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#include

#include

class Car {
public:
Car(std::string brand, std::string model, int year)
: brand_{std: :move(brand)},
model_{std: :move(model)},

year_{year} {}

void display_info() const {
std::cout << "Car Info: "
<< brand_ << " "
<< model_ << ", "

<< year_ << '\n';

private:
std: :string brand_;
std::string model_;
int year_;

};
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int main() {
Car my_car{"Toyota", "Corolla", 2021};
my_car.display_info();
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Car Info: Toyota Corolla, 2021
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class BankAccount {

public:



explicit BankAccount(double initial_balance)

: balance {initial balance} {}

void deposit(double amount) {
if (amount > 0) {

balance_ += amount;

bool withdraw(double amount) {
if (amount <= balance_) {
balance_ —-= amount;
return true;
}

return false;

double balance() const noexcept {

return balance_;

private:
double balance_{0.0};
};
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class BeverageMaker {

public:
virtual ~BeverageMaker() = default;
virtual void prepare() = 0;

};

class CoffeeMachine final : public BeverageMaker {
public:
void prepare() override {
boil water();
brew();
pour () ;

private:
void boil water();
void brew();
void pour();

};
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class Animal {
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public:
virtual ~Animal() = default;

virtual void sound() const = 0;

};

class Dog final : public Animal {
public:
void sound() const override {

std::cout << "Barking\n";
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#include <memory>

#include <vector>

void make_sound(const std::vector<std::unique_ptr<Animal>>& animals) {
for (const auto& a : animals) {

a->sound() ;
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#include

void print_student(const char* name, int age, float gpa) {
printf ("Student: %s\n", name);
printf ("Age: %d\n", age);
printf ("GPA: 7.2f\n", gpa);

int main(void) {
print_student ("John Doe", 20, 3.5f);

return O;
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class Student {
public:
Student (std: :string name, int age, double gpa)
: name_{std: :move(name)}, age_{age}, gpa_{gpa} {}

void print() const {

std::cout << name_ << ", " << age_ << ", " << gpa_ << '\n';

private:
std::string name_;
int age_;
double gpa_;
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class Vehicle {
public:
virtual ~Vehicle() = default;

virtual void drive() = 0;

};

class Car final : public Vehicle {
public:
void drive() override {

std::cout << "Driving a car\n";



Pq

Jqwlsl aronil (pai g1a Modern C++ Glolaw| 0.
@92 JXiy aagil &wls daopll caiwn Oljwo (C++23-C++11) Modern C++ pyleo Cuoad
RAIlg &xSlall e aupnll peill 4531 olpbgall -
6clas) aylgoll Jai Jail oUDa -
Wao Ggludl Wyyei) lambda Cluss -
dola)l wlaalg)l audi) Concepts
danill ciudg auéill gwgall constexpr
4islg angl Wl Ojjeg &gl 4as awolnill gile aloielll Julés (1é Glioll 03a croawi

.Llol

anlA)l .r.

Ul @lnDl Jga j9n010 ppons (o Gayas Uil CH (1o aagill &uils aaowl jghs guss,
.xclgll &xSlallg culgil Jga 8)910io i

ISO C++ Core Guidelines wlalwyl a9 l@duhi aicg AayAis J2 «OOP Modern C++ (Aay U
allea Olaoy Al doql cidg ypillg RATlG dolell dopl 20 &l oliail jivleis
.2gdce pe dibnl dblag (gwgeill ablg

.ol abglh danl ouaig clall agud pping dban CH &) guwlwi bpb jghill 138 pad g



daopll 16 Modern C++9 &fuwlSl C++ gw oldguall .
aagil &uisls

JBal gl (Ba=y log C++11) Modern C++ (1iag 65uall @pleo dio C++ a2l jghs (Al
(Jwlsll puonill dang il §jadllg (gloll s JKiiy cuiua &aga Olps

&gl «alinll el (na loy «@agil &wls dxopl duwlull oWl &SuulSl CH <pag
lBuuds &2l pea o Uay popall bhail (ke dws a3y oaaiel Wil Ul .apaliall Jigalig
Olagaig @y &Sl GlUa Jual JUa go agudll 0da Modern C++ gl .danll glad)
.aoal cudg (1gél llang Lol yisi

o (C++23-C++11) Modern C++g (CH++11 ué o) @SuwlSI C++ ¢ pwidll 138 ¢)léy
Olwlaall Jadl &eln dhanll Ol aei @S o (sl sl jghio

aulwDl olagpall (e dole oA L.
85131 Bylalg liviiall |
JKb DI aaeig aslgll .M
axSlo)l UUag &S Al Glpbgall W
Jadl olUa L€
auto plajiwl glgilll Qlisiwl .0
lambda Olpusi .
abanll (gl oblkol .V
constexpr pladaiwl doapll cidg daopll A

oWl glolg (njlgul .9



¢

55131 §ylalg Cliviuoll .|

&S IS C++

Asnds aniclg .Ugay yylgall §lal (e dlgduo Glyoaallg clihioll culs &Sl C+ (né
Gile (le dlols ddgduuo daanll poell §jlal Jea loo Jeleteg new yile 15roliyall 6513J1
-Qopoll

class Resource {
public:
Resource() { std::cout << "Resource acquired\n"; }

~Resource() { std::cout << "Resource released\n"; }

};

int main() {
Resource* r = new Resource();

delete r;
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#include

int main() {
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auto r = std::make_unique<Resource>();

.§adl go cllall (I agiA aie Wilal ygall )y

JKDI aa=ig aslhgll LW

auu USI C+H+
Obé asiliul JSliwoll gog .&als hulghd gga o) dalio JKbI aassg &gl culs
.0l pé JSiu oAl olubgall pladiwlg Signioll pé el dalelg dualiall Olyoaoll

NS lS JKibi aaes

class Animal {
public:
virtual void sound() {

std::cout << "Animal sound\n";
}s;

int main() {
Animal* a = new Animal{};

delete a;
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class Animal {
public:
virtual ~Animal() = default;
virtual void sound() const = 0;
s
class Dog final : public Animal {
public:
void sound() const override {

std::cout << "Barking\n";

aloll UUAg &)l Olubgall

C¢yan JKibl i

-§aigill yulag (olg 2y ool 138

E.F.

afuu S C+H+

low Lol Clille Juiod) oAl Glpbdall cuoariwl lo Wlag .adigo peg duio &xkloll culs

.6pnA duawoni ellhAl Ul (1al
Modern C++

:S 3l olpbaall pladiub aypn JSidy &sloll jes

&panll &slall std::unique_ptr *
as puiodl &uSlall std::shared_ptr

dueapoll alhgall pusl std::weak ptr



EE

Jlo

#include
auto widget = std::make_unique<Widget>();
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class Data {
public:
Data() = default;
Data(const Data&) { std::cout << "Copy\n"; }
Data(Data&&) noexcept { std::cout << "Move\n"; }
¥;

Data a;

Data b = std::move(a);
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auto count = std::vector<int>{1, 2, 3}.size();
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std: :for_each(values.begin(), values.end(),

[D@int v) { std::cout << v << ' '; });
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template<typename... Args>
void print(const Args&... args) {

(std::cout << ... << args) << '\n';

aoql cdg JKbD aaei) duuy) aJT Qigd)l cawnl

constexpr plaAiwl doqapll cudg daopdl Q.

SIS C++
.0lgySlallg dlhuudl Cculgily 639320 doqpll Ccidg Cblwall culs
Modern C++

.daqyill ciég a8eo Ghio udii constexpr s

Juo
constexpr int factorial(int n) {
int r = 1;

for (int i = 2; i <= n; ++i) r *= i;

return r;

constexpr int value = factorial(5);

.Qypueill 6jadllg .OLDjJ|9 clall ¢yanll constexpr U.LLDJ
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class TypeName {
public:

private:



};
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#include

#include

class Car {

public:

&l (18 anly

@in @y Jio .-

&) Jioy Uayuy Win (Al

Car(std::string brand, std::string model, int year)

: brand_{std: :move(brand)},
model_{std: :move(model)},

year_{year} {}

void print() const {

std::cout << "Brand: " << brand_
<< ", Model: " << model_
<< ", Year: " << year_ << '\n';
}
private:

std::string brand_;
std: :string model_;
int year_;

};
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P8 cliwl

Car myCar{"Toyota", "Camry", 2020};

.JolSIL Gao (il punyg gudiioll 340 &AADI 03a (14

oI pladiwl  E.LC

int main() {
Car myCar{"Toyota", "Camry", 2020};
myCar.print();

Ja 83330 danlg pe asSglw e iikhg «aila myCar (Pl cllioy
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class Car {
public:
explicit Car(std::string vin)

: vin_{std::move(vin)} {}

const std::string& vin() const {

return vin_;

private:
std: :string vin_;

};

QLU gy low «cliull sy il Jlé pé (VIN) JSaall ad) auny La

Oloaollg Oliduadl  VLC
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class Logger {

public:
Logger () {
std::cout << "Logger initialized\n";
+
~Logger ) {
std::cout << "Logger destroyed\n";
X
s
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dolell dsunll

class Base {
g
class Derived : access-specifier Base {

};

.@iiroll cin)l JUA go gulwll wainll dalg cauiif & Jgngll 3330 a3y
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U .privateg protected public :Jgng blail &5 C++ o (gulwl win o @bl aie
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class Animal {
public:
virtual ~Animal() = default;

virtual void eat() const {
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std::cout << "Animal is eating\n";
s

class Dog : public Animal {
public:
void bark() const {

std::cout << "Dog is barking\n";

plaruwll

Animal* a = new Dog{};
a->eat();

delete a;

.Animal ga Dog JX :Jlauiwll &bld e dolell allgll piss

(private) anlAl ajlgll

ol cinll daalg puns . Jlaswll 418 e U Audiidl pladiwl dale] e dnlall &gl S
.Gl winll JAla anla

anlh (Ul duanollg dolell clacll Joaw -
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class Engine {
public:
void start() {

std::cout << "Engine started\n";

};

class Car : private Engine {

public:
void drive() {
start () ;
std::cout << "Car driving\n";
}
s

angl WL (composition) cus jilld .Modern C++ (18 &nlall &gl paislo hal - &ududlio
Gloi ji<ig

(protected) duonoll ailgll
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class Employee {
public:
void work() {

std::cout << "Employee working\n";
s

class Manager : protected Employee {
public:
void manage() {
work() ;

std::cout << "Manager managing\n";

.olduhil opaul (16 éﬁhil}yé(lﬁﬂhﬂlia

s il Lldo ashgll €00
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class Animal {
public:
virtual ~Animal() = default;

virtual void speak() const = 0;

};

class Lion final : public Animal {
public:
void speak() const override {

std: :cout << "Roar\n";
};

class Bird final : public Animal {
public:
void speak() const override {

std::cout << "Chirp\n";
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anJii awaljal olaalg aoisy *



r

Bal agndall pé Glaubll gioy *

anlAIl .0

pas aaall @oladiwl pliung Uabail wlhig dnniio @il &ygé 6lal C+ 14 &gl
20 &%)l @iy UL laliso

JKbDI 633210 “is-a" wlalle daiod dolell allgll -
Agdiil pladiwl éalel :anlall ashgll
Aol (18 ayAla Gloladiwl dwoaall dslgll -

oladiwl aieg .us b lay awonig by olaaleg dnhw Jsua gile Modern C++ gg.u.u
&l go dyang (gwgill blag @ymes &S dalAil cliy go g3oi Wild dalAil aslgll
LAuwaiall



W

Modern C++ (14 ayjaillg cadeill  P.r

cuialido (SJg cuilulpio (wips) (Abstraction) apilg (Encapsulation) cadil (o US Ay
16 32l 52l il (iguidl BLAILI Glidg; L20g .(OOP) aagill &l daoul (14 Uyaga
.ol dlhgihg el s Glaopll dolAil

PR &uwaid Glgal (18 Jy «awad &ai hEal aalaall 03a a=i U Modern C++ (14
.cadgll j9p0u j9ni5 Spaub aclgd pe pdiuo wlanlg wWypeig «haloicll huAg (Culgill gayal
sl 138 (A=

il Gudall (ol -
dolnill ppni (né aypail jga
¢uogadoll US e Modern C++ juei &aqus -

olariwllg waall (1 @UAUl aagl

cdeil L.

Al Gellill gio 2o @i (ile haly il Gllosell go Gl hy dwjlao ga @yl
.S Al Ay pblall

WOH 1o 1dudall adaa Jioh (J .1ada (private) dnola clacll d=a e cdlLil pnidy U
go I Jhay lasla dan (au ol way gl gl gli «(Class Invariants) cainll Culgi
.Galln dla

:JUA go @il §anp C+ (1a

(public protected private) Jongll y1a a5l -
gl Jigall Gudr aoni -

I yoeg &xflol) dypn aclgd -



¢

il auulw il (aitaall
Julguire J<iiy adala)l Al Jhasi ooy U -
dhguAo Gldoe pe OluLil 0 pod -+

chiuylélialiioétlﬂcﬂlHﬁ:cuutﬂlégxﬁ .

culgill U6 il (ile Jbo

#include <string>

#include <stdexcept>

class Employee {
public:
explicit Employee(std::string name, int age)

: name_(std: :move(name)), age_(age)

if (age_ <= 0) {

throw std::invalid_argument ("Invalid age");

const std::string& name() const noexcept {

return name_;

int age() const noexcept {

return age_;
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void promote() noexcept {

++level_;

private:
std::string name_;
int age_;
int level {1};

I
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#include <iostream>

class Shape {

public:
virtual ~Shape() = default;
virtual void draw() const = 0;

};

class Circle final : public Shape {
public:
void draw() const override {

std::cout << "Drawing a circle\n";
s
class Rectangle final : public Shape {
public:

void draw() const override {

std::cout << "Drawing a rectangle\n";

void render(const Shape& shape) {
shape.draw() ;

:of il 138 oAy
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#include <iostream>

#include <string>

class Printer {
public:
void print(int value) {

std::cout << "Integer: " << value << std::endl;

void print(double value) {

std::cout << "Double: " << value << std::endl;

void print(const std::string& value) {

std::cout << "String: " << value << std::endl;
s

int main() {
Printer p;
p.print (10);
p.print(3.14);
p.-print("Hello C++");
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#include
class Complex {

double real;

double imag;

public:

Complex(double r = 0, double i = 0) : real(r), imag(i) {}
Complex operator+(const Complex& other) const {

return Complex(real + other.real, imag + other.imag);

void display() const {

std::cout << real << " + " << imag << "i" << std::endl;

};

int main() {
Complex c1(2.5, 1.5);
Complex c2(1.5, 2.5);

Complex c3 = cl + c2;
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c3.display(;

:duowonni Olalwy)
g1yl olizo (ile Joleoll Kalay gl ey -
&bgiall pe 9i pnalao)l dglwll cuias -

anlg pé andll 9g%i baic slawall Jigall Jas -

(ol aa2il) Jasaiil cadg JKbUI aass
&alall Jigallg &gl pladiwb 34ig ol 344 el puuny Juseduill cadg JKibl 3aes
ue U (8l (n5aoliyall egill ile leaiuall dIa)l aoiss «doqpil cadg aa=ill guse gileg
.ga0ll gl pbdall gSluwl ggill
:cla Qi

Oligal) (nolyJl Jlaiwll -

(Plugins) olddll (nle daosld)l objlosall -

ollgllg jhil prani -
a@inll gl gapo 9l pbdo pe Siolyall gl go aualiall allal usm auAlall Jlgall
.owlwll
Qi cubg JKibDl aaes 1 lio

#include

class Shape {
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public:
virtual ~Shape() = default;

virtual void draw() const {

std::cout << "Drawing a generic shape." << std::endl;

};

class Circle : public Shape {
public:
void draw() const override {

std::cout << "Drawing a circle." << std::endl;

};

class Rectangle : public Shape {
public:
void draw() const override {

std::cout << "Drawing a rectangle." << std::endl;

};

int main() {

Shape* shapes[] = { new Circle(), new Rectangle() };

for (const Shapex s : shapes) {

s—>draw() ;
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for (Shape* s : shapes) {

delete s;
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ClassName: :ClassName (parameters)
: memberi(valuel),
member2(value2),

BaseClass (baseArgs)
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#include
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class Rectangle {
int width;
int height;

public:
Rectangle(int w, int h)
: width(w), height(h)
{}

void display() const {
std::cout << "Width: " << width
<< ", Height: " << height << std::endl;

}s;
int main() {

Rectangle rect (10, 20);
rect.display();

:olyAaall

Width: 10, Height: 20
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#include
class Shape {
protected:

int area;

public:
explicit Shape(int a) : area(a) {}

void displayArea() const {

std::cout << "Area: " << area << std::endl;
}s

class Square : public Shape {
int sidelLength;

public:
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Square(int side)
: Shape(side * side), sidelLength(side)
{}

void display() const {
std::cout << "Side Length: " << sidelength << std::endl;

displayArea();
T;

int main() {
Square square(5);

square.display();

o EYEV ]

Side Length: 5
Area: 25

rauwlwi blaj
]Jgi Shape gmuuule inll liaj :
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#include <tostream>

#include <vector>

class DataContainer {

std: :vector<int> data;

public:
explicit DataContainer(std::vector<int> values)
: data(std: :move(values))

{}

void display() const {
for (int v : data) {
std::cout << v << " "

}

std::cout << std::endl;
I
int main() {

DataContainer container({1, 2, 3, 4, 5});

container.display();

12345

std::vector auay :JUo
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#include

class MyClass {

int value;

public:
MyClass() : value(0) {

std::cout << "Default constructor called. Value:

<< value << std::endl;
}s

int main() {

MyClass obj;

okl
Default constructor called. Value: O
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ClassName (const ClassName& other);
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Al eliy :Jtio

#include <tostream>

class MyClass {

int value;

public:
explicit MyClass(int v) : value(v) {}

MyClass(const MyClass& other)
: value(other.value) {
std::cout << "Copy constructor called. Value: "

<< value << std::endl;
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int getValue() const { return value; }

};

int main() {
MyClass obj1(10);
MyClass obj2 = obji;

:olaaoll

Copy constructor called. Value: 10
Jll;_ £ o 29340 pAj clnAl Ul 134y 26 dSglanll 3jlgol) alhul Quull :doao dAnllo
Jail Olely  ECP
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ClassName (ClassName&& other) noexcept;
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Modern C++ ¢1é clall guuay -



ay

Jail el :Jlo

#include <tostream>

#include <vector>

class MyClass {

std: :vector<int> data;

public:
MyClass() = default;

MyClass(std: :vector<int>&& vec)
: data(std: :move(vec)) {

std::cout << "Move constructor called." << std::endl;

void display() const {
for (int v : data) {
std::cout << v << "'y
}

std::cout << std::endl;
I

int main() {
std: :vector<int> vec{1,2,3,4,5};
MyClass obj(std::move(vec));
obj.display();
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Move constructor called.
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#include

class MyClass {

int* data;

public:
explicit MyClass(int v)
: data(new int(v)) {

std::cout << "Constructor called." << std::endl;
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~MyClass () {
delete data;
std::cout << "Destructor called. Memory freed."

<< std::endl;
15

int main() {

MyClass obj(10);

:olaAall

Constructor called.

Destructor called. Memory freed.
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#include

void print(int& x) {

std::cout << "Lvalue reference: " << x << std::endl;

void print(int&& x) {

std: :cout << "Rvalue reference: " << x << std::endl;

int main() {
int a = 10;
print(a);
print (20) ;

:olyaall

Lvalue reference: 10

Rvalue reference: 20
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ClassName (ClassName&& other) noexcept;
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#include <iostream>

#include <vector>

class MyClass {

std: :vector<int> data;

public:
explicit MyClass(std::vector<int>&& vec)
: data(std::move(vec)) {

std::cout << "Move constructor called." << std::endl;

void display() const {
for (int v : data)
std::cout << v << " ";

std::cout << std::endl;



int main() {
std: :vector<int> vec{1,2,3,4,5};
MyClass obj(std::move(vec));
obj.display();
std::cout << "Vector size after move: "

<< vec.size() << std::endl;

‘ool

Move constructor called.
12345

Vector size after move: O
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#include <tostream>

#include <vector>

class MyClass {

std: :vector<int> data;

public:
MyClass() = default;

explicit MyClass(std::vector<int>&& vec)
: data(std: :move(vec)) {3}

MyClass& operator=(MyClass&& other) noexcept {
if (this != &other) {
data = std::move(other.data);
}

return *this;

void display() const {
for (int v : data)
std::cout << v << " "

std::cout << std::endl;

};

int main() {

MyClass objl(std::vector<int>{1,2,3});
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MyClass obj2(std::vector<int>{4,5,6});

objl = std::move(obj2);

objl.display();
obj2.display(;

6
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.héa anlg (P8 &ypnn &slo tunique_ptr -
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unique ptr [.E.W
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std: :unique_ptr<Type> ptr(new Type());
std: :unique_ptr<Type> ptr = std::make_unique<Type>();
#include
#include

class MyClass {



public:
MyClass() { std::cout << "Constructor called." << std::endl; }
~MyClass() { std::cout << "Destructor called." << std::endl; }
void display() const {
std::cout << "Display method called." << std::endl;

};

int main() {

std: :unique_ptr<MyClass> ptrl = std::make_unique<MyClass>();

ptri->display();

std: :unique_ptr<MyClass> ptr2 = std::move(ptrl);

ptr2->display(Q;

:olyAaall

Constructor called.
Display method called.

Destructor called.
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std: :shared_ptr<Type> ptr(new Type());
std: :shared_ptr<Type> ptr = std::make_shared<Type>();

#include <tostream>

#include <memory>

class MyClass {
public:
MyClass() { std::cout << "Constructor called." << std::endl;
~MyClass() { std::cout << "Destructor called." << std::endl;
void display() const {
std::cout << "Display method called." << std::endl;

};

int main() {

std: :shared_ptr<MyClass> ptrl = std::make_shared<MyClass>();

std: :shared_ptr<MyClass> ptr2 = ptril;

ty1dudni Juo



ptri->display();
ptr2->display();

std::cout << "Reference count: "

<< ptrl.use_count() << std::endl;

o EYEV]

Constructor called.
Display method called.
Display method called.
Reference count: 2

Destructor called.

&y8a8a)l &usloll Glalle (183 8 aud bl gl g3ay shared_ptr padiuy

weak ptr E.E.W
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std: :weak_ptr<Type> weakPtr = sharedPtr;

(y1duns Juo

#include <tostream>

#include <memory>

class MyClass {

public:

};

MyClass() { std::cout << "Constructor called." << std::endl; }
~MyClass() { std::cout << "Destructor called." << std::endl;
void display() const {

std::cout << "Display method called." << std::endl;

int main() {

std: :shared_ptr<MyClass> sharedPtr = std::make_shared<MyClass>();
std: :weak_ptr<MyClass> weakPtr = sharedPtr;

if (auto locked = weakPtr.lock()) {

locked->display();

sharedPtr.reset();

if (auto locked = weakPtr.lock()) {



locked->display () ;
} else {
std::cout << "Object has been deleted." << std::endl;

‘oAl

Constructor called.
Display method called.
Destructor called.

