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The Factory Method pattern provides
a generalized way to create
instances of an object and can be

a great way to hide implementation
details for derived class \

L s superclass L abstract s < Subclass o535 o a5 il acils |) el 51 09,8 s caslip b (55L SG o 3
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#include <iostream>
#include <string>
#include <vector>
using namespace std;
class Shape {
public:
virtual string getName () = 0;

)

class Triangle : public Shape {
public:

string getName () { return "Triangle"; }

i
class Square : public Shape {
public:

string getName () { return "Square"; }

i
class Circle : public Shape {
public:

string getName () { return "Circle"; }

i

Enum SHAPE Type{ TRIANGLE, SQUARE,

wld |y onls 5 @e g Sdie (s355,8 XS

sl oo Lo ShAPE glgil 51 alaS ;o sanles olgie 4 €NUM G >

CIRCLE};

10




s 0 O,90 ol 40 1, ShapeFactory o5

class ShapeFactory {
public:
Shape* create (SHAPE Type t)
{
switch (t) {
case TRIANGLE:
return new Triangle();
case SQUARE:
return new Square();
case CIRCLE:
return new Circle();

bi

siala SUbClass s shape g5 1ils 351.5,5 adgs o o) ol €NUM ols b ol oo |, ShApe (oIS las; 3 51 6l aiges o >
B oo b (6035, S ,a g5 1lS g @S e il o Ll we CrEAte wie o,k 5l 1, Ll il axsls adlal gls yial )b 4 5Ls

int main ()

{

vector <Shape*> shapes;

Factory £;

shapes.push back(f.create (TRIANGLE)) ;
shapes.push back(f.create (SQUARE)) ;
shapes.push back(f.create (CIRCLE)) ;

for (Shape*& s : shapes)
cout << s->getName () << endl;

for (Shape*& s : shapes)
delete s;

shapes.clear () ;

return 0;

factory ol 1 ¢, aiges &3

#include <string>
#include <memory>
class IGameObject {
public:

virtual ~IGameObject () {}

virtual void Update() = 0;

virtual void Render () 0

i
class Plane : public IGameObject ({

public:
Plane () {}
void Update () {}
void Render () {}

}i
class Boat : public IGameObject ({

public:
Boat () {}
void Update () {}
void Render () {}

W7
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enum class ObjectType { PLANE, BOAT };

std::shared ptr<IGameObject> MakeGameObjectFactory (ObjectType type) {
if (type == ObjectType::PLANE) {
return std::make shared<Plane>();
}
else if (type == ObjectType: :BOAT) {
return std::make shared<Boat>();

}

return nullptr;

}

int main() {
std::shared ptr<IGameObject> myObject = MakeGameObjectFactory (ObjectType: :PLANE) ;
std::shared ptr<IGameObject> myObject2 = MakeGameObjectFactory (ObjectType: :BOAT) ;
return O;

oS oyo,5 delete wls o1, i), (oIS 5l eas axsl sla ools Stdiishared_ptr gq 5l smart 3 o,Lal 5l oolical b Jlo ol o
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:Variadic Arguments , Template . Factory ;I ¢ aige B

finclude <memory>
#include <utility>

class Factory {

public:
template<typename T, typename... Args>
static std::unique ptr<T> create (Argsé&&... args) {

return std::make unique<T> (
std::forward<Args>(args) ...
)i

)

auto player = Factory::create<Player> ("Hero", 100);
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«Interface»
— UlComponentFactory

: / _______ J \ =

) 2 +createButton() : Button i IR
2 saglall ud)zial ‘ +createTextBox() : TextBox 843 5 By slj
Page Element Interface Dark Theme Page Components

Abstract Factory — Class diagram

~

) <<interface>>
Client AbstractFactory
+ createProductA()
+ createProductB()
L .
C 2 > B 3
ConcreteFactory1 ConcreteFactory2
+ createProductA() + createProductA()
+ createProductB() + createProductB()
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(Abstract Products) <! &Y gaxs. 1

class Door {

public:
virtual ~Door () = default;
virtual void describe () const = 0;
virtual void open() = 0;

b

class Engine {

public:
virtual ~Engine() = default;
virtual void start () const = 0;

I
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(Concrete Products) wgolo &Y gaxo.2

class MercedesDoor : public Door ({
public:
void describe () const override ({
std::cout << "Mercedes Door: Luxurious and wide." << std::endl;
}
void open () { std::cout <<”Shhhhhhhhhh”<<std::endl; }
}:

class MercedesEngine : public Engine ({
public:
void start () const override {
std::cout << "Guurrrruuuummm, Mercedes Engine: V8, smooth ignition." <<
std::endl;
}
i

class ToyotaDoor : public Door ({

public:
void describe () const override {
std::cout << "Toyota Door: Practical and lightweight." << std::endl;
}
void open () { std::cout <<”zzzzzzzzzzzzzz”<<std::endl; }

Y

class ToyotaEngine : public Engine {
public:
void start () const override {
std::cout << "Toyota Engine: Efficient 4-cylinder." << std::endl;
}
i

(Abstract Factory) <5l a5l 5.3

class CarFactory {

public:
virtual ~CarFactory () = default;
virtual std::unique ptr<Door> createDoor () const = 0;
virtual std::unique ptr<Engine> createEngine () const = 0;

I

abstract (Concrete Factories) 4ils,ls subclass gl slaails 5.4

class MercedesFactory : public CarFactory {
public:
std: :unique ptr<Door> createDoor () const override {
return std::make unique<MercedesDoor> () ;

}
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std::unique ptr<Engine> createEngine () const override {
return std::make unique<MercedesEngine>();
}
i

class ToyotaFactory : public CarFactory {

public:
std::unique ptr<Door> createDoor () const override {
return std::make unique<ToyotaDoor>();
}
std::unique ptr<Engine> createEngine() const override {

return std::make unique<ToyotaEngine>();
}
i

(Client) 35 0 4l )5 b g 5 5

class CarAssembler {

private:
std::unique ptr<Door> door;
std::unique ptr<Engine> engine;

public:
CarAssembler (const CarFactoryé& factory) {
door = factory.createDoor();
engine = factory.createEngine()
}
void assemble () const {

std::cout << "Assembling car with:\n";
door->describe () ;

engine->start () ;

std::cout << " Assembly complete.\n\n";

(Main) Lol 2.6

#include <iostream>
#include <memory>
int main () {

MercedesFactory mercedesFactory;
CarAssembler benzCar (mercedesFactory) ;
benzCar.assemble () ;

ToyotaFactory toyotaFactory;
CarAssembler toyotaCar (toyotaFactory) ;
toyotaCar.assemble () ;

return 0;
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leww! Creational ¢4 51 o Singleton o

Singleton pattern — Class diagram

new
8 Client § ( Singleton h
use
»| - singletoninstance : Singleton
+ getinstance(): Singleton
k. 4 A J
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g9 5 _INSTANCE ol oo 5 o, L8] G 1otS S ooty axslos 8 5 o] alwg 40 b oLy deletelnstance sl « S0
o il 5148 oS o el gEtINSTANCe L wdly 1o g @S oo i NUIIPTE aJgl Jlais L private static o gw 4 (IS 555
oo a3l W3 51 5 wajl oo 15T g ol souts sl Jas w5 o b axsls NUIIPEr Jlais _instance o Lo b o5 5
Ko s oo ol getinstance 51 g, a5 ol sl B o) e aisl b wDygo 90,0 50 Loles g gen 45 oo
3 omizes xS NUIPTF Ll 5 delete 15T sl nullptr (s o o 5 o)Ll 5145 0 o ) o deletelnstance
5 hais 5 b o5 delete o1, .. s @ssign operator > ; move constructor , copy constructor wilg o aslsl

oS 595 |y oo 4l 2B 40,5 (oS 5ld s aon g xS 15 g€TINSTANCE s 545 U pudiians jobo a0 wilgy Lass

class SingletonDemo {
public:
static SingletonDemo * getInstance (params) {
if (! instance) {
_instance = new SingletonDemo (params) ;
}
return _instance;
}
static void deletelInstance () {
if (_instance) {
delete instance;

_instance = nullptr;
}
}
SingletonDemo (const SingletonDemoé&) = delete;
SingletonDemo& operator=(const SingletonDemo&) = delete;
SingletonDemo (SingletonDemoé&&) = delete;
SingletonDemo& operator=(SingletonDemo&&) = delete;

private:
static SingletonDemo* instance;

}

SingletonDemo* SingletonDemo:: instance = nullptr;

o el s wilys oo LT il 13 legen |, GELINSTANCE wie g 0SS (psilSs 5 Lo 3w wasliyy 5 o 51 i il @
Wil 1) 095 (b AIS 8 w9 oS a1 if _instance == nullptr L,z s 5 g0 Jolas ols oKl LT Mo Saigd JSio >0 -l

(el 03,5 Override 151 s, Koo (y52) il jimel o 90 51 o Luled g

Sl 5l eslisul 4y g5k buels 5 ol Thread Safe § sl ss5 4 555 Static slosl el ww 4 1T a5 CH ) &l Q
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#include <mutex>

class Singleton {

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

Singleton () = default;

public:
Singleton(const Singleton&) = delete;
Singletoné& operator=(const Singletoné&) = delete;

static Singleton* getInstance() {
std::lock guard<std::mutex> lock (mtx);
if (instance == nullptr) {
instance = new Singleton();

}
return instance;
}
}i
Singleton* Singleton::instance = nullptr;
std::mutex Singleton::mtx;

sl o0ls mesgs Lazy Initialization « b, e cuwd )0 a5 el stdiicall_once ;leslacul 1 o5 wi Co g 500 (w9,
s oy Singleton wist 1
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» 1, nullptr luis getinstance Le-b o slos,55 Call 1, buildinstance 1, s Return 1,51 getinstance

class Singleton {
public:
static bool BuildInstance (int a,
if (_instance) return false;
_instance
return true;

}
static Singleton* GetInstance () {

return _instance;

}

static bool DeletelInstance () {
if (_instance) delete instance;
_instance = nullptr;
}
private:

inline static Singleton* instance
Singleton (int a, double b, ClassC* c

}

double b, ClassC* c,

new Singleton(a,b,c,d,

ClassD* d,bool e ) {

e);

nullptr;

,ClassD* d,bool e) {
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Prototype pattern — Class diagram

i Client

N

+ field: type

use

i <<Interface>>

IPrototype

~

\+ method(type): type

.

clone

+ clone(): IPrototype
\+ deepClone(): IPrototype

/5

r' Extends

W

PrototypeFactory

i ConcretePrototype1

- ConcretePrototype2

.

+ getPrototype(): IPrototype
A .
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Prototype o5l 5 ;L5 (B

class Prototype {

+clone () : Prototype*
}
class ConcretePrototypel {
+clone () : Prototype*
}

class ConcretePrototype2 ({

+clone () : Prototype*
}
Prototype <|-- ConcretePrototypel
Prototype <|-- ConcretePrototype?2
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w30 ol (Farm Game) ac e o3k loa L 1, Jlos Lesl o G 4o 0ol (g 3Lwosly ai

Prototype 4L 55 I8

#include <iostream>
#include <string>
#include <memory>

class Animal {

public:
virtual ~Animal () = default;
virtual std::unique ptr<Animal> clone() const = 0;
virtual void speak() const = 0;
virtual void info () const {

std::cout <<"als: " << name << " | &5y: "<< color <<" | jw: " << age <<std::endl;

}
void setName (const std::string& n) { name = n; }
void setColor (const std::stringé& c) { color = c; }
void setAge(int a) { age = a; }

protected:

std::string name;
std::string color;
int age{};

}i
3yl 1y s ob 5l (Deep Copy) @uds o5 o oisle aiby clone() o eyl o

B claaises L Concrete Prototype b S5

class Cow : public Animal {

public:
Cow () { name = "4L8"; color = "sloges"; age = 2; }
std::unique ptr<Animal> clone () const override ({

return std::make unique<Cow> (*this);
}
void speak () const override {
std::cout << "g494 o!" << std::endl;
}
}i
class Sheep : public Animal {

public:
Sheep () { name = "Wiaw,ysS"; color = "ww"; age = 1; }
std::unique ptr<Animal> clone () const override ({

return std::make unique<Sheep>(*this) ;
}
void speak() const override {
std::cout << "gz=xxy!" << std::endl;
}
}i

)k clone() o 3 oeoer el gilwesls e o
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int main() {

tac 30 gL o Prototype il osliw! ¢

std::unique ptr<Animal> cowPrototype = std::make unique<Cow> () ;
std::unique ptr<Animal> sheepPrototype = std::make unique<Sheep>();

auto cowl = cowPrototype->clone()
cowl->setColor ("o Luuw");
cowl->setAge (3);

auto cow2 = cowPrototype->clone () ;
cow2->setColor (" aiw");

auto sheepl = sheepPrototype->clone () ;
sheepl->setAge (2);

std::cout << " La g LS:" << std::endl;
cowl->info () ;

cow2->info () ;

std::cout << "\n¢Q ¢! LiiwsS:" << std::endl;
sheepl->info () ;

std::cout << "\n@ld Leluaw:" << std::endl;
cowl->speak () ;

sheepl->speak () ;

return 0;

doliy o955

Prototype a5 JavaScript = slool; »(JavaScript / ActionScript) Lg slab; 5o Prototype B

let animal = {
color: "brown",
sound: "moo",
speak () {

}
}i
let

COw.
COWw.
COWw.

console.log (this.sound) ;

cow = Object.create (animal) ;

speak () ;
sound = "mooo";
speak () ;

animal.speak () ;
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class AnimalRegistry {
public:
void addPrototype (const std::string& type, std::unique ptr<Animal> prototype) {
prototypes|[type] = std::move (prototype) ;
}
std::unique ptr<Animal> create(const std::string& type) const {
return prototypes.at (type)->clone();
}
private:
std::unordered map<std::string, std::unique ptr<Animal>> prototypes;
}i

AnimalRegistry registry;

registry.addPrototype ("cow", std::make unique<Cow>());
registry.addPrototype ("sheep", std::make unique<Sheep>());
auto newCow = registry.create("cow");
newCow->setColor (" <Sa.");
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#include <iostream>
#include <string>

class Driver {
public:
std::string name;

Driver (const std::string& name) : name (name) {}

Driver* clone () const {
return new Driver (*this);
}
i

class Engine {
public:
int horsepower;

Engine (int hp) : horsepower (hp) {}

Engine* clone() const {
return new Engine (*this);
}
ti

class Car {

public:
std::string model;
Driver* driver;
Engine* engine;
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Car (const std::string& model, Driver* driver, Engine* engine)
model (model), driver (driver), engine (engine) {}

~Car () {

delete driver;
delete engine;

Car* shallowCopy () const {
return new Car (this->model + " (Shallow)", this->driver, this->engine);

}

Car* deepCopy () const

—_

Driver* newDriver = this->driver->clone();
Engine* newEngine = this->engine->clone() ;
return new Car (this->model + " (Deep)", newDriver, newEngine);
}
void displayInfo () const {
std::cout << "Model: " << model
<< " | Driver: " << driver->name
<< " | Engine HP: " << engine->horsepower << std::endl;
}
bi
int main () {

Driver* originalDriver new Driver ("Ali");
Engine* originalEngine = new Engine (200) ;
Car* originalCar = new Car ("Tesla Model S", originalDriver, originalEngine);

std::cout << "--- Original Car ---" << std::endl;
originalCar->displayInfo();

Car* shallowCar = originalCar->shallowCopy () ;
shallowCar->driver->name = "Reza";

std::cout << "\n--- After modifying driver name in Shallow Copy ---" << std::endl;
std::cout << "Original Car: "<< originalCar->displayInfo();

std::cout << "Shallow Car: "<< shallowCar->displayInfo/():;
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Car* deepCar = originalCar->deepCopy () ;

deepCar->driver->name = "Hassan";
deepCar->engine->horsepower = 350;

std::cout << "\n--- After modifying driver and engine in Deep Copy ---" << std::endl;
std::cout << "Original Car: "<< originalCar->displayInfo();

std::cout << "Deep Car: "<< deepCar->displayInfo();

delete originalCar;

delete deepCar;

return 0;
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MyClass* main object = new MyClass();
auto copy version = *main object;
ails 0929 o] (o5 S il a5 oy ) oo sl 5T (S diged mutlys oo a5 Sl [ oMS COPY [9xS sl 51 oolictu -2
(lasbs
Auto main object = new MyClass{.,.,

R Y R RS ¥

main object ->setPropertyX(x);
auto copy version = new MyClass{main object};
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Builder pattern — Class diagram

~ ) [~ )
ObjectBuilder Extends IBuilder

+ build() : TargetObject + build() TargetObject
A, / N S/
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Build d OtherObject
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Menu menu ("main", "Main Menu", {"Optionl", "Option2"}, true, 2);

Builder o)1 i, B
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class Menu {
public:
Menu (std::string id,
std::string title,
std::vector<std::string> options,
bool horizontal,
int border)
: mId(id), mTitle(title),mOptions (options),
mHorizontal (horizontal),mBorder (border) {}
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private:
std::string mId;
std::string mTitle;
std::vector<std::string> mOptions;
bool mHorizontal;
int mBorder;

el A ligBl w2 5L AT ey (2,8 i polde b jles calise goaile pais Wb gl o b g olaws S

| et 4tls (6 5 pmes o5 b 05 o S8 Lo 4y ke BUIldET iy Yo 2oL Builder b asews €3

class Menu {
public:
static Menu create(std::string id) {
return Menu{id};

}

Menu& withTitle (std::string title) {
_title = title;
return *this;

}

Menu& withBorder (int pixels) {
_border = pixels;

return *this;

}

Menu& addOption(std::string option) {
_options.push back (option) ;
return *this;

}

Menué& horizontal () {

_horizontal = true;
return *this;

}

Menué& vertical () {
_horizontal = false;
return *this;

}

void show () const {
std::cout << "Menu: " << title<< "

}

private:

std::string id;

std::string title;

std::vector<std::string> options;

bool horizontal{false};

int border{0};

Menu (std::string id) : _id(id) {}

const auto mainMenu = Menu::create ("main")
.withTitle ("Main Menu")
.addOption ("Option 1")
.addOption ("Option 2")
.horizontal ()
.withBorder (2) ;
mainMenu.show () ;

