬂ-ﬁqﬁﬁ?ﬁﬁmlﬁ reflect
el
Call by reference 31 e ® qe feu STd § S8t gH objects I variable Gl
copies T8l §T1 318 d ©, Sfch g I8 © fop gt operation T Bl copytf?m
S|

C++ Example implementing Call by Reference

#include <iostream>
using namespace std;

//Value of x is shared with a
void increment(int &a){
a++;

cout << "Value in Function increment; "<< a <<endl;

int main()
{
intx = 5;
increment(x);
cout << "Value in Function main: "<< x <<endl;
return O;




Output:

Value in Function increment: 6
Value in Function main: 5

Note: Reference §717 & g ‘&' operator @I FYGNT variable T7H & Tget I&ar
I &1

S A H output TR AT S| 'a' & AF 6 81 ST &, T | 'x' &1 AH Hi 6 71
SIS

g Trfad Hedl % f& formal parameters H %‘Z R gRad actual parameters
&RT 4t reflect 80 € Fifer 3 U & memory address space TS Hd & |

Recursive Function in C++

C++ f[ U recursive function WQFT function aﬂT%\?ﬁW problem ﬁ@?ﬁ
X sub-problems o d\ls,ch{ 8 B & AU direct T indirect &9 ¥ W64 &I call
DAl %I Recursive function 39 THITSI &1 Bd P B m Udh powerful tool
& F1% recursive ©U I 9o a1 Off Il €, 3R 9 IR TR programming |
JUANT fhl I B

Ud recursive function H a1 4T B %’ Ud base case 3R Ud recursive casel
Base case dg @Iﬁf% S recursion @1 Al %‘ SI§ld recursive case a‘g@ﬁf %
ISi| Uh Bl input & 1Y function ®I BT T call HIAT %I gfe Udh recursive
function 31 I defined gl {1 7T 8, A U8 TS infinite loop U1 HR ST &,
S program & crash B IHAT B |

?TE-!TC++ ﬁ@ recursive function dT Udh 3GIg Ul %mw%a‘rw number &
factorial 1 U BT &:

int factorial(int n) {
if (n==0){
return 1; // base case
} else {
return n * factorial(n-1); // recursive case
}
}

int main() {
intn =05;
int result = factorial(n);




cout << n<<"l="<<result << endl;
return O;

}

9 3alexUl ff, function "factorial" U& integer parameter "n" AT % 3R
recursion BT IUIRT &P "n" &I factorial aT'IT%I Base case HH@T‘IT%GH "n" 0
%W@Tﬂ% fora fufd & function 1 return &l %I Recursive case d9 gidl
2 9F "n" 0 9 31 Brar g, fora f&UfY & function W@ &1 "n-1" argument & Y
call FaT € 3R result I "n" I UM pdl g1 91 base case Ugd Srdl g dl
recursion §¢ 81 ST & 31K final result return 31T ST 8|

TE IWIFd DI execute fha1 STaT 8, A T8 output ST E:

5/=120

U1 9T 8 I 51 (5 factorial) 5 x 4 x 3 x 2 x 1 % SRIER g, Sl 120 & RIS
gl

Recursive function dgd powerful 3R expressive Eﬁﬂﬁ% dfe memory 3R
performance FHAFAHT expensive 1t 81 Ihd ¢ | Ife fpedt It & recursive
7 ot 317 algorithm T SUTRT BB solve BT S Tl 8, T SR recursion

ﬁaa:naeava?n% E'I?I\TJ% FW&?%WW recursive 30 I o0ad
WGTWT% recursion T valuable tool B}W%I

Class in C++

C ++ ﬁ, Udh class Uh user-defined data type % S data 3R functions &I Udh
unit # ‘v'lﬂ'l%ﬂ Hdl %I class objects P I B 1%1? Udh blueprint % N class &
instances &, 3R I8 34 objects & properties 3R behaviors @1 define BT 3|

TGl C++ T TP class B define IR & [ATT syntax g

class MyClass {
public:
// public members (accessible from outside the class)
void publicMethod();
int publicVariable;

private:

// private members (accessible only from within the class)



void privateMethod();
int privateVariable;

%

29 3aIeRUN H, 8H "MyClass" A& TH class B! &l YHR & members & 1Y
define Fd & public 3R private | Public members DI class & dT8R W access
foraT ot wea §, Safds private members &I Had class & HIdR I 81 access fad
Ol Hohdl %I Class ® Gl methods (function) % "publicMethod" 3R
"privateMethod", 3R Tl variable: "publicVariable" 3R "privateVariable" |

C++ T class B members TR EISES STt

1. Data Members: ¥ class & 3faR declared variable &, S public I private |l
J&Hd €1 9 Class ¥ created object & properties @I define HA &

class Person {
public:
string name; // public data member
private:
int age; // private data member

%

24 3alexl] ff, "Person” class H Eﬁ data members % "name" (UP public
string) 3R "age" (U private integer) |

2. Member Functions: ¥ class & 3iGX declare m T function % x| public 9T
private S UHA 81 d class ¥ created object & behaviors @I define Hd &

class Rectangle {

public:
void setWidth(int w); // public member function
void setHeight(int h); // public member function
int area(); // public member function

private:
int width; // private data member
int height; // private data member

%




9 3aeRUl H, "Rectangle” class % I member function & "setWidth",
"setHeight", 3R "area"| "setWidth" 3R "setHeight" public member functions
g Sl HH: rectangle DI width 3R height fAuiika &R €1 "area” TH public
member function & Si rectangle & area DI calculate 3R return HaT &l
"width" 3R "height" private data members gl

Wﬁlﬂm, C++ U TP class Th powerful tool & Sl 3TUHT custom data types
BT define B 3R data 3R functions ﬁ@ unit® encapsulate HIA Bt Glﬂ'ﬁlﬁ
AT g1 T8 object-oriented programming T U&b essential concept g 3R 3
code &I dgd simplify 3R organized ®X Hhdl gl

Object in C++

C++ ff, object class PTUd instance %I fodt object P define W%W 3P
UEd TP class DI define B Bl TAH T gid! & | Th IR oI 31T TP class bl
define R A &, Al 3T AT syntax BT ITANT HIb ITY object T THd &

ClassName objectName;

Y syntax H "ClassName" class ®T name & 3R "objectName" dg& name g o
31U object & 3d g1 fR 37 dot operator (".") Pl ITINT HRb object &
members P! access B THd &

objectName.memberName;

?IIET, "memberName" 3Y data member 9l member function &1 9TH %ﬁl@ AT

access hAl ?l'l_s?f %'I
IR0 & o, A o b 31T U "Person” ATH® T class § S U name 3R
age Gl person Cal represent Xdl %:

class Person {
public:
std::istring name;
int age;
void printinfo() {




std::cout << "Name: " << name << ", Age: " << age <<
std::end|;
}

¥ class Pl object M o Y, 3 a8 &

Person personT;

iR 3117 dot operator BT IUANT HRDb object & data members &1 set HR Jdbd
&

person1.name = "John";
personl.age = 30;

31U dot operator &I ST PRbh object & member functions &I 1t call HR
Thd o

person.printinfo();

g output BT

Name: John, Age: 30

Pl foreaR, object C++ o object-oriented programming & building blocks
&1 d 3MUP class & instance I 3R 3 instances & data members 3R
members function ¥ interact B B! &Iﬂﬂﬁ a5l



Example of Class and Object:

gl private 3R public members & Ty "Rectangle” dTH® class I U JqloRUI
f&ar mar 5

#include <iostream>

class Rectangle {
private:
int width;
int height;

public:
void setDimensions(int w, int h) {
width = w;
height = h;
}

int getArea() {
return width * height;
}
Iy

int main() {

Rectangle rect1;

rect1.setDimensions(5, 10);

std::cout << "The area of the rectangle is: " << rectl1.getArea()
<< std:endl;

return O;

}

Output:

The area of rectangle is: 50




9 Jarexu 1, "Rectangle” class T al private data member g "width" 3R
"height”, R T public member function "setDimension" 3R "getArea" gl
"setDimension" function &l integer parameter (w 3R h) AT ® 3R "width" 3R
"height" data members & value set BT g

"GetArea" function formula width * height BT IUANT Db rectangle o area I
O T § 3R return AT 5|

main function H, 89 "rect1" ATH® "Rectangle” class @I Udh object CEIGEIRERS
©H rectangle D1 width SR height ®HXR: 5 3R 10 W set FH & NIy
"setDimension" function I call B4 g

dH g\ rectangle & area P TUMAT 3R print & b forg "getArea” function
@1 call B g, &l fb 50 5



Constructor

C ++ H U® constructor T& class BT Td special member function g1 g o
automatically ¥U ¥ call fa1 SI1aT 8 916 39 class BT object ST ST 8 | THT I
object & data members @I initialize BT 3R ATTAD setup operation Pl gl
Constructors &1 AT class & A BldT 8 3R return type 81 g1 8, T8l d% % void

EHIGGIE
Tl U& simple constructor T ITEXU 4T T §:

class MyClass {
public:
MyClass() {
// Constructor code
// Initialize data members or perform setup operations

}
%

JWRIFd IaTexl T, MyClass class T ATH g, 8k MyClass() constructor HESE) MyClass
class I ﬁ?ﬁ object &A1 SIdl % ar object FI initialize A B ﬁ'I'Q constructor bl
automatically U ¥ call forar ST B

T& constructor ®I SUANT TRb object & creation & THT 3D data members PI
intital value & 1Y initialize B DI &Iﬂﬂﬁf &dT 81 T8 constructor &I argument pass
HD [T S Ghl 5|

class MyClass {
private:
int value;
public:
MyClass(int n) {
value = n;
}
I3

Y 3aEru 1, MyClass constructor Udh integer argument n T § 3R 3 value &I
data member I assign hXdl gl Y dig, Sid MyClass Pl object ITIT SITdT 8, a3y
member @1 initialize R & folT T integer value UTH & IJHd B



| MyClass obj(42); |

SWRIF code T, MyClass class &I Udh object obj d-IIT AT 8, 3R constructor &I
argument 42 & 1Y call fHaT ST B Constructor 42 &Y obj & member &I assign
2

Constructor & JUIRT B initialize BT g ﬁﬁf\%ﬁ TR & e Iganh § fs Sie 9
§IU STd € @ object 1% F initialize 81 914 &, 37 fRUf ¥ §9d § T&T uninitialized
data members undefined behaviour T HRUT § Tdbd %"I Constructors @1 overload
It fooar o1 gar % o ?b_if constructors &I faf¥e parameter lists & gy fafde
initialization option T& & &1 A i 5