Object has been deleted.
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#include <iostream>

#include <string>

class Person {
public:
Person() : Person("Unknown", 0) {} //

Person(const std::string& name, int age)

: name(name), age(age) {}

void display() const {
std::cout << "Name: " << name

<< ", Age: " << age << std::endl;

private:
std::string name;
int age;

};

int main() {
Person pil; //
Person p2("Alice", 30); //

pl.display();
p2.display();
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I puas auai dalide ol Jioy yuiio oo #51 agag aie Wio a2y wglwll 13

(Inheriting Constructors) Lol ajljg H.0.W

quwlwll winll olibio plaxdiwl @il winl jows olibiall &g :gaklly sl
.cwlio guwlwll dball dglw ol Ll adyyes dale] Ul dall g9a Spiblo
‘loaic Gjuoll 033 AL
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:Jliadlg dsunll

#include

#include

class Base {

public:
Base(int x, double y) : x(x), y(y) {}
Base(const std::string& str)

: x(static_cast<int>(str.length())), y(0.0) {}

void display() const {
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std::cout << "x: " << x << ", y: " <K<y << std::endl;

private:
int x;
double y;
¥;

class Derived : public Base {
public:
using Base::Base;

};

int main() {
Derived d1(42, 3.14);
Derived d2("Hello");

di.display(Q;
d2.display();

Py
cu&ﬁuiﬂlgqog Cﬁggusing Base: :Base dou<il -
Subioll inll (16 liduoll yyes dalel) ala U -

dalall aic &:8la] Jlga of Ciliitio aalal o<y -

9l wlaalgs auwlwll Winll (ke aaigi gl owolail (14 W pading olibuoll &g
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#include

class Rectangle {
public:
Rectangle() : Rectangle(0, 0) {}
Rectangle(int w, int h)
: width(w), height(h) {}

void show() const {
std::cout << "Width: " << width
<< ", Height: " << height << std::endl;



private:
int width;
int height;
¥;

int main() {
Rectangle ri;
Rectangle r2(10, 20);

rl.show();
r2.show();

oliviuoll &g :(2) Jio

#include <tostream>

#include <string>

class Shape {
public:
Shape(int w, int h) : width(w), height(h) {}
Shape(const std::string& c)
: width(0), height(0), color(c) {}

void show() const {
std::cout << "Width: " << width
<< ", Height: " << height

<< ", Color: " << color << std::endl;
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private:
int width;
int height;
std::string color;

};

class Square : public Shape {
public:

using Shape: :Shape;
s

int main() {
Square s1(15, 15);
Square s2("Red");

s1.show();
s2.show();

anlAaJl 1.0.W

;oW auas Guwal &g oWl Modern C++ yags
apail Ghio 32gs9 KUl Jla, lidiall Jhgas -
aaiioll Winbl hiws eliiioll allg
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(Lambda Func-&uilsJl aaopll g0 @olxaiwlg lawol Jlga 1P
tions in OOP)

sl &dgyn gyaa JSidy Cpé 389 C11 go cela gl Glalb Ul pal (1aal Iawoll Jlga s
P31 (OOP). axgil 4ulS a0l Ghw 18 .20l JAla (ilaallg Cuégall dglul e
.léiwo JIga gi wlinl clisi] (Ul dalall g9a agigg dday dglul Jsod lawol Jiga

(18 paAI dpapans 8lal Jy (192 Jlaial 330 larol) ai U Modern C++ (14

(Event Handling) &laall aalleo -
(Callbacks) da=aldl Oleleaiwll -
anniall oljlaall -

Qauhgll Gaopllg OOP gur goall -

laol Jlga Jga doado 1M
JAla épblo u:usu (Anonymous Function Object) Jgaao gula (il8 (1@ lawol dlla :cdyyeill

.3432 Win of &ldiuo alla @y Ul Gkl ga «ud padiy 3l Gl

:dolell asunll
[capture] (parameters) -> return_type {
3
:a2unll olgSo

g1l gl o dndilall Glpsiall (capture -
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dlaJl olloleo :parameters
(gylial) 6aleall doudll ggi ireturn_type -
alaJl pwua :body -
hlaial g1 danll Joo loo LWlaL éaleall daudll goi Wpaoll piiiuwy Ul wlél (1a

gngg

OOP (na lawol JIga pladiwl W
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#include <tostream>

#include <functional>

class Button {
public:
void setOnClickHandler(std::function<void()> handler) {
onClick = handler;

void click() {
if (onClick) {
onClick();

private:
std: :function<void()> onClick;

};

int main() {

Button btn;

btn.setOnClickHandler([]1 () {

std::cout << "Button clicked!" << std::endl;
b

btn.click();
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s Julail
S ppai Jay (Gaall) dolul ppos o5
Gaall dalleo) JAnio @in @yyeil dala U -

ol Kol gnllog ol Joludl -

(Callbacks) asalgl Gleleaiwll 1o

#include <iostream>
#include <vector>

#include <functional>

class Processor {
public:
void process(const std::vector<int>& data,
std: :function<void(int)> callback) {
for (int value : data) {
callback(value);

};

int main() {
Processor proc;

std: :vector<int> data{l, 2, 3, 4, 5};

proc.process(data, [](int value) {

std::cout << "Processing value: " << value << std::endl;

P
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daaill (na pao (roaniiaw gag ©0uair ugliholl Aglull e dalleall all Jnaa b i
.&jpoll

annio uljldao :Jlo

#include
#include

#include

int main() {

std: :vector<int> numbers{5, 3, 8, 1, 2};

std: :sort (numbers.begin(), numbers.end(),
[J(int a, int b) {
return a > b;

B

for (int n : numbers) {

std::cout << n << " ",

.dnaio Comparator (B8 (Ul aall (9a &jjlaall Ghio i) lia |awol p;'a)‘.uﬁ

OOP JAla axautagll daopll < Jlio

#include

#include
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#include <algorithm>

int main() {

std::vector<int> numbers{l, 2, 3, 4, 5};

std: :vector<int> results;

std: :transform(numbers.begin(), numbers.end(),
std: :back_inserter(results),
[1(int value) {

return value * 2;

};

for (int n : results) {

std::cout << n << " "

}
}
.anlgg guss 395 clid STLGbojjlga 20 1ol Jiga Jolkis cus jaky oglwll 13a
larol Jlga (16 &oadio Gligo PP
2apall Jlao &oydlly kAU
int x = 10;

auto lambdaVal = [x] () mutable {
x = 20;

std::cout << "Inside lambda: " << x << std::endl;

};
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lambdavVal() ;

std::cout << "Qutside lambda: " << x << std::endl;
:uAgill
. "I . .. & ," . L . IL) bl_ﬁ_d]_]l o
Al hasiy powwy mutable pladiwl -

w2 993 iy dulnll doydll
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Jwll pwonil 1a Concepts pladiwl  1LE

¢un (Generic Programming) &uléll &aopl) (paga guwais Concepts djuo C++20 1014
ollnioll 8ipall 0@ Jgas .(Template Parameters) culgall elgil ile anypn 3gié (A pows
Gaayl ubg laio §aatl (ile Winall w; 4269 agde Gl dyiad)
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&bl (né Jawi -
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Golgio nalpal grwaia ugl.wb guﬁlﬁll paonill JAla Concepts pladiwl gapeivg bl 13
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:dolell dsunll

// Concept
template<typename T>

concept ConceptName = /* comptile-time condition */;

OOP (14 Concepts Guhs  (.LE

Contracts) (Interface wl@alg)l agdc (Hya

QoL Abuﬂﬂl¢H;9nfghuﬂ<QMQHIQUM&JCAa;kyIpajiuﬁ.gnuﬁﬂ,pgu:ﬂlgnﬁ
.AuAlal Jlga 9l ajljg gl &l g9a «igdll b 1ia agdwll oda Ay Concepts
dplwn danlg yapa :Juo

#include <iostream>

#include <type_traits>

// Concept
template<typename T>

concept Arithmetic = std::is_arithmetic_v<T>;

// Concept
template<Arithmetic T>
class Calculator {
public:

explicit Calculator(T value) : value_{value} {}

T add(T other) const { return value_ + other; }

T subtract(T other) const { return value_ - other; }
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private:
T value_;

};

int main() {
Calculator<int> intCalc(10);
std::cout << intCalc.add(5) << "\n";

std: :cout << intCalc.subtract(3) << "\n";

// Calculator<std::string> invalid; //

s Julail
daql sic gl pladiwll gio o -

aalal Jiga ol &g il gini o) -

Ao 1ade Grunil dglwall aaalgll «

agigy (Type Traits) glgill Glaw awons .
SFINAE o paall &bld yisly spblo ddyny glgilll clow e Concepts Jawws
dclnl ablall glgilll Concept :(Jlio

#include <iostream>

#include <concepts>

// Concept std::cout
template<typename T>

concept Printable = requires(T t) {
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{ std::cout << t } -> std::same_as<std::ostream&>;

};

template<Printable T>
void print(const T& value) {

std::cout << value << "\n'";

int main() {
print(42);
print(3.14);
print("Hello");

:duouonill 6aslall
cllaioll yibilo Gaigs -
Jigdll olaalg go pagel alljl -
SNy Gogado daqy clhal -
(Template Specialization) )l gawnAll guwns P
.dAaypng danlg (Specialization) (punAll au Concepts J=ai

Concept plaaiwb gaunas :Jlio

#include

#include
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template<typename T>

concept Integer = std::is_integral_v<T>;

template<typename T>
struct Typelnfo {
static void print() {

std::cout << "General type\n";
s

template<Integer T>
struct TypeInfo<T> {
static void print() {
std::cout << "Integer type\n";

};

int main() {
TypeInfo<int>::print();
TypeInfo<double>: :print();

tUjsall
daAlg hguiy auédo Agludl
Al WAl cuw (1 gold! U -
&% 10 agué) Concepts Qo .
62820 puoni Glllaio Juioi Concepts 6ac cus P 5oy
&5 30 2946 1Jlio
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#include <tostream>

#include <type_traits>

template<typename T>

concept Arithmetic = std::is_arithmetic_v<T>;

template<typename T>
concept ArithmeticWithDefault =

Arithmetic<T> && std::is_default_constructible_v<T>;

template<ArithmeticWithDefault T>
class AdvancedCalculator {
public:

AdvancedCalculator() : value_ {} {}

void setValue(T v) { value_ = v; }

T getValue() const { return value_; }

private:
T value_;

};

int main() {
AdvancedCalculator<int> calc;
calc.setValue(42);

std::cout << calc.getValue() << "\n";

:6ajlall
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Q0200
gl Sbluwall glai guwglh pouw low constexpr Suall yile &jaga Sl C++20 Coad
@aay U éjoll 0da oWk gi Jlgall clgw (Compile-Time) doapl cadg (14 @iais <oy
&l &ublég (glgilll dollw . aronill agig yile pblo JKiiy 1385 s celall guuns Ul haa
@lnDl (g aéa jsT aanil Gl awai (O0P). &Sl daopll (o constexpr Gudns aic
duigigo (o 3pg clhall Jlay lao doqpll Gidg 16 Gaaill abld guwi yile (Classes)

oSl dalAill

ol e pS &0 C++23) ) abaall C++ 1 constexpr owdll 138 (opiuy
ISO C++ Core Guidelines go dddlginll Guvaiall aliollg doell droranil

constexpr gwd o I.l.E
cdg 14 aoudi ooy P gl &l gf daud i iy (Specifier) am 18 constexpr
&ojLUl gl Cypags 13] oyl
:Jouiai) constexpr Gljad cagiugi C++20. (14
Iudes il Jlga -
paiiwall Jud o ddyeo G -
(Virtual Functions) guSul aa=ill guja aca -

&0yl 85130 3gano olaAiwl -

aolni JAla (1=élg JSiiy constexpr 203 Aowg «@ayadll agiéll (o s Jlji awgill 13
.aianJl OOP
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OOP awoni y1a constexpr ajlga  (M.M.E

clall cuwas
JAla 8ublo il posug «Jasuiull cadg el JLdy doayil cidg 16 Gblwall 3140
L1348l alall

aoapl cudg (ngal llan .M
low (G2dgio pé duwila Olpil Ug @dalleo pé Olelitiwl U :dojn I:g.u: constexpr Ay
. pUAUI 8189550 (10 i)

Quoponil aull aghg W
Kol pwdill Wldg Wl 9% o wow luso lhio i e Al piss constexpr pladiwl
Al daopll pj=i €

&0 ditnd Olopani cliy pou loo (Templates) Jlgdll go dwlliuy constexpr (JolSiy
.aoqll cudg wbluallg OOP (w

duloc aliol M.r.€
constexpr 6[1; 1 Jlo

#include

class Point {

public:
constexpr Point(int x, int y) : x_(x), y_(y) {}
constexpr int getX() const { return x_; }

constexpr int getY() const { return y_; }

private:

int x_;



AR

int y_;
¥;

int main() {
constexpr Point p1(10, 20);

static_assert(pl.getX() == 10, "Compile-time assertion failed");

Point p2(15, 25);
std::cout << "(" << p2.getX() << ", " << p2.getY() << ")\n";

g nkyi]
aonil cudg JolSll it p1 &l -
static_assert plaAuwl audll (o Gaail oi -

i (992 Jasuuil cadg aoladiwl Koy il guaj

qualal Jlga go constexpr :2 Jio

#include <tostream>

class Shape {

public:
constexpr Shape(double w, double h) : w_(w), h_(h) {3}
virtual constexpr double area() const = 0;

virtual ~Shape() = default;

protected:

double w_;
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double h_;
};

class Rectangle : public Shape {

public:
constexpr Rectangle(double w, double h) : Shape(w, h) {}
constexpr double area() const override {

return w_ * h_;
5

int main() {
constexpr Rectangle r(10.0, 20.0);

static_assert(r.area() == 200.0, "Area error");

doqpll cubg Jol’l pudil Oi Ul «@aAalpall Jlgall constexpr pca oc) duowonni dAallo
(P8l l=dll cqill g0 cullniy
wlgdll go constexpr :3 Juo

#include <array>

template<typename T>
class Matrix {
public:

constexpr Matrix(std::array<std::array<T,3>,3> v) : values_(v) {}

constexpr T determinant() const {
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return values_[0] [0]*(values_[1] [1]*values_[2][2] -
«  values_[1][2]*values_ [2][1])
- values_[0] [1]*(values_[1][0]*values_[2][2] -
< values_[1][2]*values_[2][0])
+ values_[0] [2] *(values_[1] [0]*values_[2][1] -
— values_[1] [1]*values_[2][0]1);

private:
std: :array<std::array<T,3>,3> values_;

};

int main() {
constexpr std::array<std::array<int,3>,3> v =

{{{1,2,3},10,1,4},{5,6,0}}};

constexpr Matrix<int> m(v);

static_assert(m.determinant() == 1);

- Jabidll caig GalS5 (9909 dulle 8elas) daayll cudg &abyl cblwall go OOP 03 :8ailall

constexpr plaauwl Singleton :4 Jlo

class Logger {
public:
static constexpr Logger& instance() {

return instance_;



IE-

constexpr void log(const char*) const {}

private:
constexpr Logger() = default;
static constexpr Logger instance_{};

};

int main() {
constexpr Logger& log = Logger::instance();

log.log("Compile-time log");

-Jasaliill cudg 3ylgo g &xsiolipa dla wlhi U uwl ol had cuwlio ol 138 auis
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dioljioll pe W8I aani (14a leygag Coroutines JI P.E

Jlaows  aioliioll pé daopll i d)aga d4lAlS Coroutines 8o C++20 Cuoad
lowo .ahaill guai oo Bal adliwl o (Suspend) Gddo il clil Jlgall Coroutines

.(Cooperative Multitasking) guigleil aa=il anlg igas yagy
wolwl dioliio pé Clisls cly o ponall Coroutines Xai (OOP). &l daopll Guw (14
A Apeiny &9 ol Ul gl 6a6<0 Callbacks Ul egall j9a &bkl Jldg cayAj
ISO go bl loyg C++23) (1ia) ahaall C++ Gag OOP (1a Coroutines pladiwl awdll

.C++ Core Guidelines

Coroutines paa |.M.E

twyy=ill

adala)l Ay Blaiall go LB dslio)l of Lado e dulsei @ifay alla (1& Coroutine
.aioliioll pé &adadl bl dijldo dilunllg selidll aubld Gy wglwll 138 Wl
:auwlwll pualaoll

.co_return gl co_yield gi co_await paaiwus alla i :Coroutines Jlga -

task<int> example() {

co_return 42;

.Qliiiwllg Gueil &l psAiig co_await peas GWlS :Awaitable Types *

-3l BLADY co_await go padiws o Wlég diolioll pé cllosll 23U Jios :Tasks -

OOP (4 Coroutines [.H.E

dioljio pé gae Jiga .l
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Al (Blocking) cxan 93 dhgh wllosy pgdi gAc JIga &y Coroutines pouwus
-plAl Glkiwl Go gap low (gl

aoliio pe JSiiy lo écld 1 o

#include <fstream>
#include <string>
#include <coroutine>

#include <future>

class FileReader {
public:
struct Awaitable {
std: :ifstream& file;

std::string buffer;
bool await_ready() const { return false; }

void await_suspend(std::coroutine_handle<> h) {
std: :async(std: :launch: :async, [this, h] {
std::getline(file, buffer);
h.resume();

B

std: :string await_resume() { return buffer; }

};

explicit FileReader(const std::string& name) : file(name) {}



auto readLine() { return Awaitable{filel}; }

private:
std: :ifstream file;

15
: Jlail
.aaliiiwllg Gueil pay Awaitable (&Il -

. aolaidl cubis g9a dioliio pé danly g2y readline *

63020 dioljio pe Gldoe Aai .0

of wluidl go Joleil aic &)Siall pauill go s Jiu Coroutines JLaj
alalI/ JAaal

aoliio pé HTTP wlh 88k @ Jlio

#include <string>
#include <coroutine>
#include <thread>

#include <chrono>

class HttpClient {
public:
struct Awaitable {
std::string url;

std::string response;
bool await_ready() const { return false; }

void await_suspend(std::coroutine_handle<> h) {
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std: :thread([this, h] {
std: :this_thread::sleep_for(std::chrono: :seconds(2));
response = "Response from " + url;

h.resume();

}) .detach();

std: :string await_resume() const { return response; }

};

auto fetch(const std::string& u) {

return Awaitable{u};

};
il oAl cbliv g9 Aalgg Wi gay goliiall pé Ghioll :dwouanil éailall
Uil aa=illg &ligll 2o Coroutines poa P
.&0a4i0)l OOP ¢1alko go dwlluy Coroutines Jolsiy
0olito pé guulwl win 1o
#include <coroutine>

#include <thread>

#include <chrono>

class AsyncBase {
public:
struct Awaitable {

bool await_ready() const { return false; }
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void await_suspend(std::coroutine_handle<> h) {
std: :thread([h] {
std::this_thread::sleep_for(std::chrono: :seconds(1));
h.resume();

}) .detach();

void await_resume() {}

};

auto doAsyncWork() { return Awaitable{}; }
s

class Derived : public AsyncBase {
public:
auto performTask() {

co_await doAsyncWork();

tUjsall

il Ginll (16 @iy goliioll pé glull -

.J1alA] ndei 93 aoladiwl yes ddniiall d@linll -

adace Ollicl P.W.E

:Oleliiw I go Jolil
dollw gloal &liey Promise Jl all pwoni cay o) (Olelidiwll ppos Coroutines peaj
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. pUALI
Qi ol (Ul 13§y 28 Goliio pé Guw (1é olelitwll §)la] Jloa| :dwoponi dhnllo
lasi wen, dioln

call oluicl E.M.E
126 @l Ul agnigll glunig adwill Jlas Coroutines gl ag)
)l (ile Cloawnds s -

oyl duiopl ollhioll old dakill (1a anlh dliey plaaiwll Julas aoy el

anlall O.K.E
OOP: Lglwl dioljio pé OWE auoni Lgs higas C++20 14 Coroutines jags
Qala pe gAac Jiga -
62020l dioljioll pé Gllog)l s
Ul aaeillg &gl go reuh Jolss -
29:H09)lg &bl Aubld uuns -

laiwll adle aban C++ aalail clid auwlwi 8lal Coroutines aei JalwAib @olaAiwl aic
C++23. uin guwgill dLlag diolg



C++ (18 oaonill blosl :0 Jndll

Ul @aayg «haopl waid (16 &Sl Glud &nlla (Design Patterns) ouonil bloil ass
bloill 03a padiwg U C++. (né .&akilll ayany (na &)Sio GUSiio) a0 Jgla pyads
BS13l (18 plall pfail Jio a2l (ailas go Galgi Loy Widln alei b Jada siak igas
.815la)l agagg Ul clalll

Juai go @iaall CH++ (nd doadimall panil blol jaubl (o degoao Jnall 13a Joliy
.&lainall jhtaallg Ll uanll pladiwll (le ¥y guwaia

Singleton haj
Factory lhaj *
Observer haj *
Strategy hoj
Command hhoj *

Method Template khaj *

IEA
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Singleton hai 1.0

a0a8.0
qulwll @aall . Jaal &) wusi Wyl legub puanil blail 18T aal ga Singleton ko
dhuAiog dole Jgng dndi pagi 20 (ueo Win o hda 6aalg dAus 3gag glos 9a aio
Lyl
- Jio &5 jiuito 3ylgo 8ylal WLe haill 138 padiuy

Guhil Glalacl -

(Logging) Jaawil dalAil -

GUasll gi ajlgall (pao
Ghalaic by egilog (LiAUl caen e aoni gl J13Q) 26 Singleton pladiwl cquw (3

LJUWAID J30y a0 Joleill wuay cli) &aall

Singleton$ hoigalo LI.O

1Al (ainAll Singleton hhoi oy
.cainll o aalg (Pl o pST il 5oy U 16109 dALL
oAl (na glEo il o dawl il Jongll glay tole Jong -

JasAioll pé (Al cbisl gioy el psAs -

.ydio ygo 16 (S pall psAll St algaudl” T cuuy &l



#include <tostream>

class Singleton {
private:
static Singleton* instance;

Singleton() {}

public:
static Singleton* getInstance() {
if (!instance) {
instance = new Singleton();
}

return instance;

void showMessage() const {

C++ 16 Singleton aais (.10

Jwlwl Aail |l

(private) (pla gﬂ.u.wo .
aauwl Blainll oSw pbgo -
&islw dole Jgng &lla ¢

std::cout << "Singleton instance accessed\n";
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Singleton* Singleton::instance = nullptr;

J Gwlio pé 329 ogiall aa=io Cliwl (16 ol pé il 138 :dwouans dAallo
.Qbaall C++

hguAll a5 2o (ol Singleton .1
:std::mutex pladiwl Ofoy (Gl ol o clsll &laa)

#include

class Singleton {

private:
static Singleton* instance;
static std::mutex mtx;

Singleton() {}

public:
static Singleton* getInstance() {
if (!instance) {
std: :lock_guard<std::mutex> lock(mtx);
if (!instance) {

instance = new Singleton();

}

return instance;
}s

Singleton* Singleton::instance = nullptr;

std: :mutex Singleton: :mtx;
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&bl wenyg el ajy aif) claAall Jlay oglwll 13a :Juas

guao gSw pio pladiwl dowsl dyall W

LhguA diol aiflul ddaodl duaill of jusoll oy C++110 o clail

class Singleton {
private:

Singleton() {}

public:
static Singleton& instance() {
static Singleton instance;

return instance;

:abanll C++ (18 @ yLogoll 4aill ga 138
bbgsa ol -
hJ.LU.J .
(193 d3a gl Glpbdo ¢9a -

dabaall 3)lgall §)lalg Singleton .E

Ly Wle il gSwwl piall ol Ul Singleton. &0 QSA)l lpbgoll )53 coub pf)
lid d,8,81 835la Ay U unique_ptr plaaiwl .lolos laie

Singleton hhai Wlygis M.1.O

Double-Checked Locking .|
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&S1301 23gas elhAl aape I8 Lyl ais) (Jadll &als Jylad caaay

o0 dsalall g6 wenly hghg Jal oglwll 13a dhaall CH+ g0 1A jglwaid piay
.giaall oSl piall

Gbalaicll p8a go Singleton .