(border:
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class Car {
public:

void SetEngine (const std::stringé& e) { engine = e; }

void SetBody (const std::stringé& b) { body = b; }

void SetColor (const std::string& c) { color = c; }

void Show () const {

std::cout << "Car built with: " << body << ", "
<< engine << ", color: " << color << "\n";

}

private:

std::string engine, body, color;

}i
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class CarBuilder {

public:
virtual ~CarBuilder () = default;
virtual void BuildEngine() = 0;
virtual void BuildBody () = 0;
virtual void Paint () = 0;
virtual std::unique ptr<Car> GetCar() = 0;

: Concrete Builde ¢;Lucoly €3

class SportsCarBuilder : public CarBuilder {

private:
std::unique ptr<Car> car;

public:
SportsCarBuilder () { car = std::make unique<Car>(); }
void BuildEngine () override { car->SetEngine ("V8 Turbo"); }
void BuildBody () override { car->SetBody ("Sport Coupe"); }
volid Paint () override { car->SetColor ("Red"); }

std::unique ptr<Car> GetCar () override { return std::move (car); }
Director &

class Director {
private:
CarBuilder* builder;

public:
vold SetBuilder (CarBuilder* b) { builder = b; }
std::unique ptr<Car> Build() {
builder->BuildBody () ;
builder->BuildEngine () ;
builder->Paint () ;
return builder->GetCar () ;

main s soliiw! 7

int main () {
Director director;
SportsCarBuilder sportsBuilder;
director.SetBuilder (&sportsBuilder) ;
auto car = director.Build():;
car->Show () ;

(Sandwich Builder) g guils cébu : yoslw Jto &

oS ods Builder Juslo U1, ( BLT . Slools ) en) zugaile clise glyl puplys oo Jlio cnl 5o

#include <iostream>
#include <vector>
#include <utility>

enum class Bread { Toast, HotdogBun, BurgerBun };

enum class Protein { Beef, Sausage, Bacon };
enum class Sauce { Ketchup, Mayo, Mustard }; //
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class Sandwich {

public:
Bread bread;
Protein protein;
std: :vector<Sauce> sauces;
void Show () const {

std::cout << "Sandwich ready with " << sauces.size () << " sauces!\n";

}

) 8

class SandwichBuilder {

public:
virtual ~SandwichBuilder () = default;
virtual SandwichBuilderé& AddBread() = 0
virtual SandwichBuilderé& AddProtein() = 0;
virtual SandwichBuilderé& AddSauce () = 0
Sandwich GetResult () {

Sandwich result = std::move( sandwich);
Reset () ;
return result;
}
protected:
Sandwich sandwich;

void Reset () {
_sandwich = Sandwich{};
}
kg
class BurgerBuilder : public SandwichBuilder ({
public:

SandwichBuilder& AddBread () override {
_sandwich.bread = Bread::BurgerBun;
return *this;

}

SandwichBuilder& AddProtein () override {
_sandwich.protein = Protein::Beef;
return *this;

}

SandwichBuilder& AddSauce () override {
_sandwich.sauces.push back (Sauce: :Ketchup) ;
return *this;

}

i
class Director {
public:
Sandwich Make (SandwichBuilderé& b) {

b.AddBread ()
.AddProtein ()
.AddSauce () ;

return b.GetResult ()

teslaiwl /

int main () {
Director d;
BurgerBuilder builder;
Sandwich s = d.Make (builder) ;
s.Show () ; }
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auto burger = BurgerBuilder ()
.AddBread ()
.AddProtein ()
.AddSauce ()
.GetResult () ;
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Singleton Pattern with Lazy Initialization

Singleton

- _instance : Singleton*

+ gacogTitance()
+ deletelnstance()

Yes : No
_instance == null?

Create object: Return existing
new Singlaton() instance

|—> Singleton* 4——'

5L s Lais g )T aiediga oo laie oy CH+ s Lazy Initialization )
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class HeavyResource {

public:
HeavyResource () { }
void use () { }

}i
class LazyHolder ({

private:
mutable std::unique ptr<HeavyResource> resource;

public:
const HeavyResource& getResource () const {

if (! resource) {
std::make unique<HeavyResource> () ;

_resource =

}

return * resource;
}
bi
blss 5 oslw bl 30
s ool (Multithreaded) suvais s o icas x

: mutex (Double-Checked Locking)u thread-safe ax.; §3

class LazyHolder ({

private:
mutable std::unique ptr<HeavyResource> resource;

mutable std::mutex mtx;

public:
const HeavyResource& getResource () const {
if (! resource) {
std::lock guard<std::mutex> lock( mtx);
if (! resource) {

std::make unique<HeavyResource> () ;

_resource =

}
}

return * resource;
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class LazyHolder ({

private:
mutable std::unique ptr<HeavyResource> resource;
mutable std::once flag initFlag;

public:
const HeavyResource& getResource () const {
std::call once( initFlag, [this] () {
_resource = std::make unique<HeavyResource> () ;
) :
return * resource;
}
}i
b 50
thread-safe Suls o
S b ow yiws 4o Jas overhead oo @
oUgSglﬂ&ﬁ °
R WL 1) a)Lﬁtbw|Luw35 °
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const HeavyResource& getResource () {

static HeavyResource _instance;
return _instance;
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el !, ,Lew Singleton L Lazy Initialization c.s s

class DatabaseConnection {
public:
static DatabaseConnection& getInstance () {
static DatabaseConnection _instance;
return instance;

}

DatabaseConnection (const DatabaseConnectioné&) = delete;

DatabaseConnection& operator=(const DatabaseConnectioné&) = delete;
private:

DatabaseConnection () { }

i
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static YourType instance;
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Object Pool pattern — Class diagram

/

<<interface>>
|0bjectFactory

~

use

f <<Interface>> \
I0bjectPool

+ getObject(): IPoolableObject

+ createNew(): IPoolableObject

Extends

-~

ConcreteObjectFactory h

b

+ createNew(): IPoolableObject

/

A

+ releaceObject(IPoolableObject)
Extends ﬁl
(" AbstractObjectPool w U catision ™
1 IPoolableObject
- max: Int management
- min: int »
- timeout: int
+ operation()
+ getObject(): IPoolableObiject \ .
\+ releaceObject(IPoolableObject) r
Extends
Extends
K <<interface>> \ (" ConcretePoolableObject )
ConcreteObjectPool
= + operation()
+ getObject(): IPoolableObject
Qreleaoeomect( IPoolableObject) / \_ J

42

o




23l e 5L 52 152
145 it 505, (2led! b TEAIMIME lapis b (5lme comaily (35l aSecs lagsils o o515 sl s 51 6,k o
(e b LS (5 a3l s5i50 5 (Suied sl (ST Al et Jlail Se) oo CanaBl )8 Ll gagali g Sl o
g so Il 550 ras g Wigur 20 0Ol S g0 O yguods o
oWl Ligsgl 5 el Koal gy ol & (450 sbaaias b 5 (65l slaalls Stie) ol 5L 0L 5 Slows 4y g s yavds @
p2psn 42 lge S0z St 30 L« (delete) s olT1, ol e 5 (NEW) s (avass €A 5l aaz c( 8 S L o 5]
(abdl> gl Jolepivan Sls31,8 Sie) ogb /el o YU Sloj aiza .1
el Gl realtime  slage o »s (Memory fragmentation) abisls - obas5ass .2
TS e U eole syl 3 L1, US2s o) Object Pool ‘Sgi"iE

St 5| a8 35 Ul slesl slaws ST1ols 5 0 o alas &5 8s 1 K0 (55 59y 5 B Ll a5 sasansle iy 5l sbaal 5l ke o
LS a8lal 35 a9 slas duaz slodl g 5LS

¢S’ oslisw! Object Pool i o) 4>

sl S| 5 o g0l e lu aF Sloj e

P50 9 Wt g0 Cas yurds g Wi o oligS Ll 45 (Sloj o

.(real-time by b b3k 55 o) 31 (St Ji 5 5o &y jLs a5 Sloj o
(4 JLail Voo 38 Tas o) Cowl 3guomo Ll lojod slaxi a5 Sloj o

teed 15 0)l50 Jols Ysomo ObjectPoOIST> S, 198U M5 HLis L TE

Storage L ;5 o ls s 5 o,Lal b Lal 5l stdi:stack | std::queue < Ysons
acquire b (S5l oo (o g JB il SN Al S e p el 5l 5 S
release (obj) «b 13,5 51,3 ooliciul 390 0,bgs b wlo 3 o 5L el & 1, o5
;e &gl ol Reset (0bj) b 595 Reset alyl cll> a4 b oo cassL 5l L3

:axy 4 C++17 )5 thread-safe ¢jluosty €9

lewl oas 05,41 ObjectPool jithread-safe o ,,a dlasl o JolS s 5luosly G el o

43




#include <memory>
#include <queue>
#include <mutex>
#include <functional>
template<typename T>

class ObjectPool ({
public:

explicit ObjectPool (std::size t initialSize = 0,
std::function<std::unique ptr<T>()> factory = [] () {
return std::make unique<T>();

})

factory (std::move (factory)) {
for (std::size t i = 0; 1 < initialSize; ++1i) {
pool .push(factory ());

std::unique ptr<T> acquire() {
std::lock guard<std::mutex> lock (mutex );

if (pool .empty()) {
return factory ();
}
auto obj std: :move (pool .front());

pool .pop();
return obj;
}
void release(std::unique ptr<T> obj) {
if (obj) {
obj->reset () ;

std::lock guard<std::mutex> lock (mutex );
pool .push(std::move (obj))
}
}
std::size t available() const {
std::lock guard<std::mutex> lock (mutex );
return pool .size();
}
private:
mutable std::mutex mutex ;
std::queue<std::unique ptr<T>> pool ;
std::function<std::unique ptr<T>()> factory ;
}i

S S 5l il e 35 0o iz S5 il T ails adgl Sl 1, 5T 4 5 ) TESEE() e o T bS5 s i b :iSs ()

oS eslizl sijle sl olse 4 (reinitializer) ouls 554

g 2 (53l Sy 5o balgls ol igo )5 Sl €

class Bullet {

private:
float start x = 0, start y = 0, end x = 0, end y = 0;
bool active = false;

public:
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void fire (float startX, float startY, float endX, float endY) {

start x = startX;
start y = starty;
end x = endX;
end y = endY;
active = true;

}
void update () {
if (active) {
if (start x < end x)
start x += 0.1;
else if (start x > end x)
start x -= 0.1;
if (start y < end y)

start y += 0.1;
else if (start y > end y)
start y -= 0.1;
if (CheckBulletHitToTarget()) active = false;
}
}
bool isActive () const { return active; }
void reset () {
start x = start y = end x = end y = 0;
active = false;

}
i
int main () {
ObjectPool<Bullet> bulletPool (50) ;

auto bullet = bulletPool.acquire();
bullet->fire (50, 50, 200,300);

bulletPool.release (std::move (bullet)) ;
return 0;

)
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template<typename T>
class ObjectPool {

std::function<void(T&)> reinitializer = [](T& obj) { b
public:
void release (std::unique ptr<T> obj) {
if (obj) {

reinitializer (*obj);
std::lock guard<std::mutex> lock (mutex );
pool .push (std::move (obj))

bi
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auto* loggerl = Logger::getInstance ("File");
auto* logger2 = Logger::getInstance ("Console");

auto* logger3 = Logger::getlInstance ("File"); Olas loggerl
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#include <iostream>
#include <map>
#include <memory>
#include <string>

class Logger {
public:
static Loggeré& getInstance (const std::stringé& key) {

if (instances.find(key) == instances.end()) {
instances[key] = std::unique ptr<Logger>(new Logger (key)) ;
}
return *instances/[key];
}
void log(const std::string& msg) {
std::cout << "[" << name << "] " << msg << std::endl;
}
private:
explicit Logger (const std::stringé& key) : name (key) {}
std: :string name;

static std::unordered map<std::string, std::unique ptr<Logger>> instances;

}i

std: :unordered map<std::string, std::unique ptr<Logger>> Logger::instances;

ool /

int main() {
auto& fileLogger = Logger::getInstance ("File");
auto& consolelogger = Logger::getInstance ("Console");
auto& fileLogger2 = Logger::getlInstance ("File");
fileLogger.log ("Saving data...");
consolelLogger.log ("Printing results...");
fileLogger2.log("File logger reused!");
return 0O;

. R
S
[File] Saving data...
[Console] Printing results...

[File] File logger reused!

:Multiton jl solw 550 g35lw eoly @

#include <iostream>
#include <string>
#include <unordered map>
#include <memory>
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class Multiton {
public:

using Key = std::string;

static Multiton& get instance (const Keyé& key) {
static std::unordered map<Key, std::unique ptr<Multiton>> instances;
auto it = instances.find (key);
if (it == instances.end()) {
auto ptr = std::make unique<Multiton>();
ptr->id = key;
instances[key] = std::move (ptr);
}

return *instances|[key];

}

Multiton (const Multiton&) = delete;
Multiton& operator=(const Multiton&) = delete;
void do something() const {
std::cout << "Instance with ID: " << id << " is working.\n";
}
private:
Multiton () = default;

std::string id ;
ti

ool /

int main() {
auto& dbl = Multiton::get instance ("database");
auto& db2 Multiton::get instance ("database");
auto& cache = Multiton::get instance("cache");

’

dbl.do_something()
db2.do_something() ;
cache.do something() ;

std::cout << (&dbl == &db2 ? "Same instance\n" : "Different instances\n");
return 0;

Thread-Safe Version (C++11) ﬁi
Il MULEX ;| ooliil g, o e oS ooliiwl Thread-Safe ;) 51 b Multi Thread 5,5 sleosgy sl

#include <mutex>

class Logger {

public:

static Loggeré& getInstance (const std::stringé& key) {
std::lock guard<std::mutex> lock (mtx) ;
if (instances.find(key) == instances.end()) {
instances[key] = std::unique ptr<Logger>(new Logger (key)) ;

}

return *instances[key];
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void log(const std::string& msg) {
std::cout << "[" << name << "] " << msg << std::endl;
}
private:
explicit Logger (const std::stringé& key) : name (key) {}
std::string name;
static std::map<std::string, std::unique ptr<Logger>> instances;
static std::mutex mtx;
}i
std: :map<std::string, std::unique ptr<Logger>> Logger::instances;
std::mutex Logger::mtx;

oS aolitl S ja 6l 1, Multiton .aly 51 (Template-Based Multiton) i glad y> aseus @

#include <iostream>
#include <string>
#include <unordered map>
#include <memory>
#include <shared mutex>

template<typename Key, typename T>
class Multiton {
public:
Multiton (const Multitoné&) = delete;
Multiton& operator=(const Multitoné&) = delete;
template<typename... Args>
static std::shared ptr<T> getPtr (const Key& key, Args&&... args) {
{

std::shared lock<std::shared mutex> readLock (mtx) ;
auto it = instances.find (key)
if (it != instances.end()) {

return it->second;

}
}

std::unique lock<std::shared mutex> writeLock (mtx) ;
auto it = instances.find (key) ;
if (it != instances.end()) {
return it->second;
}
auto instance = std::make shared<T> (std::forward<Args>(args)...);
instances.emplace (key, instance);
return instance;

}

template<typename... Args>

static T& get (const Keyé& key, Argsé&&... args) {
return *getPtr (key, std::forward<Args>(args)...);

}

static void remove (const Keyé& key) {
std::unique lock<std::shared mutex> lock (mtx);
instances.erase (key) ;

}

static bool contains (const Keyé& key) {
std::shared lock<std::shared mutex> lock (mtx) ;
return instances.find(key) != instances.end():;
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static size t count() {
std::shared lock<std::shared mutex> lock (mtx) ;
return instances.size();

static void clear() {
std::unique lock<std::shared mutex> lock (mtx) ;
instances.clear () ;

}

private:

) 8

static std::unordered map<Key, std::shared ptr<T>> instances;
static std::shared mutex mtx;

template<typename Key, typename T>

std:

:unordered map<Key, std::shared ptr<T>> Multiton<Key, T>::instances;

template<typename Key, typename T>

std:

:shared mutex Multiton<Key, T>::mtx;

#include <iostream>
#include <string>

class DatabaseConnection {
public:
DatabaseConnection (const std::string& connStr) : connStr (connStr) {

}

std::cout << "[DB Created] " << connStr << "\n";

void query(const std::string& q) {

}

std::cout << "[DB Query on " << connStr << "] " << g << "\n";

private:
std::string connStr;

};

class Logger {
public:
Logger (const std::string& name) : name (name) {

}

std::cout << "[Logger Created] " << name << "\n";

void log(const std::string& msg) {

}

std::cout << "[" << name << "] " << msg << "\n";

private:
std::string name;

}i

class CacheManager ({

public:
CacheManager (int sizeMB) : sizeMB(sizeMB) {
std::cout << "[Cache Created] Size: " << sizeMB << "MB\n";
}
void store() {

std::cout << "[Cache] Storing data in " << sizeMB << "MB memory.\n";
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private:
int sizeMB;
}i

class Config {
public:
Config(const std:
std::cout <<
}
void print () {
std::cout <<
}
private:
std::string env;
int port;

};

int main() {
std::cout <<
auto dbl

Multiton<std::string,

:string& env, int port)
"[Config Created] Env:

env (env) ,

"Environment: " << env << " | Port:

1. Multiton for DatabaseConnection

DatabaseConnection>

" << env < ",

{

" << port << "\n";

port (port)
Port:

" << port << ll\n";

(Key: string) ===\n";
::getPtr("main db",

"Server=localhost;DB=main;") ;

auto db2 Multiton<std::string,
"Server=localhost;DB=main;") ;

auto db3 Multiton<std::string,
"Server=replica;DB=main;") ;

DatabaseConnection>

::getPtr("main db",

DatabaseConnection>

::getPtr ("replica db",

dbl->query ("SELECT * FROM users;");

’

std::cout << "Are dbl and db2 the same? " << (dbl == db2 ? "YES" "NO") << "\n";
std::cout << "Are dbl and db3 the same? " << (dbl == db3 ? "YES" "NO") << "\n\n";
std::cout << "=== 2. Multiton for Logger (Key: string) ===\n";

auto& loggerl = Multiton<std::string, Logger>::get ("info log", "InfolLogger");

auto& logger2 = Multiton<std::string, Logger>::get ("error log", "ErrorLogger");

loggerl.log("System started successfully.");
logger2.log ("Disk space is low!");

std::cout << "Logger count: " << Multiton<std::string, Logger>::count () << "\n\n";
std::cout << "=== 3. Multiton for CacheManager (Key: int) ===\n";

auto cachel = Multiton<int, CacheManager>::getPtr (1, 512);

auto cache2 = Multiton<int, CacheManager>::getPtr (2, 1024);

auto cache3 = Multiton<int, CacheManager>::getPtr(l, 999);

cachel->store () ;
cache3->store () ;

std::cout << "CacheManager count: " << Multiton<int, CacheManager>::count () << "\n\n";
std::cout << "=== Multiton for Config (Key: string) ===\n";

auto& devConfig = Multiton<std::string, Config>::get ("development", "dev", 3000);
auto& prodConfig = Multiton<std::string, Config>::get ("production", "prod", 8080);
auto& testConfig = Multiton<std::string, Config>::get ("development", "dev", 9999);

devConfig.print ()
prodConfig.print (
testConfig.print (

’

)
)

std::cout << "Are devConfig and testConfig the same? " <<
"YES" "NO") << n\n";
std::cout << "Config count:

(&devConfig &testConfig ?