Types of Constructor

A) Default Constructor

C++ T, default constructor T& constructor BIdl g S automatically ¥4 | compiler
&IRT generate forar ST % gfe g | ﬁ%ﬁ constructor ™Y =7 T define :Iﬁbf fooar T/
HESEETE parameter YUl void parameter list &I §1 Default constructor class & data
members I 3 default values & 1Y initialize HI %I gl Th 3GIgRUl fear man %

SIl default constructor @1 EI'CI@T?T hdl %:

#include <iostream>
using namespace std;

class MyClass {
public:
int value;

// Default constructor
MyClass() {
value = 0; // Initialize value to 0
}
%

int main() {
MyClass obj; // Object created using default constructor




// Accessing the value member
cout << "Value: " << obj.value << endl; // Output: Value: 0

return O;

ST UM, g4 MyClass class @I value TS single data member & 1Y define HRd
&1 Default constructor automatically U | compiler gRT 37 glal § it ﬁ%ﬁ i)
constructor TV ¥U ¥ define T8l 81dT &1 Default constructor value member &1 0 I
initialize AT 5|

main() function ﬁ, &H default constructor T SUIRT FHb MyClass class P Ud object
obj 14 1 Eﬂﬁ? Dl argument YUald TaY forar T 8, 39T default constructor &1
call ﬁv_QTGITHT% 3R value member @I 3T& default value 0 TR set ﬁv_qTGH?'IT%I

3fd H, 89 cout BT ITINT HXP value member HT value print Hd 8, S console TR
"Value: 0" UGIRId & |

S§ 3T 59 WUH &I compile 3R run #RA g, Y 3! output "Value: 0" fears o,
R gf@ &1 & fF default constructor @1 call faraT TT 4T 3R value member &1 3l
¥ initialize foba T UT|

B) Parameterized Constructor

Parameterized constructor Uch QﬂT constructor @?ﬂ % x| Uh 7 3feH parameter o
21 Ig 3Mueh! object creation & GRM UG fy T specific values & 1Y class & data
members @ initialize HIA I &Iﬂﬂﬁf a1 81 Parameterized constructor object
initialization & flexibility YUl FRA G|

gl T MATH 8 S C++ H parameterized constructor & JUIRT &I TG Rid el 5

#include <iostream>
using namespace std;

class Rectangle {
private:

int length;

int width;




public:
// Parameterized constructor
Rectangle(int len, int wid) {
length = len;
width = wid;
}

int calculateArea() {
return length * width;
}
I3

int main() {
// Creating an object using parameterized constructor
Rectangle rect(5, 3);

// Calculating and displaying the area
int area = rect.calculateArea();

cout << "Area of the rectangle: " << area << end|;

return O;

?Y program o gq private data members Gl length 3R width & 1Y TH Rectangle
class @I define B &1 §H UH parameterized constructor &1 1} define @R g St &
integer parameter len 3R wid AT B

Constructor & 3{ax, len 3R wid & HAF HH: length 3R width data members @1
assign fpu od |

Rectangle class H Udh member function calculate Area() it % S members &1 length
3R width & [0 &b rectangle & &FH ! TUMT HRT & |

main() function ff, BH parameterized constructor I START PP Rectangle class &I
Udh object rect §1d €1 89 value 5 3R 3 &I argument ¥ ¥U § UgH aRd §, S
constructorﬂ%ﬁﬁﬁﬁ%l

9% g, g9 rectangle & &ABA P MU B & AT rect object UR calculateArea()
function @ call A & | Result area variable & TUgId Hd 8 |




3id H H cout BT IUTNT HIP calculate area USHRId BId &, Sl console R "Area of
the rectangle: 15" print BT |

EEEICESRIIEED compile 3R run FA &, A 3MTHT output "Area of the rectangle:
15" fearg <, S exifar § f& parameterized constructor Gal Fﬂjlﬁv_CIT T o7 3R
length 3R width % members &1 Y& fBT 7T values & 1Y 31 F initialize fowar a1
Yt

C) Copy Constructor

Copy constructor Tdh special constructor g o I class & IﬁT{C’J object Gl copy
§THR U 4T object I & | 3THT ITANT dd fHAT STAT 8 T& object BT value GRT
passed forT STTaT 8, R ¥ value §RT QTN 11T §, HTWW@WW object
Y TH 7 object T THI IYTNT foban ST B |

gl program gl C++ | copy constructor & JUINT BI YafRid Bl g

#include <iostream>
using namespace std;

class MyClass {
private:
int value;

public:
// Parameterized constructor
MyClass(int n) {
value = n;

}

// Copy constructor
MyClass(const MyClass& other) {
value = other.value;

}

int getValue() {
return value;
}
I3




int main() {
// Creating an object using parameterized constructor
MyClass obj1(42);

// Creating a new object using copy constructor
MyClass obj2(obj1);

// Displaying the values of both objects

cout << "Value of obj1: " << obj1.getValue() << endl; // Output: Value of
obj1: 42

cout << "Value of obj2: " << obj2.getValue() << endl; // Output: Value of
obj2: 42

return O;

Y program ﬁ, &H U MyClass class Tﬁ@ private data member value & 1Y define
R §| Class H T parameterized constructor g g o Udh integer n aar § 3R fu
U value & Y value member B initialize WT%I

W Gﬂ?fﬁ_dﬁ, ®H MyClass class & 1%111 Udh copy constructor P! define B %I Copy
constructor I class & feHdt 3= object (const MyClass& other) @I constant
refrence Tl g Copy constructor & IR, ﬁlﬂﬂT object & value member @I @%
object & value member ®T value assign far SRl

main() function ff, ®H parameterized constructor &I ITINT I MyClass class T
Udh object obj1 14 §, value 42 pass A g

4 ¢, g4 copy constructor T JYINT PRb MyClass class @I T T object obj2
CEIG] % obj1 Dl argument & = H pass Hd %I Yg copy constructor DI call Bl %
3R 0bj2 B obj1 B TH copy & TG | §RIT ST |

iR B cout BT IUANT HRPb Gl object ¥ value TefRid Hd | iﬁ? (AGl| object copy
constructor &1 JTINT b &Y Y U, YT 301 value member THH gl output
BN

Output:

Value of obj1: 42
Value of obj2: 42




Constructor Overloading

C++ T higdex SNaRaTST Uh oy P! fafta IRiftex Yol & WY &3 degdes 3@
BT IFTAMT T 81 UAD higaer 3isoide AT & TR UIRd dob! & YR R fHdt
3ifeoide DY TRY P BT Teh 3(eT RIdhT UG PR Tobdl ¢ | TgT U IaTexVl fedr T §
o edeR SaReNET & aiid &

Tgi U IaTeRUI f3aT TR R Off C+ + H Shicaex SRS &l gufar &

#include <iostream>
using namespace std;

class MyClass {

private:
int value;
public:
// Default constructor
MyClass() {
value = 0;
}
// Copy constructor

MyClass(const MyClass& other) {
value = other.value;

}

// Parameterized constructor
MyClass(int n) {
value = n;

}

int getValue() {
return value;

}

Y

int main() {
// Creating objects using different constructors
MyClass obj1; // Default constructor

MyClass obj2(obj1); // Copy constructor




MyClass obj3(42); // Parameterized constructor

// Displaying the values of all objects

cout << "Value of obj1: " << obj1.getValue() << endl; // Output: Value of
obj1: 0

cout << "Value of obj2: " << obj2.getValue() << endl; // Output: Value of
obj2: 0

// (Copy of obj1)

cout << "Value of obj3: " << obj3.getValue() << endl; // Output: Value of

obj3: 42

return O;

9 IaIex H, MyClass class default constructor, copy constructor 3R parameterized

constructor & JTY constructor overloading AR AR GG

Default constructor value member &1 0 ¥ initialize ®RdT &1 Copy constructor 341
class & fHal 3 object dI constant reference ddT 8 3R 3 object I value
member T value assign dhdl gl parameterized constructor Ud integer argument n

AT % 3R 3@ value member &I assign xdl %I
main() function ﬁ, BH faf¥s constructors T SUANT HPH object LI %

« obj1 default constructor T IUTNT HRb ST 7T B, FoTTd TRUTHERTY value

0 TR set fHaT AT B |

* 0bj2 Eal copy constructor &Il ST HRb §11 T %‘ obj1 Eal argument & =7

H pass fa1 AT 31 T8 obj1 & THH value & T1Y TP 718 object I B |

« 0bj3 B parameterized constructor ®T SUTRT Hb ST TT B, il value 42 B

U HdT 2| T8 value member &1 42 ¥ initialize BT 2|

i 89 cout BT IYTNT HRb di-l objects & value UefRid #vd B output BIT:

Value of obj1: 0
Value of obj2: 0 (Copy of obj1)
Value of obj3: 42




Dynamic Constructor

C++ dynamic constructor Udh T constructor B refer HAT & S runtime TR faradt
object & fere memory allocate Xl HEH object & ferg memory allocate & b g
new operator o[ IWNT FF 3R R dynamically allocate memory o object Eal
initialize 4 & AT constructor PI explicitly call CRIREIGIE

Tgl U Iarevul fear g o dynamic constructor & IUANT B UeRid Bl &

#include <iostream>
using namespace std;

class MyClass {
private:
int* data;

public:
// Dynamic constructor
MyClass(int value) {
data = new int;
*data = value;
cout << "Dynamic constructor called. Value: " << *data
<< endl;

}

~MyClass() {
delete data;
cout << "Destructor called. Value: " << *data << endl;

}

int getValue() {
return *data;
}
i

int main() {
// Creating an object using dynamic constructor
MyClass* obj = new MyClass(42);

// Accessing the value using the object
cout << "Value of the object: " << obj->getValue() << end|;

// Deleting the dynamically allocated object




delete obj;

return O;

9 3algrUl ff, GHI\{ U Ud dynamic constructor & gy Ud MyClass class %I
Dynamic constructor new operator I ITINT TR integer variable (data) & fom
memory allocate dd] gl g9 d1G T8 allocated memory P! fT 7T value & T1Y
initialize T B Dynamic allocation memory UfehdT & R constructor &1 explicitly
call fosa ST 5|

main() function ff, BH new DI JUANT HRh 3R argument & ¥ H 42 pass D
dynamic constructor I ITINT dRb MyClass class &I Udh object CeIcERL dynamic
U allocates object dT address pointer variable obj T TUEd aRd g

R gg obj pointer 3R getValue() function &1 ST HRdb dynamic ¥4 9 allocated
memoryff GULId value ddb Ugd qPhd gl