.aSglw i gf Singleton jwial dalul aic paAiw

#include

class Database {
public:
void connect() {}

};

class Service {
private:
std: :shared_ptr<Database> db;
Service(std: :shared_ptr<Database> d) : db(d) {}

public:
static Service& instance(std::shared_ptr<Database> db) {
static Service instance(db);

return instance;

:6ajlall
JuwAUl &bld guuns -
adnll Gbalaic Ul Julds -



|OE

Olwjlaall JAadl  E.LO
S o 98 Ja :Ugl Jlwl — Lalial Singleton padiws U -
C++11+ (18 yuaoll gSwl pioll JAa -
Al aonil ge Jsaus aoladiwl wiag
axaA)l Glaloicll o jaal -

2ol abgh aiallg JWALL Lasla j%a -

anldll O0.1.0

:63a i) 4,94 6lai Singleton lnoj

a5 yuisoll 3ylgall Gylal (16 by -
aolaiiwl el 13] aranill edy A6 -

anlg Ujlago labail wlai -

1o godgll 9 Singleton (o 6alauwll Qlido ga huullg aunnll 3udidl &iaall C++ (1a
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Factory hai (.0

Qo0lXQ0
0S5 .Olaop)l Gwaia (14 (Creational Patterns) el blail pal aal Factory hhaj nszj
uile Jaoell ag<l aaiey U cuny dawladiwl ge O civ] dloe Jnod g1é duwlw il ajsa

Q00 alaai gl olaalg gile s (Concrete Classes) dwgalall walinll
:¢un Badeallg spusl doAill (16 dwall @ hail 138

saail uw i odliu] wglhall Kl ggi Al -
olall jghi go cLivll Ghio poiy -
cliall gu pbbodl blsUl Juas aly -
:&0 J=uln J5uiy Factory Jolsiy C++. (1
JK1 I aa=ig aslgll -
&l Olubgall -

Open/Closed Principle (Jio dibaa)l ouonil ¢nalbo -

Factory lnoi gue dole 6a;  I.I.O

=il
ddulnl o§linl piyuw gugalo win (i jhé ¢ lody WK clisy danlg Wy, Factory hai

cWiull Janlas ge Dgjeo Juosl 39801 auny d3aug .&nniio
aulw il olgLall

.aaiio)l I Aglw 33y 30 Win gf danlg :Product -

Product. J dwgolo wlaulni :ConcreteProduct -
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Product. s cliul &l gf &l @y :Creator -
.o§uiil piuw (13l gugaloll Winll 3an) :ConcreteCreator *
:ayagall 854l

&l ggj ol &S agye0 93 Kl pariwl

C++ 14 Factory lnoi a5 (.M1.0

Simple Factory .|

utle el daline oWl cliul aalg win gi ala padiws ¢un Factory. JKibi hauwi
.olli;jo

#include <tostream>
#include <memory>

#include <string>

class Product {
public:
virtual void use() const = 0;
virtual ~Product() = default;
I

class ProductA : public Product {
public:
void use() const override {

std::cout << "Using Product A\n";
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class ProductB : public Product {
public:
void use() const override {

std::cout << "Using Product B\n";
s

class ProductFactory {
public:
static std::unique_ptr<Product> create(const std::string& type) {
if (type == "A")
return std::make_unique<ProductA>();
if (type == "B")
return std::make_unique<ProductB>() ;

throw std::invalid_argument ("Unknown product type");

JUaid Julas
Auaillg eadll Jaw -
63332 glgil dalAl aie Open/Closed Iawo @Ay -
ai6gall i anuul oAl culio -

Factory Method .

&b daalg ile KLl go ducya wlind gl el jhd Jéi

#include <memory>

#include <iostream>
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class Product {
public:
virtual void use() const = 0;
virtual ~Product() = default;
I

class ProductA : public Product {
public:
void use() const override {

std::cout << "Using Product A\n";

};

class ProductB : public Product {
public:
void use() const override {

std::cout << "Using Product B\n";

};

class Creator {
public:

virtual std::unique_ptr<Product> create() const = 0;

void execute() const {
auto product = create();

product->use() ;
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virtual ~Creator() = default;

};

class CreatorA : public Creator {
public:
std: :unique_ptr<Product> create() const override {

return std::make_unique<ProductA>();
s

class CreatorB : public Creator {
public:
std: :unique_ptr<Product> create() const override {

return std::make_unique<ProductB>() ;

Auowonill 6ajlall
Open/Closed Principle gdny
238N 393N hasi 993 guwgily powy
©wifallg (Frameworks) il cuwlio *
Abstract Factory .»

Ldhio dlaspall oW o dlold o lile clivl paiiug

#include <memory>

#include <tostream>
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class ProductA {
public:
virtual void use() const = 0;
virtual ~ProductA() = default;
I

class ProductB {
public:
virtual void use() const = 0;
virtual ~ProductB() = default;
I

class ProductAl : public ProductA {
public:
void use() const override { std::cout << "ProductAi\n"; }

};

class ProductBl : public ProductB {
public:
void use() const override { std::cout << "ProductBi\n"; }

};

class AbstractFactory {

public:
virtual std::unique_ptr<ProductA> createA() const = 0;
virtual std::unique_ptr<ProductB> createB() const = 0;

virtual ~AbstractFactory() = default;
¥;
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class Factoryl : public AbstractFactory {
public:
std: :unique_ptr<ProductA> createA() const override {

return std::make_unique<ProductAl>();

}
std: :unique_ptr<ProductB> createB() const override {

return std::make_unique<ProductB1>();

S paAi i .
lzo GWIKI Galgs o) dall aie -
olaalgll gl Wlaiall 833210 dakaill (na -
OLbSolull (o &lols alile Juaw aic -

ddoc Olicl P.r.0
29501 s )9 63530 glgil dalal Jawy Factory :digpall
. phawll ghio ge cuisll ghio Jna) :Jjgl

.l 3ae pAAT (U] 138y 26 aoladiwl 16 blall (el -

.aall @any J5b ol gAal cgjlgdl

anlAall €.[.0
C++: 18 &jpall dalrill prani (a4 gulwl aa ga Factory hai

awgalall Junladl ge g8l Jisy *
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2ol dlgh dinllg guwgill peay -

JK1b I 32259 OOP go gasy Jolsiy -

dqja plAill pan u'LLc aaisy Simple Factory« Factory Method« s Abstract Factory ¢ juiall
J.bLo Lm.b.; lmo.n.; e.u.; hail 138 (nelg)l pladiwll .ddidimall gugill uh.l.buog Qudeill

-@han)l C++ nalo 2o Ln.olguog ohill
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Observer hoi .0

Qolxao
ule pgdyg Auwlwll (Behavioral Design Patterns) <Jgludl hlail (o Observer hhaj ASZ.;_
oo daoildy (Subject) walall B Aainy cun oW gu da=io Ul aalg adlle cliul

il (18 e (il Ggan aie WAL aaylaal pgéyg (Observers) udloll
118 guwlg Glas gile hail 138 padiuy

(Event-Driven Systems) &laall (nle 6anisoll dalaill -
(GUI Frameworks) dxoguwyl oadiwall olaalg yal -
olauidly ol doAil -

qidall gojll (18 il &dho -

Shiwll ghio ge il ghio Jna 16 (el haill 13a) auwlwDl dogall

Observer hai yile dole oA LLI.O

il
aic (Observers) 1Al G 8ae JUhAL (Subject) aalg (ils) Observer lhos powwy

-oublpoll 34455 gl denbh e Juolas (il P 3a Wiy ol 993 il pi
auolw Dl olgfall .M
JUaAllg AUl aalall GWI pagug udloly Khaiay :Subject -
Subject. JI myeaiwy gl ¢yaail ala wWyss daslg :Observer -
Aaidlpo aloll Al Jiowg Subject U (ledll Guiaill :ConcreteSubject -
Oluill cuniuy Observer U (used Gulni :ConcreteObserver -
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:ay@gall 6,54l

WAL gglelay guall gag aalg 9o (16 &l jé

C++ 16 Observer lnoj Aai5 M.12.0

. I . I : g . “.I . dlio
i ol ol (Aye Jaa 0 15133019 B 83 Cual pgaT Gudh &hao 3939 YAl
Ol 03a) &lauwll) Jlay

Observer daalg =i .l

#include

class Observer {
public:
virtual void update(float temperature) = 0;

virtual ~Observer() = default;

};
:39aJI

¢uaadl &l aags -
(Polymorphism) JKibll aaei ¢ufas

Subject daalg i I

class Subject {
public:

virtual void attach(Observer* observer)

virtual void detach(Observer* observer)
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virtual void notify() = 0;
virtual ~Subject() = default;
s

:39all

¢udlpoll 6bn 691 Gyla| -
Gileall 3481l ge AUl Jna -

ConcreteSubject auais W

#include <vector>

#include <algorithm>

class WeatherStation : public Subject {
private:
std: :vector<Observer*> observers;

float temperature{0.0f};

public:
void attach(Observer* observer) override {

observers.push_back(observer) ;

void detach(Observer* observer) override {
observers.erase(
std: :remove (observers.begin(), observers.end(), observer),
observers.end ()

)
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void notify() override {
for (Observer* observer : observers) {

observer->update (temperature) ;

void setTemperature(float temp) {
temperature = temp;

notify();

gLy
ondlall ggi Wy U -
Jiaallg AWl e hda Joguuo °

ConcreteObservers Aaii .€

class TemperatureDisplay : public Observer {
public:
void update(float temperature) override {

std::cout << "Display: Temperature =

<< temperature << "°C\n";
¥

class Temperaturelogger : public Observer {

public:
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void update(float temperature) override {
std::cout << "Logger: Logged temperature "

<< temperature << "°C\n";

:6ajlall

iy Cyanil pudy qdblo JS

320 dlpo dalA| aie Subject JI (b i U -
hoil plaaiwl .

int main() {

WeatherStation station;

TemperatureDisplay display;

Temperaturelogger logger;

station.attach(&display) ;
station.attach(&logger) ;

station.setTemperature(25.0f);

station.setTemperature (30.0f);

station.detach(&display);
station.setTemperature(28.0f);

return O;
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adoe Oljicl PO

Ued cudlpall gile iy U Subject JI :baloicll Jad -

.05l 2gSl (haei 9 (bl alljl gf aalAl :aigpall

lall gle g5 a6 Gublpall 635 ielalll

.ol ol wany il 8aa=io dalaill (1a gl aaes -
1) 1aulail Observer e (Aleiwy 26 Sl daksll (1

Bus Event -

Queue Message -

Streams Reactive -

anlall E.O

C++: 18 Glaall (ile daild ol clid aédyil aJl Observer lnoj yagy
cliall gw ol Jla, -
Yol il gwgill aexy
Juidllg &)l &ublé jjsy -

droguyl &uleladl daiill ppani (a6 gulwl jaa Observer agy «gicgy aoladiwl aic
.phioll Jelailg Gllgguall Jnd (1a OOP ddwla awng dcjgollg
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Strategy haoi E.O

ulle pgdyg &oaoll (Behavioral Design Patterns) Jgludl bloil aal Strategy lhoj 3.9.;

Obojjlgall 0ia Jeag Jdiwo Gl &wojjlgd JS i pf «lwoj)lgdll o dlile ypei
Al cadg ol dunliall &uojjlgall Juiab (Client) Juosl hail 138 pouy .Jlaiwll dbld

aoadiuy all P e dwojjlgall ghio Jndyg dlle digpo @y lao (Runtime).
‘boaic ool JKiiy 1audo hoill 138 99

aall guai Grénid Glwojjlgd 6ac gy
Qolpl Jasais clisT &uojylgAll jWidl psiy 26

Gl Jala 6adeoll ddbpidl Olepail wiini 1o ey

Strategy hhoi yuc dole 6a;  |L.E.O

il
«Jaiwo IS Jals @io 8alg J5 cal)g «lojjlgall oo degono Strategy haj wyey
i gb 138 pou  @oadiuy 3l P gile Wl g9s Joaill abla aleag

cllo=ll ge Jéiuo JSin OluojylgAl

auolw Dl olgfall .M

.Quojjlgall Jioi 630 danalg :Strategy

.aaliro d10j)lga oady l@io J5 4aaalgl dded clauni :ConcreteStrategy

.G10j)lgA)l 3441l aoaAiuyg Strategy Ul pbdoy Khainy (13l ¢ilsl :Context -
:ayagall 654l

CPEIND (Goludl e
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C++ (1 Strategy hnoj abis [.E.0

olegaaall dalleo pUA; :(1auini Jio
hoaoi ) .(PayPal¢ Bitcoin (jloisl adln)) =daa (Jlwg 6ac pexy pUAi agn aYiie¥

Qo y 9 &a 9 929 A
gl dalleall @hio pues 99 Wuwolua gaall dlung WAL Strategy

Strategy danlg i .|

#include

class PaymentStrategy {

public:
virtual void pay(double amount) const = 0;
virtual ~PaymentStrategy() = default;

s

3392l

&oall §ib uoa danlg unagi -
(Polymorphism) JKibll aaei ¢ufas

ddeadll ObaslpwDl Aais [

class CreditCardPayment : public PaymentStrategy {
private:
std::string name;

std: :string cardNumber;

public:

CreditCardPayment (const std::string& name,
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const std::string& cardNumber)

: name(name), cardNumber (cardNumber) {}

void pay(double amount) const override {

std::cout << "Paying " << amount

<< " using Credit Card. Card Number:

<< cardNumber << std::endl;

};

// ConcreteStrategy 2: PayPal Payment
class PayPalPayment : public PaymentStrategy {
private:

std::string email;

public:
explicit PayPalPayment(const std::string& email)

: email (email) {3}

void pay(double amount) const override {
std::cout << "Paying " << amount
n

<< " using PayPal. Email:

<< email << std::endl;
¥
// ConcreteStrategy 3: Bitcoin Payment

class BitcoinPayment : public PaymentStrategy {

private:
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std::string walletAddress;

public:
explicit BitcoinPayment(const std::string& walletAddress)
: walletAddress(walletAddress) {}

void pay(double amount) const override {
std::cout << "Paying " << amount
n

<< " using Bitcoin. Wallet Address:

<< walletAddress << std::endl;

u0,007 &ALl
alaiuo did (1o dlgjeo duojjlga J5 -
U 3901 (haes i U 6330 203 adyyh dala] -

Context (pl8 =i W

class PaymentContext {
private:

PaymentStrategy* strategy;

public:
explicit PaymentContext(PaymentStrategy* strategy)
strategy(strategy) {}

void setStrategy(PaymentStrategy* newStrategy) {
strategy = newStrategy;



YVYY

void executePayment(double amount) const {

strategy->pay(amount) ;

:39aJI

il ghio ge plaaiwll ghio Jna -
Jasabiil clisT &pojylgANl Jyauiy alowwd! -

Strategy lhoj plaaiwl .€

int main() {
CreditCardPayment creditCard(
"Alice", "1234-5678-9012-3456");
PayPalPayment paypal('"alice@example.com");
BitcoinPayment bitcoin(

"1A1zP1eP5QGefi2DMPTfTL5SLmv7DivEiNa") ;

PaymentContext context(&creditCard);
context.executePayment (100.0); // Credit Card

context.setStrategy(&paypal) ;
context.executePayment (200.0) ; // PayPal

context.setStrategy(&bitcoin);
context.executePayment (0.05) ; // Bitcoin



IVE

return O;

aloe Ollicl M.E.0

29501 ha=i 93 Jasaidl clisT duoj)lgall puss <oy :aigpall -

wlaalgll gl Context (Jyaei 92 63530 wlhawliwl dalal %oy :Open/Closed ia0 -
.adall

il 138 §ga5 W &inll &Ll (1é cunlall oS (sl aac ayjy 1ndeil -
.Jéiwo JSuw Strategy JS jwial Loy jwiall -

:pladiwl pranil (uuai Loy C++ Modern (14
@slall §lal std::unique ptr

dnrwudl obaylpowll std::function °

anlAJl E.E.O

(Olojjlgall) GbSglull i JUA (o gwgill dlldg dipo dalhil cliy Strategy hoi pouy
Aaldie ol Jala
:ajlgall pal

- Jasabul el Ggludl Jyawsg jWial :digall

.JAilo Win ¢16 duojjlgd J5 Jnod 1939l -

oAU pus 93 6332 GbSglw dalAl :ailnl abld -

OlpLil 2o Sl (ile 8)ald C++ aalail auonsi Loy (Jugyao JLiiy Strategy lhoi plaAiwl
-ayouanill dollul gl agAgll &nAill g9a ddydiuoll
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Command hoi 0.0

Q0lQ0

)l calss (le pgdyg (Behavioral Design Patterns) <Jglul bhloil aal Command laaj asu
£ilgd (16 Aigjaig (WS wllhl ppoi Ll 138 oy .Jaiwo ¢ils Jala (Request)
-(Undo / Redo) galill ollae pea guing o dabaig (UALl

&igyoll Command ks jjey 03 (ul &aall ge polll jani (il daall Jas JUA (o
alls of 8aa=io jolgl go Jolei yull dakill (16 lagni aanil dalkig (glugill &ublag

Command hhoj (le dole oA 1.0.0

il |
aojlll Gilogleoll groa vile (1giny Jéiwoe (ilS Ul wliall Command hai Joay
989 031 ddoduo ge poll jlan] ddgduuo lini gl powy Jadll 138 .03l
J ol JSuw cuwlio
Olloleas wllosll ppas +
@l gi polgll &Jgan -
Ollo=)l e 2all pea -
auolwl olgfall .M

.oll Apai5 dulac Wyei éaalg :Command -

(Receiver). (Jadinwoly woll hup yu=a guhni :ConcreteCommand -
ololl GilS uaug il :Client -

oDl A8 wlly (13l sl clnvoker -

Ayledll dlosll Al (3l I :Receiver -
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:ayagall §5all

C++ g1a Command hhoj aais .0.0

A=) ge 08a5 plA :(rauhs Jbo
hos pouy .8agyallg el Jio &alide djanl caliulg Juits aifay p%as @ 3gag (Ayai
il Juolai pfaill jlaa by g9 Gllosll 0da sy Command

Command daaalg i .

class Command {
public:
virtual void execute() = 0;

virtual ~Command() = default;

3
39l
1olgll gi0a 3415 daalg gy
(Polymorphism) JKibl aasi (ufas -
(Concrete Commands) duleall yolgll auais .M
#include

class Light {
public:
void on() { std::cout << "Light is ON\n"; }
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void off() { std::cout << "Light is OFF\n"; }
s

class Fan {
public:
void start() { std::cout << "Fan is STARTED\n"; }
void stop() { std::cout << "Fan is STOPPED\n"; }
s

// ConcreteCommand for Light

class LightOnCommand : public Command {
Light* light;

public:
explicit LightOnCommand(Light* light) : light(light) {}
void execute() override { light->on(); }

};

class LightOffCommand : public Command {
Light* light;

public:
explicit LightOffCommand(Light* light) : light(light) {}
void execute() override { light->off(); %}

¥;

// ConcreteCommand for Fan
class FanStartCommand : public Command {
Fan* fan;
public:
explicit FanStartCommand(Fan* fan) : fan(fan) {}
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void execute() override { fan->start(); }

};

class FanStopCommand : public Command {
Fan* fan;

public:
explicit FanStopCommand(Fan* fan) : fan(fan) {}
void execute() override { fan->stop(); }

};

3310 Jadiuoy o ol JS -

JUl 39Sl haei 9 6337 polgl dalal Loy -

Invoker (pl8 i W

class RemoteControl {
Command* command{nullptr};
public:
void setCommand(Command* newCommand) {

command = newCommand;

void pressButton() {
if (command) {

command->execute() ;
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:392JI
il Junlds sy U -
ool polll cleaiwl (1ais) -

Command hai plaaiwl L€

int main() {
Light light;

Fan fan;

LightOnCommand lightOn(&light);
LightOffCommand lightOff (&light);
FanStartCommand fanStart(&fan);

FanStopCommand fanStop(&fan);
RemoteControl remote;

remote.setCommand (&1ightOn) ;

remote.pressButton() ;

remote.setCommand (&1ight0ff) ;

remote.pressButton() ;

remote.setCommand (&fanStart) ;

remote.pressButton() ;

remote.setCommand (&fanStop) ;

remote.pressButton();



return O;

aloe Olliel M.0.0

uile Wl 993 Jolull el aowy Adiall ge Juwpall Jna (Decoupling): Jnall -
.aolsll ayyl

.polgiU miuobu;]l Aaillg (il «@gaall pcay digpall ¢

lauwuse dalelg d3aiall polgll ujas g<oy (Undo): gl aca

bl ablag el iy aif) «alindl oo 1hae @ (el -
spe pponil i %oy C++ Modern (14

@sloll §)lal std::unique_ptr pladiwl -

alhul polgll std::function pladiwl -

anlAll €.0.0

2wgill Wulag Uyo lopani jagy loo dldiue Glils Jala ollhll s Command khas ogéy
- pulAiillg
:ajlgall pal

Adiall ge Jupall JUdiwl :Jndll -
ol aylalg jolgll 3,415 :aigpall +

.@alall aic Undo / Redo pea &l -
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.03l 39Sl Juass 93 63uaa polgl ddlAl dilunll &bld -

&0 Joleill (le §alé C++ dalil ey gSoy (gugiao JKiiy Command hhai plaAiwl
.ailiallg digpollg agragll (o dyle d2)3; 8aé20 yolgl Cilagylisw
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Method Template hoi 1.0

doado

a2 Ul waayg (Behavioral Design Patterns) <Jglul hlaii aal Template Method lhai 32;
6alel, ddniuall dlinll alowl 2o (uwlwi win JAla o d10jjlgal (Skeleton) plall Jmall
.auojjlgall dolell aull e ()93 63320l WlghAll JAy Wi

: 16 éyi boaic ol 138 padiuy

duwojjlgAl el Juws (nle Blaa)l -
haa 63330 Glgha yunaln alow! -

il dolell duyl ¢usll gio *

Template Method hoi (e dole 6pA;  1.71.O

=il |
@linll aug (vl win JAls &wjjlgal bole USin Method Template hos gy

oiay .Jol aaill Judws e gl g9a wlghAll jAe) @y 8alel ddiuiioll
&igsallg pladiwlll 8ale] gu goall oy Adyll

auwlwDl aligfall .1

.610j)lgAl dolell ¢ilghAllg (Template Method) (Jlall alal caye; :AbstractClass -
.6320 wllac yile (1giny adg

.69hA J5) ool doluwl padyg Haaall Gl Gy :ConcreteClass -
:daypagall 65all

.Jaoladl jarasn pouwlg Ll JSal ga
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C++ (14 Template Method hoj 305 .7.0

Clguitoll AN friwb JUio
05 00gSl (16 Cull Al clall (il sdolell Olghall guai g gilillg 6gadl pAn
.Obgpitall (w Olalallg pAsDl Junlds clias o< .olalall

(Abstract Class) gulwll winll =i |

#include <iostream>

class Beverage {
public:
// Template Method
void prepareRecipe() {
boilWater();
brew() ;
pourInCup();
addCondiments() ;

virtual ~Beverage() = default;
protected:
virtual void brew() const = 0; //

virtual void addCondiments() const = 0; //

void boilWater() const {

std::cout << "Boiling water" << std::endl;
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void pourInCup() const {

std::cout << "Pouring into cup" << std::endl;

Fgnayil
alolsJl duojjlgAll Jios prepareRecipe *
Olghall Cuyip s ddiioll wlinll jouwy U -
had 63l GlghAll ALdis (Al o
Classes) (Concrete danioll Wlinll a5 .M

// ConcreteClass: Coffee
class Coffee : public Beverage {
protected:

void brew() const override {

std::cout << "Dripping coffee through filter" << std::endl;

void addCondiments() const override {

std::cout << "Adding sugar and milk" << std::endl;
s

// ConcreteClass: Tea
class Tea : public Beverage {
protected:

void brew() const override {

std::cout << "Steeping the tea" << std::endl;
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void addCondiments() const override {

std::cout << "Adding lemon" << std::endl;

yoeonill (jszoll
qulwll @iall Jals boao (1d) slell J<iall -

Template Method hoi polaanwl P

int main() {
Coffee coffee;

Tea tea;
std::cout << "Making coffee..." << std::endl;
coffee.prepareRecipe();

std: :cout << std::endl;

std::cout << "Making tea..." << std::endl;

tea.prepareRecipe();

return O;