" << Multiton<std::string, Config>::count() << "\n\n";

return O;
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=== 1. Multiton for DatabaseConnection (Key: string) ===
[DB Created] Server=localhost;DB=main;

[DB Created] Server=replica;DB=main;

[DB Query on Server=localhost;DB=main;] SELECT * FROM users;
Are dbl and db2 the same? YES

Are dbl and db3 the same? NO

=== 2. Multiton for Logger (Key: string) ===
[Logger Created] Infologger

[Logger Created] ErrorlLogger

[Infologger] System started successfully.
[ErrorLogger] Disk space is low!

Logger count: 2

=== 3. Multiton for CacheManager (Key: int) ===
[Cache Created] Size: 512MB

[Cache Created] Size: 1024MB

[Cache] Storing data in 512MB memory.

[Cache] Storing data in 512MB memory.
CacheManager count: 2

=== 4. Multiton for Config (Key: string) ===
[Config Created] Env: dev, Port: 3000

[Config Created] Env: prod, Port: 8080
Environment: dev | Port: 3000

Environment: prod | Port: 8080

Environment: dev | Port: 3000

Are devConfig and testConfig the same? YES
Config count: 2
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class Logger {
public:
void Log(const std::string& msg) {
std::cout << msg << std::endl;

}i

class UserService {
private:
Logger logger;
public:
void CreateUser () {
logger.Log ("User Created");

) 8
tJlo ! o

UserService ---> Logger
.ol ausly Logger 4 UserService !l
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class UserService {
private:

FileLogger logger;

WS oo ais |, Solid s lexe ;o Open/Closed Principle Lol gg590 oy

il |y (Kiwdly iogs LIS aSul sl> 4 :Dependency Injection o ol , Q

Logger logger;
..b}«.u‘sa oald QT aQ 09 )‘ ‘;..w.t‘?

UserService (Loggeré& logger) ;
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class EmailSender {
public:
void Send () {
std::cout << "Email Sent";

}i

class UserService {
private:
EmailSender sender;

public:
void Register () {
sender.Send () ;

i
:JGo ol 53 DI 31 oolisew! pue cMSLiw S
leel asls EmailSender (.5 4 was  UserService :UserService ool Sowslg -1

Jol Lais) pepo s |, UserService oS wb (v oolawl SmsSender ;i Jows! s> 4 aunlysw ,S1.(Tight Coupling )
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UserService ---> EmailSender
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class IEmailSender

{

public:
virtual ~IEmailSender () = default;
virtual void Send() = 0;

bi

class EmailSender : public IEmailSender
{
public:

void Send() override

{

std::cout << "Email Sent";

}

}i

class UserService
{
private:
IEmailSender& sender;
public:
UserService (IEmailSender& sender)
: _sender (sender)

{}
void Register ()

{

_sender.Send() ;
}
}i
EmailSender sender;

UserService service (sender) ;

service.Register();
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Dependency Injection b5

aL.ly IEmailSender ¢4 Interface 4 EmailSender ¢4 ;| Concrete Class 4 Sl sl> ¢ Coupling ol -1
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DI L Jy cawl cuw cans DI g0, Testability gul3dl -2

class FakeEmailSender : public IEmailSender

{

public:
bool called = false;
void Send () override

{

called = true;
}
¥

FakeEmailSender fakeEmailSender;
UserService service (fakeEmailSender) ;
service.Register();

assert (fake.called);

leowl SOLID w2y Jo! 45" Dependency Inversion Principle  osas 4: SOLIDCule, -3

High-level modules should not depend on low-level modules.

Anly (Lo s il Jie Abstractions) Olelynl a4y g0 o Wb lawsl andly ol s b g5l 4wl Y xlaw sla Jg5le 0,505, () 4o
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class UserService
{
private:
IEmailSender& sender;

public:
UserService (IEmailSender& sender)
: _sender (sender)
{1}
1

{7
ool o
ool e
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Setter Injection g, -2

class UserService

{
private:
IEmailSender* sender;

public:
void SetEmailSender (IEmailSender* s)
{
_sender = s;
}
¥

service.SetEmailSender (sender) ;

ol malasd (40 )5 gl 8 Sl e

b G ig) cnl o Il J550e b,y dw com 50 Ui, onseslitul oS 3g, ol dANterface Injection g, -3
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oS 28l o el LB o 1) 5k 0,00 Ll b oS (g5le sl 1) 85,5 b INject calizee mlgi b ol aiS o jgumme

class IInjectable

{
public:
virtual void Inject (IEmailSender*) = 0;

b

template<typename T>
class IInjectable {

public:
virtual void Inject (T dependency) = 0;
virtual ~IInjectable() = default;

}i

class OrderService : public IInjectable<std::shared ptr<IPaymentGateway>> ({
std: :shared ptr<IPaymentGateway> gateway;
public:

void Inject (std::shared ptr<IPaymentGateway> dependency) override {
gateway = dependency;

}
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voilid ProcessOrder (double amount) {
if (gateway) gateway->Pay (amount) ;
}
b

class DIContainer {
public:
template<typename T>
static void Resolve (T& client) {
auto dep = std::make shared<StripeGateway>();
client.Inject (dep) ;

¥

int main () {
OrderService service;
DIContainer: :Resolve (service);
service.ProcessOrder (99.9);

}
&)y S s, cpl o)ls (SKiadly 8l 0 sl sdie a5 WS o (silwesky 1) ol ed sl G eaiiS B pae WIS Interface Loy 3,5 0

S o a0 |y 55N ] a5 ols oS a8 )0 sKe i oo Sbmil (65,0 e Sy 5 o

fewmz> Dependency Injection Container TE

:Ju‘) @ 09&;‘50 3w Lbk;...w.:lj ‘5“..:..) el /)}..1 LSLE")S)" 3o

UserService

!
+--> UserRepository

+--> Database

|
+--> Config

Lo cole /

Config config;

Database db(configqg);
UserRepository repo (db) ;
UserService service (repo) ;

couS oo oolazl DI Container sl S cpl J> 6l g 05 0 00wz [ ol S5 slaojep jo

$uuS o0 yI5 4igS> DI Container

Sl sl

container.Register<IRepository, PostgresRepository>();

W P

auto service = container.Resolve<UserService> () ;
«wly> "INotificationService™ .S <3y 0" 10055 oo yuils @ L G aid Lads @dly ,0 .05l 0 1) o Kiaslg pled 5045 Container

DS o By g Sjleon |y o Kily pled (RECUTSIVE) iS5L & g0 4 1S e 00y gl 4 EMailSender’ ;1 aiges S
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C++,5 DI Container oolw 4igos

class Container {
private:

std: :unordered map<std::type index, std::function<void* ()>> factories;
public:

template<typename Interface, typename Implementation>

void Register ()

{

factories[typeid(Interface)] =
(10
{

return new Implementation () ;
¥
}

template<typename Interface>
Interface* Resolve()

{

return static cast<Interface*>(

factories[typeid(Interface)] ());
}

}i
lasb ClassB L ClassA L bool L int s g4 pa 5l silgs oo a5 (5,5 o)Ll ms lools g55 12 51 (5,5 o)Ll i VOID™ 1SS Q
walisee (gjlwosly 30 g au,lo SV ol Interface G oS 5,5 resliiwl og2i I (60 9,5 Jlo SO /

class ILogger{

public:
virtual void Log(const std::string& msg) = 0;
virtual ~ILogger() = default;

b

class ConsolelLogger : public ILogger({
public:
void Log(const std::stringé& msg) override({
std::cout << "Console: " << msg << std::endl;
}
}i

class FileLogger : public ILogger {

public:
void Log(const std::string& msg) override {

}
1

int main () {
Container container;

container.Register<ILogger, ConsolelLogger> () ;

ILogger* myLogger = container.Resolve<ILogger> ()
myLogger->Log ("Hello World!");
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delete myLogger;
return 0;

Canl SU s g a8 oS oy 00 CH+ 0 08 ()l > :‘saw)).ggdﬁ.? Q
13,00 0l ) ai (s 4y CHFLTY (00 ++C 40 Lol oS o 1S oo SalS ilare [l 51 08 ol

s9>3 Resolve s o1 o,5 delete sl o5lso g Lol woads oolizul Nnew ;| Register s :(Memory Leak) akisl> cuis -1
lass delete wb a5 wlas Wb Sl p)5 0,00

L «los,Ss Register 1, int a5 Jl> 10 a5} lao |, container.Resolve<int> balwsl Lz 51:%void gq, Static_cast ;s -2

S oo b,S g oo axlse (Undefined Behavior) saicas a5 )lis) b asl p cosS eS| alosl g4

oS oo o0liul ln Smart Pointer ;i a3 slo g 5 #VO0Id (gl> 4 ¢y 00 Cht o 1((g0loaiion) 33 pol 9 oy ydo AZtud Q

std::unordered map<std::type index, std::function<std::shared ptr<void>()>>
factories;

template<typename Interface, typename Implementation>
void Register () {
factories[typeid(Interface)] = []() {
return std::make shared<Implementation>();
) 8
}

template<typename Interface>
std: :shared ptr<Interface> Resolve() {

return std::static pointer cast<Interface>(
factories[typeid(Interface)] ()
) ;

el 5355 SalS” abiblo o oo § S Sws 03,5 delete a gjls ,Sos ¢y yoe a5eas ol o

595 SErviceLocator ,s a5 po ;8 .08 oo oliil 1) 3,90 50 ol o131 a5 : DI g Service Locator coxw g0 bls %
1ol o0 82,5 oIS & e 5 (Sl DI jo (J5 035 o lay 059 slel plad (STl (s s S5 1) 3l 9590 (Simaly oS

(o dalgs 0ols zusgs LLS pl el aslsl jo Service Locator)

Service Locator:

auto logger = Locator::Get<ILogger> () ;
Dependency Injection:

UserService (ILoggeré& logger) ;

13gd e S 5 5 sasSl L Veens DI 13550 sbd Design Patternsy DI LLs

Factory , Repository , Strategy , Mediator , Observer , Unit Of Work
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: DDD ¢ Loz 45 (gldd > Jie &)

PresentationLayer > ApplicationLayer > DomainService = InfrastructurelLayer

class CreateOrderHandler {
private:

IOrderRepository& repository;

IEventPublisher& publisher;

IUnitOfWorks& unitOfWork;
}i
container.Register< IOrderRepository,PostgresOrderRepository> () ;
container.Register<IEventPublisher, KafkaPublisher>();

container.Register<IUnitOfWork, PostgresUnitOfWork> () ;

auto handler = container.Resolve<CreateOrderHandler> () ;
:Dependency Injection ;! colasw! (gu) yo gl wlalail x

sl qml aslo Ll & QLS cpl 0 a5 22y )5 5 sle (5 )lere s Domain Driven Design s laxe ;o :ja> dad 3943 -1
MolS” ol Ll ol toil anals s5lu )y (Siwsly wuls LENtty (1 Lo ls Entity L Domain 4Y lac 4 655 0 a0Y lsic 4

!¢5b(5@;H‘su‘gY:gL5¢ujg3Q5@L}&ﬂm

class User

éublic:
User (ILoggeré& logger) ;
}i
€95 alais Composition Root .55 s esliil Composition Root s Lis Container : Containera Kiawly -2
390 Lt il 5l oS o Clgs 0 slil A Lo g 09 o aiSl Lol (sl ples abals (e ;0 g Cl MAIN() ol i Loy Lol asliys
Jos alizes gLl 5l sIMap a s a5 sIContainer 1V 5 e oo 59 4 |y (wd il 1 5 oo sl aBly s CoOncrete ages s
Sl 5 g0 eud il 5l Concerete Lol (oS b aShi oo o1 511, 0 ks oY assil jo (oIS T 6 s Lol WM & wils 1) oS o
loeod Wb gy @]y WSS

class Service {
Container container;

}i

Jaite w2 4 b Sl «(10C Container <, L "Program.cs’ Sks) sl 54,5 akais o :(COMposition Root) cus 5 TE
Pigd s

INotificationService myNotifier = new EmailSende () ;

OrderService orderService = new OrderService (myNotifier);
orderService.PlaceOrder; ()
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Service (
A&,
Bs,
C&,
D&,
Es,
F&,
G&) ;

(Best Practices) o guis (v g
.S eolawl Constructor Injection

Diamond Inheritance ;| o jsuo a5 ol ;0 1oy g diwsly Wabstract & cowl yige Lsdg BB .0y 50 als Interface o
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Main
Application

AieS oo Smly (Sgyls b oS Yesle b Plugin Architecture & leme 550 SN (6 loxe 5l S (l 4

aalsl ,0) MVC (5531 5l solizul L Qt Framework ;s salss oo oS 2 Dl uwad & Interface ;I gmw ooliiaw! ali x
amins 5 Nigy &)l 4 IModel ) Slris slos Model slwdlS el |13 108 >1b hlss com 158l a5 S (ol 00 00l redgs LS
995 0 55w ool IDurablePageModel ;i va 151 5 098 o Jaiie (gom dmio 45 &S 15 LOGO ioles aili 5 51 s o2 adgl INdex
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iz oy ) Sl 16,500 e & g 0S5, 5 Interface Las

#include <QObject>
#include <QString>

class IModel : public QObject {

Q OBJECT

Q PROPERTY (QString type READ GetType)
public:

using QObject::Q0bject;

virtual QString GetType () const = 0;
}i

class IPageModel : public IModel {
Q OBJECT
Q PROPERTY (QString pageAddress READ GetPageAddress)
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public:

using IModel::IModel;

virtual QString GetPageAddress () const = 0;
}i

class IDurablePageModel : public IPageModel ({
Q OBJECT
Q PROPERTY (int duration READ GetDuration WRITE SetDuration)
public:
using IPageModel: :IPageModel;
virtual int GetDuration () const = 0;
virtual void SetDuration(int) = 0;
}i

class PageModel: public IPageModel {
Q OBJECT
public:
PageModel (const std::stringé& PageAddress): page address (PageAddress) {}
QString GetType () const override { return "PageModel"; }
QOstring GetPageAddress () const override { return page address; }
private:
std::string page address;

}

Class IndexPageModel : public IdurablePageModel ({

Q OBJECT
public:
using IdurablePageModel: :IdurablePageModel;
Qstring GetType () const override { return "Index"; }
Ostring GetPageAddress () const override { return "/index"; }
int GetDuration() const override { return m duration; }
void SetDuration (int value) override { m duration = value; }
private:
int m duration = 0;

b

class LoginPageModel : public IpageModel {
Q OBJECT
public:
using IpageModel: :IpageModel;
Qstring GetType () const override { return "Login"; }
Qstring GetPageAddress () const override { return "/login"; }

}i

class SplashPageModel : public IpageModel ({
Q OBJECT
public:
using IpageModel: :Imodel;
Qstring GetType () const override { return "Splash"; }
QOstring GetPageAddress () const override { return "/splash"; }

}i

,» g PageAddress !, Private Attribute < IPageModel ;o s iy oo (Solw 0 asS oo sonliie 3539 05 ;0 a5 (5, ghailen
O iy ya3 LIS les ,o o2 |, o Getter 4 Setter 4 o, ;L. PageDuration !, Private Attribute . IDurablePageModel
oo sl a4y ocwlss oo 92 Jg oS 1SS 0p 5 sleewdS o |, PageAddress 0,5 cow Jio 6,55 aite S5 auils jgume ;500 1
Gy pai wdys a0 aS ol B oS S o |y SVsb e SO a0ls s 5 iiSS g5l ooly 1) (soie e plulalnterface 5 ool al
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#include <QObject>
#include <QString>

class IModel : public QObject ({

Q OBJECT

Q PROPERTY (QString type READ GetType)
public:

using QObject::Q0bject;

virtual QString GetType() const = 0;
}i

class IPageModel : public IModel {

Q OBJECT

Q PROPERTY (QString pageAddress READ GetPageAddress)
public:

using IModel: :IModel;

QString GetPageAddress () const { return m pageAddress; }

protected:
explicit IPageModel (const QStringé& address, QObject* parent = nullptr)
IModel (parent), m pageAddress (address) {}

private:
QString m pageAddress;
}i

class IDurablePageModel : public IPageModel {

Q OBJECT

Q PROPERTY (int duration READ GetDuration WRITE SetDuration)
public:

using IPageModel: :IPageModel;

int GetDuration() const { return m duration; }

void SetDuration (int value) { m duration = value; }
private:

int m duration = 0;

}i

class IndexPageModel : public IDurablePageModel ({

Q OBJECT
public:
using IDurablePageModel: :IDurablePageModel;
QString GetType () const override { return "Index"; }

b

class LoginPageModel : public IPageModel ({

Q OBJECT
public:
using IPageModel: :IPageModel;
QString GetType () const override { return "Login"; }

}i
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class SplashPageModel : public IPageModel {
Q OBJECT
public:
using IPageModel: :IPageModel;
QString GetType () const override { return "Splash"; }

}i
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Adapter pattern — Class diagram

Target

T Extends

Adapter Adaptee

contains

+ request() + specificRequest()
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virtual bool pay(double amount, const string& cardInfo) = 0;
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class MellatAdapter : public PaymentProcessor {
public:
bool pay(double amount, const string& cardInfo) override {