Dynamic U ¥ allocated object &I SUANT oI PR & §IG, §H delete T BT
SUINT TR 3 delete FR & &d gl TG destructor B trigger hdl g, o dynamic
¥U ¥ allocated memory Pl release HIA %ﬁﬂz responsible %I

uld Y g program EFITQ'PI ar amaﬁﬁy output ﬁ"@'l?fa"ﬂ

Dynamic constructor called. Value: 42
Value of the object: 42
Destructor called. Value: 42




Constructor with default argument

C++ H default argument dTd T T constructor BIAT 8 S 3! 3TF TH T 3%
parameter & [T default value specify DI Bl GIEFI'[%I T 81 37 default values T
IUNT 99 far ST § o object creation & TRM Bl argument ¥al+d el fobw T
parameter D =T I HH argument Uql- fpu Sd €1 I8 3ue! P arguments Gal
Bl P AT B object initialization T flexibility UG HRdl g af¢ 3% default
value acceptable %;I Default arguments & gy Udh constructor CARCIERERG R ﬁl’Q
51 TP IaTeRUI f&a T &:

#include <iostream>
using namespace std;

class MyClass {
private:
int value1;
int value2;

public:
// Constructor with default arguments
MyClass(int n1 = 0, int n2 = 0) {
valuel = n1;
value2 = n2;

}

void display() {
cout << "Valuel: " << valuel << " Value2: " << value2 <<

end|;
}
by
int main() {
// Creating objects using different ways
MyClass obj1; // No arguments provided
MyClass obj2(10); // One argument provided

MyClass obj3(20, 30); // Two arguments provided

// Displaying the values of all objects
cout << "Object 1: ";
obj1.display(); // Output: Value1: 0, Value2: 0




cout << "Object 2: ";
obj2.display(); // Output: Valuel: 10, Value2: 0

cout << "Object 3: ";
obj3.display(); // Output: Valuel: 20, Value2: 30

return O;

SR RIARRY ff, EH-II\Q U & private data members, value1 3R value2 & 1Y Th
MyClass class 81 class & constructor & @l parameter g n1 3R n2, ST default
value 0 §1

Object creation & SR, 3T UM 3O SaRadHarsil & STUR W zero, one AT two
argument WW@Q@&TW%I gfe @i argument W?@TWW% dro®
default value @T IUTNT o SITEIT | gfd Had UdH argument WWW% Fﬁm
parameter O ®T default value RIS argument Ygld fu 7T §, O ueM feu MU
value T SUTNT fobaT S|

main() function 8, 89 faf¥d di®! &1 TN b MyClass class & object obj1, obj2
3R obj3 §C &;
* 0bj1 for oo argument %WTTI'CIT%I ﬁ;ﬁ?aﬁé argument Wqﬁmw%
0 &7 default value value 3R value2 Eﬁ’*ﬁ%ﬁ‘lﬁwm SITET |

* 0bj2 Tdh argument (10) %FITQIWTI'CIT%I UcH value valuel &1 assign ICRIRIEI]
8, STafd value2 BT default value 0 B

- obj3 @ arguments (20 3R 30) & WY TR 74T g1 UM fHT TT value HHI:
value 3R value2 &I assign fpg M |

i BH valuel 3R value2 & values &I fiic & & ﬁ‘lﬁ Td® object UX display()
function @ call Eb_{?f%l

uld Y Y& program TIATE, ol 31U (Y output fe@rs &

Object 1: Value1: 0, Value2: 0
Object 2: Value1: 10, Value2: 0
Object 3: Value1: 20, Value2: 30




Destructor

C++ ¥ destructor fHdl class BT T fa=T member function 81T & fST automatic ¥4
9 call foran SITAT § 51 I class BT ﬁ'sc object scope 3 SER 81 AT § Al explicitly
destroy 81 ST 81 Destructor fdT 4 resources @1 release # & foiw fiAeR g St
object 3 3T lifetime & SR BIRTA b &, S dynamic ¥4 ¥ allocated memory dl

open file handles|

Destructor @1 syntax constructor & THM &1 BIdT 5, A class TH & §1& T tilde (~)
feg B1aT 81 Destructor 3 SYINT BT G & fTT TgT TH I&T6=0T e T &:

#include <iostream>
using namespace std;

class MyClass {
private:
int* data;

public:
// Constructor
MyClass() {
data = new int;
cout << "Constructor called" << end|;

}

// Destructor
~MyClass() {
delete data;
cout << "Destructor called" << endl;
}
y

int main() {

{
MyClass obj; // Creating an object of MyClass within a block

} // Object goes out of scope here and destructor is
automatically called

return O;




IWRIFd IR0 &, FAR U U constructor 3R T destructor & 1Y TH MyClass
class 81 constructor H, 8 new operator &I JUIANT FReh Th integer variable (data) &
1Y dynamic memory allocate @Rd €| Destructor H, 1 delete operator Il IO
PP allocated memory @I release FA g |

main() function & 3a, 89 Td block & HiR MyClass class @[ Udh object obj CEIGES
S B block THTW BIdT &, object scope Y TIER 8 91T B, 3R object | Gﬁ resources
DI clean B & AU destructor BT automatic TU I EWIRIEIGI gl

uld Y g program EFITQ'P[ ar &I'I'Wﬁ'{;[ output ﬁ“@'s%ﬂ

Constructor called
Destructor called

¥ object scope T 1R 81 Ol § df I8 destructor ¥ automatic call @1 TR &l
81 Destructor 3Tg&! 13 o} 3awas cleanup operations B 3R object gRRT T Y
resources @I release ®H @I Hﬂﬂﬁ gl Dynamic ¥4 ¥ allocated memory 4l 3
external resources ¥ e & R g faRI¥ &0 ¥ ST |




Operator Overloading

c++H operator overloading 3P 30 XG4 &b custom type Ul object & Iy ITIRT m
SIEREE A 3R T WA operators CARGEIL G{Qfaefﬁ &Iﬁqﬁl a?ﬂ %I

fooddt operator P! overload BT & ﬁ*l'q, 39 Uh faY function B TRMIT HId % o
compiler CARCGIGI % b operator CARCILET object & Iy T HIAT ElT%'QI g fuction
3{TTPT class BT member function IT TUdh HA non-member function _6;[ b dl %I

21'[% 3HIU operator function B member function & U H GRHINT HAT ﬂ:l?f %', O
operator & Eﬂg 3T class BT member EﬁT E|T%1;J'I Jalell & ﬁfq qﬁ 3T MyClass
AH® U class B & object \_rh?:ef & 1%111 '+' operator P[ START B dlﬁa %, dr 3mg
operator function C3| MyClass & member & 3T H TRHINT B3|

afe 3y operator function P non-member function & ¥U H TRHINT HT TdG Hd
%, ar Eﬁ class & dlgl gRyIia fosar ST EH'%Q GﬁT object Ca parameter =g H o
ﬂT%QI qg 3MUH! fafvd TRl & objects & o operation P Ut gHTiNa s &t

3171’12[[? a—(‘” %| JalerUl & ﬁ‘ﬂ 3HTT MyClass 3?[? YourClass classes @I object & ﬁ‘l'q '+
operator BT URHTNT B ghd %I

Operators P! overload W 3T 3T code I 3T custom object & 1Y HTH B B
WWW@TWWWW%I W%ﬁﬁ@ﬁﬁ%ﬂoperator%%ﬁ
Gﬁwqﬁ“—ﬁmdﬂa %GEHHQJ ﬁmgﬁoperatorﬁmmmﬂﬁ
foan 51T B, 39& 34 3

Rules for Operator Overloading

Operator overloading syntax: foait operator BT overload B BT syntax 29 dld UX AR
Dl % & amu operator function BT member function TT non-member function & &0 H

gRYIRT R 8 B

a. member function syntax: gfe 3mg operator function P! member function & %0 H

gRYIRT ®Rd &, dl 39T A9 =4 &

\ returnType ClassName::operator op (parameters) ’

Tgl, retrunType operator function P return type %, ClassName member function @Tdl class
D[ ATH %, op, overloaded operator %, 3R parameter, function parameter %I



Member function &Y class P 3fex TRHINT fHaT ST 8§ 3R 3T class & object Pl
JUART TP call T ST 81 FS object TR member function @] fhdT ST € 8
binary operators & ﬁ'ﬂl left operand & SIIdl %, 3R unary operator & 1%111, Had Udh

operand @?ﬂ % S object _spf Eﬂ?ﬂ %I

b. Non-member function syntax: Zlﬁ AT operator function P non-member function &

U # gRHId #Rd §, O 3961 A9 = 3

| returnType operator op (parameters) |

ggl, returnType operator function 1 return type %, op fda1 ST Y87 overload operator %,
3R parameters, function parameter %I

Non-member function ®1 class & dlg} gy foar Sran % 3R object Cal| Y =Y |
parameter & =0 ¥ forar ST %I 3 fAfNT classes 3R gl d& b built-in type P objects
R N HH ™R IHd %I Binary operators & 1%111, left operand Cal| UE?T parameter & =0 H
I fosar Sirar %, 3R right operand Gal| ?:Rﬁ parameter & =0 H uiid fosar Smar %I

1. Operator overloading limitations: C++ H P operator % m% overload :I—Lﬁ foar o

W%a@[ 0 *GﬁT? I

2. Unary and binary operators: Operators C2l| unary (single operand UX HTH AN Il
binary (two operand UX &TH HRA]) & %7 H overload WWW%I

3. Return type: Overloaded operator &I return type aﬁﬁ f AT C++ type a Habdl %I e
T built in type, user-defined type, IT IgT dh & U reference I pointer aff Epf Hebdl %I

4. Parameter type: Overloaded function & parameter operator & overload Eﬂef R AR
B %I Binary operator & 1%111, left operands Gal| invoking objects &% ¥ U H T non-
member function H UB@[ parameter & =0 H Uriid foar Srdn %, Sdfd right operand TUY
Wﬁ@ parameter%@ﬁqﬂi—dm\_ﬂ?ﬂél

5. Access control: Od operators I member function & ¥ T overload T ST %, ar
M TG fF class B access control FIH Fﬂ"laﬁ %I RIARRLI & 1%112, afe operator
function private %, @ HAA class B member _6°f UD] ITINT B Jbd %I

6. Precedence and Associativity: Y overloaded operator Gl precedence GhT associativity

original operator * gaH _6°f ?6\"“ %I



7. Overloading vs Overriding: Operator overloading B function overriding & TTY confuse

gl foar ST =TI Overloading operators T &g %, Sdfd overriding base 3R
derived class & member functions & Tafdd %I