IA1

aloe Olliel W.1.0

nug LSl Jlay Gl winll (18 &S juill lghill gwoai :eladunll éale]
&bl

Woila il gua) dpojjlgAl 3485 oy Gl -

Julw Ul inll haei 93 dduiw wWlinl pe 333 dolw ddlAl ¢Say (gwgill blé -
.(Open/Closed Principle)

drouani clhAl giay lowo @10j)lgall @45 puss ddiiuall @linll gSoy U :dull (A8 -
A

:plaaiy hodl 138 pjei )Xoy Modern C++ 14
agndoll pé il éalel giol final -

auWl wlghall non-virtual Jlga -

anlA)l ELO

alowl go &l dw ol ©lojjlgd el &gé pwans 6lal Method Template khai Ay
:ajlgall pal

.a5 puiuall Glghall angs @ pladiwll éalel -

.810j)lgAl aago Muaii glod :Gusll -

.aduiall @unll pe dglull (aunAj digpall -

ool pus gioy ol Jua JAh bbaill -

989 d=wgil dlawg &ibal aLld dokio spauh Ul (13§ Template Method i pladiwl
abanll C++ pladiwl susl dohill aoni (14 gaga hos
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.Variadic Templates °
.Template Specialization & Partial Specialization yuj)l JawnAillg Cllgdll gaunAi -

.CRTP (Curiously Recurring Template Pattern) lhoj -

IAV
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w@linll Wlgdg JlgaJl wligd 1.0

aaopl) dyg6 W yags Al (C++ aly abaall daopll g1 wwlwlIl jan (Templates) WJligall A%

bl ggi e Jaiwo JSuiy dpanidl S cllgd)l aouws .(Generic Programming) dolsll
13a Ay=iuy .(Type Safety) glgilll glol ile KAdlayg (Reusability) plariwll 8ale] jj=) lao
Ct+ (18 ahaall Glywaily gamall (U] d8la) «alnll Ligdg Jlgall cwigd auwall

fdlgdll a o LI

Spanill 8,68 aopoll guniuy cliyg .dole glgil go Jasll (o @linllg Jlgall clgdll Xaj
JKBI 3395 (16 Gaga aic Aley Lo baawio olly glgl go @olaiiwlg 63alg 80
.C++ 1a (Modern Polymorphism) cuyanll

(Function Templates) JlgaJl cllgd .|
.0132i0 glgji &0 @oladiwl balel S0y dole Jlga =iy Jlgall culgd QoL
ala wlé (e guwlwi Jlo

#include

template <typename T>
T maximum(T a, T b) {

return (a > b) ? a : b;

int main() {
std::cout << "Maximum of 3 and 5: " << maximum(3, 5) << std::endl;

std::cout << "Maximum of 3.5 and 2.1: " << maximum(3.5, 2.1) << std::endl;
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std::cout << "Maximum of 'A' and 'B': " << maximum('A', 'B') << std::endl;

return O;

.&jléoll olloleo acay ggi (1l go &lla)l 03a Jasi

(Function Template Specialization) (JlgaJl cllgd punAs [
ol il (le il 9a dixeo gngjJ W Jglw pagih Al aouy
Al Wld JppunAs gile Juo

#include <iostream>

// Primary template
template <typename T>
void print(T value) {

std: :cout << "Generic value: " << value << std::endl;

// Specialization for char* (C-style strings)
template <>
void print<char*>(char* value) {

std::cout << "C-style string: " << value << std::endl;

int main() {
print (10);
print(3.14);
char str[] = "Hello, World!";
print (str);

return O;
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ajldo C-style Jl e Alis W print & Wi (Jhall 138 (na
jlio C-style Jwlln go Jolsill wlido JSu print Al @pais (Jlodl 138 ¢
Al glgily
(Class Templates) wlinll cJiga W
833210 ¢lgil 20 Jowi dole wlini cuivl Wlinl (igd ayi
wWin é gile guwlwi Jlo

#include <iostream>

// Class template for a Bozx
template <typename T>

class Box {

private:

T value;

public:
Box(T v) : value(v) {}

T getValue() const { return value; }
void setValue(T v) { value = v; }

};

int main() {
Box<int> intBox(123);
Box<double> doubleBox(456.78);

std::cout << "Integer Box contains: " << intBox.getValue() << std::endl;

std::cout << "Double Box contains: " << doubleBox.getValue() << std::endl;
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return O;

Uil aie 03305 iy g5 1l clgial Box winll gariuy

(Class Template Specialization) calinDl Cigé Ay LE
duso elgil gl md) winll Aglw wei (Al pawy

#include <iostream>

// Primary template
template <typename T>
class Storage {
public:
void display() { std::cout << "Generic storage" << std::endl; }

};

// Specialization for int
template <>
class Storage<int> {
public:
void display() { std::cout << "Storage for integers" << std::emndl; }
s

int main() {
Storage<double> genericStorage;

Storage<int> intStorage;
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genericStorage.display(); // Generic storage

intStorage.display(); // Storage for integers

return O;

plel Qall ge dlido ¢glw Storage<int> winll g% ob wolwll 132 powy

agudllg pualaall :abanl C++ Olwwai 1)

wloleo (ile danlg hgpb Al (Constraints) agadllg Concepts pgado C++20 Caoad
oyl il Al Jiluwyg Selpéll &lé (piuny loo «igall
palaall le Jio

#include <iostream>

#include <concepts>

// Define a concept
template <typename T>
concept Addable = requires(T a, Tb) { { a + b } -> std::same_as<T>; };

// Function template constrained by concept
template <Addable T>
T add(T a, T b) {

return a + b;

int main() {
std::cout << "Sum of 3 and 5: " << add(3, 5) << std::endl;
std::cout << "Sum of 3.5 and 2.1: " << add(3.5, 2.1) << std::endl;
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return O;

Jndd goall Jole oo lelgil Addable pgadall (A

Glwjlaall JAadl WL
Beldl ald Bl U guia wlgdl (1a blhall wias :desyy wigdll padiwl |
Jhyaall gawnAill Jay Type Traits padiwl :glgill gailns Jaa .¢
.igdll slloleo aulhis bo ellay pAg :oblhiall @ig P

Al (uunig agudll gApal Concepts padiwl : udlaall o adiwl €

anlA)l  ENN

igdg Jlgall (g Xas .afaall C++ o dolell daopll (16 Luwlwi hnic (Wigall axs
Aunail of s . glgilll cun (o &iolg «pladiwll dalel) &L &0 b &,uS (o @il
863 39180l (A9 Woluul iy aows &udla] 898 gludy pualaallg

i go dadlgiog &ibnll aLls )98 C++ qoly clid &892 6ghi ga uigdll lasl
a3l pranil
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C++ (4 épioll Ligdll )

JIgall puis &gd Gjpo a5 (CH+11 16 cuord il (Variadic Templates) Spseiall Culgall
dalel &ubldg digpall diwall 03a jiwi .lloleall o 3330 pé aac go Joleidl wlinllig
.(Compile-Time Polymorphism) &aqjill cadg JKibUI aa=i (14 op.ulw p.mu.;‘g pladiw I

bpgioll WIgdll (18 &oado LM

G0 39330 pé lhac Judiwg @lini gf Jlga wypes o dpsioll wigdll oXai syl -
LU Olloleall 3ae g% U duauldill igdll llay .wigall ¢illoleo

Parameter) Glloleo doja (Ul §ubll (...) c@iall jo; p;m.u.u :0pioll cllgdll el -
.(Pack

template<typename... Args>

void foo(Args... args) {

.Ololeall go ST 9l Jan (ke (1gini gl <oy Glloleo doja Args... A5 i
:auwlwll palaall -
Fold) gl Olusi gl Sl eleaiwll pladiwl o Ololeoll pia guwgs |
C++17 oo ;:I;I.;I (Expressions

anlh ol go Joleill garniill 2o spsiall Ligdll goa ooy tQligdll yaunas .f

OLAI go &oayil by @il Spsiall Qigall pous eyl YD 3aes
.Glloleoll 3aeg glgilll
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opsioll igdll go Joasll .01

#include <iostream>

// Base case
void print() {

std::cout << "End of arguments." << std::endl;

// Recursive wvariadic template

template<typename T, typename... Args>

void print(T first, Args... args) {
std::cout << first << std::endl;

print(args...);

int main() {
print(1, 2.5, "Hello", 'A');

return O;

s pio alla wlé <1 Jhol

tQpil

via s JSiy Glloleall didy ppoi 0i bgbhd JS 14 Jobl Joleoll dcliy oy -
(print()) &uwlw Dl &l yUl Jongl!

.Glloleoll 0 gg9i (1lg 3ae (1l acay -

:ale
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2.5
Hello
A

End of arguments.
(Tuple &) p2io in W& 2 Juall

#include <iostream>

// Base case: Empty Tuple
template<typename... Values>

class Tuple;

// Recursive case: Tuple with at least one element
template<typename T, typename... Rest>
class Tuple<T, Rest...> {
public:
T first;

Tuple<Rest...> rest;
Tuple(T f, Rest... r) : first(f), rest(r...) {}
void print() {

std::cout << first << " ",

rest.print();

};

// Spectialization for empty Tuple
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template<>
class Tuple<> {
public:
void print() { std::cout << std::emndl; }
s

int main() {
Tuple<int, double, std::string> myTuple(42, 3.14, "Hello, World!");
myTuple.print();

return O;

Py
S5 iy pladiwl daliao glgil 633210 layd Tuple cainll gy +
polisll &x6) &y)lSul Al Qles Loiy (¢ jlall Tuple go duwlwlll &l Joleis -

:aJUJI

42 3.14 Hello, World!

gl Oleig dpgioll Qigdll  W.M.

6pnido Olloe Adis QUi g1l (Fold Expressions) guall Gluei 4 uhpzi Lo C++17 Ccuoad
.GOloleall pja e
il jues pladiwl gaall 13 Jholl

#include

template<typename... Args>
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auto sum(Args... args) {

return (args + ...);

int main() {

std::cout << "Sum: " << sum(il, 2, 3, 4, 5) << std::endl;

return O;
}
ta il
a0l palic graa yile goall Jole @iy (... + (args ju=ill -
2uall Sl elexiwll (Ul dall gisly +
Il
Sum: 15

danl cudg JKibDl aaeig spgiall Ligdll  €.0.1

«(Compile-Time Polymorphism) doqpl cadg JKibUI 3225 Gadai (o dpiall (lgdll (Xoi
-Jasaiuill cadg aals (al 93 wlloleall 3aeg glgill llial go linblg Jlgall cusis cun
‘il cudg JKib DIl aaes go dildo

:aoqpll cudg JKibDl aaes -

aoapl et glgsll puuni «ligdll (le soisy -
150l by aagy U tdelas jsi -
.Glloleoll glgil go ks (il &Sl print() &la :Jlio -
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s Jaabill cudg JKibll aass -

aunlall Jlgallg &ilhgdl yle iy -
&yioj GalS iy ik digpo S -

anlAJl o.M

1 aae go gpallg ol Joleil puis Al dhaall C+ (1a duwlnl 8y spsiall uigall A
.Olloleall (o 39220
:ajlgall pal

.Olloleo 63 go Joleil (14 dle digyo 1O loleall pja -

Belas) 8aa=io glgil dalleo il (Sl cleaiwll -

o)l ile ool huws (il Oluss -

Jaabill cudg JKibDl aaei) (ol Jlea Juay :doqpll cudg JKibll aaes -

pladiwll 8alel) & Llall dyle C+ ©ligSo cliy popall gubniwy Spsioll igdll plaiiwl
.4l pwonil cwlwi &0 dddlgiog 53459 &ipo
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Jul Al wllgdll jpunasy P

doado .1

dolell daopll (o uﬁoj Al @iaall C++ daop (1 U.uijJI A (Templates) igdll A%
.(Compile-Time Polymorphism) doql cidg JKibll aaei §aaig (Generic Programming)
glgiDl oni dualpall Jlgallg &gl (ile o)l Jaaiaill cudg JKibDI aaes gufe (ileg
Aoqpl sl wigdll (né olSglulig

(Partial Specialization) guj)l gasnaillg (Template Specialization) clgd)l (apaA; ubb
2oy loo (glgilll g0 duija Gleganal gi 63310 glgill gl Uglw Jyass gl andi) cuid§
Di2a gi luwlio pledl W Bud g% U anlh ol dalleay

Tallgdll punAaijga o MR

glgil degano gl cueo goil ple LE Aol Wy éalel LIgdll AwnAT Ak Wyl -
£9Ul Ay A Ghio Mdiig plell il jolai i Cuny BH3330

(20 feletl Lu.uLuo ol Qi g5s U boaic (aunAill paa.u.u.; 1S oAUl paAL o ¢
LS laliao ngJuu goil clla iy Laic ol «@Uall gi elall ¢ua o

Wil Jol§ jaunas 11 Jlioll

#include

template<typename T>
class Calculator {
public:
static void add(T a, T b) {

std::cout << "General addition: " << a + b << std::endl;



template<>
class Calculator<char*> {
public:
static void add(char* a, char*x b) {

std::cout << "String concatenation:

<< std::string(a) + b << std::endl;
s

int main() {
Calculator<int>::add(3, 4);
Calculator<char*>::add("Hello ", "World!");

&nill Jwludl 203; 0g8) ¢un @alie dd)n) char* gqill yaniioll (@l Jlsy :apiul
&33e goa ddoe clnl Jv

Qlgdll ujall gaunall PR

laiy (glgill o de 6 degana) QI dglw Jhaeiy guinll gamAill aou il
.ol &4é) go Joleill (1a plell QI poiuy

lold Kglw Wl ¢lloleo (o cueo hos wliab baic 1audo gy :plaaiwll ol -
ol auaill gulwall 9ga

Glpbgol) guja gamnas 2 Jioall
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#include <tostream>

// General template
template<typename T>
class Printer {
public:
static void print(T value) {

std::cout << "General print: " << value << std::endl;

};

// Partial specialization for pointers
template<typename T>
class Printer<T*> {
public:
static void print(T* value) {
if (value)
std::cout << "Pointer print: " << *value << std::endl;
else

std::cout << "Null pointer" << std::endl;

};

int main() {
int x = 42;
Printer<int>::print(x);
Printer<int#*>::print (&x) ;

Printer<int#*>::print(nullptr);
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ol gl (le elé, Ul go @il glgill e wliro JSiiy dpbdall glgill Jols ra il

-gloill a8

@linll igd go Ligdll yuna; €M

Wia of Lol lawnas calinll wigd gaunas ooy -

.Joleo o sl agag aic Wil alloleo JA=y L;yg:iﬁlzgigpﬁxg-

833210 Olloleo (ile cliy JawnAs 13 Jlol

#include <iostream>

// General template with two parameters
template<typename T1, typename T2>
class Pair {
public:
static void print(T1 a, T2 b) {
std::cout << "General Pair: "

<< a << " and " << b << std::endl;

};

// Partial specialization for identical types
template<typename T>
class Pair<T, T> {
public:
static void print(T a, T b) {

std::cout << "Same Type Pair:

<< a << " and " << b << std::endl;



};

int main() {
Pair<int, double>::print(1l, 2.5);
Pair<int, int>::print(3, 4);

I;

aliAo (Ehio Girug «abilaio LA Legi Bud Goi (il &lall (ujall GaunAil plley @iyl

.aolell &l &ildo laic

volatile g const glgill auna; 0.0

.volatile gi const 4 8:180ll glgilll gl (awnA; LAl %oy -

#include <tostream>

// General template
template<typename T>
class Printer {
public:
static void print(T value) {
std::cout << "General print: "

<< value << std::endl;

};

// Partial specialization for const types

apll glgill gaunai :4 Jlall
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template<typename T>
class Printer<const T> {
public:
static void print(const T value) {
std::cout << "Const print: "

<< value << std::endl;
15

int main() {
int x = 42;
const int y = 84;
Printer<int>::print(x);

Printer<const int>::print(y);

I

OWEI e dalivo sigay Jhaeill ALl pé sl go Joleill awnall 138 auwy :apiul
il &Ll

WIgdll JAunAl Gbaaig ajlga ..
:ajlgall

63330 glgill Aglull runas pe clalll gawas -

Anlll ollllg dolell Gl gy Jadll JUA go eranil agAg 8abj -
:banill

.2anillg padll g1 wenl wigdll Jeo oo oydwil 6abj

.(Code Bloat) 6pauill pAAs Ul 13§y ad gawniill 1a blall -
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CRTP (Curiously Recurring Template Pattern) hos €.

doado [|.E.

dole dpaub &S 0 oXai 3] O+ &%) (né dyagall pailadll (o (Templates) (Wigall A=
.Aowonill digpallg pladiwll 6ale] Aublé jjsy lowo 63320 glg.ii.; dhpo pe

«lgdll pladiwl (14 loadio ng.LuI (Curiously Recurring Template Pattern) CRTP lnoj aszj
¢y Derived i (l auuds (1@ laegs pladiwl slivo &uwlé &i6 (1o dduiwoll &iall ¢y un
.Base<Derived> (o

Ul @&kl 93 (Compile-Time Polymorphism) doqil cudg JKibl aaei hoil 138 jag,
Jril cudg duioj @als 9a yullbg &wAliall Jigall

CRTP i apb  .E.]

CRTPS ga o *
loo «lé huwgs duulwll diall (Ul Guiwall ggill ppas (ile aaiz; awoni hai ga
.oyl clisl ddnivoll i)l JIga eleaiwl dunlwll dial aowwy

:CRTP ajlga -

cidg aals ga awaliall Jlgall @ylito Kol @an, :daql cidg JKibl aaei -
aolaaiwl aley &yidio Aol pags duwlwll &ial <oy Bpauill pladiwl 8ale] -

.Adiuio olia éae pe

cgub J5 ol aulgac Glipunig Inlining chal papoll &aniny selall g -
.Qoqyll cudg wagyeo

wlwll CRTP lhas 11 Jliall



A

#include <tostream>

template<typename Derived>
class Base {
public:
void interface() {
static_cast<Derived*>(this)->implementation();
}
void implementation() {

std::cout << "Base implementation\n";
s

class Derived : public Base<Derived> {
public:
void implementation() {

std::cout << "Derived implementation\n";
s
int main() {

Derived d;

d.interface(); // Outputs: Derived implementation

Adiioll aiall o implementation() &la cleaiwl static_cast &uwlwll &idll paAius rQ il
Awalal Jlga g9y JKbll aaes ddéno
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CRTP pladiwl coll JKibll aaes  P.EN
s dusaiiill cudg JKib DI aaes Jiléo CRTP -

aals aye g dwaliall Jlgallg aslhgll gile anie) Jasibil cadg JKibll aaes -
.(vtable) &ualiall Jlgall Jgaa y1a cuayll

aals i (1l loo doqpll cadg JolSly away CRTP pladiwl cuylill JEibl aass -

-QualA] quioj
aualall Jlgaly CRTP djléo :2 Jal

#include <iostream>

// Runtime polymorphism
class BaseVirtual {
public:
virtual void implementation() const {
std::cout << "BaseVirtual implementation\n";

}

void interface() const { implementation(); }

s
class DerivedVirtual : public BaseVirtual {
public:

void implementation() const override {

std::cout << "DerivedVirtual implementation\n";
s

// Static polymorphism (CRTP)
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template<typename Derived>
class BaseStatic {
public:

void interface() const {

static_cast<const Derived#>(this)->implementation();
s
class DerivedStatic : public BaseStatic<DerivedStatic> {
public:

void implementation() const {

std::cout << "DerivedStatic implementation\n";
};
int main() {
BaseVirtual* v = new DerivedVirtual();

v->interface(); // Runtime polymorphism

DerivedStatic s;

s.interface(); // Compile-time polymorphism (CRTP)

delete v;

aalall Jigall gile alaiell gga JKibII aaio Kgln CRTP Gany s Jlall jaky @il
. Jaeiill cubg aals gl
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Mixinsg pladuwll éalel CRTP  E.ED

9l 633210 &iljg (92 ddiiwall Gliall ngJ.l.u A; Mixin @lid clid CRTP plaAiwl (Soy *
&uAlial Jlga

Mixin laois CRTP :3 JloJl
#include <tostream>

template<typename Derived>
class Printable {
public:
void print() const {
std::cout
<< static_cast<const Derived#*>(this)->getName ()

<< std::endl;
};

class Person : public Printable<Person> {
public:
std: :string getName() const { return "John Doe"; }

};
int main() {

Person p;

p.-print(); // Outputs: John Doe

LAdAll Abnlas dapeo 92 ddioll diall dellnll d&auAg Printable &iall (uAj :aJ.L'i'.xJI
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Chaining) (Method (JlgaJl cleaiwl Juiwsg CRTP 0.€.0
.JIgal Wleleaiw! Julbs) pauy lao ddiiall diall gapo glayl CRTP gy -
CRTP plajiwl Jlgal Judws :4 Jboll
#include <iostream>

template<typename Derived>
class Chainable {
public:
Derived& doSomething() {
std::cout << "Doing something...\n";
return *static_cast<Derived*>(this);
b
Derived% doAnotherThing() {
std::cout << "Doing another thing...\n";

return *static_cast<Derived*>(this);
};
class MyClass : public Chainable<MyClass> {
public:

void finalAction() const {

std::cout << "Final action\n";
};

int main() {

MyClass obj;



YY\Y

obj.doSomething()
.doAnotherThing()
.finalAction();

.8algg dluwlwio &y &l powy loo dauioll diall leayo @b JS s 1ol

clall ¢puunig CRTP 1€

ayopall pé Oleleaiwll @ljlg Inlining Jio &98 clinuas clal CRTP A

CRTP plaaiwl doapll crdg éclas :5 Jloll

#include <iostream>

template<typename Derived>
class Base {
public:

void execute() {

static_cast<Derived*>(this)->run();

};

class Optimized : public Base<Optimized> {
public:
void run() const {

std::cout << "Optimized execution\n";
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int main() {
Optimized obj;

obj.execute();

clall gille 34415 (Ul 138 loo aala] aals (i alljlg Jlga)l poa papioll gdaiwy :apdul

CRTP hhoj Gbanig agud  V.E.

awla)l daoplh cualadl pé cuoholl paall wsn CRTP g% Ad :épauill andei -
.ao0adioll

il gile 8jaall J&i doapll cdg owny dolull ol :eibwl cidg Jal digpo -
aualiall Jlgaly djlao (n€uoliyall

anlAl AEN

Aol cudg ag6 Glinunig Spauil) Aled pladiwl 6alelg «ul JKibi 3ai CRTP lhoi pag;
-Jasabll cudg &,8lA] drioj aalS (al gga

Aaqyil cudg dojln Glilad wlihi wl dokailllg clall dwlwall olaykil Wio hoill 138 19
.ngiwall &AdAIe Glaganilly dianll C++ oliso (16 gwlg GUns gile padiuug
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.(Object-Oriented Programming) &)l daopll 16 Olelidwll §)la]
.C++ & (na RAII (Resource Acquisition Is Initialization) fawo -

a8l Glaopll proni (1a l@ygag noexcept dualidall dalsil

rio
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&l daopl (18 Olcliguwll &ylal 1.V

doado LLV

SOleltiwll §lal 1 o -
olipll 34455 clisT Gaay (il d=dgioll pé clhAll 2o Joleill &)1 (na Gleliiiwll &)lal
. Jol8L Guhill juail (né cuudl g9a

8l 2ol (o aigoal -
Josll ghio e clhall dalleo Ghio Jnd) Olelisiwll éjlal powws &l daopl (14
.audigigo jisly aila Jawiy lagng st sjaub (Ul (13§ Lo «uwlwll

Olelitiwl §ylal Oluwlwl  FLLV

Selifuwll ga Lo
anlh dalleo clihing pobpll (ieuhll Gasil ghd) Jisdull cag Uas ga clitiwll

:Oleliiuw Dl glgil -

.C# (na System.Exception gi C++ (na std:iexception Jio :quwld Olelidiwl -

dlagio 63330 Uhd ol ge jueill @Ayl jgholl g8 :dAnA0 Gleliiwl -
Subill Ghio,

C++ 16 @y clitiwl )la] :Jbo

#include

#include

int divide(int numerator, int denominator) {

if (denominator == 0) {
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throw std::runtime_error("Division by zero!");

3

return numerator / denominator;

int main() {
try {
std::cout << "Result: " << divide(10, 0) << std::endl;
} catch (const std::exception& e) {

std::cerr << "Exception caught: " << e.what() << std::endl;

}

return O;

093y catch alis 16 ablall aig «wlitiwl o) Qi jan)l e dowwdll dglao aic :a}.IjJJ'
-aobpdl juail

Oleliw Ul 5la] (1 aulwll pualaacll WLV
Aain)lea) Al jagig «Olelitiwl Algi 26 gl 6pauill (19ins :try--catch alis -
.throw aaliaoll dols)l pladiwl Olelidw yoy °
.catch alis plaAiwl :Oleliwll bladl -
Oleliiwll o dalio glgil dallea) hIEDIUI JiS a5 *
catch (Jif 6ac pladiwl :Jlio

#include
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int main() {
try {
throw 10;
} catch (int e) {
std::cerr << "Integer exception caught: " << e << std::endl;
} catch (...) {
std::cerr << "Unknown exception caught" << std::endl;
b

return O;

I

plaaiwb Ql;ﬂﬂi)ﬁﬁf}ﬁicUEUU|%ﬂiCDQAQ Lua(Jldg.aaamaggu(31>cuﬁuulk3UﬁUI;ug:a}JUI
.catch(...)