MellatBank bank;
return bank.processPayment (cardInfo, amount):;

}i
class ZarinpalAdapter : public PaymentProcessor {
public:
bool pay(double amount, const stringé& cardInfo) override {
ZarinpalService service;
return service.requestPayment (amount, extractMobile (cardInfo));
bi
Gaa led ol 8l oS 0 e Blsie calis 4 g5l 5 wiS e, PaymentProcessor L lais Los asby Lol aiws s 5 opl &
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il Helol £ 90 “;

L s asle) wiS e ool iy 5sals 51 (Object Adapter): jgxos i ygglol .1
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Evropean Wall Qutlet
e The ‘AC Power Adapter’ is what
we are going to build, so the
client can use their Standard AC
Plug in the correct interface
o (Image from Head First
Design Patterns Chapter 7) et o1

" 5
The 9‘;3‘; for 92t T°T

AC Power Adapter
Standard AC Plug

A =

The US laptop expects
another mterface

The adapter conmverts ome
interface into another
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class AdapterText {
public:
AdapterText (sf::Text text);
void draw (sf::RenderWindowé& window) ;
private:
sf::Text m internalText;

}i

AdapterText: :AdapterText (sf::Text text) {
m_internalText = text;
m_internalText.setCharacterSize (24);
m_internalText.setFillColor (sf::Color::Green);
std::string original = text.getString();
for(size t i=0; i < original.length();i++) {

original[i] = std::toupper (originalli])

’

}
m_internalText.setString(original);

}

voilid AdapterText::draw(sf::RenderWindow& window) {
window.draw (m internalText) ;

}

AdapterText adapterText (text);

ot osSine | il Do ms o ply Lo o8 B et 5 0 45l oS 5| o 8 25 10T 51 150 Jlio D)

13105 55 Lo s o Mol & jao s 13T ploy B g il s (g ylol sl J18 15 Jlie 10 000 e
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class Target {

public:
virtual ~Target () = default;
virtual std::string Request () const {

return "Target: The default target's behavior.";

}
) 8

class Adaptee {
public:
std::string SpecificRequest () const {
return ".eetpadA eht fo roivaheb laicepS";
}
bi

class Adapter : public Target {

private:
Adaptee *adaptee ;
public:
Adapter (Adaptee *adaptee) : adaptee (adaptee) ({}
std::string Request () const override {
std::string to reverse = this->adaptee ->SpecificRequest();
std::reverse (to reverse.begin(), to reverse.end());
return "Adapter: (TRANSLATED) " + to reverse;

}
}:

void ClientCode (const Target *target) {
std::cout << target->Request () ;
}

int main () {

std::cout << "Client: I can work just fine with the Target objects:\n";

Target *target = new Target;

ClientCode (target) ;

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

Adaptee *adaptee = new Adaptee;

std::cout << "Client: The Adaptee class has a weird interface. See, I don't
understand it:\n";

std::cout << "Adaptee: " << adaptee->SpecificRequest () ;

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

std::cout << "Client: But I can work with it via the Adapter:\n";

Adapter *adapter = new Adapter (adaptee);

ClientCode (adapter) ;

std::cout << "\n";

delete target;
delete adaptee;
delete adapter;

return 0;
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#include <iostream>
#include <memory>

class OldLogger {
public:

) 8

void logMessage (const std::string& msg) {
std::cout << "[0ld] Logging: " << msg << std::endl;
}

class NewLogger {

public:
virtual ~NewLogger () = default;
virtual void write(const std::string& text) = 0;

Y

class LoggerAdapter : public NewLogger {

private:
std::unique ptr<OldLogger> oldLogger;
public:
LoggerAdapter (std: :unique ptr<OldLogger> old) : oldLogger (std::move (old))

}i

void write (const std::string& text) override {
oldLogger->logMessage (text) ;
}

void useNewLogger (NewLogger* logger) {

}

logger->write ("Hello from new system!");

int main () {

auto old = std::make unique<OldLogger> () ;

auto adapter = std::make unique<LoggerAdapter> (std::move (old));
useNewLogger (adapter.get ());

return 0;

el aals |

{}

oot gy i 52T Lo ol o KCTENT LSS 1 6 ) ) oS s el (i jonels 51 21T (gokzy Jlio 4o @O
ol o o a8 Sb; 092 51 (Client) Lglas lewl aly (Adaptee)

#include <iostream>
#include <memory>
#include <string>
#include <unordered map>

class IRobot {

public:
virtual ~IRobot () = default;
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virtual void execute (const std::stringé& command) = 0;
1

class GroundRobot {
public:
void executeFarsiCommand (const std::string& farsiCommand) {
std::cout << "[GroundRobot] ,siws ¢! >!: " << farsiCommand << '\n';
}
bi

class RobotAdapter : public IRobot {

private:
std: :shared ptr<GroundRobot> robot;
std::unordered map<std::string, std::string> commandMap = {
{"move forward", "> 4 asSy>"},
{"turn left", "> 4 g2}y,
{"stop", "abg 3"},
{"scan area", "hax o GSwl ™}
b g
public:
explicit RobotAdapter (std::shared ptr<GroundRobot> r)
robot (std: :move (r)) {}
void execute (const std::string& englishCommand) override {
auto it = commandMap.find(englishCommand) ;
if (it != commandMap.end()) {
robot->executeFarsiCommand (it->second) ;
} else {

std::cout << "[RobotAdapter] ,sgiws «" << englishCommand
<< M» Gl 45 Jols!l\n";

class Spaceship {

private:
std: :shared ptr<IRobot> robot;
public:
void setRobot (std::shared ptr<IRobot> r) {
robot = std::move (r);

}
void sendCommand (const std::string& cmd) {
std::cout << "[Spaceship] sends English command: " << cmd << '\n';

if (robot) {
robot->execute (cmd) ;

int main () {
auto oldRobot = std::make shared<GroundRobot> () ;

auto adapter = std::make shared<RobotAdapter>(oldRobot) ;
Spaceship ship;
ship.setRobot (adapter) ;
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ship.sendCommand ("move forward");
ship.sendCommand ("turn left");
ship.sendCommand ("hover") ;

return 0;
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class Image {}
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: Filter jws yos1 -2
class Filter {
public:
virtual void apply(Image* image) = 0;

}

S e S lesgS e INTETfACE 51 a5 cosls " Jloy" L3 les ol (ViIVIFilter Jgose yplid 5 -3
class VividFilter: public Filter {
public:
virtual void apply(Image* image) {
std::cout << "Applying Vivid filter";
}

S Jlasl pga 53, 1, oad Sl LS s s ailsy LI o IMageView o)s -4

class ImageView {
private:
Image* image;
public:
ImageView (Image* image) :image (image) {}

void apply(Filter* filter) {
filter->apply (image) ;

S e 5 ImageView g, ais ool |, Filter s sl a8 s 2l »

13,18 0939 WS cpl o] J3ls a5 o)l ()1 albuls S Y :Third'Party — Caramel oS 89,9 Q

class Caramel ({
public:
void init () {
std::cout <<”Initializing Caramel filter”;

void render (Imageé& image) {
std::cout <<"Rendering image using Caramel filter";

S i o0l |, FIET s 201 Sl oS ol S nnnn JSin S

Adapter s, wb third-party sbubs o8 4 ;5 jcms s 053 s J51s Caramel ;i ool o1, : Adapteras ;Ls Q

Adapter — CaramelFilterAdapter ..o ﬁE

‘a:L Adapter Q

S s5lwesly 1, Filter sl e
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class CaramelFilterAdapter : public Filter {
private:
Caramel* caramel;
public:
CaramelFilterAdapter (Caramel* caramel) : caramel (caramel) {}
void apply(Image* image) override {
caramel->init () ;
caramel->render (image) ;

o JS 59 28l o3lisd ¢

#include <memory>

int main () {
auto image = std::make unique<Image> () ;
auto view = std::make unique<ImageView> (image.get ()):;

view->apply (std::make unique<VividFilter> () .get());

auto caramel = std::make unique<Caramel>();

auto adapter std::make unique<CaramelFilterAdapter>(caramel.get());

view->apply (adapter.get ());

return 0;

Applying Vivid filter
Initializing Caramel filter

Rendering image using Caramel filter
o Lo J 7S o g ol THIFA-Party g wanay i 1, Caramel sboos wilsi o Lo Seanl 03¥ Adapter 1, Q
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Bridge pattern — Class diagram
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+ newOperation()
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#pragma once

#include <string>
#include <memory>
#include <iostream>
class ThemeImplementor {

public:
virtual ~ThemeImplementor () = default;
virtual std::string backgroundColor () const = 0;
virtual std::string foregroundColor () const = 0;
virtual int borderRadius () const = 0;

3

class DarkTheme : public ThemeImplementor ({

public:
std::string backgroundColor () const override { return "#222222"; }
std::string foregroundColor () const override { return "#FFFFFFE"; }
int borderRadius () const override { return 8; }

3
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class LightTheme : public ThemeImplementor

public:
std::string backgroundColor () const override { return "#FFFFFE"; }
std::string foregroundColor () const override { return "#000000"; }
int borderRadius () const override { return 4; }

}:

class UIComponent {
protected:
std: :shared ptr<ThemelImplementor> theme;
public:
UIComponent (std::shared ptr<ThemeImplementor> impl)
theme (std: :move (impl)) {}
virtual ~UIComponent () = default;
virtual void draw () const = 0;

}:

class Button : public UIComponent {

public:
using UIComponent::UIComponent;
void draw () const override {
std::cout << "[Button] bg=" << theme->backgroundColor ()
<< ", fg=" << theme->foregroundColor ()
<< ", radius=" << theme->borderRadius () << "\n";

Y

class Label : public UIComponent {

public:

using UIComponent::UIComponent;

void draw () const override {

std::cout << "[Label] bg=" << theme->backgroundColor ()
<< ", fg=" << theme->foregroundColor () << "\n";

}
)
int main () {

std: :shared ptr<ThemelImplementor> dark = std::make shared<DarkTheme> () ;
std::shared ptr<ThemeImplementor> light = std::make shared<LightTheme> () ;

Button darkButton (dark) ;
Label darkLabel (dark) ;

Button lightButton (light);
Label lightLabel (1light) ;

darkButton.draw () ;
darkLabel.draw () ;

lightButton.draw() ;
lightLabel.draw() ;

return O;
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[Button] bg=#222222, fg=#FFFFFF, radius=8
[Label] bg=#222222, fg=#FFFFFF
[Button] bg=#FFFFFF, fg=#000000, radius=4

[Label] bg=#FFFFFF, fg=#000000
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#include <iostream>
#include <string>
#include <memory>
#include <unordered map>

class LanguagePack {
public:
virtual ~LanguagePack() = default;
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virtual std::string getRawString(const std::string& key) const = 0;

}s

class EnglishPack : public LanguagePack {

private:
std::unordered map<std::string, std::string> data = {
{"btn.save", "Save"},
{"btn.cancel", "Cancel"},
{"msg.welcome", "Welcome to the app!"}
}i
public:

std::string getRawString(const std::string& key) const override {
auto it = data.find(key);
return (it != data.end()) ? it->second : "";
}
}i
class PersianPack : public LanguagePack {
private:
std::unordered map<std::string, std::string> data = {
{"btn.save", "o 33"},
{"btn.cancel", "g4x1"},
{"msg.welcome", "uouxsl @ges 4oliyy a!"}
}i
public:
std::string getRawString(const std::string& key) const override {
auto it = data.find (key);
return (it != data.end()) ? it->second : "";

bi

class Translator {
private:

std::unique ptr<LanguagePack> currentPack;

std::unique ptr<LanguagePack> fallbackPack;
public:

Translator (std::unique ptr<LanguagePack> pack,

std::unique ptr<LanguagePack> fallback = nullptr)
currentPack (std: :move (pack) ), fallbackPack(std::move (fallback)) {}

void setLanguage (std::unique ptr<LanguagePack> pack) {
currentPack = std::move (pack) ;

}
std::string translate(const std::string& key) const {
std::string result = currentPack->getRawString (key) ;

if (result.empty () && fallbackPack) {
result = fallbackPack->getRawString (key) ;
}

if (result.empty()) {
return "[" + key + "]";

}

return result;
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int main () {
auto englishPack = std::make unique<kEnglishPack>();
auto persianPack std: :make unique<PersianPack> () ;

Translator translator (std::move (persianPack), std::make unique<kEnglishPack>());

std::cout << "--- _wyLd : Jd=d glou) ---" << std::endl;

std::cout << "Save Button: " << translator.translate("btn.save") << std::endl;
std::cout << "Cancel Button: " << translator.translate("btn.cancel") << std::endl;
std::cout << "\n--- S0 4 glo) joaxs ---" << std::endl;
translator.setlLanguage (std: :make unique<kEnglishPack>());

std::cout << "Save Button: " << translator.translate("btn.save") << std::endl;

return 0;
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#include <iostream>
#include <vector>
#include <memory>
#include <string>
#include <algorithm>

class UIElement ({
protected:

std::string name;

public:
explicit UIElement (std::string n) : name (std::move (n)) {}
virtual ~UIElement () = default;
virtual void render () const = 0;
virtual std::string getName () const { return name; }

virtual bool addChild(std::unique ptr<UIElement>) { return false; }
virtual bool removeChild(const std::string&) { return false; }

virtual UIElement* getChild(const std::string&) { return nullptr; }
}i

class Button : public UIElement {
public:

using UIElement::UIElement;
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void render () const override {
std::cout << "[Button] Rendering: " << name << '\n';

}
1

class Label : public UIElement ({

public:
using UIElement::UIElement;

void render () const override {
std::cout << "[Label] Rendering: " << name << '\n';

}
) 8

class Panel : public UIElement ({

private:
std::vector<std::unique ptr<UIElement>> children;

public:
using UIElement::UIElement;
void render () const override {
std::cout << "[Panel] Rendering: " << name
<< " (Contains " << children.size () << " elements)\n";

for (const auto& child : children) {
child->render () ;

}

}
bool addChild(std::unique ptr<UIElement> child)

if (!child) return false;
children.push back(std::move (child)) ;
return true;

override {

}

bool removeChild(const std::string& childName) override {

auto it = std::find if (children.begin(), children.end(),
[&childName] (const std::unique ptr<UIElement>& child)
return child->getName () == childName;

{

)

if (it != children.end()) {
children.erase (it);
return true;

}

return false;
}
UIElement* getChild(const std::string& childName)
std::find if (children.begin(), children.end(),

override {

auto it =
[&childName] (const std::unique ptr<UIElement>& child) {
return child->getName () == childName;
})
return (it != children.end()) ? it->get() nullptr;

3

int main () {

= std::make unique<Panel>("Main Window") ;

auto mainWindow =
auto headerPanel = std::make unique<Panel> ("Header Panel");

auto loginBtn = std::make unique<Button>("Login Button");
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auto titlelLabel = std::make unique<Label>("Title Label");

mainWindow->addChild (std: :move (headerPanel)) ;
mainWindow->addChild (std: :move (loginBtn)) ;

mainWindow->addChild (std::make unique<Label>("Status Label"));

std::cout << "--- Initial Render ---\n";
mainWindow->render () ;

std::cout << "\n--- Finding Child ---\n";
UIElement* foundChild = mainWindow->getChild ("Login Button");

if (foundChild) {

std::cout << "Found: " << foundChild->getName () << '\n';
}
std::cout << "\n--- Removing Child ---\n";
if (mainWindow->removeChild ("Login Button")) {

std::cout << "Login Button removed successfully.\n";
}
std::cout << "\n--- Final Render ---\n";
mainWindow->render () ;
return 0;

-—— Initial Render —---

[Panel] Rendering: Main Window (Contains 3 elements)

[Panel] Rendering: Header Panel (Contains 0 elements)
[Button] Rendering: Login Button

[Label] Rendering: Status Label

-—— Finding Child ---

Found: Login Button

--- Removing Child ---

.Login Button removed successfully

-—— Final Render —---

[Panel] Rendering: Main Window (Contains 2 elements)

[Panel] Rendering: Header Panel (Contains 0 elements)
[Label] Rendering: Status Label
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#include <iostream>
#include <vector>
#include <memory>
#include <string>

class HardwareComponent {

public:
virtual ~HardwareComponent () = default;
virtual void describe () const = 0;
virtual double getPrice() const = 0;

virtual void add(std::unique ptr<HardwareComponent>) {}

) 8

class CPU : public HardwareComponent ({

public:
void describe () const override { std::cout << "- CPU (Intel i7)\n"; }
double getPrice () const override { return 300.0; }

b8

class RAM : public HardwareComponent {

public:
void describe () const override { std::cout << "- RAM (16GB DDR4)\n"; }
double getPrice () const override { return 80.0; }

Y

class StorageSystem : public HardwareComponent {

private:

std::vector<std::unique ptr<HardwareComponent>> parts;
public:

void describe () const override {

std::cout << "Storage System:\n";
for (const auto& part : parts) {
part->describe () ;
}
}
double getPrice () const override ({
double total = 0;
for (const auto& part : parts) {
total += part->getPrice();
}
return total;
}
void add(std::unique ptr<HardwareComponent> part) override {
parts.push back(std::move (part)) ;
}
i

class Computer : public HardwareComponent {

private:

std::vector<std::unique ptr<HardwareComponent>> components;
public:

void describe () const override {

std::cout << "=== Computer Configuration ===\n";
for (const auto& comp : components) {
comp->describe () ;

}
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double getPrice() const override {
double total = 0;
for (const auto& comp : components) {
total += comp->getPrice();
}

return total;
}
void add(std::unique ptr<HardwareComponent> comp) override ({
components.push back(std: :move (comp)) ;
}
i

oolaiwl ogau 6%3

int main() {

auto computer = std::make unique<Computer> () ;

computer->add (std: :make unique<CPU>()) ;

computer->add (std: :make unique<RAM>()) ;

auto storage = std::make unique<StorageSystem>();

storage->add (std: :make unique<RAM>()) ;

computer->add (std: :move (storage) ) ;

computer->describe () ;

std::cout << "Total Price: $" << computer->getPrice() << '\n';

return 0;

A_A
F sz
=== Computer Configuration ===
- CPU (Intel i7)
- RAM (16GB DDR4)
Storage System:
- RAM (16GB DDR4)