8. Preserve Operator’s Intuitive Meaning: foait operator P overload Hd qHY, ﬁﬁ'@ﬁ
N b operator & ﬁm 3T Sl behaviour TRHTNT Hd % dg intuitive 3R ITP
standard meaning *® A=Y %I Operators A Y dig T overload HH I 79 o/ 3=

programmer confuse 83[ I

Overloading unary operator using member function

C++ ff, B! class & member function BT ITANT HIh unary operators BT overload T
Ol Hehdl %I S 3T BT member function HT ITANT HIh Ud unary operator o]

overload Hd % ar operator 3 object UX FI'F]\@T‘IT % fSI9 T member function &7 call
foan Srar B1

f&dl member function BT ITTANT HIh Udh unary operator P! overload B B ﬁlﬁ,
3D operator function P! class B member function & ¥0 H TRHINT B &I

AR D dl %I Operator function H El'ﬁ_sc argument qgjf él:ll ET%'Q (implicit object
argument & BISH) 3R TH value return HRAT BT IUGAT syntax BT IUTRT FRb
operator function P member function & U T declare fHaT SHT ET%'QI

Jei T 3arerur faar % S =i % f& member function &1 ITINT TR unary
minus operator (-) Ca ﬁ overload fasaT IU:

#include <iostream>

class Number {

private:
int value;
public:
Number(int val) {
Value = val;
}

Number operator-() {
return Number(-value);

}




void display() {
std::cout << "Value: " << value << std::endl;

}
|5

int main() {
Number num(10);
Number negNum = -num; // Applying the unary minus operator

negNum.display(); // Output: Value: -10

return O;

}

SIRIT valerUl ﬁ, unary minus operator BT Number class & member function & &0 H
overload f&dT 71T %I Operator- function Bl class P 30EY defined fHaT AT %’ 3R g
negative value & gy Udh new Number Object Arerar %I display function I JUANT
Number object F value Bl flic FHA & m fopar SITdT %I

main function ﬁ, 10 & value & ITIY Udh object num EFH% STt %I Unary minus operator
Cal| syntax -num @[ JUINT FRPB num | FIFI]%‘TEIT IGI %I g Number class & operator
function T call BT %, S negated value & Y U U] Number object negNum Arerar
%I 3d ﬁ, display function Eal| Eﬂa; value @I print PR D ﬁﬂ negNum UX call foar Srar
g S -10%I

&I ¢ f 19 3T member function T ITIART Hb unary operators BT overload B
%, @ a implicit object UX hTH I % GﬁT aﬂé 3ffaRad argument :lﬁa?f %I

Overloading unary operator using friend function

C++ ff, member function AT friend function BT IUART HXDH unary operators BT overload
forar S g&ar %I oot unary operator B overload TR B 1%111 friend function BT IUANT
I HHY, function P13 class P friend B ¥ H declare fHAT ST % oo opertor &I
define fopaT T %I g friend function Fl class B private members dd ue%ﬁ 3‘ﬁ? desired
operation H DY G'IT:Iﬁ a?lT %I

gl C++ T friend function T ITANT B U unary operator P overload B Bl Udh
TR fom T g



#include <iostream>

class MyClass {

int value;
public:
MyClass(int v) {
Value =v;
}

// Declaration of friend function
friend MyClass operator-(const MyClass& obj);

void display() {
std::cout << "Value: " << value << std::endl;
}
2

// Definition of the friend function
MyClass operator-(const MyClass& obj) {
return MyClass(-obj.value);

}

int main() {
MyClass obj(5);
obj.display(); // Output: Value: 5

// Using the overloaded unary operator
MyClass result = -obj;
result.display(); // Output: Value: -5

return O;

Y JalerUl ﬁ, MyClass class Ud private member variable value P define BT %I BH
friend function operator- I JUINT HIh unary operator P! overload B %I Friend
function & 3, g9 &9 object & value &I negate GG % 3R I class B Uh :F{f
obejct ?ﬁaﬁ %I

main function ff, BH 5 & value b IIY Ud object obj EEIn] %I e BH obj & value B
negate 3'ﬁ? result object BT result assign PR B 1%111 overloaded unary operator [
WW%I &iﬁﬁ,gﬂq_s'verifym%ma:ﬁobject%valueWW%%
unary operator overloading el &1 Y B Hdl %I



T % f& friend function B class definition &b 3{&X friend % ¥U H declare AT ST
ﬂII%Q, 3‘ﬁT class definition JHIT 6-1%[ ) tI_E!?f Eﬂ% prototype FI define BT ST ElT%'QI

Overloading binary operator using member function

C++ 'Ef, fodt class & object UX custom operation P B m +, -, ¥, 3R / o binary

operators BT overload foaT 51 I %I Binary operators BT overload B BT U GEiEE
member function &1 STIRT HAT %I

f&dt member function &1 IUTNT HIH binary operator P! overload FXA & ﬁ«m
operator function B class definition & 3R declare foar S ElT%'QI Member function
C2l| operator & same name ¥ defined fHaT AT % SﬁT right-hand 3R Bt object Gal|
parameter CRSLRE @FIT%I Left-hand 3NR &1 object W operator Fﬂ"l@?ﬂ %, 3 oy
Wﬁcalling object%??qﬁqmmﬁl?ﬂ%l

gl C++ T member function ®T STTNT HIb binary operator P! overload T Bl Uh
TR fm T g

#tinclude <iostream>

class MyClass {

int value;
public:
MyClass(int v) {
Value =v;
}

MyClass operator+(const MyClass& other) {
return MyClass(value + other.value);

}

void display() {
std::cout << "Value: " << value << std::endl;
}
|7

int main() {
MyClass obj1(5);
MyClass obj2(3);




MyClass result = objl + obj2;
result.display(); // Output: Value: 8

return O;

}

29 Jalexul f[ MycClass class Udh private member variable value B define BT %I B8d
member function operator+ [ JTINT TR binary operator + P! overload B %'I
Member function & 3, Bf[ Udh parameter & w0 H MyClass type I Udh 3R object
UTeg EﬁT‘IT %, 3‘ﬁT BH Ea:h object & value member &I Gﬁ@ﬁ %I ftb_{, BH sum & Y Udh
14T MyClass obejct CEIG % GﬁT return HId %'I

main function ﬁ, BH hHR: 5 3R 3 values & 1Y al obejct objl 3R obj2 GEIR] %I BH
member function operator+ B call BIP 3R parameter & =0 H obj2 P! U HIDH objl
WX overloaded binary operator + &I SUINT Hd %'I Result, result object Eal assign foan

™ gl ﬁﬁﬁ,?ﬂﬂgﬂﬁﬁﬁ%%ﬁresuIthaluemW%%binary
operator overloadingﬂ%ﬁﬂﬁmm?{l

& ¢ fb ST9 member function BT STIART B binary operators BT overload fHAT STl
%, @® left-hand 3R B object W operator Fﬂ?]@?ﬂ %, U Oy =g I calling object &
¥U # uid foar Smar % 3R right-hand 3R B object Cal| ¥ =y I Udh parameter &
w0 ¥ uIkd far S g

Overloading binary operator using friend function

C++ ﬁ, fdt class & object UX custom P B 1%11: +,-, %/, 3R % o binary operators

BT overload a1 ST bl %I f&dt friend function BT ITANT BB binary operator G2l
overload ®Yd THY, function B I class & friend B U H declare a7 STl AN
operator P define fomar T %I g friend function Pl class B private members d& QEE[

Yald hdl % 3R I desired operation HH DI G‘I_leﬁfaﬂ'[%l

?IIET C++ H friend function @1 SUIART HIh binary operator FI overload I Bl Tdh
IeTeRul fean T

#include <iostream>

class MyClass {
int value;




public:
MyClass(int v) {
value =v;

}

// Declaration of friend function
friend MyClass operator+(const MyClass& obj1, const MyClass& obj2);

void display() {
std::cout << "Value: " << value << std::endl;
}
2

// Definition of the friend function
MyClass operator+(const MyClass& objl, const MyClass& obj2) {
return MyClass(objl.value + obj2.value);

}

int main() {
MyClass obj1(5);
MyClass obj2(3);
objl.display(); // Output: Value: 5
obj2.display(); // Output: Value: 3

// Using the overloaded binary operator
MycClass result = objl + obj2;
result.display(); // Output: Value: 8

return O;

Y JalerUl ﬁ, MyClass class Ud private member variable value P define BT %I BH
friend function operator+ I SUINT HIb binary operator + BT overload B %I Friend
function & &iET, BH MyClass & Eﬁ object Gal| parameter & ¥UH dd % 3‘ﬁ? 3d values
Ca Gh_f';?f %"I i BH addition P result & TIY Udh 94T MyClass object e %I

main function ff, BH hHY: 5 3R 3 values & 1Y al obejct objl 3R obj2 R %I BH
obj1 3R obj2 Pl Gﬁ@;ﬁ & 1%1? overloaded binary operator + I SUINT HRd %, 3R result
P result object UX assign GG %I 3d ﬁ, BH Ug verify IR DB ﬁ’l'q result object PT value
FI_C{% I % b binary operator overloading ﬂg"[ ST A BTH Hdl %I



Inheritance

Object Oriented Programming H inheritance Ud fundamental concept % S Ud class Col|
@3\’ class ¥ properties 3R behaviour U HA Bt GFfIﬁ a1 Bl C++ T, inheritance
classes & &1 hierarchical relationships & creation B J&H T %, SIgl U derive class
base class & members (data members GﬁT member functions) P! U B Tl %I

%m class ?Jb;f inherit %CIT SITdT % Bﬁ base class I parent class dgl STl %, \Sldia’J base
class ¥ inherit 819 T class I derived class T child class BT SITdl %I Derived class, base
class & public 3R protected members P! access B Tabdl % 3R 3 3ffaRad
members ] \_rn_s' b dl %I

c++ H inheritance B define HIA b f%ﬂ!, derived class “:” symbol I JTANT HIb 3T
class declaration & HFT & U H base class &I specify ddl %I C++ W public, protected

C'rﬁ? private inheritance ﬂ'%ﬁ faf¥ YR & inheritance %, ST derived class H base class
& members BT access FUIRT B %I

Type of inheritance

C++ ﬁ, base class 3R derived class ® ST &Y Bl GRUTNT B B 1%1? ﬁ UHR &
inheritance U %I fafts UBR B inheritance | A %

1. Single inheritance: Single inheritance ﬁ, Udh derived class single base class d inherit @?ﬂ
21 I8 T TR Uh--T inheritance relationship BT U HRdl g