&SIl aaopll (16 Olelitiwll &jla] - E.LV

Ghio e claall ghio Jad pe lagng gl spanil Jeai :00P 18 Olelifwll jga
.Ollasll

j)ald (el (1giwo gia Gleleaiwll guato pe clitiwll ppos gfay Olelitiwll ppos
.aialleo (ile

.@alaicllg &l jjsy OWKI JAla oleliiwll ghio wulei twuleil -
aia Jala oleliiw Ul )lal :Juo

#include

#include

class Calculator {

public:
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int divide(int a, int b) {
if (b == 0)
throw std::invalid_argument ("Cannot divide by zero.");

return a / b;
I

int main() {
Calculator calc;
try {
std::cout << calc.divide(10, 0) << std::endl;
} catch (const std::exception& e) {
std::cerr << "Error: " << e.what() << std::endl;
}

return O;

.uilel (ngiual) dalleoll dulgduuo (_lpj loiw cldiwll yrop pgds diall :aJ.LixJI

olcliiuwll §lal 16 Glwjloall Jaal 0.1V
zulall §oaill (16 pfail) Juyg dads aulitiwll GUAY Olelisuwll pladiwl -
WAL 3ylgall pas glaad RATT iawo ile aloielll -
2nlg Luw 993 dolell Olelituwll blaYl wias -

-JI9aJl oy 28 il Olelidiw I Guigi +

Oleliuwll go RAII :Jlo
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#include <tostream>

#include <stdexcept>

class Resource {

public:
Resource() { std::cout << "Acquiring resource\n"; }
~Resource() { std::cout << "Releasing resource\n"; }
void doWork() {

throw std::runtime_error ("Error during work");
I

int main() {
try {
Resource r;
r.doWork();
} catch (const std::exception& e) {
std::cerr << "Exception: " << e.what() << std::endl;
}

return O;

3g0)l pi oy Lo WAL joroll eleaiwl i «clifwll £gég aic (uia 1apidl

annioll leliiwdl LV
U0All ol ge @uoall ey annioll Olelidiwll Qo
.std::exception (o &y o hJLc .

wnAo cliiwl :Jlo
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#include <tostream>

#include <exzception>

class DivisionByZeroException : public std::exception {
public:
const char* what() const noexcept override {

return "Division by zero exception!";

};

class Calculator {
public:
int divide(int a, int b) {
if (b == 0) throw DivisionByZeroException() ;

return a / b;

};

int main() {
Calculator calc;
try {
std::cout << calc.divide(10, 0) << std::endl;
} catch (const std::exception& e) {
std: :cerr << "Caught exception: " << e.what() << std::endl;
}

return O;

.48 Al deuh guser aanlg allw) pag) (anAol cliiwll :
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Oleliziwl ol Glgiwo V.V
018l (AR Opi g) tia @alls ala 18 2ol (1dy (guwlwl glaall -
clifiwll ggdg aie duila JUT 1l Gaai U :ngéll glaall -

anlAll ALV
il ablag diio Glaop el guwlwi paie Oleliwll §jla] -

proni gul (13§ danioll Oleliiwllg RAIT o «Oleliuwll) puanll pladuwll -
.aulKl Gaopl 14 olg (algial
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CH++ a2 a RAIl lawo TV

doado L.V

&)lal) &i30)l C++ (1é S I oal aal Resource Acquisition Is Initialization (RAIT) a0 2=
A& p:jhu.ig .(mutexes) Glolpollg &Luidl GUlaslg «olaloll (Auldog HS1A)l Jio 3jlgoll

£689 Ja 18 yua (ol JSiu ylgall ppas gladl &kl daopll g1a gwlg GUas gile il
.Olelifiw Dl

o0 Aag Guill ablag &l ajlgoll §lal Jeu oo (Pl oy 3jgall poce RAID lnup
Ol

RAIS lawogalo C.r.V

=il -
oy PEI el aie .Gl jasy 3goll Wlliol hhy aud piy y1aop hoi ga RAIL
Wlal ygall i en GUadl go i)l agjA aieg aygall yile Algaiwll

auwlwll oligSall -
.(constructor) du.w.;xJI 1o i :Alganwll -
.(destructor) yoaall S8 pi tppill -

Olelitiwll go aioal -
Mgl ¢y a8 RAIL g9 . rseadall 3481l o 2oUpll jolaiy A8 «clidiwl ggdg ic
gl cupus gioy oo Llal Glyoaall cleaiwl pid RAIL go bl . pai g9a

huw Jlio JUA go RAIl paa  W.r.V

RAII plaaiwl 8513l §jla] :guwlwi Jbo
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#include <tostream>

class SmartPointer {
private:

int* ptr;

public:
SmartPointer(int* p = nullptr) : ptr(p) {

std::cout << "Resource acquired\n";

~SmartPointer ) {
delete ptr;

std::cout << "Resource released\n";

int* get() const { return ptr; }
¥;

int main() {
{
SmartPointer sp(new int(42));
std::cout << "Value: " << *sp.get() << std::endl;
} // automatic release here

return O;

fQ il

uiuioll (16 8,513l AN oy -
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$030Jl (18 WAL 8513l pya oy *
bgm delete cleaiwl Ul aala U

:aﬂﬂl

Resource acquired
Value: 42

Resource released

Olelitiwll ¢loig RAIl  E.1.V

tia yylgall ppai ey Al (Exception Safety) OlelitiwDl Glob L Uall RATT fao lap

#include <tostream>

#include <stdexcept>

class FileHandler {
private:

FILE* file;

public:
FileHandler(const char* filename) {
file = fopen(filename, "w");
if (!file)
throw std::runtime_error("Failed to open file");

std::cout << "File opened successfully\n";
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~FileHandler() {
if (file) {
fclose(file);

std::cout << "File closed successfully\n";

void write(const char* data) {

fputs(data, file);
s

int main() {
try {
FileHandler fh("example.txt");
fh.write("Hello, World!");
throw std::runtime_error ("Unexpected error");
} catch (const std::exception& e) {

std::cerr << "Exception: " << e.what() << std::endl;

3

return O;

.Slail o I agya sie WAL alall GUE| o wclidiwl 1oy g0 (uia 12 pidl

dioljioll Aopll 16 RAIL - 0.1V
.mutex go Joleil sic &nlh dagiall 33=io daopll 14 luwlwl fnic RAIT g,

#include <iostream>
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#include <thread>

#include <mutex>
std: :mutex mtx;

void print(int id) {
std: :lock_guard<std: :mutex> lock(mtx);

std::cout << "Thread " << id << " is running\n";

int main() {
std: :thread t1(print, 1);
std: :thread t2(print, 2);
t1.join();
t2.join();

Sl o a9l aic Wiléls Jadl clayg «iliu] aic mutex JI Jady std::lock_guard : il
-cliiwl 969 Ju (14 yua

@A Olubgoll :ahanll C++ (1a RAIL - LIV

RAII 1o pblio Guni (na &Sl olpbdoll

#include <iostream>

#include <memory>

void process(std::unique_ptr<int> ptr) {

std::cout << "Value: " << *ptr << std::endl;
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int main() {
auto p = std::make_unique<int>(100);

process(std: :move(p));

FQ il
Lol 6)S13Jl pyas (poury std:iunique_ptr

RAII aclgd (ile Kalay std::move pladiwl &xSlall Jai -

AnlAll V.r.v
raoll J22 oo (ils)l jasy aylgoll §)lal RAIL Iawo by
Gloi p<i -
.3ylgall i) dogléo -
.Oleliunll go ddalgio -
:bladl eal
ylgol) ulalll il -
.Oleliiwl g0 (1gé lol -

Quldll C++ aifo 14 &uwlg pea -
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@l daopll (14 @olaiilg noexcept Aanligall .V

doado LK.V

Oleliiiwl dalleo dalo -
claall go il Joleill gl &l &0l (16 Laga nic Olelituwll dlleo a2
ylgodl (s gl pUALL LAl 9 Axaidl Cudg

?noexcept (12 Lo -
(__ni y1op pgb5 J Al ol oql;.n olell) pnmu C++ (14 noexcept &ualiaall Golsll
.‘Cl..'u. |

OOP¢ (14 doao noexcept laloJ -
‘&l

elall cuas

.@acl doap cliwuni oy
.(move semantics) Jail Gllocg CJlJ.})l:l” 1o anla oWkl ls.og.;.o ng.Lw COAT -

C++¢ 14 noexcept na lo PV
Wil -
oSoyg . Olelitiwl (o ol gfay U allall i papiall pAT a2l danlgo (18 noexcept
.8uuldll &usall JIgag pajiwall Jlga go @olaiiwl
aclnll -

noexcept oladiwl gile (uwlwl Jio

#include
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#include

void safeFunction() noexcept {

std::cout << "This function never throws\n";

void riskyFunction() {

throw std::runtime_error("May throw");

int main() {
safeFunction() ;
try {
riskyFunction();
} catch (const std::exception& e) {

std::cerr << e.what() << std::endl;

sl
-cliiwl (o) pa) &igoAro safeFunction AlaJl -

.ax0 Joleil aig cliiwl y1op 24 riskyFunction &Il -

noexcept J duwlwll pualac)l WPV

b clidiwl Gloa -
Jnda Aadiill cdg guwlg doapll cudg Logj_szo blaa gy noexcept
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clloAll gy Gl

..“ . ." Clﬁi -j :L“ﬂ "I.."” Ul N " _
eyl clisl ity , tnoexcept -

noexcept Olpusi -
.g1ihio pueif noexcept pladiwl %oy

noexcept ju<i :Jlo

#include

void safe() noexcept {}

void unsafe() {}

int main() {
std::cout << std::boolalpha;
std::cout << noexcept(safe()) << std::endl;

std::cout << noexcept(unsafe()) << std::endl;

rQ il
.true gqp noexcept(safe()) °

.false 83].: noexcept(unsafe()) -

a8l daopll 14 noexcept ajlga  E.P.V

clall Quwas -
:aifoy payiall
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.Olelitiwll dxlleo Clluwo alljl -
.gywi épanb adgs -
oWl ngdl allon -
g1 pld JSuly dyjgpa
.Oloaall -
.Jéll olidio -

Move Semantics go noexcept :Jio

#include

class NoexceptMove {

public:
NoexceptMove() = default;
NoexceptMove (const NoexceptMove&) = delete;
NoexceptMove (NoexceptMove&&) noexcept = default;

}s
int main() {

std: :vector<NoexceptMove> v;

v.push_back(NoexceptMove()) ;

.oclag jisT olgll J=ay loo moexcept oS 13] haa Jaill d.n.o.; auuld)l obifall :apill

noexcept g Gloaall  O.W.V

h.ua.o noexcept g C++ (1a Qlﬁniull .
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.By20 pé Aol Ul (138 yoaall Jala elitiwl o *
ool peg ol poso 1o

#include <iostream>

#include <stdexcept>

class Safe {
public:
~Safe() noexcept {

std::cout << "Safe destructor\n";
};
class Unsafe {
public:

~Unsafe() {

throw std::runtime_error("Bad destructor");

noexcept alla Jala cliiwl oy 1.V

std::terminate cleaiwl piuud moexcept 4 daleo d@la Jala clifiwl gy 05 13l dglul

#include <stdexcept>

void danger() noexcept {
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throw std::runtime_error("Fatal");

int main() {

danger(); // std::terminate

.20l (194 clail :dayll

ajlhg)l 2o noexcept V.P.V
.noexcept danlgo Juai yue Blaa)l ayy dualpal dla wyyei éale] aic -
anhiall Jlgall 2o noexcept :Jlo

#include <tostream>

class Base {
public:
virtual void f() noexcept {

std::cout << "Base\n";
};

class Derived : public Base {
public:
void f() noexcept override {

std: :cout << "Derived\n";
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Olwjlaall Jaal APV
I;Sg.o gLl )95 aic ndad noexcept oA
1) yulio -
.Oloaoll -
.Jail oludio -
bpenll 4033l Jlgall -

.aolaaiwl (1é bhyai U -

AnlAall q.K.V
:dpanill Jeai &l daopll (1é d,98 puans 8lal noexcept :an LA
.gpui .
Gloi p<i -
iy Julail (né Jawi -
:hladl pal
Audidn elal Olas
.3ylgall éjlal 496 Gllaa *

.OLKY gégiog pnlg cglw -
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C++

.@ilsl Gaopll g1 Boost whikfo pladiwl -

il Qglwl CH pohs i Qt Jasll jlial cadags +

r7
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@l daopll (1a Boost wlifo pladiwl LA

aoadgo LLA
;18 alus ¢ya diaall C++ olanhi yghi (1a Luwlwi hga dunylall Glisoll wels
pohill dloe g -
clpAll Juas -
A=l wlkii) daog dialy Jola pags
doonallg &ylisy d=alpall C++ olifo (o &oAn degoao (1ag Boost Gbifall 03a jul (o
Auball aukall dlosi
:Jio dygd Olgal Boost jags
a3l olpbaall -
Aol plsil -
.63a=i0ll hgAll -
.olalall go Joleil -«
.aioljiall pé daopl -

lalea, lao Modern C++ (16 (OOP) &Sl daopl wglwi 2o dwlluy ¢ilgalll 03a Joaisg
.6ad<0llg 6).5.45J| &JLuLQU:' aJlo

‘Boost &4i50 1@ o I.LA

Loy C++ had guugi Ul @aay plaaiwll 8alel) ALl olikall go degano (1a Boost
.STL opagi Lo jolaiy
:Jio W@ilhgll o lewlg llhs &ugall (hss



YYA

.olalall Qlalg Jral -
LOKuidl -

Aol plseil -
.&0adiall 851l ylal -
.ngiallg olil

.std::thread g std::shared ptr :Jio C++ ju=o (o Icp Y]] caunl Boost aligfo (1o aa=ll

OOPS (16 Boost oaAiu laloJ  H.LA
:d0ao Ulio 189y ils ggpito (14 Boost p0a

Spauill pladiwl dalel -
-Jolall ghial Galel go Jlas gjala Jola

gyl oronil -
.adAaill gujlill pmulgom;umumpdmwdiuuouiodﬁplmluﬁm

85131 §ylal -

WK Glol guaig Olypuidl o Jlas el olpbdgall

Boost &uifo cuii  E.LA
:Linux polAj (e

sudo apt-get install libboost-all-dev
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:Windows plUAj (e
Aoyl Gl Ul Gag janoll (o clidl gl sjakall duuill Jaoas Loy

:g9piall (1 alaUl
#include
qwldll aranil 16 Boost pladiwl  O.1A
Boost 14 @53l Glpbgoll
Auolipy Ol go Joleill aic dnld .OOP (14 (1920 paic 651l §)la]
.boost::scoped_ptr g boost::shared ptr :Jio &S Olpugo Boost yagi
boost::shared ptr plaAaiwl :Jlo
#include
#include

class Book {
public:
std::string title;

Book(const std::string& t) : title(t) {

std::cout << "Book created: " << title << std::endl;

~Book() {

std::cout << "Book destroyed: " << title << std::endl;
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void display() const {

std::cout << "Title: " << title << std::endl;
};

class Library {
boost: :shared_ptr<Book> book;

public:
Library(const boost::shared_ptr<Book>& b) : book(b) {}
void show() const { book->display(); }

s

int main() {
boost: :shared_ptr<Book> b(new Book("Modern C++"));
Library 1ib(b);
1lib.show();

Py
LAl jlag 851301 -

.&alall goa cawl aie (K @iy -

Boost.Regex polaainwl ddhoil puleil
oA S prani gon 6ade0ll pgnill dalleay Boost.Regex Qo

#include <boost/regex.hpp>

#include <string>



class EmailValidator {
public:
static bool validate(const std::string& email) {
boost: :regex pattern(R"((\w+) (\.\wt)*@(\w+)\.(\w+))");

return boost: :regex_match(email, pattern);

.631lg)l dJgduuall 1awo jj=y lao (Jaiwo win Jala génill ghio clgial o5 :auidl

dioljio)l pc daopllg Boost.Asio

: Jio dioljioll pé llagl Lgd laea Boost.Asio yagi
LOlul -
.ganall ué alaplg Jasyl -

.ol agag gile Kalhy ol Jals doludl 13a clgial gSayg

olalall §jlalg Boost.Filesystem
oAl e Jaiuo JSuy olaloll §lal 6aago daalg Boost.Filesystem yags

#include

#include

class FileManager {
public:
void createDir(const std::string& name) {

boost::filesystem: :create_directory(name) ;
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void list(const std::string& dir) {
for (auto& e : boost::filesystem::directory_iterator(dir)) {

std::cout << e.path().string() << std::endl;

.O0P (130 20 Galgn loy «ain Jals olalall go Joledl 203 03 :apiul

anlA)l LA

olalall (gagail SS1a jlal djala Ugla jags ¢ua C++ a2l Lgd Lla<o Boost :biko as

.aioljio)l pc daopllg
:auulw DI aslgall

.plaAiw Il 6alel) a6 épaub
.Jaal jldiwlg (ke elal -

Olduhil duvliog &ilwnl ablé @ygd dodAil el il gu.flﬁll puonil 2o Boost poa J1aQ
ol dhgh audliall
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CH+ i) &K1 daopll (16 Qt Josl Ua] pladiwl A

doado IL[.A

118 LolS oS5 jghall pias ¢uyn daopll Ol (1gél (o C+ a2 ass

.plAill yjlgo -
05131 Gyla| -

.ngiwall jAdAiol elall
ol 8l Olanhill pglas aic lagnA audeill o ddle d3y &gano Ul 8gdall oda <)
093 C++ pghi s il waas (il Qt Jio &yl Josll pal jga il ia .axoguuyl
.clall i 6clagIb @Al
pol duuiy gulg Glas (ile @9 .Claiall 332i0g janall agido U] ga Qt Jasll ol
(ool gl (olalodl (OEuil a8 Wlaag Qt yagy «li (Ul &alal .drogul Glaslgll
clgw a1 ke &oguyl pég droguyl Glapnill Wulio aledy lao Ukl aclgdg

$C++ (16 OOP g0 Qt paAiu lAla)  .M.A

14892 Lljo o9y ywlKIl aronill go Qt goa

il pe byl -
o@algl awyg G513l Glaall jlal Jio igiwall &Adsio Jusladl claab Qt pgdy
Jsholl ile (uaill el Jlé; oo

Olaiodl 225 pea
.ay|aga wlbagi 93 macOS [Linux Windows yile Josi 6panidl (Quds
Jawy Lo OO0P (13l 2o lolas paw (Class-Based) giain pwani (ile Qt raisy
.ualall oloaally Ghiall ge aaalgl Jaa
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C++ 20 Qt &y alac]  P.I.A
:auwlw Dl alacl alghAi
.ol @dgall go Qt Cuulig Juaas .|
.Qt Creator pglaill &iy plaaiwl .-
1895 g0 322 ggpino cliy] P

.Awogqul olduhill Qt Widgets Application -

.Awoqugl pe oldunill Qt Console Application *

.agauy Wlinl Jala Qt wlaag ahal gLy clid =y

Juwils wglwl Qt plariwl dloce dliol  E.M.A
droguyl claalgll cliv] gy 11 Jbo

Y18 &unoill Spaull JLay oo l.uLQ.lJ drogul pnlisllg Slaall aaln Adlgil §)lal Qt yUgiy
.C++

#include

#include

class MyApp {
public:
void run(int argc, char *argv[]) {

QApplication app(argc, argv);

QPushButton button("Click Me");
button.resize (200, 100);
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button.show() ;

app.exec();

};

int main(int argc, char *argv[]) {

MyApp app;
app.run(argc, argv);
}
:addnoll Olawnil
.Glaall daln pay QApplication -
gl clwsb Jasi QPushButton -
-grogul oAl 2o (1934l Joleill &ala U -
Adliallg GhubYl pe isls wglwl Glaall dalleo 2 Jio
.aialleo e Gaall jano Jnal Signal-Slot aJl Qt pagy
#include
#include
#include

class ButtonHandler : public QObject {
Q_OBJECT

public slots:
void onClick() {
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gDebug("Button clicked!");

};

class MyApp {
public:
void run(int argc, char xargv[]) {
QApplication app(argc, argv);
QPushButton button("Click Me");

ButtonHandler handler;
Q0bject: :connect (&¥button, &QPushButton::clicked,

%handler, &ButtonHandler::onClick);

button.show();

app.exec();
}
I
:ajlgall
Aalgll ge Gaall ghio Jna
Gewgill Jlag culhj yisils prons
JIu=all puuailg elgiall :3 Jlo
.Jéio @in Jal Jol§u aanlgll clgial <oy
#include

#include
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class MainWindow : public QWidget {
public:
MainWindow() {
setWindowTitle ("Modular Window");
setFixedSize (300, 200);

QPushButton *btn = new QPushButton("Close", this);
btn->setGeometry (100, 100, 100, 40);
connect (btn, &QPushButton::clicked, this, &QWidget::close);

syl
.29l 39S -
.Jawl plaAiwl éale] -

OOP. gnaboy p)ln eljdl -

olalall 2o Joleill s 14 Jio
.olalall go Joleill (ngiwall ddle Glédn Qt pag,

#include <@File>
#include <@TextStream>

#include <@Debug>

class FileReader {

public:
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void read(const QString& path) {

QFile file(path);

if (!file.open(QIODevice::ReadOnly | QIODevice::Text)) {
gDebug() << "Cannot open file";
return;

}

QTextStream in(&file);

while (!in.atEnd()) {
gDebug() << in.readLine();

Lol
.Jawi cUnAl g)lal -

.aolAill e 6aag0 duaop daalg -

&l )il (1a Qt pladiwl Lo 0.M.A
1agng iy il spaub -
.Olnioll 63a=io Glauhill Jol§ pca -
.Glaall (le doild i -

Jwiallg olaalgll awoni alolKio pghhi ¢lgal -
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anlAall .r.A

w202 Wae Ba CH 20 Qt 203 a2y
.clall 6g4 -
il dbluy -
QI puonill agAag -

Quedlgll olduhil ey gupuig &iball &bld Guunig udeill Julds gile Qt acluy
plariwll) duwliog (gwgill abla Qigd aalil el OSoy OO0P &0 Galgiall aawani pladiwbg
ol gl (nalpall



daopll 16 Gljlaodl Jadl 19 Jaall
C++ plariwl awsi

.SOLID ¢n1alo -
Yourself). Repeat (Don’t DRY iawo *
Stupid). Simple, It (Keep KISS a0 -