Total Price: $460
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class Component {

public:
virtual ~Component () = default;
virtual void render () const = 0;
virtual double getPrice() const = 0;

}s

class IContainer {

public:
virtual ~IContainer () = default;
virtual void addChild(std::unique ptr<Component>) = 0;
virtual void removeChild(size t index) = 0;

bi

class Button : public Component {

public:
void render () const override { }
double getPrice () const override { return 0.0; }

bi

class Panel : public Component, public IContainer {
private:
std::vector<std::unique ptr<Component>> children;
public:
void render () const override {
for (auto& child : children)
child->render () ;

}

double getPrice() const override {
return std::accumulate (children.begin(), children.end(), 0.0,
[] (double sum, auto& c) { return sum + c->getPrice(); });

}

void addChild(std::unique ptr<Component> c) override {
children.push back(std::move (c));

}
void removeChild(size t i) override {
children.erase(children.begin() + 1i);

}
}i

. ol 005 2yle, ISP g s lasaddChild L LLs,l z» Button Yi>

AddChild 15515 51 (8 il ey 05 eslizal w5,5 00,8 il o], Component 5l at s Wi ol cdls tag o idle Lol @
lewsl ICoNntainer go 5l s & aS S o)
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void addElement (Component* parent, std::unique ptr<Component> child) {
if (auto container = dynamic cast<IContainer*>(parent)) {
container->addChild (std: :move (child)) ;
}

else {
std::cerr << "Error: parent is not a container!\n";

}
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Decorator pattarn — Class diagram

<<Interface>> N
IComponent

<

+ decorate()

AN
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.
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<<Abstract>> W

Extends ends
ConcreteComponent W

N

ComponentDecorator

t- decorate() J
e

+ decorate()

Extends Extends
omponentDecoratorlmplN ( ComponentDecoratorB
+ decorate() + decorate()
+ customDecorateA() + customDecorateB()
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class IAliveCreature {

public:
virtual bool Talk (double volume) =0;
virtual string GetName ()=0;
virtual bool SetName (string name)=0;

bi

class Human: public IAliveCreature ({
public:
void Human (string name) {
SetName (name) ;
}
virtual bool Talk (double volume) ({
if (volume >= 0.0 && volume <= 100.00) {
std::cout << "I'm "<< GetName () <<" and I'm talking with volume: " << volume <<endl;
return true;
}
return false;
}
virtual string GetName () {
return name;
}
virtual bool SetName (string name) {
if (name != "") {
_name = name;
return true;
}
return false;
}
private:
string name;

b

class SilentHumanDecorator: public IAliveCreature ({
public:
void SilentHumanDecorator (IAliveCreature* aliveCreaure) {
_alive creature = aliveCreaure;

}

virtual bool Talk (double volume) {
return alive creature->Talk(0);

}

virtual string GetName () {
return alive creature->GetName () ;

}
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virtual bool SetName (string name) {
return alive creature->SetName (name) ;

}

private:

b

IAliveCreature* alive creature;

class FlyerHumanDecorator: public IAliveCreature {
public:

void FlyerHumanDecorator (IAliveCreature* aliveCreaure) {
_alive creature = aliveCreaure;

}

virtual bool Talk (double volume)
_alive creature->Talk (volume

{
) ;

r

}
virtual string GetName () {
return alive creature->GetName () ;
}
virtual bool SetName (string name) {
return alive creature->SetName (name) ;

}

virtual void Fly () {
std::cout << "Fly With Fluttering My Wings!"<< std::endl;
}

private:

bi

IAliveCreature* alive creature;

int main () {

Human* normal humanO1l new Human ("Hadi") ;
Human* normal humanO02 = new Human ("Hamid") ;
Human* normal human03 new Human ("Mohammad") ;

Human* silent human = new Human ("Frankenstein");
Human* flyer human = new Human ("super-man") ;
SilentHumanDecorator* silent human decorator = new

SilentHumanDecorator (silent human) ;
silent human decorator->Talk(20.0);
//silent human decorator->Fly();
FlyerHumanDecorator* flyer human decorator = new FlyerHumanDecorator (flyer human) ;
flier human decorator->Talk (20.0);
flier human decorator->Fly();
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Facade pattern — Class diagram
( <<Interface>> W
IFacade

t’doSomething() J

Extends
| doOperationA()
~ doOperationB()
( Client ( DefaultFacadelmpl \ doOperationC()
+doSomething()  [.--"T 2z
doSomething()
/ = Beelh ]
__Use"-- Use o Use. _
L A AL A\

( Subsystem A $:m ( Subsy;tem B {D ( Subsystem C {m

L+ doOperationA() J t doOperationB() J t doOperationC() J
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#include <string>
#include <iostream>
using namespace std;

class Light {
public:
void 1lightOn () {
cout << "Light is on"<<endl;
}
void lightOff () {
cout << "Alarm is off"<<endl;

i

class Alarm {
public:
void alarmOn () {
cout << "Alarm is on and house is secured"<<endl;
}
void alarmOff () {
cout << "Alarm is off and you can go into the house"<<endl;

}i

class AirCondition {
public:
void acOn () {
cout << "Ac is on"<<endl;
}
void acOff () {
cout << "AC is off"<<endl;

i
class Tv {
public:

void tvOn () {
cout << "Tv is on"<<endl;
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void tvOff () {
cout << "TV is off"<<endl;

)i

class HouseFacade{
Alarm* alarm;
AirCondition* ac;
Tv* tv;
Light* light;
public:
HouseFacade (Alarm* alarm,
AirCondition* ac,
TV* tv,
Light* light):
_alarm(alarm),
_ac(ac),
_tv(tv),
_light (1ight) {}
// Facade
void goToWork () {
_ac->acOff ();
_tv->tvOff();
_light->1ightOff () ;
_alarm->alarmOn () ;
}
void comeHome () {
_alarm->alarmOff () ;
_ac->acOn () ;
_light->1ightOn () ;
_tv->tvOn () ;

i
int main() {
HouseFacade hf (new Alarm(),
new AirCondition (),
new TV (),
new Light ()
)
prw— 2% SwlgF Ao padl e S 0 deSS g0
hf.goToWork() ;
hf.comeHome () ;

// //
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Flyweight pattern — Class diagram
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#include <iostream>
#include <string>
#include <unordered map>
#include <vector>
finclude <memory>

struct Image {
std::string data;
}i

enum PointType {
CAFE,
STATION,
RESTAURANT,
HOSPITAL,
SCHOOL

bi
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std::string pointTypeToString (PointType type) {
switch (type) {
case CAFE: return "CAFE";
case STATION: return "STATION";
case RESTAURANT: return "RESTAURANT";
case HOSPITAL: return "HOSPITAL";
case SCHOOL: return "SCHOOL";
default: return "UNKNOWN";

class PointIcon {
public:
virtual ~PointIcon() = default;
virtual PointType getType () const = 0;
virtual const Image& getIcon() const = 0;
}i
class PointIconImpl : public PointIcon {
private:
PointType type;
std::shared ptr<Image> icon;
std::string color;
int size;
public:
PointIconImpl (PointType type,
std::shared ptr<Image> icon,
std::string color,
int size)
type (type),
icon(std: :move (icon)),
color (std: :move (color)),
size(size) {}
PointType getType () const override {
return type;
}
const Image& getIcon() const override {
return *icon;
}
}i

class PointIconFactory {
private:

std::unordered map<PointType, std::shared ptr<PointIcon>> icons;
std::shared ptr<Image> loadIconForType (PointType type) {
std::cout << "Loading icon for " << pointTypeToString (type) << "\n";
auto img = std::make shared<Image>();

return img;

std::string getColorForType (PointType type) {
switch (type) {
case CAFE: return "Brown";
case STATION: return "Blue";
case RESTAURANT: return "Red";
case HOSPITAL: return "Green";
case SCHOOL: return "Yellow";
default: return "Black";
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int getSizeForType (PointType type) {
return 32;
}
public:
std::shared ptr<PointIcon> getPointIcon (PointType type) {

if (icons.find(type) == icons.end()) {

auto icon = loadIconForType (type) ;

std::string color = getColorForType (type) ;

int size = getSizeForType (type) ;

auto pointIcon = std::make shared<PointIconImpl> (type,
icon,
color,
size);

icons[type] = pointIcon;

return icons[typel];

b

class Point {
private:
int x;
int y;
std::shared ptr<PointIcon> icon;

public:
Point (int x, int y, std::shared ptr<PointIcon> icon)
x(x), y(y), icon(std::move(icon)) {}

void draw () const {
std::cout << "Drawing " << pointTypeToString (icon->getType())
<< "Moat (" <K< x << ", " <Ky << ") with shared icon\n";

4

}

int getX () const { return x; }

int getY() const { return y; }

PointType getType () const { return icon->getType(); }

}i

class Map {

private:
std::vector<Point> points;
PointIconFactory iconFactory;

public:
void addPoint (int x, int y, PointType type) {

auto icon = iconFactory.getPointIcon (type) ;

points.emplace back(x, y, icon);
}
void drawAll () const {
for (const auto& point : points) {
point.draw () ;

}
int getPointCount () const {
return points.size();
}
}i
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int main () {

Map

map.
map .

map

map .
map.

map .
map .
map .

map

map .

std
std
map

map;

r

addPoint
addPoint
.addPoint
addPoint
addPoint

20,
25,
30,
35,
40,

CAFE)

CAFE) ;

CAFE) ;
) .
)

’

(10
(15
(20,
(25 CAFE
(30 CAFE) ;

I

200,
250,
300,

STATION)
STATION)
STATION)

addPoint (100,
addPoint (150,
addPoint (200,

.addPoint (50,
addPoint (70,

60,

80, HOSPITAL);

::cout << "Total points on map:

’
’

’

RESTAURANT) ;

" << map.getPointCount () << "\n";

::cout << "\nDrawing all points:\n";

.drawAll () ;

return 0;
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(o) Flyweight ;505 3§

public class NaivePoint {
private int x, y;
private PointType type;
private Image icon;
private String color;
private int size;

(4.n¢2) Flyweight 4
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:‘Thread Safety -1

#include <unordered map>
#include <memory>
#include <shared mutex>
#include <string>

class ThreadSafePointIconFactory {
private:

std::unordered map<PointType, std::shared ptr<PointIcon>> icons;
mutable std::shared mutex mtx;
std::shared ptr<PointIcon> createlIcon (PointType type) {

return std::make shared<PointIconImpl>(type,
loadIcon (type),
getColor (type),
getSize (type));
}

Image loadIcon (PointType type);
std::string getColor (PointType type);
int getSize (PointType type);

public:

}i

std::shared ptr<PointIcon> getPointIcon (PointType type) {

{

std: :shared lock<std::shared mutex> readLock (mtx) ;
auto it = icons.find(type);
if (it != dicons.end()) {

return it->second;

}

std::unique lock<std::shared mutex> writeLock (mtx);

auto it = icons.find(type):;
if (it != dicons.end()) {
return it->second;

}

auto icon = createlcon (type);
icons.emplace (type, icon);
return icon;
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#include <string>
#include <memory>
#include <mutex>

class MutableFlyweight {
private:
std::shared ptr<Image> icon;

std::string color;
mutable std::mutex mtx;
public:
MutableFlyweight (std::shared ptr<Image> icon,
std::string color)
icon(std: :move (icon)),
color (std: :move (color)) {}

void updateColor (const std::string& newColor) {
std::lock guard<std::mutex> lock (mtx);
this->color = newColor;

}

std::string getColor () const {
std::lock guard<std::mutex> lock (mtx);
return color;
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<iostream>
<string>
<memory>
<vector>
<unordered map>
<thread>
<chrono>
<mutex>

#include
#include
#include
#include
#include
#include
#include
#include

class EBook {
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public:
virtual ~EBook() = default;
virtual void display() const = 0;
virtual std::string getTitle() const = 0;
virtual std::string getAuthor () const = 0;
virtual int getPageCount () const = 0;
virtual void loadContent () = 0;
virtual bool isLoaded() const = 0;

b

class RealEBook

private:
std::string title;
std::string author;
int pageCount;
std::string content;
bool loaded;

public EBook {

9,8l slaclis Lazy Loading (!, Virtual Proxy @Y Lo @
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void simulateHeavyLoading () {
std::cout << " OLiS sy ldis, L Jls> 4o "M << title << "'...\n";
std::this thread::sleep for (std::chrono::seconds(2));

content = "olLiS JwolS slgixe gl "™ + title + " 51 " + author + " cw!l.\n";
content += "LLiS ol " + std::to string(pageCount) + " o105 4xis.\n";
content += "ow!l oud syl ISH) Ly Jold Ly ealy o8y 31 | gixse.\n";

loaded = true;
std::cout << " oLis '" << title << "' Wb s, i8S, anidge Ly.\n";

public:
RealEBook (const std::string& title, const std::stringé& author, int pages)

title(title), author (author), pageCount (pages), loaded(false) {
std::cout << "[] .4 RealEBook sl '" << title << "' Wi slxol.\n";

}

void display() const override {
if (!loaded) {

std::cout << "A  oLiS '"" << title << "' cwl o dds syl ify Ly jaia!\n";
return;

}

gtdls scout €€ M\m=== " <L giltle <« 7 ==\n%g¢

std::cout << "osuwiwgi: " << author << "\n";

std::cout << "olxis oluxi: " << pageCount << "\n";

std::cout << "I gixe:\n" << content << "\n";

std::string getTitle () const override { return title; }
std::string getAuthor () const override { return author; }
int getPageCount () const override { return pageCount; }
void loadContent () override {

if (!loaded) {
simulateHeavyLoading () ;

}

bool isLoaded () const override { return loaded; }

}i

class EBookProxy : public EBook {
private:
std::string title;
std::string author;
int pageCount;
mutable std::unique ptr<RealEBook> realBook;
mutable std::mutex loadMutex;

RealEBook* getRealBook () const {
std::lock guard<std::mutex> lock (loadMutex) ;
if (!'realBook) {
realBook = std::make unique<RealEBook>(title, author, pageCount);

}

return realBook.get ()
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public:
EBookProxy (const std::string& title, const std::stringé& author, int pages)
title(title), author (author), pageCount (pages) {
std::cout << "R5 Proxy olis sl o '" << title << "' 4 slxol . \n";
}

void display () const override {

std::cout << "\n[Proxy] olisS gislaeld cwl g3yo '" << title << "'\n";
if (!realBook || !realBook->isLoaded()) {
std::cout << "[Proxy] 4udgl oledbl hid .oads syl iSyly jein olisS:\n";
std::cout << "glgie: " << title << "\n";
std::cout << "osuwiwgi: " << author << "\n";
std::cout << "olxias oluxi3: " << pageCount << "\n";
std::cout << "[Proxy] wiS ¢yldiSyly |y olbisS ol ghixse odablin sl u.\n";
} else {

realBook->display () ;

}

std::string getTitle () const override { return title; }
std::string getAuthor () const override { return author; }
int getPageCount () const override { return pageCount; }
void loadContent () override {
std::cout << "[Proxy] oliS ¢ liSyly awlesys '"" << title << "'\n";

getRealBook () ->1loadContent () ;

bool isLoaded () const override {
return realBook && realBook->isLoaded();
}
void unload() {
std::lock guard<std::mutex> lock (loadMutex) ;
if (realBook && realBook->isLoaded()) {
std::cout << "[Proxy] olis '" << title << "' uh ol T akhsls> j1.\n";
realBook.reset () ;

}i

class Digitallibrary {
private:
std::vector<std::shared ptr<EBook>> ebooks;
std::unordered map<std::string, std::shared ptr<EBook>> ebookCache;

public:
void addEBook (const std::shared ptr<EBook>& ebook) {
ebooks.push back (ebook) ;
ebookCache [ebook->getTitle ()] = ebook;

void browselLibrary () const {

std::cout << "\nf§ === JUix,s 43laylis ===\n";
std::cout << "leaoliS sluxi: " << ebooks.size () << "\n\n";
for (size t i = 0; 1 < ebooks.size(); ++1i) {
std::cout << i + 1 << ". " << ebooks[i]->getTitle()
<< " - " << ebooks[i]->getAuthor ()
<< " (" << ebooks[i]->getPageCount () << " 4xiwn)\n";
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void readEBook (const std::stringé& title) {
auto i1t = ebookCache.find(title) ;
if (it !'= ebookCache.end()) {

std::cout << "\n@d olis olxisl: " << title << "\n";
it->second->display () ;

std::cout << "\nTuS syl Syl 1) oS Wl gs 0 LT (y/n): ";
char choice;
std::cin >> choice;

if (choice == 'y' || choice == 'Y') {
it->second->loadContent () ;
it->second->display () ;

}

} else {
std::cout << "¥ LLiS '" << title << "' Wi asl,.\n";

}

void preloadAll () {
std::cout << "\nff] Lol L 6,1 iS5, JLs yo...\n";
for (auto& ebook : ebooks) {
ebook->1oadContent () ;

int main () {
std::cout << "=== JUi. Virtual Proxy ¢! Lazy Loading EBooks ===\n\n";

DigitallLibrary library;
library.addEBook (std: :make shared<EBookProxy> (

HH395 ,"Lnlj kS—”’)'" ,"LBBS_H y'_}-b"));

library.addEBook (std: :make shared<EBookProxy> (
"464 ,".““‘)u C))_)l‘)" ,"‘“ - .“ S"));

library.addEBook (std: :make shared<EBookProxy> (
"1312 "G sS piless" " Le iy eS1))

library.browseLibrary() ;

std::cout << "\n\nCL Gl iSHly e Jgl olsS ode Lie:\n";
library.readEBook (" La o811 1 ;L") ;

std::cout << "\n\nC{ soldBSyly L pgo 0LES oua Lie:\n";
library.readEBook (" ai 81 > 4b");

std: :cout << "\n\nﬁm = aurog i \n";

auto proxyl =
std::dynamic_pointer cast<EBookProxy> (library.getEBook (" la 3! >I b"));
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if (proxyl) {
std::cout << "Couw syl i)l ' La gL u""-)'b' olis "
<< (proxyl->isLoaded () °? ". e X" ") << "\n";
}

return 0;

s ;S sl Protection Proxy 22 Jlw @

class User {

public:
virtual ~User () = default;
virtual std::string getRole () const = 0;
virtual std::string getName () const = 0;