2. Multiple inheritance: Multiple inheritance U derived class C2l| Eb_sg base classes ¥ inherit

HH B @Hﬂlﬁf a?ﬂ %I Derived class IHT base class & members &1 inherit B %, o
Eb_if multiple functionalities & combination I &ITjFIﬁ forerat %I Wﬁ, Se Qg ara g
3fYF base cIassesﬁWﬁW% member?ﬁ?‘ﬁ &Wﬁaa%r%%uwwﬂw-—ﬁ

Bl

3. Multilevel inheritance: Multilevel inheritance H inheritance 1 Uh %FIT Rl Eﬁ?ﬁ %,
GlET Ud derived class §F|§ derived class & 1%1? base class & SITdl %I g classes & §g
U hierarchical relationship §-Tdl %, foraa parent-child-grandchild &I relation Il %I

4. Hierarchical inheritance: Hierarchical inheritance dd aFIT % old Ebé derived class Tdh ?[
base class & inherit Eﬁ?[ %I ERNCIRGNERE % 5 ﬁ classes Udh common base class I
Forad €, S99 T USRI I=A1 91 8|



5. Hybrid inheritance: Hybrid inheritance multiple inheritance G?IT single inheritance &I Udh

combination %I Eﬂﬁ multiple base class @1 inheritance XMHT %, oo single G‘ﬁT
multiple inheritance Eﬁ‘h?ﬂ&lﬂ%l

Inheritance based on Access specifiers

1. Public Inheritance: Public inheritance ff, base class & public member derived class &
public member &4 ST % G?IT base class & protected member derived class & protected
member I STTd %'I Base class private member derived class H access I T8l %I ERS

UBHR P inheritance TP "is-a" JIY PhT UfaTerg sl %, ST8T derived class base class ®T
U specialized version %I

2. Protected inheritance: Protected inheritance public inheritance % HHIA %, afaOﬂ base
class & public 3?[? protected member derived class & protected member & ST %'I
D[ Hddd dg % & base class & public member derived class 3‘ﬁ? 3IYP subclasses b
1-ﬁ?ﬁaccesstﬁ"’??[%éﬁé??ﬁ?%@ﬁ?access?ﬂ"’q:fgjf?fl

3. Private inheritance: Private inheritance ﬁ base class & public SﬁT protected Eﬁ—*ﬁ
member derived class & private member d- STd %I DT Hddd g % & derived class
HAd U TG B member function B T T base class members Bl access Jhdl %I
Private inheritance T JUTANT 3T AR W composition @I Fﬂ"laﬂef gl base class &

implementation P! Tt IOTR m o g-: ITINT B B ﬁﬂ foar Srar %I

Single level inheritance

Single level inheritance, o single inheritance & =g H S ST %, C++ H inheritance
D[ Uh type % STgl Udh derived class, single base class I inheritance H Al %I g
derived class 3{R base class & S one-to-one relation T Bl %I

Single level inheritance &l F‘I'I"IW & f%nq, derived class BT 3P class declaration B HTT
& ¥U H base class DI specify PP define Tooar SITaT %I Derived class ! public 3R
protected members ﬂ'%?[ base class & TH non-private member (data member and
member function) inheritance o forar %I Base class & private member derived class |

access WH_GQF%I
g Udh 3alexUl E'CITTITIT% S c++ T single level inheritance ﬁmm %z




#tinclude <iostream>

// Base class

class Shape {

protected:
int width;
int height;

public:
void setDimensions(int w, int h) {
width = w;
height = h;
}
|3

// Derived class
class Rectangle : public Shape {
public:
int getArea() {
return width * height;
}
2

int main() {
Rectangle rect;
rect.setDimensions(5, 3);

int area = rect.getArea();
std::cout << "Area: " << area << std::endl;

return O;

}

2 3aleXUl 'Ef, SJ-II-Q UMH Shape H$ Udh base class %, forad Eﬁ protected member
Rl % width GhT height | Shape class o Udh member function setDimensions() 1t % S|

width 3R height & value 1 ¥ HIAT S |

i g1 Rectangle FITH® Udh derived class P define IR %, S public U | Shape base
class ﬁ inherit Ei\ldl %’I b Hddd dg % fb Shape class & public 3ﬁ? protected member
Rectangle class H access I™g Epf ST %I Rectangle class getArea() -ITHd Ud 3ifafkad
member function Gﬁ@?ﬂ % S Shape base class I inheritance H THTT width 3‘ﬁ? height &
SHTYUTR U Rectangle & area DI ITOMFT BT % 3R Alerar %I




main() function f[ BH rect FITH® Rectangle class PT Uh object CEIG %I iy gw Rectangle
& dimensions &I TC B & ﬁ'q Shape base class T inheritance H AT setDimensions 0
function T TN HT W%I &iﬁﬁ, ©H Rectangle & area ! U] 3‘?|T ‘;laﬁh P B
ﬁﬂ Rectangle class & getArea() function BT call B %I

Single-level inheritance I ST W Rectangle class Shape base class H defined
properties 3‘ﬁT behaviours &1 access BT %I g code & g-: I B'ﬁT classes &b &I

one-to-one Y& AT I&d BU base class D1 functionality I TG P &HT Bt &Iﬂ'ﬁlﬁ
el

Multilevel inheritance

Multilevel inheritance C++# Uh YhIR DI inheritance % SIgl Uh derived class
base class ¥ inherit ®XdT g, 3R R G class 39 derived class ¥ inherit &l
%I Multilevel inheritance f[ inheritance @1 Udh %[v@lFIT CER]| %mﬁ classes b
CiE) parent-child-grandchild T &Y FdT gl

Multilevel inheritance &1 TF B & folT, 3T TP ISEI0T W AR &9

#include <iostream>

// Base class
class Animal {
public:
void eat() {
std::cout << "Animal is eating." << std::endl;
}
2

// Derived class inheriting from Animal
class Mammal : public Animal {
public:
void run() {
std::cout << "Mammal is running." << std::endl;
}
|3

// Derived class inheriting from Mammal
class Cat : public Mammal {
public:

void meow() {




std::cout << "Cat is meowing." << std::endl;
}
2

int main() {
Cat cat;
cat.eat(); // Inherited from Animal
cat.run(); // Inherited from Mammal
cat.meow(); // Specific to Cat

return 0;

2 3algrl] ﬁ, E;J-II\Q U Animal ATH® Udh base class %,\_rl}f Tdh member function
eat() @I define HIAT 81 Mammal class Animal ¥ inherit T AT 8 3R 30T

GG DT member function run() Sredl g1 3fd H, Cat class Mammal ¥ inherit fdar
AT 8 3R 3(UAT WG BT member function meow() Gh—e?n gl

main() function T B9 cat AP Cat class HT TH object CEIGE T'ajﬁ? Cat B!
Mammal ¥ inheritance fpaT T %\_rﬁ Animal I inherit faar T % cat objecta7
g 94! inheritance ® T member function d® access %I g9 I8 3T A &
fIT eat() call TR IHa & 5 focch @1 @), run() T8 REM & e i a8 I
Tt %,BﬁT foferat & ﬁﬁl@ gdglR Gl Elﬂﬁh HH B 1%112 meow()callww
gl

Multilevel inheritance class hierarchies & fH0T &1 &Iﬂ'ﬂlﬁf odl € o8l U@
derived class 301 ¥ $HWR & classes B! functionalities BT U B Fhdl % 3R

39T fOWdR ®R bl 81 Derived class base class & properties 3R behaviours
DI U IR &, ORI code FT reuse, modularity 3R specialization J&H gt 1




Multiple inheritance

Multiple inheritance c++ T Udh ﬁﬁ‘?ﬂ % ST Udh derived class G Uh T 3P
base class ¥ inherit & Pi Wﬁ adt gl Multiple inheritance & Y, TP class
multiple base class & properties 3R behaviours &I U derived class | \_rﬁ_é
qHdl gl

c++H multiple inheritance @I define XA & TAIT, derived class 3 class
declaration # commas GIRT AAT m M ﬁ base classes &I specify PXdl %I
Derived class U&® base class & TH member variable 3R member function UT
&l gl

U8l U IeTex0l f&ar T § Sl c++H multiple inheritance UeRid &Rar &

#include <iostream>

// Base class 1
class Basel {
public:
void baselFunction() {
std::cout << "Basel function" << std::endl;
}
2

// Base class 2
class Base2 {
public:
void base2Function() {
std::cout << "Base2 function" << std::endl;
}
|3

// Derived class with multiple inheritance
class Derived : public Basel, public Base2 {
public:
void derivedFunction() {
std::cout << "Derived function" << std::endl;
}
|3

int main() {
Derived derivedObj;
derivedObj.baselFunction(); // Accessing member of Basel
derivedObj.base2Function(); // Accessing member of Base2
derivedObj.derivedFunction(); // Accessing member of Derived




return O;

}

9 3aleXl] ﬁ,%ﬂﬁ U Gl base class %‘ Basel 3R BaseZ,W & 3T member
function %"I Derived class, Derived, multiple inheritance I IUINT HIb Basel 3R
Base2 M ¥ inherit HIP T AT B

Derived class ! Base1 3R Base2 Eﬁ:ﬁ T Y member function inheritance ®
fired %"I AP HAAd dg % f& derived class & object T base classes &

member functions & ITU-TTY derived class H defined fhat it 3ifaRkad member
functions T access 3N IUANT B Jbd %I

main() function ff,_eﬂzl Derived class &I Tdh object CEI! % T A derivedObj
gl R 8| derivedObj UX member function oY base1Function(), base2Function(),

3R derivedFunction() Bl call B THd &1 T member function T1-37TT
classes T defined Tl functionality DI execute B

Multiple inheritance ﬁ base classes ¥ faf¥el features 3R functionalities I Uh
derived class H combine ®H Bt &fﬂ'qﬁl Id Bl T€ code & reuse 3R
hierarchies I design H | flexibility & ﬁﬂ Udh powerful mechanism Uald
hdl %I E’I?Iﬁﬁl_d T & T AP base class Th & A A members I
define ®d %‘ T Iad @ﬁ arelt confusion ¥ §EI4 & 1%112 W?JF?FW faR
B BT MAHAT Bt g

Hierarchical inheritance

c++H hierarchical inheritance Uh YUhIR Pl inheritance % Sigl multiple derived
class T% B base class ¥ inherit BId gl Hierarchical inheritance H, T dingle
base class ﬁ derived class & f%nq parent P ® Y H B Bl %,ﬁlﬂﬁ Udh
hierarchical TT tree SO TXET &Tcht %I

Hierarchical inheritance I Fﬂ"lﬁﬁ & fAIG, derived classes @1 : Udld T IUTANT
HP base class BT AR HIF define fHaT SIAT §1 TP derived class B base
class & Ut member (data member 3R member function) inheritance T firerd