.Law of Demeter ()gild -

ro-
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SOLID ¢1alo @ulnig paa 1.9

dordo IL.1.9Q

ém.)i g9 Okl pgado e (Object-Oriented Programming - OOP) auils)l daopll 55y
:8paub (Ul (138 OOP ¢naba) pandl Guhill gl .(Classes) wlinll (o (Instances)

.clnAll dogldog dygd °

l@oad (uwlg SOLID ¢nalo (il &l olaopll proni (1a 85gall olalbll eal gw oo
40940 4o duaop aoil el J10 1aball 03d acluy .Robert C. Martin (Uncle Bob)

gl 1aall ile pghill ablag
;i ¢nalo dwaa (] SOLID jlaiall puiy

Single Responsibility Principle (SRP) .|
Open/Closed Principle (OCP) .I
Liskov Substitution Principle (LSP) .W
Interface Segregation Principle (ISP) .E

Dependency Inversion Principle (DIP) .0

. dnupall Olwjlaall Jadlg C++ del dlac dliol 2o lawo JS UApeiwiw owdll 138 (1é
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(SRP) 63alg)l aJgduuall iao .19

.82l 83alg ddgduo ol 99si Ol (il ueill héa aalg cuw winl §glh gl iy (=il
.&ibllg juiallg paall Jawl winll Jea,9 audeil o lawll 13a Jld, :awaall
Hlaoll dawl - Jio

class UserManager {
public:

void addUser(const std::string& username) {

logger.log("User added: " + username);
}
private:
Logger logger;
s

1o (Logging) Jrawil (eg grordiwoll §jlal ge Joduwo UserManager cainll :al5iioll
.awdi cidgll

:SRP a0 Gulns

class UserLogger {
public:

void log(const std::string& message) {

};

class UserManager {
public:

void addUser(const std::string& username) {
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userLogger.log("User added: " + username);
b
private:

UserLogger userLogger;

};

(OCP) U/ qidll Iao P19

.Jsa=ill plol daleo X)g &AL dagido dunopl GULSI oosi i iy 1yl

dyloinl JLé) oo &l spanill haei 93 63532 willhg dalAb Iaoll 138 douwy :dealll
.cUnAl JAal

r1apds Juo

class Shape {
public:
virtual double area() const = 0;

};

class Rectangle : public Shape {
public:
Rectangle(double w, double h) : width(w), height(h) {}
double area() const override { return width * height; }
private:
double width, height;
3

class Circle : public Shape {
public:
Circle(double r) : radius(r) {}
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double area() const override { return 3.14159 * radius * radius; }
private:

double radius;

};

.Shape cainll (ha=i 93 6332 JKibl aalal gfay :0CP Guhi

(LSP) «agXuu) Jlagwl iao E.LQ

Julwll win)l o) Jlauiwll abld ddniull @linll go oWl el gl wy wy=il
.aobpll dan (ile pildl gga

.&ilgll pe adgigallg aaanl plaaiwll éalel fawll 138 oy awaall

Al daul - Jlio

class Bird {
public:

virtual void fly() = 0;
s

class Sparrow : public Bird {
public:

void fly() override { }
s

class Ostrich : public Bird {
public:

void fly() override { throw std::logic_error("Cannot fly!"); }
s

200 pé Jlaiwll Joo oo gy jith JS g :aliiall
:LSP a0 Guhhi
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class Bird {
public:
virtual void move() = 0;

};

class Sparrow : public Bird {
public:

void move() override { /* fly */ }
5

class Ostrich : public Bird {
public:
void move() override { /* run */ }

};

(ISP) waalgll Jnaiaw  0.1.9

@ordinw U oldalg gue alaicll e Juosli JJQ.: Ui any rwypeill
Lgng sl Winll Jeng olalgl pads ol 13a gioy dwall
Al d@il - Jlio

class Worker {
public:
virtual void work() = 0;

virtual void eat() = 0;

};

ISP ia0 Gulns

class Workable {
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public:
virtual void work() = O;

};

class Eatable {
public:
virtual void eat() = 0;

};

class HumanWorker : public Workable, public Eatable {
public:

void work() override { /* work */ }

void eat() override { /* eat */ }
s

(DIP) Gbaloicll wld fawo  1.1.Q

ol v b «igiwall aAdiio alaagll gile (ngiwall ddle Glaagll anies Ui way @wyeil
Ol gle lals iy

.awaill &blég (Loose Coupling) caueAll lnylll Iaoll 138 jjs) :arealll

Adawall il - Jio

class FileManager {
public:
void saveToFile(const std::string& data) {
std: :ofstream file("output.txt");

file << data;
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class IDataSaver {
public:
virtual void save(const std::string& data) = 0;

};

class FileDataSaver : public IDataSaver {
public:
void save(const std::string& data) override {
std: :ofstream file("output.txt");

file << data;

};

class DataManager {
public:
DataManager (IDataSaver* saver) : dataSaver(saver) {}
void saveData(const std::string& data) {
dataSaver->save(data) ;
}
private:
IDataSaver* dataSaver;

};

:DIP ia0 Guhni

anlAall V.19

JUA o .&ilnl dLldg d,g8 &uls C+ olaop cly 16 gulwll jan SOLID (nabo ass

: @"“ -."-"h'"
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SRP -
OCP -
LSP -
ISP -
DIP -
:oehol) 5oy
. pUAI &uiy Cpuni
oAl pe bl Julas -
pla3twll Salely @wgil 8,18 83l -

8aga jsT il gl (13§ CH pladiwl &l Obaopl auans (1a gabadl oday eliull gl
.Jsg)l (120l (ke dolaiwlg
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Yourself) Repeat (Don't DRY lawo .9

DRY a0 dwoal  I.M.9

(OOP) &)l daopll (1é Glwjloall JAadl pal aal (Don't Repeat Yourself) DRY 1o Ay
s @ady Spauiul S Julas gile Tauoll 13a jK) .ahaall C+ (14 lagnag

Al abls -
. paonill agAg -
pdiwllg éclasll -
anye Jalg «plariwll éalel abla logais gSi dpanh &S gile uygloll acluy DRY gl
audhioll aladidl gi claall
SDRY inwogalo r.r.Q
a4 aalg Juiai o) 995i ol oy épanill 6aeld (nd ddpo gl Ghio JS gl DRY lao (risy
=d aoni gile bdo ag; 83asio gSlol 18 ghiall guai <5 of (il . §eigo
:auwlw Dl aslgall
Jndd anlg glKo (14 pi Jaedl diall aan Julds -
-Guwlitodl pe Jolwll gioy Gdudall anlg jano 3gag Gl (uwAs -

8350l @Algall aal ¢yani g ge 8l clnal jgal Jlaial Jéy elhADl Jués -

C++ (14 DRY lao) doibidl ollasll  P.r.q

(g Lo bl oSlasll Joas
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aqal olalial go deaall guai (13¢5 633=i0 JIga 1JIgall Jiss -

.aalido Jlga gl clinl ¢ épaniul jI<5 :@nlig Awil -

.l;jﬁpo Bayei Ja Gunill gf &aa2ll oudll <5 :(Hardcoded Values) adnll oudll

C++ (18 DRY Iauo Guhi  E.M.9

(Functions & Templates) cJlgdllg JlgaJl pladiwl .|
.glgil 8ae Qi) aalg Culé gl 8aalg dlla (1a &)yioll Bauill guani Al
((DRY Guhi i) Juo

int add_ints(int a, int b) { return a + b; }

double add_doubles(double a, double b) { return a + b; }
‘lgdll plaaiwt DRY Guhi asy

template <typename T>
T add(T a, T b) {

return a + b;

JKL DI aaeig aslhgll pladiwl .o
&gl pe adudnig guwlwl win pladiwl il gu il dgludl a5 gLy
.JK1 DI aa=ig
:(DRY Jud) Jlo
class Dog {

public:
void speak() { std::cout << "Bark!\n"; }
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};

class Cat {
public:

void speak() { std::cout << "Meow!\n"; }
s

‘DRY §ubns a2

class Animal {
public:
virtual void speak() = 0;

};

class Dog : public Animal {
public:
void speak() override { std::cout << "Bark!\n"; }

};

class Cat : public Animal {

public:
void speak() override { std::cout << "Meow!\n"; }
};
Olala=illg Culgdl pladiwl .
.Enums gl culgi plaaiwl adnll pudll jI%5 i
:((DRY (16) Juo
if (status == 1) { std::cout << "Status is active\n"; }

if (status == 1) { /* do something else */ }



¥y

‘DRY Gulnj 1)

constexpr int STATUS_ACTIVE = 1;

if (status == STATUS_ACTIVE) {
std::cout << "Status is active\n";

Ir
if (status == STATUS_ACTIVE) {

Ohwiall g1a DRY @uhi .a
.daleall Gliallg Test Fixtures plaaiwl ¢langll ohial gile Wi DRY iawo duri

((DRY (Jd) Juo
TEST(CalculatorTests, AddTest) {
Calculator calc;
EXPECT_EQ(calc.add(l, 2), 3);
}
TEST(CalculatorTests, SubtractTest) {
Calculator calc;
EXPECT_EQ(calc.subtract(5, 3), 2);
}
:DRY duhi asy

class CalculatorTest : public ::testing::Test {
protected:

Calculator calc;

};
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TEST_F(CalculatorTest, AddTest) {
EXPECT_EQ(calc.add(i, 2), 3);

TEST_F(CalculatorTest, SubtractTest) {
EXPECT_EQ(calc.subtract(5, 3), 2);

C++ 18 DRY @uliailga  0.r.9
.2alg gAgo (1o el Glhaell :&ibnll dgaw -
Loadg 6chd Jawl spauiul Jeoy Sl Julds :dpanill agig -
Aydhioll oladinl dlaial galaail icllbAll Julds -

.Quw o psi (14 pladiwll abld cwigdlly (Jlga)l «alinll : pladuwll éale] -

IS0l LS| gle aclws olgal  1.r.Q
.6 50l 6paull lwisy :CPD (Copy-Paste Detector) *
.al@ll 8alel abladl é;,<iall bloiDl aaay :Clang-Tidy -

IS0l @liusy Gl JAadl oo dxcloall dealall :8pauill dealo -

anlA)l V.r.9q

Ghioll groas JUA go .C++ pladiwl dbanl &l daopll 18 gulwl jaa DRY fauo 2
:6paub 6306 cly a1y «olaaiwll éalel) &llE Wlinlg «Wigé (JIga (14 jySioll
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Al -
Ay Jawl -
.awgill &Lé sl -

Al jj=ug Al JLd)9 ool 63g2 &ap b S0l o hhaa Jlay U DRY law elill ol
&igpog 694 ST C++ olimhi gul bago «Jughll (naall ile ggpirall
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Stupid) Simple, It (Keep KISS lao .9

doadoll |.FF.9Q

aoni (14 dbluwl daal gile a58,9 “Keep It Simple, Stupid” éjus)l gl KISS lawo iy
oAl pé adeil wuni go dairaiig Ghaopll

a2l @pags ! Sl 69a)l cuuw auall 138 dpodi alajy (CH pladiwl &l daopll (14
8ade0 Jola (Ul &gauy (13§ A Olwo (ag (JKibDI aaxig @il «igdl JUA o
A@oladiwl cguwl 13] paall &ieng

:gU] 138 oo eadll dlaung danlg bublo Jola cliy yile gl KISS Tawo @iy

Al Julas -
QAU s -

.Jhgll 1ol gile &bl &ubld uuai .

KISS Ia0 pad .9
Jpoll pé deil qiaig (oo JXib hunl olaopl 3aig pon @il -

pwolnill (1385 loiy Eibnllg @2wgilly il (16 Jawi ! spanill :aioal -
clnall dJlainl glasylg palhill ¢roj 6abj (Ul 6ad<oll

C++ plaaiwl &l daopl (14 KISS lao @ulas .9

81d20llg dhyaall &gl wins .|

l@oad weny ad2o JSua gl 13§y A @oladiwl (1a blall o< &gé 6lal &slgl
aiilng

danlg pcg 6ad<eo 4jlg 1 Jlo
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class Animal { public: virtual void move() = 0; };

class Mammal : public Animal {
public:
void move() override { std::cout << "Walk\n"; }

};

class Bird : public Animal {
public:
void move() override { std::cout << "Fly\n"; }

};

class Bat : public Mammal, public Bird {
/7
s

dhuuo 4iljg :KISS Ja

class Animal {
public:
virtual void move() = 0;

};

class Bat : public Animal {
public:
void move() override { std::cout << "Fly\n"; }

};

Jlgal abluw (ile Blaall .o

.&ibnllg padll dlaw (1éy i 4danlg 63alg dadgduuoy ala J5 pgdi gl oy



Yy

Olodwall 83a=io 6ad2o dla :Jlo

class Order {
public:
void processOrder(bool isOnline, bool hasDiscount, bool isPriority) {
if (isOnline) { /* process online */ }

else { /* process in-store */ }

if (hasDiscount) { /* apply discount */ }
if (isPriority) { /* handle priority shipping */ }

Wodwall auuds (KISS Ja

class Order {
public:
void processOnlineOrder() { /* process online */ }
void processInStoreOrder() { /* process in-store */ %}
void applyDiscount() { /* apply discount */ }
void handlePriorityShipping() { /* handle priority shipping */ }

awonil blail pladiwl (1é bl ciai .2
e udei gl 13§i a8 @oladiwl dclw] oS (Jolall il ©aag puonil blosi
KISS Tayo callyy lowo «(gygpd
Singleton lhoi jpo pe pladiwl :Jlio
class Logger {

private:

static Logger* instance;
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Logger O {}
public:
static Logger* getInstance() {
if ('instance) instance = new Logger();
return instance;
}
void log(const std::string& message) {

std::cout << message << std::endl;

class Logger {
public:
void log(const std::string& message) {

std::cout << message << std::endl;

o Jawe (KISS Ja

S gl Blln KISS fawo Jljbo Ja  E.M.Q

AWl oluwll dian)l C+H pghas (na L;_wuui KISS a0 Jlp U .698,9 « oxi

nél pgihi Gligag gywl Gl aows dhuul spanill :@uiyl pghil ||

Sl Gl Jad o paall Jawl aanigl spanill :gicloall Josll .

awaill 18 Jawl doill Jeaig gudil ¢uall Jlé5 dnuull pwolnill :gwgill ubld P

Judiwo
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anlaJl 0.9

ule Blaall gl .C++ pladiwl &Sl daopl (16 s dwaal gag 1A fawo KISS faww asy
'l 134y Spauidl bl

.Gl dgavw -
.puonil agAg -
ool aodl e ggill &bl -

awonill bloil pladiwlg (OWodwall wun Jlga)l puudsi badeoll dilgll wini JUA oo
ldiwlg dat) gaill dblag il abld &gd dakail ey (uyglol) <oy das
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(The Law of Demeter) puoua (gild  €.9

doadoll |.E.Q

(Principle of Least adye0 Jél a0 owl Ln.:l (Law of Demeter — LoD) puoua (gild (.djsz;
abla «dyueo Glaoy clid (OOP) &kl daopll (14d auwlwll g1alwll aal gag Knowledge)
gwgill Allag Alal

(rbloll guigleiall) @i dydll Olslsll o hid Jeldil (ile W ggildll 1aa gg.w.g
il o Jldy Tasall 138 Gulas . Jlgall Gleleaiwl (o dhgh Jwlw pladiwl e gm.jg
il (14 Jawlg digpo jST 8panh gl (139 (Wil g (Coupling)

8ipAgs dliol go C++ (18 (ilosll adulnig yinona 9gild (Ay=ius awdll 138 (a

Fuoua gild paa  .E.Q
P e Ly (el U cldanll &0 &anj) “'Talk to friends, not strangers” :cdyyil *
‘e hda Jlgall eleaiwl
Quidi -
(dugnall Olpsiall) adAlal aslaci
nilwgs a é)3aall LK

Spblo @ity gl W -

ywl ddpaell cleaiwll Jwll wiaig Spblall Gbaleicll goi Jeladl pan tcaall -
&bl (16 dgeng (194 lp gl (13§

Jaoua goild dwodl  M.E.Q

JSiby cja JS Jinsn pauy lao oliglall gy Jaliall slazell Yl :dyheoll guuss |
s
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Bt pé Jeolds Giiis g93 &AM all pay il IS ol gady (il o s .o
il aie Spauill pus adloinl o Jlay haloicl Julds :ailall &la guwns .9

-2anill (né Jawlg paiagl spanil Jea, cleaiwll Jwlln pnd;i :spanill ndes Juds .3

Jaoua goildy plillg éaJho (ke dliol  E.E.Q
Haoy gila dalldo

class Engine {
public:
class SparkPlug {
public:
void ignite() { std::cout << "Ignition!\n"; %}

s
SparkPlug* getSparkPlug() { return &sparkPlug; }

private:
SparkPlug sparkPlug;
¥;

class Car {
public:

Engine* getEngine() { return &engine; }

private:
Engine engine;

};
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int main() {
Car car;
/7 LoD:
car.getEngine () ->getSparkPlug()->ignite();

return O;

il 1a digeng (194 uly gl (13§, Llao Engine J dualall auill (ile Car anis) :al5iioll

fsou3 OQilés ol

class Engine {
public:
void igniteSparkPlug() {
sparkPlug.ignite();

private:
class SparkPlug {
public:
void ignite() { std::cout << "Ignition!\n"; }
s

SparkPlug sparkPlug;
¥

class Car {

public:
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void startEngine() {
engine.igniteSparkPlug();

private:
Engine engine;

};

int main() {
Car car;
car.startEngine();

return O;

}
il JLéay lowo (Al alunlas 8ylab Engine Jasiy lodw (Engine &0 haa Car Jolaiy :Jall

. paonill h.l.uug

Jioua ggild Guhi) Olwjlaall Jaal  0.€.9

.abghJl alalaia)l Gleleaiwll win teleaiwll Jwlln Julds |

user.getAddress() .getCity() .getZipCode () ;

user.getCityZipCode () ;

Al alpales ibis gga e asglw gugiy S JS g3 tollgguuoll Augds .r

class Payment {

public:
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void process() {

std::cout << "Payment processed!\n";
s

class Order {
public:
void processPayment() {

payment .process();

by
private:
Payment payment;

};
ugiwall dlle Glaalg yagg Bygpall aie Ul adalall il b U :cadeil pus qiag P
<o Joleil
:LoD aaJhn] dsub ol L€

obalaiel (Ul 138 ol go pST Gls géa :obalaicll géa pladiwl cguw -
NeRvEJ

09ildy plllg Jeladl &j8 o yile acluws :Mediator gi Facade blail plaAiwl +
< a0y

anlA)l 1.E.Q

aLla dyleo dolail iy C++ pladiwl &l daopl (16 Lwlwi faw oy ggild =y
-Qjlo=all Gl o dgdg &ibnl
109l 138 jj=s daeell eleaiwll Jwlln winig Spblall GhalaicUl Juldi JUA o
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(Testing Gul&Jl 6pauill jwial :I- Jall
Object-Oriented Code)

Catch2 g Google Test plaaiub d&ygang)l ohjwall -

(TDD) ]Jgi JwiAlb palaillg (Mocking) 6l8kaodl -

rva



ARAY

Catch2 g Google Test plaaiwb a&gang)l ohwAall LI

doadoll LLI

y1o Lngm «©laopll polai (14 auwlwl PPN o (Unit Testing) dugang)l ollwall A%
.Guhill j1aga @illelasg (Classes) olidll Jios cua (OOP) &kl aaopll
:aia JS ol go 25 Wl ga (1gangll jwidll (o aaall

olall &8y ge Jio pan JSiy Josi
aliall 8alel gl Jha=il aic gégioll @Sglw (ile Adlks
oSl Jud a0 chADI cuiuss -
Spanill jwiAl dolhio diy loalls jag) .Cateh2 g Google Test :C++ (1a JuiAUl il yaubl o

.Q9:599 6clasy auilsll

Google Test [.LI-

dole 63w

;g Loy juoiyg Google. a5 piy asjgh Jolsio juial jUnl ga Google Test
(Assertions) §aail ¢lgal (po dui¢ degoao *
Bad=0ll Gldll oAl (1gé pea -
Al old ol WAL Test Fixtures oea -

2ol dlgh gi sl gyliroll lioo hlA 2
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Google Test alac|
b Ul Cwds

git clone https://github.com/google/googletest.git
cd googletest
cmake .

make

:CMake plaauwl ggpitall 2o byl ¢

find_package(GTest REQUIRED)
include_directories(${GTEST_INCLUDE_DIRS})
add_executable(your_test your_test.cpp)

target_link_ libraries(your_test ${GTEST_LIBRARIES} pthread)

Google Test olaAaiwl loe Jlo
Hwialll A, aia

class Calculator {
public:
int add(int a, int b) { return a + b; }
int subtract(int a, int b) { return a - b; }

+;
:&9ang wljuiAl

#include <gtest/gtest.h>

#include "calculator.h”

TEST(CalculatorTest, Addition) {



rvq

Calculator calc;
EXPECT_EQ(calc.add(2, 3), 5);
EXPECT_EQ(calc.add(-1, -1), -2);

TEST(CalculatorTest, Subtraction) {
Calculator calc;
EXPECT_EQ(calc.subtract(5, 3), 2);
EXPECT_EQ(calc.subtract(0, 0), 0);

int main(int argc, char **argv) {
::testing: :InitGoogleTest (&argc, argv);
return RUN_ALL TESTS();

Judl aie JuiAl caldyl o9 padll J9l (o Ganii EXPECT_EQ -
daanlg wlegoao oy hwidll oA pi

:OhliAll Jasais

./your_test

Catch2 M.LI-
dole 63w

:ail jpoig «oladiwll Jawg wuas jwial jUal Catch2
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(Gl &uifo cliy wllniy U) Header-only

dhuwgiollg 6pall 2wl g0 03l gypw -

Bl alawg dlhyuw aithn ¢

Catch2 alac|
:vepkg pladiwl cwddl -

./vcpkg install catch2

WALl @lo (10 QiyoAs -

#define CATCH_CONFIG_MAIN
#include <catch2/catch.hpp>

#include "calculator.h”

Catch2 plaaiwl yiloe Jlo

#define CATCH_CONFIG_MAIN
#include <catch2/catch.hpp>

#include "calculator.h”

TEST_CASE("Addition works correctly", "[calculator]") {
Calculator calc;
REQUIRE(calc.add(2, 3) == 5);
REQUIRE(calc.add(-1, -1) == -2);

TEST_CASE("Subtraction works correctly", "[calculator]") {



rAl

Calculator calc;
REQUIRE(calc.subtract(5, 3) == 2);
REQUIRE(calc.subtract(0, 0) == 0);

:olaallo
bl Juud ;90 jJwiAll cadgs REQUIRE -

(Tags) pgwg pladiwl OhiAll puAih 0w TEST_CASE -

Catch2 g9 Google Test ¢ djlao E.LI-

Catch2 Google Test Sjall

Header-only du)la auiko Cadi]

&Hw9 Olipadb (1itg padio il

an jlioo | ClliAL aeall

6ad<0ll

1A Jauw uwgio 203l &lgaw

dhhiwgiog 6pen duuwgog dus duulia)l g)liroll
anlAall  O.LI

lodiy JWAU! .C+ (16 &l sjanidl WAl &,98 Ugla Catch2 g Google Test (30 JS 309
ryle anisy

£9piall pan -
5,8t aydes -

Qjwall Al ollhio -
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:ay930g)l GHWALL plLI
Spanill 489590 24y
44l alall éalel Jawy -
doadiall Jalall (i clball Jla, -

quuaiall panil go gl cja gy 4ala] ha gy WAl hanl &Kl daopl (1é
. oalul
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(Test-Driven ]Jgi JWALUL palaillg (Mocking) oslaoll [l
dian)l C++ 16 Development)

doadoll LI.I

20 JSiy @paw Sauill gl gady 3l .laopl pghy dloe go lawl leja JWALI 32y
olélle old dhylio Gls e dalilll (i cya (OOP) &kl daopll (na . §gigog
.Guulung dpodi yish Liall ddoe auni Sadgo Glalaicly

el qull &,g8)l Gbiddl o (TDD) Ugl jwially pghill g (Mocking) 8l8laoll 3o JS s
Al Jldg (§gigo Jawaio JKiy C (nd &l spanill juwial (ile

(Mocking) 68laoll  [.r.I-
=il
2501l Koy Euny (Mocks) duoag Glisls uwmj O o dauuo duus cliu] sLoll (s
WAL ST aidlog @Sgl (14
Lol gf oluill gf Gllwl aclgd Jio dududall clalaicll (o Uy ol 03 padiws
.&dag ledgs psT attil Jeag Juiall a8 il Jiey powy low iyl
Solslan)l pariw 1ala)
i)l Ol wial anyill dalaill e Jwiall aé épauill Jna @ Jjl -

(63300 0u6 ((lid Q) wlalaicll) daliro Glagylinwg wlSglw 6Sko @ sl -

Aunlh wlgfo (ile alaicllg mbdeil Julds pe OhiAUl s jwiAll &blé -
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#include <gtest/qgtest.h>
#include "gmock/gmock.h"

class ExternalService {
public:

virtual int fetchData() = 0;
}s

class MyClass {
public:

explicit MyClass(ExternalService* service)

int processData() {
int data = service_ ->fetchData();

return data;

private:
ExternalService* service_;

};

TEST(MyClassTest, ProcessData) {

GMock plaaiwl Jlio

service_(service) {}

class MockExternalService : public ExternalService {

public:
MOCK_METHOD(int, fetchData, ());
Ig

MockExternalService mockService;
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EXPECT_CALL (mockService, fetchData())
.Times (1)
.WillOnce(Return(42));

MyClass myClass(&mockService) ;

int result = myClass.processData();

EXPECT_EQ(result, 42);

tapl
.ExternalService diall Mock y1aag (P8 cliwil o5 -
.fetchData() &lal) gdgioll glull ayans o

At doad gile aloicll (93 Avanll doudll mszj processData() (ﬂ Qo AWl o5 -

(TDD) Ugi JWALL pghaill K.
il

&lis e aniei Obaop pglai &naio ga (Test-Driven Development) ]Jgi JWAUL pahill
.Audedll panill &S Jud alall

138 loo a8l Jud oglihall dglully paanil (ia psaill gile jghall oglwll 138 pay
:opauiy (|

ALl &bl -
Ooduoll danlg -

|dei Jal -
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TDD &j9a
.glhall dgludl Jiasg Juixdy juial U5 :(Red) poall |
.22 JuidAll J=25 difoo 8paub huyl &S :(Green) paall .