)i

class RealUser : public User {
private:
std::string name;
std::string role;
public:
RealUser (const std::string& name, const std::stringé& role)
name (name), role(role) {}

std::string getRole () const override { return role; }
std::string getName () const override { return name; }

i

class ProtectedEBook : public EBook {
private:
std: :shared ptr<RealEBook> realEBook;
std: :shared ptr<User> user;

bool hasAccess () const {

return user->getRole () == "Premium" || user->getRole () == "Admin";

}

public:
ProtectedEBook (const std::shared ptr<RealEBook>& ebook,
const std::shared ptr<User>& user)
realEBook (ebook), user (user) {}

void display() const override {
if (hasAccess()) {

std::cout << ": oy Ls " << user->getName ()

<< " (" << user—>getRole() << ") 5,15 wySws.\n";
realEBook->display () ;
} else {
std::cout << " lud oy oy LS Lwyiwd Q" << user->getName ()
<< " (" << user->getRole() << ") 1y oliS ol oualde o)lsl

>y lus.\n";

std: :cout << "Q '.l_Hl_o_J syl s podoa ) LSIJ_L&I Lakhl.\n";

}

std::string getTitle () const override { return realEBook->getTitle(); }
std::string getAuthor () const override { return realEBook->getAuthor(); }
int getPageCount () const override { return realEBook->getPageCount (); }
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void loadContent () override {

1if (hasAccess()) {
realEBook->1loadContent () ;
} else {

std::cout << "Wd S L_g)li_f)l_.) sl Um‘)._l_mb' Q\D",‘

bool islLoaded () const override { return realEBook->isLoaded(); }

)i

void protectionProxyExample () {
std::cout << "\n\n=== JLi, Protection Proxy ===\n";

auto admin = std::make shared<RealUser> (" _le", "Admin");
auto premiumUser = std::make shared<RealUser> (" pau, ", "Premium");
auto freeUser = std::make shared<RealUser> (" Ls,", "Free");

auto realBook = std::make shared<RealEBook> ("4 5la xs olLis”
el s o w g™, 200)

auto bookForAdmin = std::make shared<ProtectedEBook>(realBook, admin);
auto bookForPremium = std::make shared<ProtectedEBook>(realBook, premiumUser) ;
auto bookForFree = std::make shared<ProtectedEBook>(realBook, freeUser);

std::cout << "\nl. _[wjyiws sl a0 @I3:\n";
bookForAdmin->display () ;

std::cout << "\n2. LS @5 Premium w Sws ! o:\n";
bookForPremium->display () ;

std::cout << "\n3. LS @)5 Free wyiws s!yu:\n";
bookForFree->display () ;

Caching 4 Logging .|, Smart Proxy:3 Jlw @

class SmartEBookProxy : public EBook {

private:
std: :shared ptr<RealEBook> realEBook;
mutable int accessCount = 0;

mutable std::string cachedDisplay;
mutable bool cacheValid = false;
mutable std::mutex cacheMutex;

void logAccess (const std::stringé& operation) const {

std::cout << "[SmartProxy] " << operation
<< " - oLS: " << realEBook->getTitle ()
<< " - wySwy olaxd: " << (accessCount + 1) << "\n";

public:
SmartEBookProxy (const std::shared ptr<RealEBook>& ebook)
realEBook (ebook) {}

void display () const override {
std::lock guard<std::mutex> lock (cacheMutex) ;
accessCount++;
logAccess ("go L") ;
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if (cachevValid && realEBook->isLoaded()) {
std::cout << "[SmartProxy] ! eslaiwl cache\n";
std: :cout << cachedDisplay;

} else {
realEBook->display () ;

if (realEBook->isLoaded()) {
std::stringstream ss;
ss << "\n=== " << realEBook->getTitle() << " ===\n"
<< Mo dwygi: " << realEBook->getAuthor () << "\n"
<< "Olxdw olaxS: " << realEBook->getPageCount () << "\n"

<< "3 ogules ol cache cw! . \n";
cachedDisplay = ss.str();
cacheValid = true;

}

std::cout << "[SmartProxy] olis ol " << accessCount
<< " oaw!l oodd ous L ylu.\n";

std::string getTitle () const override {
logAccess ("ol ge ablayo");
return realEBook->getTitle () ;

std::string getAuthor () const override {
logAccess ("o g adlyya™);
return realEBook->getAuthor () ;

int getPageCount () const override {
logAccess ("olxinv >l ux3 adlyya™);
return realEBook->getPageCount () ;

}

void loadContent () override {
logAccess ("sy !l is, L") ;
realEBook->1loadContent () ;
cacheValid = false;

}

bool isLoaded () const override {
return realEBook->isLoaded() ;

}

int getAccessCount () const { return accessCount; }

void invalidateCache () {
std::lock guard<std::mutex> lock (cacheMutex) ;
cacheValid = false;
std::cout << "[SmartProxy] cache olis ""

<< realEBook->getTitle() << "' 4ii SLy.\n";
}
}i
void smartProxyExample () {
std::cout << "\n\n=== JUi. Smart Proxy ===\n";

auto realBook = std::make shared<RealEBook> (
150 ," . &_9—” > . ”-9_"" ," . &_9—” ;" “S");
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SmartEBookProxy smartBook (realBook) ;

std::cout << "\nodas Lice yLu ulds!l (gga= cache) :\n";
smartBook.loadContent () ;
smartBook.display () ;

std::cout << "\nodalds ago HLu (Lo cache) :\n";
smartBook.display () ;

std::cout << "\nodalds psw Ly (Lo cache):\n";
smartBook.display () ;

std::cout << "\nlas wyiws JS ofaxs: "

<< smartBook.getAccessCount () << "\n";

(s loari) Remote Proxy :¥ JUw @

class RemoteEBookService {
public:

std::string fetchFromServer (const std::string& bookId) {
std::cout << "[RemoteService] g w 4o Jlail...\n";
std::this thread::sleep for (std::chrono::seconds(1l));
std::cout << "[RemoteService] olisS sl o3ld aldlyys " << bookId <<
"..ooA\n";
std::this thread::sleep for (std::chrono::seconds(2));
return "sl o y90 Hesw HI oliS sl eixwe ID: " + bookId;

b

class RemoteEBookProxy : public EBook ({
private:
std::string bookId;
std::string title;
std::string author;
int pageCount;
mutable std::string cachedContent;
mutable bool contentFetched = false;
RemoteEBookService remoteService;

public:
RemoteEBookProxy (const std::stringé& id, const std::string& title,
const std::stringé& author, int pages)
bookId(id), title(title), author (author), pageCount (pages) {}

void display () const override {
std::cout << "\n[RemoteProxy] oliS goules '" << title << "'\n";

loadContent () ;

std::cout << "=== " << title << " ===\n"
<< "oulwogi:r " << author << "\n"
<< "Olxdw oluass: " << pageCount << "\n"
<< "l gixae: " << cachedContent << "\n";
}
std::string getTitle () const override { return title; }
std::string getAuthor () const override { return author; }
int getPageCount () const override { return pageCount; }
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void loadContent () override {
if (!contentFetched) {
cachedContent = remoteService.fetchFromServer (bookId) ;
contentFetched = true;

bool isLoaded() const override { return contentFetched; }

int main () {
std::cout << "@ JmLJ\_; 8O s ou){_) ou){_) w9 o8l [N L_g)L_/.Lx_o\n\n",'

std::cout << "1. Virtual Proxy (Lazy Loading) :\n";
std::cout << " \n";

DigitallLibrary library;

auto bookl = std::make shared<EBookProxy> (100 ,") oliwoyss" , ") olis");
auto book2 = std::make shared<EBookProxy> (200 ,"Y oliwyes" ,"Y olis");

library.addEBook (bookl) ;
library.addEBook (book2) ;

std::cout << "\nailLxuylLiS Hgy0:\n";
library.browseLibrary () ;

std::cout << "\n) oliS gusles:\n";
library.readEBook (") oLis");

protectionProxyExample () ;
smartProxyExample () ;

std::cout << "\n\n=== JLi. Remote Proxy ===\n";
RemoteEBookProxy remoteBook ("B123", 300 ," 50 oubwogs" , " s olis");
remoteBook.display () ;

std::cout << "\noylugs gules (Lo @) :\n";
remoteBook.display () ;

std::cout << "\n\n=== _S;3 JUi.: Smart Virtual Proxy ===\n";

auto realBook = std::make shared<RealEBook> (" ,"ouiw " ," 0S5 0olLiS
250) ;
auto smartProxy = std::make shared<SmartEBookProxy>(realBook) ;

std::cout << "\n w_ Sws gadgl:\n";
smartProxy->display () ;

std::cout << "\ndvl_x_g 6Lnu_ul)_1_ul.):\n";
for (int i = 0; i < 3; i++) {
smartProxy->display () ;

}

return 0;
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@ Car

' ) uses
main o std::unique_ptr<Carlmpl> pIlmpl

o void drive()

@ Carlmpl ‘

o SteeringWheel wheel_;J
O

@SteeringWheel’

o int angle_ ‘

o void steer() J
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l1ewl Pointer to IMPLementation was. PIMPL

ool iy 5 I

ol & (pointer) o ,lal s ks () jas LB o 5 oS ol -CPP bl o 1, oodlS G s5twosls @l asl 2 PIMPL o301
wHJoAng}LmMﬁ

: ol bus @

oS Lol ldie oS axe @
b Swly jials @

Rl oy ol @

ABI als o5 sl @

e IS 3m 5 05 25 e PIMPL. 90 e €

#include <ClassA.h>
#include <ClassB.h>
Class MyClass {
public:

MyClass () {}
private:

ClassA ca;

ClassB cb;
b

aloz 51 IS cnl 59, 5 3mei o S1Ia s dalss hLslS 0)lgo o2 (IS ul il 3520 ClassB L ClassA ;s ;s p iz 51
Sl sl 0590 50 ol g Wigd oo blealS 0 ,bgo wiles, ST INCIUAE 1) 0o cplaS sla b ales aumd WIS opl coguas slacl 5| SO s,
635l 31as5 Wb LIS el (595 SzsS ot o bl IS b 50 (ankie 0395 595 ST e ol 4 10,5 BUIl aanls iy 55
dgu g0 00S Wi ol j0 aad ol laiel wis Wi b gl addo s> sl LlalS g wls Mgl LLelS o)lgs puz o8 (slewsdS

la 35 Runtime L Compile L slas ai> 4 kS (9,5 BUild 51 em g5 b oy o 5l s a5

b oo Jg1asS o 1) Ao ol alys oo o (g5 Joilo 51 ooliunl b a8 oas a8Lsl saa> Module i x4 C++20 50 4l

o319 (o0 Ego90 ol & OS5I Lidw ol o O+t o Pimple coeal

s e L6 Lo : PIMP st 9B

#pragma once
#include <memory>

class MyClass {

public:
MyClass () ;
~MyClass () ;
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void doSomething () ;

private:
class Impl;
std::unique ptr<Impl> pImpl;
bi
Forward sl « as ,o 51 lcws jasin Wi mo 5 ol fOrward declaration < his jas o s aals a5 468 olea
gimd [es,5 oolanwl FOrward Declaration st 5l el Jy o (oo 51T (Lol JSie cauog0 00,5 INClude 157 dmpl s o0 5
5 e ) o5 o ool 1T iolic Mad Jg o ales 1) WM cpl oo o labad can g8 o LhloolS ay s (IS S5 0,5 FOrward
sloaie Jio bl slgime 45l 00,5 505,98 a5 ol 50 ausly ood Lads adl Lol ) oS ol e bLaalS aslsl jo b (0,05 oo 2,8 00|
ol oo, include Lol .opp Ll Jsbs |, IMPl o3 jas LB Jol a5 aiws sals 5 a8 8 Jg lawsS lagy owyiws o . g pUblic
S LT b g oS o o yiws ] pUbIiC g4 slamethod g L propertysle « Impl s s Include [bls 4 wilg o bxl o
IMpl o LB o 1o b s cred g ol BLalS 5w o LINK ol al> 1o LLalS Loy .CPP b (o al> o LB 5l 1oiS
L.dll 5leepp bl sl a4 ass 6,3 3,b 5l las auslyss blels o bgs wil os,5 iNClude |, MyClass a5 LM g MyClass Ss
5 e Slawbxe (5,8 4 1, IMPL IS 65le soly ol @lsi auilys oo (s I () b g 0 eoliwl Dynamic Lib lge 4 .S0

#include "MyClass.h"
#include <vector>
#include <string>

class MyClass::Impl {
public:
std::vector<int> data;
std::string name;

void doSomething () {

}
}i
MyClass::MyClass () : pImpl(std::make unique<Impl>()) {}

MyClass::~MyClass () = default;
void MyClass::doSomething () {

pImpl->doSomething() ;
}

Q“"“‘«s"’“cﬁ)"""’?

include sl o
private sls e ples o
oM L5l sl e
bopty 5l o
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CHt 55 sloosgn ;o @

oges Sladiluls (b s e
Clean/Layered slas,loxs .o @
Qt o) cenl vge ABI stability a5 slagics ;o @

Interface Vs gousl sl s3I ol hdlas jlome o loi CHF S5 Ky Lis PIMPL 2 (g loao oS5 SO ®
Dependency INversion « <uoj b congie Hhi 5l .0iS oo (s5lmwosly WIS mlaw 4o |, IMplementation separation
oy oo b |, (Information Hiding) ;Lo sols wledlbl g5l a5 4 ;0 Encapsulation 4 el Principle

i Jo a3l o5 Pimple 5,50 o ity @

Copy 5Copy Constructor wb w—sb o copy L Copy Assignment L Copy Constructor aauly 4 s (oM )31

IMPl sl «,0,5 COPY (slp s -9-i5 soi COPY (58 sk & 90 SEAIUNIQUE_PEr 5 .S Co e swys 4 |, Assignment
5355 oo pll ShAllOW COPY (oS 5l oucs el 5 53,8 (o5 5 wwda plosil |, L5 ol 315 (Deep COpY) uS o5 lios |,
a5 ol> 0 ESTrUCtor ca i 4 5Ls uimed 19 oo @ly 0ud (o5 WS s b g0 5o ooliinsl 8,90 S yiite &9 4 IMPl Lol

i 4 b LS (e mip o p US—s ol default L o3 sy destructor oily oy ole @ lels cul Jols' Impl
lewol INComplete ¢ 5 Forward Class

~Widget () = default;
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todigdh Jiho 3 a8 oM guzo (55w 0ol 69

class Widget {

public:
Widget () ;
~Widget () ;

Widget (const Widgeté& other);
Widget& operator=(const Widgeté& other);

Widget (Widget&& other) noexcept;
Widget& operator=(Widgeté&& other) noexcept;

private:

class Impl;

std::unique ptr<Impl> pImpl;
}i

CPP b1 il ooy €8

#include "widget.h"
#include <iostream>
#include <string>

class Widget::Impl {

public:
std::string name = "default";
void draw () {

std::cout << "Drawing: " << name << "\n";
}
}i

Widget::Widget ()
pImpl (std::make unique<Impl>()) {}

Widget::~Widget () = default;

Widget::Widget (const Widget& other)
pImpl (std::make unique<Impl>(*other.pImpl)) {}

Widget& Widget::operator=(const Widget& other) {
if (this != &other) {
*pImpl = *other.pImpl;
}

return *this;

}
Widget::Widget (Widget&& other) noexcept = default;

Widget& Widget::operator=(Widget&& other) noexcept = default;

void Widget: :setName (const std::stringé& name) {
pImpl->name = name;

}

void Widget::draw () {
pImpl->draw () ;

}

128




pg Juad
(Behavioral) s,ts, ol s oplpo

ein |, g sozmns S ol oSl azms oo oLt |y LT e bl | slagSl aSl d SIS L Ll (glagSI| s 45 a5 0 o

Slabe 6,8, Gl cpulps gleil ogd JLio bl Jlgbo 1>l loy jo a5 auS oo

leww! Behavioral ¢4 ;1 4 :Chain of Responsibility o

Chain Of Responsability pattern — Class diagram

( Client A g

L (" AbstractHandler )
/ L »| + handleRequest(request)

. i

Extends Extends

ConcreteHandler1 W ( ConcreteHandler2 W

(
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#include <iostream>
#include <memory>
#include <string>
enum class LogLevel {
INFO,
WARNING,
ERROR
}i
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class Logger {
protected:
std: :unique ptr<Logger> nextLogger;

public:
virtual ~Logger () = default;

void setNext (std::unique ptr<Logger> next) {
nextLogger = std::move (next);

}

void log(LogLevel level, const std::string& message) {
if (canHandle (level)) {
writeMessage (message) ;
}
if (nextLogger) {
nextLogger->log(level, message);
}
}

protected:
virtual bool canHandle (LogLevel level) = 0;
virtual void writeMessage (const std::string& message) = 0;

bi

class Infologger : public Logger {
protected:
bool canHandle (LogLevel level) override ({
return level == LogLevel::INFO;
}

void writeMessage (const std::string& message) override {
std::cout << "[INFO] " << message << std::endl;
}
}i

class WarningLogger : public Logger {
protected:
bool canHandle (LogLevel level) override ({
return level == LogLevel::WARNING;
}

void writeMessage (const std::string& message) override {
std::cout << "[WARNING] " << message << std::endl;
}
}i

class ErrorLogger : public Logger {
protected:
bool canHandle (LogLevel level) override ({
return level == LogLevel: :ERROR;
}

void writeMessage (const std::string& message) override {
std::cout << "[ERROR] " << message << std::endl;
}
}i

131




int main () {

auto errorLogger = std::make unique<ErrorLogger>();
auto warningLogger = std::make unique<WarningLogger> () ;
auto infologger = std::make unique<InfolLogger> () ;

errorLogger->setNext (std: :move (warninglLogger) ) ;
errorLogger->nextLogger->setNext (std: :move (infologger)) ;
Logger* chain = errorLogger.get () ;

chain->log (LogLevel: : INFO, "This is an info message");
chain->log (LogLevel: :WARNING, "This is a warning message");
chain->log (LogLevel: :ERROR, "This is an error message");

return 0;

s B
‘9>
[INFO] This is an info message

[WARNING] This is a warning message
[ERROR] This is an error message
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Command pattern — Class diagram