%I E’IT*I%, derived classes & 30+ 3{fARad member i 63f Tgohd %'I




38U c++H hierarchical inheritance 1 2R & foIT T IR0 W foAR BN

#include <iostream>

// Base class

class Animal {

protected:
std::string name;

public:
Animal(const std::string& n) {
Name =n;
}

void display() {
std::cout << "Name: " << hame << std::endl;
}
2

// Derived class 1
class Dog : public Animal {
public:
Dog(const std::string& n) : {
Animal(n)

}

void bark() {
std::cout << "Woof! Woof!" << std::end|l;
}
2

// Derived class 2
class Cat : public Animal {
public:
Cat(const std::string& n) : {
Animal(n)

}

void meow() {
std::cout << "Meow! Meow!" << std::endl;
}
2

int main() {
Dog dog("Buddy");
dog.display(); // Output: Name: Buddy




dog.bark(); // Output: Woof! Woof!
Cat cat("Whiskers");
cat.display(); // Output: Name: Whiskers

cat.meow(); // Output: Meow! Meow!

return O;

39 3l H, §AR U Animal TH® T base class 8, Fo/GH animal &1 18
yefid #x4 & fau e protected variable name 3R TH Jod HhaRH display()

gl

i BeH @l derived classes, Dog 3R Cat @I define P %',\_rﬁ AL public ¥4 q
Animal base class ¥ inherit Eﬂ?f %I Yg Ud hierarchical relationship &4Idl %,GET
Dog 3R Cat Animal & specialized version €1 Base class ¥ inheritance # frd
name member &I initialize BT & 1%111 UA® derived class &1 3UAT WG &I

constructor Eﬂ?ﬂ %I

Dog class U 3fdfRad member function Gﬁ‘s’?ﬂ g o bark() gl SIIdl %Gﬁ Dog

& fou @ specific sound output dl 81 Cat class I TRE meow() TTH® Th
member function Gﬁ@?ﬂ %,\_rﬁ Udh Cat & 1%111 Udh specific sound output PXdl %I

main() function o gd Dog 3R Cat classes & object 91 €1 89 Animal base

class ¥ inheritance § 1T member function display() 3R UAF derived class &
1%‘113 ﬁﬁl’g 3ffdkad member function bark() 3R meow()?ﬁ access B Thd %I

Hierarchical inheritance @1 JUTNT W,Eﬂ:[ classes @I Udh hierarchy &l qabd %
S8l B3 derived class T& Bl base class ¥ common properties 3R behaviour T
A %I g PIE b reuse 3R base class & AT A Udh common interface &Y
Tgd Y Ud® derived class & faQ foRiy functionality DI define B BT &
B! AR T Bl




Hybrid inheritance

C++ hybrid inheritance multiple inheritance 3R single inheritance I
combination Bl I8 T® class P! multiple base class ¥ inheritance UTW &R &I
&Iﬂ'ﬁlﬁf a1 §, foraw single 3R multiple inheritance relationship CEIRESE
T8 derived class @1 &3 classes ¥ properties 3R behaviours &I U & H
el &1 ©, o functionality T recuse 3R combine & BT TH flexible
adbT UGH Bidl gl

Hybrid inheritance ﬁ,@ class H ﬁ direct base class E-T Tgod %,ﬁl:l'ﬁf I )
single base class I U feu S 9@d %\_ﬂ% 3 ®% base classes ¥ U U
ST Yhd gl STHT URUMY TH Sfed inheritance hierarchy & BIdT &, gl derived

class &1 T It base classes T member inheritance # fHed %'I
3{IgU hybrid inheritance Gl aniaI & 1%111 Udh JalerUl g foaR &

#include <iostream>

// Base class 1
class Basel {
public:
void displayl1() {
std::cout << "Basel display" << std::endl;
}
|3

// Base class 2
class Base2 {
public:
void display2() {
std::cout << "Base2 display" << std::endl;
}
2

// Derived class using hybrid inheritance
class Derived : public Basel, public Base2 {
public:
void displayDerived() {
std::cout << "Derived display" << std::endl;
}
2

int main() {
Derived derived;




derived.displayl();  // Accessing Basel member function
derived.display2();  // Accessing Base2 member function
derived.displayDerived(); // Accessing Derived member function

return O;

29 3aleXl] ﬁ,%ﬂﬁ U Gl base class % Basel 3R Base2| UAP base class &I
3T member function @W %I ﬁb_{,éﬂ Derived AH® Udh derived class Ca
define HRA & Sl public ¥4 Y Basel 3R Base2 GHFI ¥ U 8Idl &1 Derived

class 30T @Y BT member function displayDerived() el gl

mian() function T, B9 Derived TTH® derived class &1 T&H object CEIGE B

object & T ¥, 89 Basel, Base2 3R Derived & member function d® ugd
Iohd ¢ I8 Wiar § f &Y hybrid inheritance derived class Eal single 3R
multiple base class | properties 3R behaviour @I access B AR IJUTRT FRA

B AR A B

Hybrid inheritance code & AT TR 3R reuse B T HIBL flexibility Yald
Dl %I E’Iﬂﬁ, afe multiple base class H Udh _69[ 9 & member Evpf ar g
complexity del Hdbdl 8 3R confusion SR ﬁ:ﬁﬁlﬂ\f U R IHhdl gl C++ H
hybrid inheritance &I ITNT B 9T W confusion T s 3R Ifed g™

gAf¥d ea & o gyt sk =nfgul

Constructor in derived class

C++H, S§ TH derived class ST STl %Fﬁ ZIPBT constructor 30 WH &
members 3R base class ¥ inheritance & A members aFI @ initialize A &
fow forier grar %I Derived class @1 constructor inheritance H & members @I
initialize T & ﬁﬂ base class & constructor I oy =g T call B IbHdl %I

Derived class constructor ¥ base class constructor ®! invoke @ & foT, derived
class constructor Ud special initialization list T JUIRT Rl § ™ constructor
initialization list 8T ST 81 TE initialization list derived class constructor &
function signature &I follow H § 3R specify Hl § T f9 base class
constructor ®! call foar ST =iy SR foe arguments & Y|



Ugl Th IR0l fear 1 § WY oxfdl & % derived class H constructor
initialization list BT SUANT HY HI:

#tinclude <iostream>

// Base class
class Base {
int baseValue;

public:
Base(int value) {
baseValue = value;
std::cout << "Base constructor called. Base value: " << baseValue <<
std::endl;
}
|7

// Derived class
class Derived : public Base {
int derivedValue;

public:
Derived(int baseVal, int derivedVal) {
Base(baseVal);
derivedValue = derivedVal;

std::cout << "Derived constructor called. Derived value: " <<
derivedValue << std::endl;
}
5
int main() {

Derived derivedObj(10, 20);

return O;

}

29 3algrll ff, E;J-II\Q U Udh constructor & 1Y Base AH® Udh base class % S
Udh integer parameter TdT B Derived class Derived public U ¥ Base ¥ inherit
81 § 3R SUHT YT member variable derivedValue BIdT 81 Derived class
constructor @l integer parameter o %I

Derived class constructor ff,g'q base class constructor GAl Wy =74 I call HH P
fTT constructor initialization list T SUTANT ®HId &l Tg initialization list T Base

(baseVal) specify RSP Har Srar 31 T8 ﬁﬁ'@ﬁ %l § & Derived constructor



& body Pl execute I T UG Base class constructor &1 baseVal argumnet &
1Y call fovam STl g1

Constructor initialization list &1 JTANT W, B®H Base class 3R Derived class
members &I Udh "Eﬂ derived class constructor § 31 ¥ initialize ®Y Tbd %'I
JaleXUl ff, output él‘ll:

Base constructor called. Base value: 10
Derived constructor called. Derived value: 20

g ]| % f& base class constructor @I Ugd call fhar ST %, 3P dIg
derived class constructor @Il base class constructor base class member @I
initialize HXdl %, 3R fBY derived class constructor derived class member @I
initialize ST g



Polymorphism

Polymorphism, Object Oriented Programming (OOP) ® T fundamental concept & 3T
encapsulation, inheritance 3 abstraction & |TI-ATT OOP & AT {ET princople § ¥ TH
21 9158 "polymorphsm" #T Ieafxr AT o1s3 "poly" (FSrE=T 31 g "F2") ;< "morph" (FSra=T
f § "®I") | A €l Programming ¥, T objects HT T & oI AT I parent class &
instances & & H HT ST sl &THAT [ Ha(9d FHar gl

OOP & polymorphism % &7 T&T TH1T &

1. Compile-time Polymorphism (Static Polymorphism): TH &1L Eal polymorphism T
compile-time F I resolve FAT STal %’ #T method overloading qT operator
overloading 3 HTEIH & ITH 3T S[T4T 2

e Method Overloading: Method Overloading T« class Eal Th ébr I F AT F
methods T SITATT IAT & AT STAT-TAT parameter list AT ATTRT (FEAT, THTL, AT
parameter T FH)| Call T ST AT STLTH method compile-time F 3 3w 71w
arguments T FEAT AT TR & TR gt 21

e Operator Overloading: Operator overloading, operators (@'@f, + - % /) FT custom
data types F AT ITANT F4A § T8 =77 %’I Specific classes ED ﬁl‘r\f operators ED

2EF]ES T qIATIOT ek, AT objects 9X operation perform %X ET) % S
basic data type |

2. Run-time Polymorphism (Dynamic Polymorphism): Run-time polymorphism T runtime
ZTT resolve AT SITAT 8 3T method overriding & ATEIH & ITH FRAT SITAT g1 Method
overriding T& subclass FT 3T method & foIT T specific implementation Y&TH F¥A #iT
AT IqT & ST T8 | gl 39 superclass H TEATNAT &l

e Method Overriding: ST #T% subclass fFHT method & ﬁl‘r\f ATAT implantation Jald
FLAT 8 ST 98T | 8 39 superclass ® AT g, AT subclass FT method superclass
#T method FT override FX IdT g1 Run-time & I, execute & STH ATAT ITLH
method object & ATEATa type (reference type Tal) & &Y TX &1 T 1T Bl

Polymorphism ST=ReTT=(t % EDNIED Ig Code reusability, flexibility AT extensibility FT TETAT
AT g1 TE programmer T ATAF generic code for@™ T sqafa aaT g ST ATHT classes #iT
object & HTT FTH FT THAT &, T qF (o 9 TH common superclass TTAT FA Bl