Aasolw e )92 6pauill Cpwni ((Refactor) alsiall 6ale| P

Google Test plaruwb JUo

#include

class Calculator {
public:

int add(int a, int b) { return a + b; }
175

TEST(CalculatorTest, Add) {
Calculator calculator;
int result = calculator.add(2, 3);
EXPECT_EQ(result, 5);

sl
.2bgiall Jglul 33ay LAl &S Ugl o5 +
WAL &l add() aJla)l Awdis o 0f -

.danlg ollhio auli) &9iko épanill ol wglwll 138 oAy
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TDD g 68laoll (pw ol E.lL
dole GpA;
:gizuby JSiin TDD go élSlaoll JolKi
.a83y wgliholl Aglul 33y TDD -
SWwiall el olaloicUl Jj=s Mocking
8 6 aub (1a dyill
Juiall alaw -
hlpl dapen -

63ga)l dle -

&gl aslgall

1o cudg (18 elnADl caliius! -
Gpanill dGan (14 aail 6abj -
alKiall éalelg &bl Jpaus -

Gupall elacl gw goledl cuuas -

anlAJl  O.r.l

Ul ahaall C+ gylivo (14 (TDD) Ll JWially yglauly (Mocking) slSlacl slaicl (138
Gl laiblag lidgigog Glaopll 6392 18 s Guuni
0 Gugholl oliaill oaa gXa j
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6ad<0ll Wlalaicll Jje -
adx gl WAl -
dlnuAiLog 8198 &ulS Spaud el -

Al aonill go Juol eja Jo &dal dlapo guy jwidll dualiall &6l dodailll (1a



18 &fioliyallg aull wipioll Il Jndll
C++

.ol oW plao aoWl oWkl -

.(Heap) ax0g<)l &;513Jl Juldo (Stack) auwasall <1l -

rAQ
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.oliiiwlg ailalg polipll gl (18 Laga hga &SIl jawnas ddyh weli O+ &%) (1a
uegi Gl guopl apacg BEIAN (Aunds dduh cuny g Chioll uins ooy
SO

(Static) ALl Olpio -
(Dynamic) &Sioliyy Olpio *
tgile pblo JShiy cauinil 138 159,

(Lifetime) p<ioll poc -
&SIl (8 aigjai glKo -

opig ajjlal ddyph -
aiollwg qoUpll 6clas -

apb go @ifiolyallg aulWl Cwiklly Glpgiall gy Olgall puAgs (Ul Jnall 138 @aay
.4anlg dyac aliol JUA (o Heap g Stack ¢ ddllell

(Static Variables) aull Olp2iodl LI

il LLI

«(Compile Time) daql cubdg @) anldll 6513l (awndi oy Glpeio 1a anll wlpioll
-@oUpl 3uai5 6ia (JIgh @agag poiunug
(yUl Qi boaie Glpioll 038 oAy

Jlgal Oleleaiwl ¢ &y Blasall -
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win)l OlS groa gr wlbyl &5)uiwo -
tyul Al wlpeiall puudiig
Oleleaiwll G @iogd Bainig alla Jals Wy 1audao aul Olusio *

)ling static aalS)l pladiwl winll JAla Wi w@inll (giwe gile &l Olpsio -

ALl GlpLioll ailnd (LI
Jnda 63alg 840 8513)l JANAT -
-2oUpl @il (1A 839290 1Ay *
nda 6aalg 60 Gay -
.JIgl Oleleaiw! G @iogd) Kaiag -

daln Gay o) 131 j4n dosall Lalkal Gay -

aull OlpLioll yle yloe Juo  P.LI

#include

using namespace std;

void staticVarExample() {
static int counter = 0;
counter++;

cout << "Counter: " << counter << endl;



yAay

int main() {
staticVarExample() ;
staticVarExample() ;
staticVarExample() ;

return O;

rapl
&Il eleaiwl JS go by U counter piall »

LOleleaiwll (gw &l aioudy Adiny -

-Jol8l aolpl pasy el cyldl pjaill dglw guse

(Dynamic Variables) GSiolual)l Olpioll [

Gyt L

plaaiwl (Run Time) bl cdg @insla paunds oy Olpio y1a aoluall Olpsioll
.delete g new (piolsI

.&JIaJl (Scope) Glaiy Lb.u;.o g Qopoll pSaj iy Glpioll 038 joe Y9
auioliya)l Olpioll gailnd CLC.

.(Heap) arogsl 5131 (e lanunAi piy »

U9y @i Ay (uin poiuy @yoc -

&oladiwl cgwi 13] gjghha ST <9 digpo ksl -

a5 0l 13] (Memory Leaks) 8513l Qs (U] (1385 26+
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&l Olpgiall (ile Jio K.

#include

using namespace std;

int main() {
int* ptr = new int(10);

cout << "Value: " << xptr << endl;

delete ptr;
ptr = nullptr;

return O;

rQ il
Auaidl el 65131 oAy oi
B8 13I pjai ddgduo popoll Joai

OGS 1Al Qs Ul 13§y delete Gl

arol )l O Jléo anWl oWkl .

duoudlao &jlao LK.
sl s -
Lilals joay -

.9lail o opoc -
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:9n5+ou;ﬂlcﬁtﬂl°
.new pladiwl U-U-U -
.delete plaAiwb Jjoaj -

Qlaill e Jhiwo opoe -

class Example {
public:
Example() { cout << "Constructed\n"; }
~Example() { cout << "Destroyed\n"; }
I

int main() {
Example a;
Example* b = new Example;
delete b;

return O;

1095l 8,131 lio duwasoll 65131 E.

(Stack) &uwasoll §<IA  LE.I
g (ALAUl (18 137 sy -
29320 [@oan -

Aul OWlg ddaoll Glugioll paALLT -
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(Heap) ayog<)l 6513)1  .E.I
.p2al (14 &jpo -
.Stack ¢o Unyi -
8153 9l &9y 8)la] cullnis -

ko)l GWIKD padiwg -

Glwyloodl JAaal oLl

.50l lals aplWl wlpeiall JAs -
.aalall aic haa el oWl pasiwl -

.new/delete (Jay (Smart Pointers) &S Olpngo (e anicel -+

.§lalg uofl ol gu &l paal -

anlA)l .l

alis gulwi ga Heap g Stack (w9 @Siolisallg anll Olpgioll (w Oligrall Guosll padll
.diolg 498 C++ 2wolp
(oAl ddyal auanll AUl

clall iy -
chall Jla, -
O 13l Qs gioy -

ouludl puanill 3o (aga e Ji Lgil hla cuuy 851301 §)la] dyalinll &l daopl (rag
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(Dynamic Variables) GuSioliya)l Olpsioll V.

il LV

(Run Time) Aaidl cudg clisl @y anldll 6513l (awnA; oiy Oluio J18 &Sl Olpioll
.delete Joleoll plaainwl bgm 6513l 038 Py g new Jolsall pladiwl

a5 lailg (Scope) Glaily by U &xsiolyall Olpgiall jac gla @l olpéiall guse gileg
88131 §)la] (18 dyle digyo 449, law pilo JSiy gopoll oy

aiolya)l Olpioll (ailad VLI
.(Heap) ar0g5l ;51301 (ile 8513)1 JAwnAT o) -
.2opall dhwlg) &l 33 psiall jac -
delete plaaiwb Lgay 8513l pas cay *
.(Memory Leak) 8513l pus gl (138 85131 ppai gl -

Aoaul cibg wgpeo pé pan Ola gl ds 6513 Jif JaunAil duwlio

axsaolipall Clpgiall (le (iloe Jio  F.V.I

#include

using namespace std;

int main() {
int* dynamicVar = new int;

*dynamicVar = 10;

cout << "Dynamic Variable Value: " << *dynamicVar << endl;
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delete dynamicVar;
dynamicVar = nullptr;

return O;

.Heap (nle biuolu; AT 05 Aaunn doud Ul pbdo ga dynamicVar psioll
uomadlmbgmmuﬂluuw.ou .
.delete pladiwl §51AJl pyai qopall yile iy -

.(Dangling Pointers) &Jaioll Glpbdoll cUnAl gioy cdinll ag) nullptr gul pbdall guss -

Saufioluall Glpgioll padiuy o E.V.I
Aaal Gidg lagyzo Gl pan g U boaic -
Al Gl @poe jolai G Ul dalall aie -
1o &xSpolipall Gl JSUa (o -
ahuall pilgdll -
jubll -

aubul oguuyl -

doao dAwowoni Glaallo  O.V.II

.Cyanll 3gS)l 14 6publio delete g new pladiwl a.n.x.: U -
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sule aloiell JAd, -
std::unique_ptr -

std::ishared_ptr -

.ol glong RAIT iawo Guinil

anlAl LV

pladiwll .8 ddgduo go (il lais) &SIl &jlal 18 dule digpo 1agi &xSioliyall Cilpsiall
2ol juailg 8513l Lpws Jio dphad JSuive yull (13§ uanll pé

Gaoc pAAg g3y &iolyal Olpgioll pladiwl gy CH a2l aaliall &l daopll (é
Jhdiwllg gloll yags (il &bl Glgall Juads go aylgall éjlalg (ilsl pos)
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(Static vs Dynamic &Sioliya)l Okl Jldo anll ol ALl
Objects)

(Static Objects) auWl OWKI LAl

Wyyill
18 gl (Compile Time) daqpil cudg &y dnlall 8513l Jaunas o O (a apWl ok
10955 gl gfaug aull 6513l ddhio

(Global Objects) dole WIS -
static d&aliaoll dolsl pladiwl &la Jala 4o Olsls -

wlinDl JAla (Static Members) aislw clAcl -

&l WK (ailad
-2oUpl Auais 630 JIgh aiay @poc -
&4 8aalg &p0 WAikarg @GLiv] o -
cinll oWl goa gu 65l (1ad in g6 w lgac cls 13] -

20Ul cawl sie WAL (Destructor) yoaall cleaiwl iy *

apwl oWl yle ylac Jlo

#include

using namespace std;

class MyClass {



public:
MyClass() { cout << "Constructor called" << endl; }

~MyClass() { cout << "Destructor called" << endl; }
I

void createStaticObject() {
static MyClass obj;

int main() {
createStaticObject();
createStaticObject();

return O;

fQ il
.nda 6anlg 6po 0§l piy obj (P& -
. clini] 8ale] gl (138 U (1Al o allall cleaiwl -

20Ul @l sie WAL S poss ok *

(Dynamic Objects) auSioliua)l O AL
=il
new Joleall plariwl (Run Time) Axaidl cadg clisl @uiul pi Gls g8 &Xolipall okl

.delete plaAaiwl bgm @pT g
.Goqll cudg LQQJSZO lmoaa gl Waae ygss U boaic okl 0ia AL



P

aiolipal O ailas
.(Heap) dr0g<Jl §)513)l (ile l@AnAT oy
Al Glab bhwp U @ -
.delete plaAiwl bgm Bpi

6513l )lal Y16 Qule digpo yags

&Sroliyall O (le (iloe Jbo

#include <iostream>

using namespace std;

class MyClass {

public:

};

MyClass() { cout << "Constructor called" << endl; }

~MyClass() { cout << "Destructor called" << endl; }

int main() {

MyClass* obj = new MyClass(); //
delete obj; //
obj = nullptr;

return O;

FQ il

.new pladiwl P clis| piy *
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.Sladl o agiall aie Wilals ikl poas iy U -

-dalpn delete cleaiwl qopall yile Ly -

aioliballg Anll G (w d@gall Glagall  F.AL

Aol Ols aub owls anll

Heap Al 6;<1a 85131 oo

L9, Ad3n aiy LA 20bpll 630 Jlgh S pae

aopall dhwlgs Loy naa 63alg 6,0 anal

[FIRY aulaly 6513l g)lal

1aa alle 639320 aigpall

Te9 JS padiw guo  EA

:loaic &l OWKI paiiwl
.anapll cidg lagyeo @aang WK aae g% -
Jldiwllg elall ,9)qlI ()g%i -
.aolpll 30 Jlgh yines oS gul qliay -
loaie &woliya)l G padiwl
Buuo Wgpo pé Gl aae g%y -
483 P yae Glal gUl Qlias -

Jaubllg pilgall Jio &Sioliya clily JSka go Joss *
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anlA)l  O.A.

oly &SI &agall Gluwlwll go a2y CH (16 &iolyallg autil SIS g G4l pad
.diolg dllea

@) Wle las~ig &igyo aias &xaolyall G lody Ll Ulolg dbluy yags &util el
85131 §la] 16 Loyl oAl cullns

&lal ©llhiog «wglihall clall @il deuh ile iy cuwliall ggill iy wyinall Jopuoll
.3ylgall
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(Stack vs Heap &ogs)l 6513 (bldo (wasall 6513 Al
Memory)

doadall

2ios gl C++ &%) (16 lagnA ayhdiwlg Joll clal (18 lawla Lole 8elas) 851301 §la] a5

&S1301 16 [ubluo oS5 Jopoll
tow odl g Quan J5iiy aoll Joo &ai5 pad)

(Stack) gwasoll &S1a -
(Heap) &ogSl 8513 -

awdll 138 (Ayeiny afwolyallg aulil Olpioll gug GlS1a 03a (w ddllell Alal way s
.&1ungs duloc dliol 2o akio JSiiy pualaoll 03

C++ 2olp (16 6513l puuds LA

:duu) clial 8ae Ul g1aigasi C++ 2olpy (1 8S13l awdis
-obipl) qy3uaiill Spanill (e 191y (Text Segment) Ologlil ghdo *
-Qulillg dolell wlpLiall yile (1giny (Data Segment) OLl @hédo -

(Initialized Data) 6bao Ul -

(BSS) 6o pe obly -
auao)l wlpiallg Jlgall eleaiwl Glilal ¢pjail (Stack) guafall 6513

Al el &xiolyall 85131 JaunAl (Heap) dogSl 8,513 -

ol guopd puwdil 13a paa



bl ghdo (16 2295 Al Wlpiall
afoll (16 aags alaall Clpgioll -

a09Sl (14 aags &xSoliyall Clpiall *

(Stack Memory) (wasoll 6,513 r.q.l

=il
oAl At WAL jlas 6,513 dalwo (nd guasoll 8513

auaoll Glugiall -
Jlga)l ollolso
Jlgal cleaiwl ¢logleo

@agag Jigall Jgaa go Wilali (adlisg 851301 038 gows

wwagoll gile adaoll Glpsioll

.l eleaiwl aic @YLL o *
Al g0 29 aie WAL Wposs ok *
. pajioll dawlgy Joliy ais @jlal -

132 gyw @yl Jengll -

ytoe Jlio
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#include

void func() {
int x = 10;

std::cout << "x = " << x << std::endl;

int main() {
func();

return O;

sQ il
.aJla)l eleaiwl aie Ui x psioll -
&Il 2gpA aie WAL aasa o -
(Stack Overflow) Quwasoll (lAuwd :d<iln o

2aie Gany
(Deep Recursion) Guosl ¢ny5dl eleaiwll -

223l 8us adao Glagano cliul -

(Heap Memory) GogsJl 6,513 P.AQ.ll

=il
By Al aixg Audidl cadg elisl J1faoliya)l Jaunaill PRI 0513 dalwo (1 dogXll 6513
: pladiwl Ggay

new °

delete -
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a0gS)l Uile axuoliyal Glpgiall
il el unAas g ¢
.aJla Glab hup U @pe -
L9y @ppas -
-wakall go Uyl gS)g digyo sl -

ytace Jlo

#include

int main() {
int* ptr = new int;
xptr = 20;

std::cout << "Value = " << #*ptr << std::endl;

delete ptr;
ptr = nullptr;

return O;

tQ il

.a0gSl (ile 851301 LALAAT by -

6513 cyps Ul 13§, delete pladiwl pac -
(Memory Leak) 6;S13J1 s 145l al<iio
‘loaic Gy

ADpai 993 81l Ul SUbUI Adas -

.ol &l guia 6jgano GS1AI poiwys



a0g<lg Juagoll gw dildo  E.AQ.l

dogSIl wasall aunlall

Q9N aulaly Al &l

Winll pi gun SUaib o ros2l
b Unf I dsypw Jongll dc pu

s 39310 &SIl pan

&Spolipa JSba dao Olpio Uil pladiull
TR EV RETITITY, wwasall glaua Palaall

#include

void func() {

aiolyalg Anll Olpioll (w adlsll  0.9.1
&l Olpsioll

.ol ghdo (1a gjaT -

.04l (16 g gwasall g1 xagi U -

2oLl 3uais Jlgh aioy l@poc -

static int counter = O;

counter++;

std: :cout << counter << std::endl;

int main() {

func();
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func();
func();
}
#include

int main() {
int* arr = new int[5];
for (int i = 0; i < 5; ++i) {

arr[i] = i * 10;

std::cout << arr[i] << " ";

}
delete[] arr;

return O;

xS0l aJl Glpioll
80950l nle Ui -

.pia)l panll ol Gl padiuwg -

Sa095)l gl Ywasall padius (o .4l
:loaie gwasoll paidiwl
.6+§1:9l59pzo p2ll s, -
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C++ (4 éaa=iall &gl oliio  1LIF

doadoll

aalg gl (nd |udeig 698 CH Oliwo psi @0 (Multiple Inheritance) éaasioll &slygll A
pauill pladiwl éalel pui low (gulwl Win o gST go allgly aalgll cinll dows (1aa
.dalinoll wlSolull poag
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hda aalg din &gy pous gl kbl aigll guse (le
:dolell a2l

class Basel { };

(-

class Base2 {

class Derived : public Basel, public Base2 {

};
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6aa=iall &gl 16 d=ilill oUSiwodl (LI
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ol din (18 & iy glainll glaag (uain (o Win Gy laic dwloll ki Gaay
Juwlwll @inll (o guidws agag gl 13§y low aalg
:al<iiall angy Juo

#include

class Animal {
public:
void eat() { std::cout << "Animal is eating\n"; }

};

class Mammal : public Animal {};

class Bird : public Animal {};
class Bat : public Mammal, public Bird {};

int main() {

Bat bat;

:.. I g 3 "
Animal o Al gule (19iny Bat cainll -
A@gleaiwl way eat() ala i 3ani @iy U pagioll

aualpall asgll :Jal
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class Mammal : public virtual Animal {};

class Bird : public virtual Animal {};
class Bat : public Mammal, public Bird {};

int main() {
Bat bat;
bat.eat(); //
}

.6&hgﬂéﬁ;¢b‘}ik:&n¢uhuhlcﬁicﬂl¢y)klﬁi)élak;dj¢ujaggg(1oxiidybhidUI6ﬂﬁyl:a}ﬁUI

192l b2l abj

.Ja=illg Gbnll aals5 Galjg aiw oldls)l pad d&gen Oalj bigjgall @linll aac alj Ll

class Printer {
public:

void print() { std::cout << "Printing\n"; }
s

class Scanner {
public:
void scan() { std::cout << "Scanning\n"; }

s
class MultiFunctionDevice : public Printer, public Scanner {};
:alSioll
Jageo Julwil Jeas ailgll (o ayjoll dala) -
.oLSglull jpno guis dgen
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aie UAgad Gaay cawll gudi Joas elacl gf Jlga gile auwlwll w@linil clgial aic
.cleaiw Ul

class Printer {
public:
void powerOn() { std::cout << "Printer on\n"; }

};

class Scanner {
public:
void powerOn() { std::cout << "Scanner on\n"; }

s
class MultiFunctionDevice : public Printer, public Scanner {};

int main() {
MultiFunctionDevice mfd;

// mfd.powerOn(); //

SUadl 3320 plaaiwl :Jall

class MultiFunctionDevice : public Printer, public Scanner {
public:
void powerOnAll() {
Printer: :powerOn() ;

Scanner: :powerOn() ;
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int main() {
MultiFunctionDevice mfd;

mfd.powerOnAll();

(Constructors) dlil naw

ndgill 3 loo duwlwll Wlinil gwoa duas Guill winll yile way Saazioll &gl (na
8Ll ALAl Aie dnlh

class Basel {
public:

Basel(int x) { std::cout << "Basel\n"; }
+;

class Base2 {
public:

Base2(int y) { std::cout << "Base2\n"; }
%

class Derived : public Basel, public Base2 {
public:
Derived(int x, int y)
: Basel(x), Base2(y) {

std: :cout << "Derived\n";
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awlwll WlinDl dnas of D1 aalgh cinll JAla 6ldl Augds cuord CH++11 gi o) :ahallo
.Qaypng duolyl naus

Jia)l uwlwl cinll alkiio

.igio pe JSiiy aduio wlinl pus gul g13d a8 gulwi win g1 Jass gl

class Basel {
public:
virtual void print() const {

std::cout << "Basel\n";
};

class Base2 {
public:
virtual void print() comnst {

std: :cout << "Base2\n";
};

class Derived : public Basel, public Base2 {
public:
void print() const override {

Basel: :print();
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C++ (18 (éuhs Jio €M

#include

class A {
public:
A() { std::cout << "A Constructor\n"; }
virtual void show() { std::cout << "Class A\n"; }

};

class B : virtual public A {
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public:
B() { std::cout << "B Constructor\n"; }
void show() override { std::cout << "Class B\n"; }

};

class C : virtual public A {
public:
C() { std::cout << "C Constructor\n"; }
void show() override { std::cout << "Class C\n"; }

};

class D : public B, public C {
public:

D() { std::cout << "D Constructor\n"; }
5

int main() {
D obj;
obj.show();

return O;

A Constructor
B Constructor
C Constructor
D Constructor

Class C

Ry
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#include <tostream>

inline int add(int a, int b) {

return a + b;

int main() {
int x = 5, y = 10;
int result = add(x, y);
std::cout << "Result: " << result << std::endl;

return O;

a8l dGaopll (14 Inlining

class Rectangle {
private:

int width, height;

public:
inline int getWidth() const { return width; }

inline int getHeight() const { return height; }

inline void setWidth(int w) { width w; F

inline void setHeight(int h) { height = h; }

inline int area() const {
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return width * height;

.(Value Types) jo)l &araa clinll (na Iaa &b wglwll 13

oldal JAla Inlining

inline int multiply(int a, int b) {

return a * b;

int main() {
int result = 0;
for (int i = 0; i < 1'000'000; ++i) {
result += multiply(i, 2);
}

return O;
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class Shape {
public:

double calculateArea(double length, double width) {
return length * width;

};

int main() {
Shape rectangle;
double areal = rectangle.calculateArea(5.0, 10.0);
double area2 = rectangle.calculateArea(7.0, 12.0);

return O;

.&ig0 oo fST 18 ohSi inig Ghioll aagiy wglwll 138 Jouw
JKib DI aaeig aslgll plaAiwl .M

&0 aoladiwl 8ale| ddniwll Wlinll oy 5 i Kol aunlwil @linil jags

:Juo
class Animal {

public:

virtual void speak() const {
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std::cout << "Animal sound\n";

};

class Dog : public Animal {
public:
void speak() const override {

std::cout << "Bark\n";

};

class Cat : public Animal {
public:
void speak() const override {

std::cout << "Meow\n";

};

void makeAnimalSpeak(const Animal& animal) {

animal.speak();

int main() {
Dog dog;
Cat cat;
makeAnimalSpeak (dog) ;
makeAnimalSpeak(cat) ;

return O;
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.Jolwll digyo (ke Blanll go JIKHl go Galadl Al «oglwll 13ay

dpanill pwoxil (Templates) llgdll pladiwl .