( Invoker i getCommand() ( CommandManager K
h
+ execute() + getCommand(): ICommand
+ registCommand(ICommand)
. A \_ W,

i <<Interface>> )

execute() ICommand
> </
+ execute()
N\ é Y
( ConcreteCommandA ) ( ConcreteCommandB )
+ execute() + execute()
. J A J
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#include <iostream>
#include <string>

#include <stack>

class Character {

private:
std::string name;
int x;
int y;
public:
Character (std::string n, int x0, int y0) : name(n), x(x0), y(y0) {}
std::string getName () { return name; }
int getX() { return x; }

int getY() { return y; }

void move (int newX, int newY) {
std::cout << name << " moved from (" << x << ", " <K<K y << ") to (" << newX << ",
" << newY << ")\n";
X = newX;
Yy newy;

3

class Command {

public:
virtual void execute() = 0;
virtual void undo () = 0;
virtual ~Command () {}

i
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class MoveCommand : public Command {
private:

Characteré& character;

int lastX;

int lastyY;

int newX;

int newY;

public:

MoveCommand (Character& c, int x, int y) : character(c), newX(x), newY(y) {

lastX = character.getX();
lastY = character.getY (),

void execute () {
character.move (newX, newY) ;

}

void undo () {
character.move (lastX, lastY):;

Y

class Invoker {

private:
std: :stack<Command*> commands;

public:

void invoke (Command* command) {
command->execute () ;
commands .push (command) ;

}

void undo () {
if (!commands.empty()) {
Command* command = commands.top()

command->undo () ;
commands.pop () ;
delete command;

}
else {
std::cout << "No commands to undo\n";

}i
int main () {
Character character ("Alice", 0, 0);

Invoker invoker;

i

~
N
~

invoker.invoke (new MoveCommand (character,
invoker.invoke (new MoveCommand (character,
invoker.invoke (new MoveCommand (character, 5, 6));

w

~
o~
~

invoker.undo () ;
invoker.undo () ;
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invoker.undo () ;
invoker.undo () ;

return 0;

05 ol 4 ()

Alice moved from (0, 0) to (1, 2)
Alice moved from (1, 2) to (3, 4)
Alice moved from (3, 4) to (5, ©6)
Alice moved from (5, 6) to (3, 4)
Alice moved from (3, 4) to (1, 2)
Alice moved from (1, 2) to (0, 0)

No commands to undo
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class Invoker {
private:

std: :stack<Command*> undoStack;
std: :stack<Command*> redoStack;

const int MAX SIZE = 10;
public:

void invoke (Command* command) {
command->execute () ;

undoStack.push (command) ;

if (undoStack.size () > MAX SIZE) {
std::stack< Command*> tempStack;
while (!undoStack.empty())
{
tempStack.push (undoStack.top()) ;
undoStack.pop () ;
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Command* oldItem = tempStack.top();
tempStack.pop () ;
delete oldItem;

while (!tempStack.empty())

{
undoStack.push (tempStack.top()) ;
tempStack.pop () ;

while (!redoStack.empty()) {
Command* oldCommand = redoStack.top():;
redoStack.pop () ;
delete oldCommand;

void undo () {

if (!'undoStack.empty()) {
Command* command = undoStack.top();
command->undo () ;
undoStack.pop () ;
redoStack.push (command) ;

}

else {

std::cout << "No commands to undo\n";

void redo () {

if (!redoStack.empty()) {
Command* command = redoStack.top():;
command->execute () ;
redoStack.pop () ;
undoStack.push (command) ;

}

else {

std::cout << "No commands to redo\n";
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o000

Interpreter initialized with Context.
Current AST loaded.

Step 1: Evaluate (5+10) = 15.

Step 2: Evaluate 15-3 = 12.

Evaluation Complete. "
Output: 12

PLUS(+)
% §% Z ‘ Context Data
O boed ;) x=5 =.. R

b CONSTANT CONSTANT
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1. Inpu't'Grar'nm'ar Rule, s <
L2, Construct Interpreter Object Tree, R -
3. Interpret AST using Context for Result = o

Interpreter pattern — Class diagram
Client <<Interface>> )
——————————— AbstractExpression
==
J + interpret(Context) S B
l PN ’
( Context w /Extends Extends\
J 4 TerminalExpression ) ( NonTermlnalExpresslonw
+ data + interpret(Context)
+ interpret(Context)
N /
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Given a language, define a representation for its grammar along with an interpreter that uses the
representation to interpret sentences in the language.
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Context.s .«

#include <string>
#include <unordered map>
class Context {
public:
void setVariable (const std::string& name, int value) {
variables[name] = value;
}
int getVariable (const std::string& name) const {
return variables.at (name) ;

}

private:
std::unordered map<std::string, int> variables;

)

Abstract Expression

class Expression {

public:
virtual ~Expression() = default;
virtual int interpret (const Context& context) const = 0;

}i
(,+220) Terminal Expression

class VariableExpression : public Expression {
public:
explicit VariableExpression (std::string name)
name_(std::move (name)) {}

int interpret (const Context& context) const override ({
return context.getVariable (name );

}

private:
std::string name ;

}i
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(z0> y5loe) Non Terminal Expression

#include <memory>
class AddExpression : public Expression {
public:
AddExpression (std::unique ptr<Expression> left,
std::unique ptr<Expression> right)
left (std::move (left)), right (std::move(right)) {}

int interpret (const Context& context) const override {
return left ->interpret (context) + right ->interpret (context);

private:
std::unique ptr<Expression> left ;
std::unique ptr<Expression> right ;

{(s2 ,4) Non Terminal Expression

class SubtractExpression : public Expression {
public:
SubtractExpression(std::unique ptr<Expression> left,
std::unique ptr<Expression> right)
left (std::move (left)), right (std::move(right)) {}

int interpret (const Context& context) const override ({
return left ->interpret (context) - right ->interpret (context);

private:
std: :unique ptr<Expression> left ;
std::unique ptr<Expression> right ;

g ool

int main () {
Context context;
context.setVariable ("a", 10);
context.setVariable ("b", 5);
context.setVariable ("c", 3);

auto expression =
std::make unique<SubtractExpression> (
std: :make unique<AddExpression> (
std::make unique<VariableExpression>("a"),
std: :make unique<VariableExpression>("b")
)
std: :make unique<VariableExpression>("c")
);

std::cout << expression->interpret (context) << std::endl;
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(age > 18) AND (country == "IR")

1438 oy Context g7

#include <variant>

using Value = std::variant<int, std::string, bool>;

class Context {
public:
void set (const std::stringé& key, Value value)
datal[key] = value;
}

const Value& get (const std::stringé& key) const {
return data.at (key);

}

private:
std::unordered map<std::string, Value> data;

}i
AbstractExpression (Boolean)

class BoolExpression {

public:
virtual ~BoolExpression() = default;
virtual bool interpret (const Context& ctx) const = 0;

)

Terminal: Comparison

class EqualsExpression : public BoolExpression {
public:
EqualsExpression (std::string key, Value expected)
key (std::move (key)), expected (std::move (expected)) {}
bool interpret (const Context& ctx) const override {
return ctx.get(key ) == expected ;
}
private:
std::string key ;
Value expected ;
}i
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class GreaterThanExpression : public BoolExpression {
public:
GreaterThanExpression (std::string key, Value expected)
key (std::move(key)), expected (std::move (expected)) {}

bool interpret (const Context& ctx) const override {
return ctx.get(key ) > expected ;
}
private:
std::string key ;
Value expected ;

}i
(sl axsls 1, Right 5 Left clo 5 o,lal Wb 05 Terminal .1, NonTerminal: AND

class AndExpression : public BoolExpression {
public:
AndExpression (std::unique ptr<BoolExpression> left,
std::unique ptr<BoolExpression> right)
left (std::move(left)), right (std::move(right)) {}

bool interpret (const Contexté& ctx) const override {
return left ->interpret (ctx) && right ->interpret (ctx);
}
private:
std::unique ptr<BoolExpression> left ;
std::unique ptr<BoolExpression> right ;

}i

Context ctx;
ctx.set ("age", 20);

ctx.set ("country", std::string("IR"));
auto rule = std::make unique<AndExpression> (
std: :make unique<EqualsExpression>("country", std::string("IR")),

std: :make unique<EqualsExpression>("age", 20)
) ;

bool allowed = rule->interpret (ctx);
auto rule2 = std::make unique<AndExpression> (
std: :make unique<EqualsExpression>("country", std::string("IR")),

std: :make unique<GreaterThanExpression>("age", 18)
)

bool allowed2 = rule2->interpret (ctx);
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<iostream>

<sstream>

<stdexcept>

class Expression {

public:

virtual ~Expression() = default;
virtual double Interpret() = 0;
virtual std::string ToString() const = 0;

i

class NumberExpression : public Expression {

double wvalue;

public:
explicit NumberExpression (double v) : value(v) {}
double Interpret () override { return value; }

std::string ToString() const override { return std::to string(value); }

}i
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class AddExpression : public Expression {
std::unique ptr<Expression> left, right;
public:
AddExpression (std::unique ptr<Expression> left,
std::unique ptr<Expression> right)
_left (std::move (left)),
_right (std::move (right)) {}
double Interpret() override { return left->Interpret() + right->Interpret();}
std::string ToString() const override { return " (" + left->ToString() + " + "
+ right->ToString() + ")"; }
}i

class SubtractExpression : public Expression {
std::unique ptr<Expression> left, right;
public:
SubtractExpression (std::unique ptr<Expression> left,
std::unique ptr<Expression> right)
_left(std::move (left)),
_right (std::move(right)) {}

double Interpret() override { return left->Interpret() - right->Interpret();}
std::string ToString() const override { return " (" + left->ToString() + " - "
+ right->ToString() + ")"; }

bi

class MultiplyExpression : public Expression {
std::unique ptr<Expression> left, right;
public:
MultiplyExpression (std::unique ptr<Expression> left,
std::unique ptr<Expression> right)
_left (std::move (left)),
_right (std::move(right)) {}
double Interpret() override { return left->Interpret() * right->Interpret();
}
std::string ToString() const override { return " (" + left->ToString() + " * "
+ right->ToString() + ")"; }
}i

class DivideExpression : public Expression {
std::unique ptr<Expression> left, right;
public:
DivideExpression(std::unique ptr<Expression> left,
std::unique ptr<Expression> right)
_left (std::move (left)),
_right (std::move(right)) {}

double Interpret () override {
double rVal = right->Interpret();
if (rVal == 0) throw std::runtime error("Division by zero!");

return left->Interpret() / rVal;
}
std::string ToString() const override { return " (" + left->ToString() + " /
+ right->ToString() + ")"; }
}i

n

std::string infixToPostfix (const std::stringé& infix) {
std::string cleaned;

for (char c¢ : infix) {
if (!std::isspace(static_cast<unsigned char>(c))) cleaned += c;
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std: :vector<std::string> tokens;
std::string num;

for (char c cleaned) {
if (std::isdigit(static_cast<unsigned
num += c;
} else {
if (!'num.empty())
tokens.push back(std::string (1,
}
}
if (!num.empty()) tokens.push back (num) ;

std: :stack<char> opStack;
std::ostringstream output;

auto precedence = [] (char op) {
if (op == '"*' || op == '/') return 2;
if (op == '"+' || op == '-') return 1;

return 0;

b

char>(c)) || == ".")

{ tokens.push back (num); num.clear();

c));

}

bool first = true;
for (const autoé& tok tokens) {
if (std::isdigit(static_cast<unsigned char>(tok[0])) || tok[
if (!first) output << " ";
output << tok;
first = false;
}
else if (tok == "(") {
opStack.push (' (")
}
else if (tok == ")") {
while (!opStack.empty () && opStack.top() != '"(") {
output << " " << opStack.top();
opStack.pop () ;
}
if (!opStack.empty () && opStack.top() == "'(") {
opStack.pop () ;
} else {
throw std::runtime error ("Mismatched parentheses!");
}
}
else if (tok —_—— "+" ’ ’ tok —_—— mw_mn | | tok —_—— LI 1 | | tok —_—— "/")
while (!opStack.empty () && opStack.top() != "(' &&

precedence (opStack.top())
output << "
opStack.pop () ;

}
opStack.push (tok[0]) ;

146

>= precedence (tok[0]))

" << opStack.top();

{

{




while (!opStack.empty()) {

if (opStack.top() == '"(' || opStack.top() == ")") {
throw std::runtime error ("Mismatched parentheses!");

}

output << " " << opStack.top();

opStack.pop () ;
}

return output.str():;

std::unique ptr<Expression> parsePostfix(const std::string& expr) {
std::istringstream iss (expr) ;
std::string token;
std::stack<std::unique ptr<Expression>> stack;
while (iss >> token) {

if (token == "+4+") {
auto right = std::move(stack.top()); stack.pop();
auto left = std::move (stack.top()); stack.pop();

stack.push (std: :make unique<AddExpression>(std::move (left),
std: :move (right))) ;
}
else 1f (token == "-") {
auto right = std::move (stack.top()); stack.pop():;
auto left = std::move (stack.top()); stack.pop();
stack.push (std::make unique<SubtractExpression>(std::move (left),
std: :move (right)));
} else if (token == "*") {
auto right = std::move(stack.top()); stack.pop():;
auto left = std::move (stack.top()); stack.pop();
stack.push (std::make unique<MultiplyExpression>(std::move (left),
std: :move (right))) ;
} else if (token == "/") {
auto right = std::move (stack.top()); stack.pop():;
auto left = std::move (stack.top()); stack.pop();
stack.push (std::make unique<DivideExpression>(std::move (left),
std: :move (right))) ;

} else {
stack.push (std: :make unique<NumberExpression>(std::stod(token)))
}
}
if (stack.size() !'= 1) {
throw std::runtime error("Invalid expression: Stack size is not 1 at the
end.");
}
return std::move (stack.top()):;
}
int main () {
try |
std::string infixExpr = "10 + 2 * 6 - 4 / 2";
std::cout << "Main Expression (Infix): " << infixExpr << std::endl;
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std::string postfixExpr = infixToPostfix (infixExpr) ;
std::cout << " (Postfix): " << postfixExpr << std::endl;

auto expr = parsePostfix (postfixExpr);

std::cout << "Tree Structure: " << expr->ToString() << std::endl;

std::cout << "Final Result: " << expr->Interpret() << std::endl;

Stels seout KK Vomoooooooooooooooooosooooosoooooooooo=o= " << std::endl;

std::string infixExprWithParen = " (10 + 2) * 6 - 4 / 2";

std::cout << "Main Expression (Infix with parentheses): " <<
infixExprWithParen << std::endl;

std::string postfixExprWithParen = infixToPostfix (infixExprWithParen) ;

std::cout << " (Postfix): " << postfixExprWithParen << std::endl;

auto exprWithParen = parsePostfix (postfixExprWithParen) ;

std::cout << "Tree Structure: " << exprWithParen->ToString() << std::endl;

std::cout << "Final Result: " << exprWithParen->Interpret () << std::endl;

} catch (const std::exception& e) {
std::cerr << "Error: " << e.what () << std::endl;

}

return 0;
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#include <iostream>
#include <string>
#include <memory>
#include <map>
#include <stack>
#include <vector>
#include <sstream>
#include <variant>
#include <cctype>
#include <stdexcept>

using NumbersVariant = std::variant<int, float, double, long, long long,
unsigned int, unsigned long, unsigned long long>;

volid PrintVariant (const NumbersVarianté& v) {
std::visit ([] (auto&& arg) { std::cout << arg; }, Vv);

class Context ({

std: :map<std::string, NumbersVariant> mathVars;

std: :map<std::string, bool> boolVars;
public:

void SetMath (const std::stringé& key, NumbersVariant value) { mathVars|[key] =
value; }

void SetBool (const std::stringé& key, bool value) { boolVarslkey] = value; }

NumbersVariant GetMath (const std::string& key) const {
auto it = mathVars.find (key) ;
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if (it != mathVars.end()) return it->second;
throw std::runtime error ("Math variable not found: " + key);

bool GetBool (const std::stringé& key) const {
auto it = boolVars.find (key) ;
if (it != boolVars.end()) return it->second;
throw std::runtime error ("Boolean variable not found: " + key);

class Expression {

public:
virtual ~Expression() = default;
virtual NumbersVariant Interpret (const Contexté& ctx) const = 0;
virtual std::string ToString() const = 0;

bi

class NumberExpression : public Expression {
NumbersVariant value;
public:
explicit NumberExpression (NumbersVariant value) : value(value) ({}

NumbersVariant Interpret (const Contexté&) const override { return value; }
std::string ToString () const override {
return std::visit ([] (auto&& arg) { return std::to string(arg); }, _value);
}
}i

class VariableExpression : public Expression {
std::string name;
public:
explicit VariableExpression(const std::string& name) : name (name) {}
NumbersVariant Interpret (const Context& ctx) const override {
return ctx.GetMath ( name);
}
std::string ToString() const override { return name; }

b

class MathBinaryOp : public Expression {
protected:
std::unique ptr<Expression> left, right;
std::string opSymbol;
public:
MathBinaryOp (std: :unique ptr<Expression> 1,
std::unique ptr<Expression> r,
std::string op) :
_left(std::move(l)),
_right (std::move (r)),
_opSymbol (std: :move (op)) {}
std::string ToString () const override {
return "( " + left->ToString() + " " + opSymbol + " " + right->ToString() + " )";

}
}i
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class AddExpression : public MathBinaryOp ({
public:
AddExpression (std::unique ptr<Expression> 1,
std: :unique ptr<Expression> r)
MathBinaryOp (std: :move (1),
std: :move (r),
") ()

NumbersVariant Interpret (const Contexté& ctx) const override {

auto 1 = left->Interpret (ctx),
r = right->Interpret (ctx);
return std::visit([] (auto&& lhs, auto&& rhs) -> NumbersVariant { return lhs + rhs; }, 1, r);

b

class SubtractExpression : public MathBinaryOp {
public:
SubtractExpression(std::unique ptr<Expression> 1,
std::unique ptr<Expression> r)
MathBinaryOp (std: :move (1),
std: :move (r),
"= {1}

NumbersVariant Interpret (const Context& ctx) const override ({

auto 1 = left->Interpret(ctx),
r = right->Interpret (ctx);
return std::visit([] (auto&& lhs, auto&& rhs) -> NumbersVariant { return lhs - rhs; }, 1, r);

bi

class MultiplyExpression : public MathBinaryOp {
public:
MultiplyExpression (std::unique ptr<Expression> 1,
std::unique ptr<Expression> r)
MathBinaryOp (std: :move (1),
std: :move (r),
") {1