Pointers in C++

C++ ¥, pointer U# data type & ST foT 37 data type % memory address T store FZaT gl
Tg ATTHT AT FT T 39 memory location T data FT access T manipulate FLA #HT
AATT <AT gl Pointers C++ =l Ta oTfherTel fAarwar g 3fiT sHdX 9¢ dynamic memory
allocation, arrays & HTY FTH FI AT function FT argument F T § ITH FLA 9 FHTAT &
T IR o STaT 2

TET C++ | pointers T HIeTH TAATHA [&AT AT &

Declaring a Pointer: T# pointer declare FLA H ﬁl‘r{, AT I data type F T asterisk
symbol (*) FT STANT Fd & SE 9T TZ point HLT| IITELI & (0

int* ptr; // Declares a pointer to an integer
double* ptr2; // Declares a pointer to a double

Initializing Pointers: Valid memory address #T point = & {77 pointers T initialize 3T
ST AT U T initialize 21 Foh3T 797 €, T SH garbage value g7 T 2|

int value = 10;
int* ptr = &value; // Pointer ptr now points to the memory address of
// the variable 'value'

Accessing Pointer Value (Dereferencing): Pointer STXT sdTT T memory address 9< stored
value T access ¥ & [oTU, 3T dereference operator (*) FT START FLA &l

int value = 10;

int* ptr = &value;

cout << *ptr; // Output: 10 (value stored at the memory location
// pointed by 'ptr')

Null Pointers: Pointers T Tqg point FA F ﬁl"‘{ Th o 7 nullptr (T T C++ HEFRTOT|
) NULL) off assign ERIBSIRETII %’ = F adu= # & valid memory space #F1 AT I

Tl A e Tl

\ int* ptr = nullptr; // Pointer initialized as null ’

Dynamic Memory Allocation: new keyword &T SYTIT FLF runtime 9 variables & ﬁl'q
memory allocate F¥H 3fIT delete keyword FT ITANT FLh TH deallocate FXA F T
pointers FT ITATT T dynamic memory allocation & | T STAT Bl



int* dynamicPtr = new int; // Dynamically allocate memory for an
// integer
*dynamicPtr = 42; // Store a value at the dynamically allocated memory
// location
cout << *dynamicPtr; // Output: 42

delete dynamicPtr; // Release the memory to avoid memory leaks

Pointers and Arrays: Pointers C++ ¥ arrays ¥ closely related g1 T array name #T array &
Tg<l element F pointer & ¥ | HTAT ST HHAT g

int arr[3] = {10, 20, 30};
int* arrPtr = arr; // 'arrPtr' points to the first element of 'arr’

cout << *arrPtr; // Output: 10
cout << *(arrPtr + 1); // Output: 20 (accessing the second element using
// pointer arithmetic)

Pointers and Functions: Pointers &T function ® argument % &7 # pass T ST ThaT &,
5= function specific memory location 9% values FT modify F¥ T %ﬂ

void modifyValue(int* ptr) {
*ptr = 100; // Change the value at the memory location pointed by
/] 'ptr’
}

int value = 50;
modifyValue(&value);
cout << value; // Output: 100

Pointers FT STANT FLd THT ATALTT LgAT AALTF g, FAIH improper handling & HHLT
leak T AT & AT undefined behaviour F¥ TFHAT 2|



Pointer to Object in C++

C++ ¥, fT object FT pointer TF variable BIAT & ST T class & SHTT T object *
memory address FT store FAT gl Object F pointers 3TTHT arrow operator (->) IT pointer
T dereferencing FT STANT FLF object & members 3T method TF indirect T & access
FEA AT manipulate FIA T SATATT < gl AR STIRT AHAR G2 T F7I7 1T 8 &9
ATTHT object F ToIT dynamic memory allocation T STaeT=dT ZIAT & AT ST AT object Tl
functions & efficiently pass F<AT ATgd 2l

TET FqTIT AT & T 3T C++ H object F pointers & AT FF FTH FT Thd 3.

Declaring a Pointer to an Object: forelt object ED ﬁl‘l'{ pointer declare FA %l"‘{, 3T class
name = T asterisk symbol (*)T ITANT Fd g1 IETEL 6 TorT:

class MyClass {
// class members and methods

|5

MyClass* objPtr; // Declares a pointer to an object of the class
// MyClass

Creating Objects and Assigning Pointers: 3T new keyword T ITANT Feh dynamic 9 q
T object ST EEn) %’ E 1Ky pointer T AT memory address assign HY EE) %I

MyClass* objPtr = new MyClass(); // Creates a new object and assigns its
// memory address to 'objPtr'

Accessing Members and Methods of the Object: 3T pointer ¥ AT arrow operator (->) T
STANT Feh objects % member 3T methods T Ted T gl

class MyClass {
public:
int data;

void display() {
cout << "Data: " << data << end|;
}
|7

MyClass* objPtr = new MyClass();
objPtr->data =42; // Accessing the 'data' member using the arrow
// operator




objPtr->display(); // Calling the 'display' method using the arrow
// operator

Deleting the Dynamically Allocated Object: Memory leak T a9 F f%rq ST 3T dynamic
&7 ¥ allocated object T ITART FX & AT 378 delete FTAT ATE TH |

MyClass* objPtr = new MyClass();
// ... (use the object)

delete objPtr; // Release the memory for the object

Passing Objects to Functions: Object Ed pointers =T ITTNT AT T object T efficiently
function o pass FLA h %‘q ERIESIEL %’, GTHFHT ST ATHT function F &< object T
modify T T SATFTTFHAT BT Bl

void modifyObject(MyClass* objPtr) {
objPtr->data = 100; // Modifying the object using the pointer
}

MyClass* objPtr = new MyClass();
modifyObject(objPtr);
objPtr->display(); // Output: Data: 100

Null pointers T memory leak SIHT FATT THEATSA & a9 & {oIT object F pointers T
HTALTAT | FATAAT ATTLTF ¢

Pointer to Derived Class in C++

C++H, 3T derived classes % ﬁrq pointers T H¥<hd %, ST 3ATTT base class pointer F ATETH
¥ derived class #¥ object F T FTH F4A i éi«ll-li?l El %’I TH ATLTLON T polymorphism
% ®T H ST SITAT 8, 3T TG AIR inheritance hierarchies ¥ Haed F I fah
flexibility 3T code reuse @t STH{T <aT &1

Base class Shape T derived class Rectangle F AT Teh ¥ IRMg 10T T fa=me &3

#include <iostream>

class Shape {
public:




virtual void draw(){
std::cout << "Drawing a shape" << std::endl;
}
2

class Rectangle : public Shape {
public:
void draw(){
std::cout << "Drawing a rectangle" << std::endl;
}
b

SULIh IXTELU H, FATL ITH virtual function draw() & ®TT base class Shape g, 3T T®
derived class Rectangle g STT draw() function #T override F%aT gl

I, 3T base class & %IT{ T pointer a1 EET) %’ T =H derived class T objects 9X point
T THA &

int main() {
Shape* shapePtr; // Declare a pointer to the base class (Shape)

Rectangle rectangle; // Create an object of the derived class (Rectangle)

shapePtr = &rectangle; // Point the base class pointer to the derived
// class object

shapePtr->draw(); // This will call the draw() function of the Rectangle
// class
// Output: "Drawing a rectangle"

return 0;

}

TH I 0T H, qoF @ pointer shapePtr Shape™ type T %’, I3 derived class Rectangle ED Tsh
object &I point FXAT g1 9T gH shapePtr->draw() FT call FXT &, AT Shape class F T
Rectangle class &T draw() function call 21T 81 T2 behaviour virtual functions  ATETH H
9T run-time polymorphism % =TT %’I

Derived class 3fIT base class pointers & ﬁl‘Q pointers T IYTNT FLH, 3MT inheritance
hierarchies ¥ class & ﬁfl‘Q common interface implement ¥ T&d % 3T base class pointers
% ATeTT F derived classes #T objects FT uniformly treat F¥ T&hd g1 Tg I objects F TUE
¥ Aved ¥ @97 7 ¥ ITARN g ST UH common base class AT FXd g oo Ta
methods F o0 SEV-3TE T implementation 2T g




Virtual function in C++

C++ H, virtual function base class FT T&% member function gaT & 5 virtual keyword
AT declare 3T STTAT €1 g dynamic polymorphism #T T @ 3dT &, T derived class FT
function T TIET implementation Y&TH F¥4 # T&OH aATaT 8, & base class pointer aT
reference 3 ATEAH H call AT ST TAT 81 Run-time poymorphism YT & & foIT virtual
function C++ ¥ T Tor¥d fF9r9aT gl

TET FqTIT AT & T 3T virtual function T declaration 3T ITFRT F& F4d 2:

Declaring a Virtual Function: Base class ®, 3T & function T virtual declare Fd g1 T8
point FAT & T function T derived classes 1T override AT ST T&haT 2|

class Base {
public:
virtual void virtualFunction() {
// Base class implementation of the virtual function
}
%

Overriding a Virtual Function in a Derived Class: Derived class H, 3T same function
signature FT ITTNT T virtual function FT override FX Tahd &1 Tg compiler FT TATAT &
3 a7 base class function T override F¥AT A8 &

class Derived : public Base {
public:
void virtualFunction(){
// Derived class implementation of the virtual function
}
%

Using Virtual Functions: Run-time polymorphism 9T FA F ﬁ'l"'{, AT ATHAL 9T base class
& pointers IT reference T ITANT Fd 5| [T, T virtual function FT call FX TFHd &, T
CIESIEED object type ¥ AT 9 I=T derived class implementation T execute AT

ST

int main() {
Base™* ptr;

Base baseObj;
Derived derivedObj;




ptr = &baseObj;
ptr->virtualFunction(); // Calls Base class implementation

ptr = &derivedObj;
ptr->virtualFunction(); // Calls Derived class implementation

return 0;

SULIh 3&Tg<0T H, ptr->virtualFunction() FT call FXd THT, ptr T pointed object & type
AT 9% 3T implementation F[AT STAT g1 IS ptr base class & T object & point
FLAT 8, AT T8 base class implementation T call AT g, T A< T derived class & et
object &T point AT &, AT TE derived class implementation T call FaT gl

Polymorphism  Hgl &1 & FTH FLA # (o7 base class function FT virtual FHTAT A l;LU? 2l
Tt function virtual H%B[ %’, v pointer ED type % STATT 9T function T compile F T I
statically bound f3FT STTUATT, 3T derived class implementation T call F&1 fRaT STTOTI

Virtual function C++ ¥ flexibility T extensible code & AT F ﬁl"‘{ Th oTfRReTTeT a1 %I
Same interface & 3TETT-3TE implementation % W1 HATAT classes F hierarchies S9TT &
oo 3% ATHATL UT inheritance & AT conjunction ¥ ITFRT AT STTAT %’I