Qudi S5 Jay BSaa=io Glily glgil go Joss aalg win gl dlla &S o gl gXos
.Spauidl
:Jlo

template <typename T>
T findMax(T a, T b) {

return (a > b) 7 a : b;

int main() {

int intMax = findMax(5, 10);
double doubleMax = findMax(3.5, 7.8);

return O;

by g9 J9 &lndio Jiga &S ge ighll ks

(ST dwwla)l auioll Glwojjlgd pladiwl .

.Ul @hiol 4,8 dale] Ul dalal JLas dlleag éjala ©lwojjlga STL &uiko jags
:Juo

#include

#include

#include

int main() {

std: :vector<int> numbers = {5, 3, 8, 6, 1};
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std: :sort (numbers.begin(), numbers.end());
std: :for_each(numbers.begin(), numbers.end(),
[D(@int n) { std::cout << n << " "; });

return O;

clall dyleg dyn0 Jola pile aniyg jiSHl JLd, @il 13

Pattern) Template Recurring (Curiously CRTP lnoi .0
.apAaliall Jlgal aals 9y doapll cudg Lﬂﬁﬂbﬁlaa&b‘@kirlp CRTP QoL
:Juo

template <typename Derived>
class Base {
public:

void interface() {

static_cast<Derived*>(this)->implementation() ;
s

class DerivedClass : public Base<DerivedClass> {
public:
void implementation() {

std::cout << "DerivedClass implementation\n";
s

int main() {
DerivedClass obj;

obj.interface();



Yvye

return O;

kel 6elas go JKbI aaeio Kglw wglwlll 13a jag

(J32)) 9)5lall pladiwl Sl Julds .
ahaall CH (18 Qigdll Jady o) dxnoil dauiul Julas gyslol) <oy
:Juo

#define GENERATE_GETTER_SETTER(Type, VarName) \
Type get##VarName() const { return VarName; } \
void set##VarName (Type value) { VarName = value; }

class Person {
private:
std::string name;
int age;
public:
GENERATE_GETTER_SETTER(std: :string, Name)
GENERATE_GETTER_SETTER(int, Age)
s

int main() {
Person p;
p-setName ("John") ;
p-setAge(30);
std: :cout << p.getName()
< " is "

<< p.gethAge()

o

<< " years old.\n";
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return O;
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o tJio sus Polho Jooy ais) G513l lpblo Lasas deleteg new pladiwl g
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class Car {
public:
Car() { std::cout << "Car created\n"; }
~Car() { std::cout << "Car destroyed\n"; }
15

int main() {
Car* myCar = new Car(); //

V4
delete myCar; //

return O;

BSI3l (16 s U] Spilo (1agy delete glu la digpall aé)
Pointers) (Smart &Sl Olpugoll .r

WAL 851301 jlal ol Jas &3l olpbgall CH+11 coid

.QUail go pbgall agia aie Gkl pas ey «Gpan &Xlo std:unique_ptr ¢

#include <memory>

class Engine {
public:
Engine() { std::cout << "Engine created\n"; }

~Engine() { std::cout << "Engine destroyed\n"; }
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};

int main() {
std: :unique_ptr<Engine> engine =
std: :make_unique<Engine>() ;

return 0; //

&0 Al claiil aic il 133; «a5 pulo &uflo std::shared ptr *

#include <memory>

class Driver {

public:
Driver() { std::cout << "Driver created\n"; }
~Driver() { std::cout << "Driver destroyed\n"; }

};

int main() {
std: :shared_ptr<Driver> dl =
std: :make_shared<Driver>();
std: :shared_ptr<Driver> d2 = di;

return O;

Ayl olaloiell (iad padiu «llo pé gajo std:weak_ptr *

#include <memory>

class Passenger {
public:

Passenger() { std::cout << "Passenger created\n"; }
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~Passenger() { std::cout << "Passenger destroyed\n"; }

};

int main() {
std: :shared_ptr<Passenger> p =
std: :make_shared<Passenger>();

std: :weak_ptr<Passenger> wp = p;

if (auto sp = wp.lock()) {
std::cout << "Passenger still exists\n";
b

return O;

Initialization) Is Acquisition (Resource RAIl iawo P

clgw (Destructor) paaly Wpjaig (Constructor) clily 3jlgall Guuwisl RAI iawo oy
. pUAS 3)lgo gi Jlasl .olalo H513 1culs

class File {
FILEx file;
public:
File(const char* filename) {
file = fopen(filename, "r");
if (!'file)
throw std::runtime_error("Open failed");
X
~File() {
if (file) fclose(file);
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};

int main() {
try {
File f("example.txt");
} catch (const std::exception& e) {
std::cerr << e.what() << '\n';

}

return O;

.Olelidiwll agag 18 (iia yjlgall chhis RATT (o
dnniall alaniallg Pooling) (Memory 8,513l gwoai €

aals Juéan 85130 Guuoll janl JAad A uaall olelig &dydnl &uiofl dakaill (1a
5ol jandl

template<typename T>
class MemoryPool {
public:
T+ allocate() { return new T(); }
void deallocate(T* ptr) { delete ptr; }

int main() {
MemoryPool<int> pool;
int* a = pool.allocate();
*a = 10;
std: :cout << *a << std::endl;

pool.deallocate(a);



return O;

.clall ale doill (né (uwlwl pgadall i Ul (Jioll dbluy pé)
o)1l L i .0
s Jouls Olwylaoll JAal
S 3l Olpbdall pladiwl -
RAII 4 plill -
AddressSanitizerg Valgrind :Jio Juai wlgal olaAiwl -
Semantics Move plaaiwl 6513l pladiwl uwas .1
.8uSloll Jaiy allasiwlg Sl G clfoll Al (1alad Jadl UL C+11 cuoid

#include

#include

class BigData {
std: :vector<int> data;
public:
BigData(size_t size) : data(size) {}

BigData(BigData&& other) noexcept
: data(std: :move(other.data)) {

std::cout << "Data moved\n";
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BigData& operator=(BigData&& other) noexcept {
if (this !'= &other)
data = std: :move(other.data);

return *this;
I

int main() {
BigData d1(1'000'000);
BigData d2 = std::move(dl);

return O;

L85 lgog 8BS gl go Joleil aic dowln &ydill 038 1%

anlAall WPV
:JUA o .CH++ OOP (14 clalll dylle daopl daacl 2l 65130 aleall §lapl Jios
&Sl olubgall -
RAII iawo -
85130l groa *
Jaul oL -

2Jwlsl pronil Loy hypaill §9a Bclafll dlleg g_wg.LU abls .diol :aolAil cliy 5oy
heh Joan &alial Glaoy ol gl bpb Jr Loa] Hha cauy 85130 daanl glapl
.85l dolaill uédeig galgll
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(Thread Safety) bhqAJl ol LIE

W Cun dhaall obaopll pghi (1é duwlwll 8aacll aal bhgidll a3=io daopll A%
lol glai any (OOP) &l daopll Guw (1a . goliio JSiy Glloe dae 34405 Clayil
&5 julio ylgo Ul bgid 8ae Jgng aic &xaall @l ol hguall

9l 6ehdll Ju (b yia @69i0g o dgluy Joasll gile aolpll j3é Ul byl glol puiy
.a5 juiall ol oljioll Jyasil

cwuwlll palg opalao jpi aiveal L£++ OOP (1 gl glol pgado pwdll 138 (Apeiwy

sauaalll 2l ol gl glol asy 13la)  LLIE

olfiio yUl a5 puoll 3jlgall Ul gwliiall Jangll 13 a6 dauanll dioliadl QLe aic
Qo OSpnd
loo Jgudll a5 wwip yile gobpll Jglw aaiey (Race Conditions): Guull ol -
hSil) AL pég Gxdgio pé il GUl (138,

ga ol &Ai 38 Guuii 993 dioljioll wlbagil (Data Corruption) Ll Qb5 -
Adwlilo pe ol

139 oo Azl @A) @jainy 3)lgo pjas 6aaxio hguA aiis (Deadlocks): oléliall -
Wilas 2oLl cadgs (sl

aublag Gl goAs &by &S juitall Gl gl Jeogll ahis bgall glol Graay ailiay
.Quiil

(Race Condition) §lw &k (e Jlio [.LIE

#include
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#include <thread>

class Counter {
public:

int count = 0;

void increment() {
for (int i = 0; i < 100000; ++i) {

count++;

int main() {

Counter counter;

std::thread t1(&Counter::increment, &counter);

std: :thread t2(&Counter: :increment, &counter);

t1.j0in();
t2.join(Q);

std::cout << "Final count: "
<< counter.count << std::endl;

return O;

18 d=dgioll Aol .uwdi cidgll 14 count piall 8abj glad pgdy (Juoll 138 (né
ASuwllS gw alla (nag &b pé gl Jai diill 99si aé dioljoll Ll cuuy o5 200000
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gl glol glad elids  W.ILIE

:bguall 633=i0 OOP wlduhi (b bguall gLoi Qo) Glidi 6ac aagi

(Mutex — Mutual Exclusion) @9&2}.” .

.60 JS 18 hda aalg hua o ¢y ygo Ul Jangll piy ol stdzmutex (poy

#include

#include

#include

class Counter {

public:

};

int count = O;

std: :mutex mtx;

void increment() {
for (int i = 0; i < 100000; ++i) {
std: :lock_guard<std::mutex> lock(mtx);

count++;

int main() {

Counter counter;

std: :thread t1(&Counter: :increment, &counter);

std: :thread t2(&Counter: :increment, &counter);
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tl.joinQ);
t2.joinQ);

std::cout << "Final count: "
<< counter.count << std::endl;

return O;

GUadl 3o a9l aic opaig @iliu] aic Wlal Goleall Jad, std::lock_guard pgas
.a5Uil clhADl gioy Loo

(Atomic Variables) a3l Olusioll .

dulio (189 Ay Judl Ul daakll g9a bguall diol Glloe std:atomic yags
Ahudl Oldosl

#include <tostream>
#include <thread>

#include <atomic>

class Counter {
public:

std::atomic<int> count{0};

void increment() {
for (int i = 0; i < 100000; ++i) {

count++; //
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int main() {

Counter counter;

std: :thread t1(&Counter::increment, &counter);

std: :thread t2(&Counter: :increment, &counter);

t1.join();
t2.join(Q);

std::cout << "Final count: "
<< counter.count << std::endl;

return O;

Ug pladiwll 839310 @is) dhuull ol (i Jusll go g pwi a3l clpsioll A
.W.. Il éhiol) Alad

bagal dioll (uwlg oWk P
ko jags a9l diolpall Ul daall Jid, oliiall Josl doono Gl g pladiwl
.yl o3& Jio Intel TBB g Boost (Jio

bagiall ol Singleton :Jlo

#include
#include

#include

class Singleton {
private:

static std::unique_ptr<Singleton> instance;
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static std::mutex mtx;

Singleton() {}

public:
static Singleton* getInstance() {
std: :lock_guard<std::mutex> lock(mtx);
if (!instance) {
instance.reset(new Singleton());

}

return instance.get();

void display() {

std::cout << "Singleton Instance\n";

};

std::unique_ptr<Singleton> Singleton::instance = nullptr;

std::mutex Singleton: :mtx;

int main() {

Singleton* sl = Singleton::getInstance();

Singleton* s2 = Singleton::getInstance();

s1->display();
s2->display();

return O;
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hguAl aioll &< juiodl OWKI  r.IE

Jongll gul bgia 8ae qliag Lo WLe (Multithreaded OOP) bhgual 833210 &uidl&)l daopll (14
aolluy Gleii dpnd Glany JAasy o)l 138 oS .alaiwblg clabl cuuad G guas gl
.g1aopll dolull déang cbwl

aal p3d) of &y dhngall ool aSjuioll ol pgado awdll 138 (Ayiw
.C++ a2) (14 bhgial diol &5 juo GllS clid ddall Glaliuwll

€4S ol WL agndoll o I.r.IE

dioliall Lé aicg .awai cudgll (18 A o k8T g0 eyl Jangll aiy 5ilS 9a o juiwoll s
:dio SphA ollfiio @Ay Ad duanll

.deb6gio pé aili gl dioljiall Gliyanil (1385 :(Race Conditions) Gl ol -
Adio pe alla 1 Gl s a8 Jasil clisl dclydll :(Data Corruption) GLwl Al -
oAl aaai gl 138) Al mAey] gl jUAiL (Deadlocks): clalALI -

.20Upll g efigio Kol gody o 1a &S puball GUSD dvanll &l

baqAl diol a5 puio Ol el Obawlpwl  [.r.IE
a5 puball Gl 2o Joleil aic gl Glol Glod) Glids 6ac 3ags
yibiall &I Elaal (Mutex) Ggleall pladiwl ||
830 JS 16 apll ghdall il Joasll hia aalg hual doleall pauy

#include

#include
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#include <mutex>

class SharedObject {
public:
int value;

std: :mutex mtx;

void increment() {
std::lock_guard<std: :mutex> lock(mtx);

++value;
5
void threadFunction(SharedObject& obj) {

for (int i = 0; i < 100000; ++i)

obj.increment () ;

int main() {

SharedObject obj{0};

std: :thread tl(threadFunction, std::ref(obj));
std: :thread t2(threadFunction, std::ref(obj));

t1l.joinQ);
t2.join(Q);

std::cout << "Final Value: "

<< obj.value << std::endl;
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return O;

.Aopll clnAll d.Lo.: oo ‘luLo.b QAaiag @9&21” Jad std::lock_guard oy

(Atomic Operations) ayall ol .

glgill uulio (nag (Jlasl gul dalll yga bgal diol Gllae &3l Olusiall 1ags
-Aauull

#include <iostream>
#include <thread>

#include <atomic>

class SharedObject {
public:

std: :atomic<int> value;

void increment() {

++value;
5
void threadFunction(SharedObject& obj) {

for (int i = 0; i < 100000; ++i)

obj.increment () ;

int main() {

SharedObject obj{0};
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std: :thread ti1(threadFunction, std::ref(obj));
std: :thread t2(threadFunction, std::ref(obj));

t1.join();

t2.join(Q);

std:

:cout << "Final Value: "

<< obj.value.load() << std::endl;

return O;

.8adigall U alns Ug pladiwll 639330 @is) (Jasll go gpwi &3l Gllasl

bl aioll ol .

1aule ool &loa way olaaioll gi pilgall Jio ol o olegoao &S )Ll aie

#include
#include
#include

#include

class Sh

public:
std:
std:

void

<tiostream>
<thread>
<vector>

<mutex>

aredObject {

:vector<int> vec;

:mutex mtx;

addValue(int val) {
std: :lock_guard<std::mutex> lock(mtx);

vec.push_back(val);
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void print() {
std: :lock_guard<std::mutex> lock(mtx);
for (int v : vec)
std::cout << v << " "

std::cout << std::endl;
s
void threadFunction(SharedObject& obj) {

for (int 1 = 0; i < 5; ++i)

obj.addValue(i);
int main() {
SharedObject obj;

std: :thread tl1(threadFunction, std::ref(obj));
std: :thread t2(threadFunction, std::ref(obj));

tl.join(Q);
t2.join();

obj.print();

return O;

.6jala dioljio wbgla pagil Intel TBB g Boost Jio ¢lisoy &ilsiwll Ln.:l S0y

Smart Pointers plaAiwl &5 puioll &uSlall .
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.ol JSily bhgyd 8ac g yitio l8 &KL 8jlal) std:ishared_ptr paALL

#include
#include

#include

void threadFunction(std: :shared_ptr<int> ptr) {
(*ptr)++;

int main() {

auto sharedObj = std::make_shared<int>(0);

std: :thread tl1(threadFunction, sharedObj);
std: :thread t2(threadFunction, shared0bj);

tl.join();
t2.join();

std::cout << "Final Value: "
<< xgharedObj << std::endl;

return O;

¢oliall Jongll gy Ug Jadd posll §lal 1oy shared_ptr ol gl ol cany ¢X)
LAl ol

(Read-Write Locks) &lisllg 6clyéll de.éi .0
.6clas ki i std::shared_mutex A Qs alag éclid)l lloe &S aic

#include
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#include <thread>

#include <shared_mutex>

class SharedObject {
public:
int value;

std: :shared_mutex rw_mtx;

void readValue() {
std: :shared_lock<std::shared_mutex> lock(rw_mtx);
std::cout << "Read Value: "

<< value << std::endl;

void writeValue(int newVal) {
std::unique_lock<std::shared_mutex> lock(rw_mtx);

value = newVal;

};

void reader(SharedObject& obj) {
obj.readValue();

void writer(SharedObject& obj, int v) {

obj.writeValue(v);

int main() {
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SharedObject obj{42};

std: :thread ri(reader, std::ref(obj));
std: :thread r2(reader, std::ref(obj));
std: :thread w(writer, std::ref(obj), 100);

rl.join();
r2.join(Q);
w.join();

return O;

AU §pan glod go dioljio Oleld 62y hoil 138 pouy
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&)l daopl (1o Jasllg (Mutex) goleall  .IE

¢un dihanll Gbaopll (1 dulwbl aocll aal (Multithreading) gl 63axio daopll A%
Lans Jasy giilgdl 13 ) .6cla%) plleall &gil JUiwlg (ilgill plao 6ac 344i pows
&% bl ylgall Ul goliall Jangll i

Al Ghw ol (U] (13§85 28 daa Unlds &5 uboll I Jios (OOP) &kl daopl (né
auwlwl oK (Locks) Jlaallg (Mutex) gg&iul 193 Uil lid . @d8gio pé cglw gi (bl
Jhgall aollw glaa)

QWS JAls Boladiwl G C+ (na Juall glgsi ‘gg@l 09240 ouudll 138 (Apeiuy
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(Mutex)s ggleall ga o  LP.IE

2hio gUl Jeongll aifoy haalaalg lad gl e dolio 81al ga (Mutual Exclusion) gglsall
Qa0 &A% (16 3
:auulwDl 65all

.aoladiwl (o hgiAll &d) giog ygoll jaa (Lock): Jaall -
.J9Aalb op alowlg ygall pyas (Unlock): aiall -
.§oleall pidy (un pais giall bhguall (Blocking): canl -

B2y ey dlnal gUl ago (2igio pé JSiiy gyl 3,46 JAlaD Ab Goleall g9y
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RAII. aso ale WL aaiesg ajlal Jauws .Goleall §ob kel dauh (i Jlaall
‘loa logub JiSDICH+ J1a



Y.

0 a9l aic WAL anidyg cliull sic Ggleall Gl Jaww Jad :std:lock_guard *
.Gladl

.ai8gall JLaallg . 1gayl aidll (Jadoll Jadll pea, digpo jisi Jad :std::unique_lock -

.9eall pid gl giasg caall Jlas ©lgalll oaa

sJlaally ggleall padiws lala)  P.LIE
:ule acluy Jwallg ggleall plajiwl
&% bl bl Jengll aie @l Gl gio |
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std::lock_guard plaAaiwl

#include
#include

#include

class Counter {

private:
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int count;

std: :mutex mtx;

public:
Counter() : count(0) {}

void increment() {
std: :lock_guard<std::mutex> lock(mtx);
++count;
std::cout << "Count after increment: "

<< count << "\n";

int getCount() {
std: :lock_guard<std::mutex> lock(mtx);

return count;

};

void task(Counter& c) {
for (int 1 = 0; i < 5; ++i)

c.increment () ;

int main() {
Counter counter;
std: :thread t1(task, std::ref(counter));
std: :thread t2(task, std::ref(counter));
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tl.join(Q);

t2.joinQ);

std::cout << "Final count: "

<< counter.getCount() << "\n";

return O;

.ol pheo (1a gualiall juAll a9 .dbluug Gloi J<il ga wglwill 13a

std::unique_lock plaAiwl

#include <tostream>
#include <thread>

#include <mutex>

class Counter {
private:
int count;

std: :mutex mtx;

public:
Counter() : count(0) {}

void increment() {
std: :unique_lock<std::mutex> lock(mtx);
++count;
std::cout << "Count after increment: "
<< count << "\n";

lock.unlock(); //



yay

int getCount() {

std: :unique_lock<std::mutex> lock(mtx);

return count;

#include
#include
#include

#include

<iostream>
<thread>
<mutex>

<chrono>

class SharedResource {

private:

int data;

std: :mutex mtx;

public:

SharedResource() : data(0) {}

:std::unique_lock Llio
Jadoll Jadll -
J1921 quall -

auiopl Jasll pea -

Jadall Jaall :Jlo
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void update() {
std: :unique_lock<std::mutex> lock(mtx, std::defer_lock);
std::this_thread::sleep_for(std::chrono::milliseconds(100));
lock.lock();
++data;
std::cout << "Data updated: "

<< data << "\n";

.63320 dhdi guia Jadll pald dalall aie a0 wglwll 134

lBwing Ly doiub clhAl  O.VLUIE
Aodly cusll guai Goleoll Jady laias (Deadlocks): clalAL! -

Dl guuni) gl ghdoll pan Jlé 1 Jadll (1a hiall -

Qi gl Giad RAI padiwl :JWELU dy9a41 §lall

puanill blojlg ggleall  LHLIE
IngAll ol Singleton @aubl Baasio moani blail 16 Ggleall padiuy

#include

#include

class Singleton {
private:

static Singleton* instance;
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static std::mutex mtx;

Singleton() {}

public:
static Singleton* getInstance() {
std: :lock_guard<std::mutex> lock(mtx);
if (!instance)
instance = new Singleton();

return instance;

void show() {

std::cout << "Singleton accessed\n";
s

Singleton* Singleton::instance = nullptr;

std: :mutex Singleton: :mtx;

anlAl  V.P.E

.a8gigog &iol gl 33210 &uwils Glaop clid gulwll jan (1 Jaslly Goleoll

splaAinw
std::mutex *
std::lock_guard °

std::unique_lock *
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