Pure Virtual Function in C++

C++ ¥, T pure virtual function base class ) Teh virtual function AT % EREINCAE
implementation & BIAT & 3 I declaration H = 0 STTEHT ILATAT SITAT g1 Tk AT ATeH
pure virtual function T class &7 T abstract class HTAT STAT %’, E 1Ky Q’@f classes #FT object
FT directly instantiate H'sfr ERIESIEET %’I S9eh ST, S classes T E%’-‘?‘J AT derived
classes % ﬁl"‘{ base class % &9 H FTH FTAT %’ ST pure virtual function ED ﬁ*l"‘{ concrete
implementation Y&TH A Bl

TET FATAT AT & T 3T pure virtual function F declaration 3T ITANT 7 FLd &

Declaring a Pure Virtual Function: Base class ®, 3 f&dT function F declaration ¥ = 0
specifier &7 ITANT FLH IH pure virtual declare FTd %I Pure virtual function =T base class

HFS implementation H%BF %’I



class Base {
public:
virtual void pureVirtualFunction() = 0;

5

Abstract Class: ST foRHT class % T# IT 3TTer% pure virtual function gTd &, AT TE T abstract
I STAT g, 31T AT HTer I class #T object Ag! T Tt B

‘ Base baseObj; // Error: Cannot instantiate an object of an abstract class ‘

Derived Class Implementation: Derived class T object 919 & foIT, 3MT=T base class &
inheritance & T8 @+t pure virtual function F T concrete implemetation Y&TT FTAT

2T

class Derived : public Base {
public:
void pureVirtualFunction(){
// Derived class implementation of the pure virtual function
}
b

Using Derived Class Objects: 3T derived class #T objects AT T&d &, T o base class &
et T 317 virtual function 3 T pure virtual function T call FIT § TT il

int main() {
Base™* ptr;
Derived derivedObj;

ptr = &derivedObj;
ptr->pureVirtualFunction(); // Calls the Derived class implementation

return O;

}

Pure virtual function functionality % oI placeholder % &7 H FTF FXd g g derived
classes ZTT Y&T AT ST vlllrél\'l ST T derived class T 399 base class & T&F pure
virtual function ST AT g, T 39 function & implement FXAT T, ST, derived class
FT T TF abstract HTHT SITUIT, ¥ I class FT objects T instantiate AET hAT ST FahdT B




Virtual Constructor in C++

C++ ¥, virtual function #¥ T¥g "virtual constructor" #T FTS FTLTIUT AT g1 Constructor
inheritance ¥ AT Aol § SfiT 3= virtual declare @i oFAT ST ThaT 81 C++ H "virtual

constructor" T absence qeT &9 T language ¥ object construction # memory allocation

FT T & FIET

Constructor object & data members FT initialize < 3T THAT internal state TITTOT F37 &
foro SR g1 919 TS object TATAT STAT €, T SH object & size 3f¥ layout & HTLTT T
memory allocate &t ST 81 virtual function & faTda, ST runtime IT pointed object &
type % ML TT dynamic binding #FT AT AT T, memory allocation ¥ object
construction compile-time 9 AT gl

Virtual Destructor in C++

C++ H, virtual destructor T destructor 2TdT & fST& base class # virtual keyword & &TT
declare AT STaT %’l ST derived classes #¥ object FT base class pointer IT reference &
wTeaw T delete oFAT SITAT %’ T UF virtual destructor resources Ft 3= clean-up &t
FHTT AT | T FATHT Fam g T aredra® object type & TLTT U Agl destructor Fl
call T3 SITaT &, S99 resources #T 3@ clean-up BT & 3T memory leak & s=T ST
T Bl

STE TR 9T virtual function 3 T class hierarchies gTaT &, AT I& 3T derived classes #T
objects IATT 3T base class pointers & HTEAH ¥ I delete FTA &l FHITALA FA g dl base
class # destructor T virtual HTAT 3TH TIX T T =T JA¥ATH g

Virtual destructor & Hgcd &l FATH & (10 TT T 3T [T 74T &

#tinclude <iostream>

class Base {
public:
virtual ~Base() {
std::cout << "Base destructor called" << std::endl;

}
5

class Derived : public Base {
public:
~Derived()}{




std::cout << "Derived destructor called" << std::endl;

}
|5

int main() {
Base* basePtr = new Derived(); // Create a Derived object through a

// Base pointer

// Delete the object through the base class pointer
delete basePtr;

return 0;

}

TH IITELU §, T delete basePtr; FI7 execute f3HIT STAT €, T derived class #T destructor

Derived &T call AT 8, ol BT pointer Base* type T 2Tl Ig AT AT ZIAT g FFiTh
base class destructor & virtual % &9 # f=feaa fFar T g1 IfT base class destructor

virtual &I AT, AT FaA base class destructor &I 2l call T STaT, ™= undefined
behaviour 3T potential resources leak gl

Base class & destructor & virtual declare &%, T I AT FLd & 1% base class pointer
IT reference & ATETT T object FT delete FLd THT FTEATa%F object type F ATLTT U< 9T <h
destructor &I Fie AT SATAT g1 Tg resources I 3= clean-up T ITATT AT g 3
Polymorphic classes & |T FTH FXd 0T UH Agedqul LT ITTT &

Type Conversion

C++ ¥ type conversion T data type ¥ value F1 Eﬁ% data type ® Tfafdd < FT THHAT HT
Hafd FLAT 81 C++ type conversion & T AT T W&TH FAT g, ST ATTHI basic data

types, user-defined classes 3T pointer & == TRATAT FLA T Givy-llra qr %’I

C++H aT HeT 1L % conversion &:

1. Implicit Type Conversion (Coercion): Implicit type conversion, S coercion F &7 §

AT ST STAT 2, compiler FRT TaATT &7 & a1 & 1d T2 &7 T data loss aT
TaTfaT ATt F TF data type FT T H qRafdd # F foro qefem o o= a2
T qRATiuT grar g1 SeTg & foru:

int numl =10;
float num2 = num1; // Implicit conversion from int to float




T 19 ¥, integer num1l & implicit 7 ¥ floating point value num2 ¥ gREfda &<
T STar 2

2. Explicit Type Conversion (Casting): Explicit type casting, IST® casting % =7 & +ff ST
STTAT @, programmer ETXT U data type & TEY data type # TIE ®F | TRATAd Heel
& forT f3ha STTaT 81 C++ &1 {&T T &l casting &I #¥dT &

a. C-style casting: C-style casting conversion &% & foT (type) F syntax FT ITTRT
FLAT gl BTALR, C++ | TH THTT T casting FT discourage AT STAT g FATTF o8
unsafe conversion F¥AT & AT T ATIALTHT & ITATT A2l AT AT dT unexpected
behave FT TFHAT 2

int numl =10;
double num2 = (double)num1; // C-style casting from int to double

b. C++-style casting: C++-style casting FITT casting operator Y&TH F¥AT g ST ITTN
T o foru srfere fafore i qefera 81 7 sfiTex &

e static_cast: 3T T regular type ¥ conversion % ﬁl‘Q EEDILRERIRSIG) %’,
S arithmetic type ¥ &= convert FAT AT inheritance hierarchies o

upcasting/downcasting|

e dynamic_cast: Virtual function F g1 polymorphic class hierarchies )

ﬂTfé’cr downcasting ﬁﬁ%ﬂ'{ YT AT ST %I

e const_cast: const AT volatile qualifier STTE aT g9 & forw Ia=RT R
STaT 2l

e reinterpret_cast: Pointer values #T low-level interpretation & forw I T
T STaT 2

int numl = 10;
double num2 = static_cast<double>(num1); // C++-style casting from
// int to double

7% W& T type conversion FT ITANT ATFLTHT H fhaT AT AU, WTHFHT 91 398 data
loss STTTHE BT AT unexpected behave F¥ HHAT g FEATAT sMFeTFATA & AT 9T I=q
THTT % conversion T T I HLAT 3T g ﬂﬁl‘f%l?r AT AT R % % conversion 3T
program ® Wﬁ'{_{ﬁqﬁﬂﬁﬁ aﬁ'{g‘ff@ﬁr%



C++ Streams or Stream Classes

C++ H, stream input 3T output operation & ToIT T erfxReme &1 g1 & input sources (S
% keyboard T files) & data T&« 3T output destinations (& console T files) 9T data
for@e %7 U qEIT TLHT T&E FLd gl C++ stream iostream library T% aemia g, e
jostream, fstream 3T sstream header 9ITTHE %I

C++ ¥ ¥ =T THTT T stream &
1. std::cin and std::cout (iostream):

e std::cin: Standard input stream, keyboard F HTETT ¥ users T data T& *
T IR i AT B

o std:cout: Standard output stream, console 9% data FEfSTd F4 * forw
ST T ST Bl

#include <iostream>

int main() {
int num;
std::cout << "Enter a number: ";
std::cin >> num;
std::cout << "You entered: " << num << std::endl;
return O;

std::ifstream and std::ofstream (fstream):

o std:ifstream: input file stream, files & data T&  foIT ITRT AT AT 2

« std:ofstream: output file stream, files # data Tor@ & 1T ITAWT T FATAT B

#tinclude <iostream>
#include <fstream>

int main() {
std::ofstream outputFile("example.txt"); // Create an output file
// stream

if (outputFile.is_open()) {
outputFile << "Hello, File!" << std::endl;
outputFile.close();

}else {




std::cout << "Failed to open the file." << std::endl;

}

std::ifstream inputFile("example.txt"); // Create an input file stream

if (inputFile.is_open()) {
std::string line;
while (std::getline(inputFile, line)) {
std::cout << line << std::endl;
}
inputFile.close();
}else {
std::cout << "Failed to open the file." << std::endl;

}

return 0;

3. std::stringstream (sstream):

o std:stringstream: string stream, memory ¥ strings FT data & 3fi¥ for@q &
T IT=T T AT 2

#include <iostream>
#include <sstream>

int main() {
std::stringstream ss;
int num =42;
ss << "The answer is: " << num;

std::string result = ss.str();
std::cout << result << std::endl;

return 0;

C++ stream input ;T output operation ED %l‘l'{ Th ij,lraéllxﬂdch #q (i%i*lcl interface 9arq
Tl g, OEE T udEd aide & @S THE % data sources ¥ destinations & T
ATa=d T TFhd g1 AT 1/0 w11 F 0 C++ programming ® THET SATTH €T T ITINT
o= StTaT &, 59 data input/output 3T file handling Igd |¥ SiI¥ STferE A 1 ST &