NumbersVariant Interpret (const Context& ctx) const override {

auto 1 = left->Interpret (ctx),
r = right->Interpret (ctx);
return std::visit([] (auto&& lhs, auto&& rhs) -> NumbersVariant { return lhs * rhs; }, 1, r);

b

class DivideExpression : public MathBinaryOp {
public:
DivideExpression(std::unique ptr<Expression> 1,
std::unique ptr<Expression> r)
MathBinaryOp (std: :move (1),
std: :move (r),
"/ )

NumbersVariant Interpret (const Contexté& ctx) const override {

auto 1 = left->Interpret (ctx);

auto r = right->Interpret (ctx);

bool isZero = std::visit([] (auto&& arg) -> bool { return arg == 0; }, r);

if (isZero) throw std::runtime error ("Math Error: Division by zero!");
return std::visit([] (auto&& lhs, auto&& rhs) -> NumbersVariant { return lhs / rhs; }, 1, r);

}i
class MathParser {

struct Token {
enum Type { NUMBER, VARIABLE, OP, LPAREN, RPAREN };
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Type type;
std::string value;
}i

static std::vector<Token> Tokenize (const std::stringé& expr) {
std: :vector<Token> tokens;
for (size t i = 0; i < expr.length(); ) {

char ¢ = exprl[il];

if (std::isspace(c)) { i++; continue; }

if (std::isdigit(c) || c == ".") {
std::string num;

while (i < expr.length() && (std::isdigit(expr[i]) || expr[i] == '.')) num += expr[i++];
tokens.push back ({Token::NUMBER, num}) ;

} else if (std::isalpha(c) || c == "_") {
std::string var;

while (i < expr.length() && (std::isalnum(expr([i]) || expr([i] == '_')) var += expr[i++];
tokens.push back ({Token::VARIABLE, var});

} else if (¢ == "+" || ¢ == "=V || ¢ == "X" || e = "/") {
tokens.push back ({Token::0P, std::string(l, c)});
i++; B

} else if (c == '(') { tokens.push back({Token::LPAREN, "("}); i++; }

else if (c == ')') { tokens.push back({Token::RPAREN, ")"}); i++; }

else { throw std::runtime error("Invalid character in expression: " + std::string(l, c)); }

}

return tokens;

}

static int Precedence (const std::string& op) {
if (op == "*" || op == "/") return 2;
if (op == "+" || op == "-") return 1;
return 0;

static std::unique ptr<Expression> ApplyOp (const std::string& op,
std::stack<std::unique ptr<Expression>>& vals) {
if (vals.size() < 2)
throw std::runtime error ("Invalid expression: missing operands");
auto right = std::move(vals.top()); vals.pop();
auto left = std::move(vals.top()); vals.pop();

if (op == "+")
return std::make unique<AddExpression>(std::move(left), std::move(right)):;
if (op == "-")
return std::make unique<SubtractExpression>(std::move (left), std::move(right));
if (op == "*")
return std::make unique<MultiplyExpression>(std::move (left), std::move(right));
if (Op P u/u)
return std::make unique<DivideExpression>(std::move (left), std::move(right));
throw std::runtime error ("Unknown operator: " + op);
}
public:
static std::unique ptr<Expression> Parse(const std::stringé& expression) {
auto tokens = Tokenize (expression) ;

std::stack<std::unique ptr<Expression>> values;
std::stack<std::string> ops;
for (const auto& t : tokens) {

if (t.type == Token::NUMBER) {
if (t.value.find('.') != std::string::npos)
values.push (std: :make unique<NumberExpression>(std::stod(t.value)));
else
values.push (std: :make unique<NumberExpression>(std::stoll(t.value)));
} else if (t.type == Token::VARIABLE) {
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values.push (std: :make unique<VariableExpression>(t.value));

} else if (t.type == Token::LPAREN) {
ops.push (" (")
} else if (t.type == Token::RPAREN) {

while (!ops.empty() && ops.top() != "(") {
values.push (ApplyOp (ops.top (), values)); ops.pop(); }

if (!ops.empty()) ops.pop();
} else if (t.type == Token::0P) {
while (!ops.empty() && ops.top() != "(" &&
Precedence (ops.top()) >= Precedence(t.value)) {

values.push (ApplyOp (ops.top (), values)); ops.pop():
}

ops.push(t.value);

}

while (!ops.empty()) { values.push (ApplyOp (ops.top(), values)); ops.pop(); }
if (values.size() != 1) throw std::runtime error("Invalid expression structure");
return std::move(values.top()):;

class BooleanExpression {

public:
virtual ~BooleanExpression() = default;
virtual bool Interpret (const Context& ctx) const = 0;

virtual std::string ToString() const = 0;
bi

class BooleanVariable : public BooleanExpression {
std::string name;

public:
explicit BooleanVariable (const std::string& name) : name (name) {}
bool Interpret (const Context& ctx) const override { return ctx.GetBool( name); }

std::string ToString() const override { return name; }

b

class BooleanLiteral : public BooleanExpression {
bool value;
public:
explicit BooleanLiteral (bool v) : value(v) {}
bool Interpret (const Context&) const override { return value; }
std::string ToString() const override { return value ? "TRUE" : "FALSE"; }

b

class AndExpression : public BooleanExpression {
std: :unique ptr<BooleanExpression> left, right;
public:
AndExpression (std::unique ptr<BooleanExpression> 1,
std: :unique ptr<BooleanExpression> r)
_left(std::move(l)),
_right (std::move(r)) {}
bool Interpret (const Context& ctx) const override {
return left->Interpret(ctx) && right->Interpret(ctx); }
std::string ToString()-Eonst override { -
return " (" + left->ToString() + " AND " + right->ToString() + ")"; }

}i
class OrExpression : public BooleanExpression {
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std::unique ptr<BooleanExpression> left, right;
public:
OrExpression(std::unique ptr<BooleanExpression> 1,
std: :unique ptr<BooleanExpression> r) :
_left(std::move(l)),
_right (std::move(r)) {}
bool Interpret (const Context& ctx) const override {
return left->Interpret (ctx) || _right->Interpret(ctx); }
std::string ToString () const override {
return " (" + left->ToString() + " OR " + right->ToString() + ")"; }
}i
class NotExpression : public BooleanExpression {
std::unique ptr<BooleanExpression> expr;
public:
explicit NotExpression(std::unique ptr<BooleanExpression> expr)
_expr (std: :move (expr)) {}
bool Interpret (const Context& ctx) const override {
return ! expr->Interpret (ctx); }
std::string ToString() const override { return " (NOT " + expr->ToString() + ")"; }

b

class MathCompare : public BooleanExpression {
std::unique ptr<Expression> left;
std::unique ptr<Expression> right;
std::string op;
public:
MathCompare (std: :unique ptr<Expression> 1,
std::unique ptr<Expression> r,
std::string op) :
_left(std::move(l)),
_right (std::move(r)),
_op (std::move (op)) {}

bool Interpret (const Contexté& ctx) const override {

auto 1 = left->Interpret (ctx);

auto r = right->Interpret (ctx);

return std::visit ([&] (auto&& a, auto&& b) -> bool {
if (_op == ">") return a > b;
if (_op "<") return a < b;
if (_op ">=") return a >= b;
if (_op == "<=") return a <= b;
if (_op == "==") return a == b;
if (L op == "!=") return a != b;
return false;

Yo 1, )2

}
std::string ToString () const override {
return "( " + left->ToString() + " " + op + " " + right->ToString() + " )"; }
i
class BoolParser {
std::vector<std::string> tokens;

size t pos = 0;
std::string Peek() const { return pos < tokens.size() ? tokens[ pos] : "";
std::string Consume () { return tokens[ pos++]; }
bool Match (const std::string& expected) {
if (Peek() == expected) { pos++; return true; }

return false;
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static std::vector<std::string> TokenizeBool (const std::string& expr) {
std: :vector<std::string> tokens;
std::string current;
for (size t i = 0; i1 < expr.length(); ++i) {

char ¢ = exprl[il;
if (std::isspace(c)) {
if (!current.empty()) { tokens.push back(current); current.clear(); }
f elge it (@ = "(" (| @ = ")V) {
if (!current.empty()) { tokens.push back(current); current.clear(); }
tokens.push back(std::string(l, c));
} else if (c == '>' || c == '<' || c == '=' || c == "!") {
if (!current.empty()) { tokens.push back(current); current.clear(); }
if (1 + 1 < expr.length() && expr[i+l] == '=") {
tokens.push back(std::string(l, c) + "=");
A4kl g B
} else {

tokens.push back(std::string(l, c));
}
} else {
current += c;
}
}
if (!current.empty()) tokens.push back(current);
return tokens;

std::unique ptr<BooleanExpression> ParseOr () {
auto left = ParseAnd();
while (Match("OR")) { auto right = ParseAnd();
left = std::make unique<OrExpression>(std::move (left), std::move(right)); }

return left;

std::unique ptr<BooleanExpression> ParseAnd() {
auto left = ParseNot () :;
while (Match("AND")) { auto right = ParseNot();
left = std::make unique<AndExpression>(std::move (left), std::move(right)); }
return left;

std::unique ptr<BooleanExpression> ParseNot () {
if (Match("NOT")) return std::make unique<NotExpression>(ParseNot ())
return ParseComparison () ;

std::unique ptr<BooleanExpression> ParseComparison () {
size t startPos = pos;
std::string leftStr = "";
int parenCount = 0;

while ( pos < tokens.size()) {

std::string tok = Peek();

if (tok == "(") {
parenCount++;

} else if (tok == ")") {
if (parenCount == 0) break;
parenCount--;

} else if (tok == ">" || tok == "<" || tok == ">=" || tok == "<="

H tok == "==" H tok == n!:n) {

if (parenCount == 0) break;

} else if (tok == "AND" || tok == "OR") {
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if (parenCount == 0) break;
}
leftStr += Consume() + " ";

}
std::string op = Peek();
l

if (op == ">" || op == "<" || op == ">=" || op == "<=" || op == "==" ||
op == "l=") {
Consume () ;
std::string rightStr = "";
parenCount = 0;
while ( pos < tokens.size()) {
std::string tok = Peek();
if (tok == " (") {
parenCount++;
} else if (tok == ")") {
if (parenCount == 0) break;
parenCount--;
} else if (tok == "AND" || tok == "OR") {
if (parenCount == 0) break;
}
rightStr += Consume() + " ";
}
if (leftStr.empty() || rightStr.empty()) {

throw std::runtime error ("Invalid comparison expression: missing operands") ;

auto leftExpr = MathParser::Parse(leftStr);

auto rightExpr = MathParser::Parse(rightStr);

return std::make unique<MathCompare> (std::move (leftExpr),
std: :move (rightExpr), op);

_pos = startPos;
return ParsePrimary () ;

}

std::unique ptr<BooleanExpression> ParsePrimary () {
std::string tok = Peek();
if (tok == " (") {
Consume () ;
auto expr = ParseOr();
if (!Match(")")) throw std::runtime error ("Expected ')' in boolean expression");

return expr;

}

if (tok == "TRUE") {
Consume () ; return std::make unique<BooleanLiteral>(true); }
if (tok == "FALSE") { Consume();
return std::make unique<BooleanLiteral>(false); }
if (!tok.empty () && std::isalpha(tok[0])) {

Consume () ;
return std::make unique<BooleanVariable> (tok);

}

throw std::runtime error ("Unexpected token in boolean expression: " + tok);

public:
static std::unique ptr<BooleanExpression> Parse (const std::stringé& expr) {
BoolParser parser;
parser. tokens = TokenizeBool (expr);
auto result = parser.ParseOr();
if (parser. pos < parser. tokens.size()) {
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throw std::runtime error ("Unexpected trailing tokens in boolean expression");

}

return result;

class SQLExpression {

public:
virtual ~SQLExpression() = default;
virtual bool Evaluate (const std::map<std::string, std::string>& row) const = 0;
virtual std::string ToString() const = 0;

b

class EqualsExpression : public SQLExpression {
std::string column, value;

public:
EqualsExpression (const std::string& c,
const std::string& v)
_column (c),
_value (v) {}

bool Evaluate (const std::map<std::string,
std::string>& row) const override {

auto it = row.find( column) ;
return (it != row.end() && it->second == value);
}
std::string ToString() const override { return column + " = '" + value + "'"; }

b

class GreaterThanExpression : public SQLExpression {
std::string column, value;
public:
GreaterThanExpression (const std::string& c,
const std::string& v)
_column (c),
_value (v) {}

bool Evaluate (const std::map<std::string,
std::string>& row) const override {

auto it = row.find( column);

if (it != row.end()) {
try { return std::stod(it->second) > std::stod( value); }
catch (...) { return it->second > value; }

}
return false;
}

std::string ToString() const override { return column + " > '" + value + "'"; }

i

class SQLAndExpression : public SQLExpression ({
std::unique ptr<SQLExpression> left, right;
public:
SQLAndExpression(std::unique ptr<SQLExpression> 1,
std: :unique ptr<SQLExpression> r):
_left(std::move (1)),
_right (std::move(r)) {}
bool Evaluate (const std::map<std::string, std::string>& row) const override {
return left->Evaluate(row) && right->Evaluate (row);

}
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std::string ToString() const override {
return " (" + left->ToString() + " AND " + right->ToString() + ")"; }
b

class SimpleDatabase {
std::vector<std::map<std::string, std::string>> data;
public:
void AddRow (const std::map<std::string, std::string>& row) {
_data.push back (row); }

std: :vector<std::map<std::string, std::string>>
Query (std::unique ptr<SQLExpression> whereClause) const ({
std: :vector<std::map<std::string, std::string>> result;
for (const auto& row : data) {
if (whereClause->Evaluate(row)) result.push back(row);
}

return result;

std::unique ptr<Expression> ParsePostfix(const std::string& expr) {

std::istringstream iss (expr) ;
std::string token;
std::stack<std::unique ptr<Expression>> stack;
while (iss >> token) {

if (token == "+") {

if (stack.size() < 2)
throw std::runtime error ("Postfix error: not enough operands for +");

(
auto r = std::move(stack.top()); stack.pop();
auto 1 = std::move(stack.top()); stack.pop()
stack.push (std: :make unique<AddExpression>(std::move(l), std::move(r)));
} else if (token == "-") {

if (stack.size () < 2)

throw std::runtime error ("Postfix error: not enough operands for -");
auto r = std::move (stack.top()); stack.pop();
auto 1 = std::move (stack.top()); stack.pop();

stack.push (std: :make unique<SubtractExpression>(std::move (1),
std: :move(r)));

} else if (token == "*") {
if (stack.size () < 2)
throw std::runtime error ("Postfix error: not enough operands for *");
auto r = std::move (stack.top()); stack.pop();

auto 1 = std::move (stack.top()); stack.pop();
stack.push (std::make unique<MultiplyExpression>(std::move(l),
std: :move(r)));
} else if (token == "/") {
if (stack.size () < 2)
throw std::runtime error ("Postfix error: not enough operands for /");
auto r = std::move (stack.top()); stack.pop();
auto 1 = std::move (stack.top()); stack.pop();
stack.push (std::make unique<DivideExpression>(std::move (1),
std: :move (r)));
} else {
if (token.find('.') != std::string::npos)
stack.push (std: :make unique<NumberExpression> (std::stod(token)));
else stack.push (std::make unique<NumberExpression>(std::stoll (token)));
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if (stack.size() != 1)
throw std::runtime error ("Invalid postfix expression structure");
return std::move (stack.top());

void Examplel () {

std::cout << "=== Example 1: Unified Interpreter System (Math + Boolean + Comparison) ==="
<< std::endl;

Context ctx;
ctx.SetMath ("x", 10); ctx.SetMath("y", 5.5); ctx.SetMath("z", 2);
ctx.SetMath ("zero var", 0); ctx.SetMath("score", 85);
ctx.SetBool ("is_active", true); ctx.SetBool ("has permission", false);
ctx.SetBool ("is admin", true);

std::cout << " \n Unified Interpreter
System Demo\n \n\n";

std::string mathExprStr = "x * z + y / 2";

std::cout << "[Math Engine]\nExpression : " << mathExprStr << "\n";

auto mathAst = MathParser::Parse (mathExprStr);

std: :cout << "AST Tree : " << mathAst->ToString() << "\nResult g Wg

PrintVariant (mathAst->Interpret (ctx));
std::cout << "\n\n";

std::string boolExprStr = "is active AND NOT has permission";

std::cout << "[Boolean Engine - Pure]\nExpression : " << boolExprStr << "\n";
auto boolAst = BoolParser::Parse (boolExprStr);

std::cout << "AST Tree : " << boolAst->ToString() << "\nResult 3 U =g

std::boolalpha << boolAst->Interpret (ctx) << "\n\n";

std::string combinedExprStr = "score >= 80 AND is active AND NOT is_ admin";

std::cout << "[Combined Engine - Math Comparison + Boolean]\nExpression : "
<< combinedExprStr << "\n";

auto combinedAst = BoolParser::Parse (combinedExprStr) ;

std::cout << "AST Tree : " << combinedAst->ToString () << "\nResult Y
<< std::boolalpha << combinedAst->Interpret (ctx) << "\n\n";

std::cout << "[Comparison Operators Stress Test]\n";
std::vector<std::string> tests = {

"X > 5"’

"y <= 5.5",

"z == 2",

"x 1= 0",

"(x * z) > 15 AND y < 10"
}i

for (const auto& test : tests) {
auto ast = BoolParser::Parse(test);
std::cout << " Test : " << test << "\n AST : " << ast->ToString()
<< "\n Result : " << std::boolalpha << ast->Interpret (ctx) <<
TN\  —comcmcmcccscssssssssesesosososssssoooes \n";

void Example2 () {
std::cout << "\n=== Example 2: Math Expressions Interpreter ===" << std::endl;
Context ctx;
ctx.SetMath ("x", 5); ctx.SetMath("y", 10); ctx.SetMath("z", 2);

try {
std::string exprStr = "x + y * z";
std::cout << "Parsing expression: '" << exprStr << "'" << std::endl;

auto expression = MathParser::Parse (exprStr);
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std: :cout << "AST Tree : " << expression->ToString () << std::endl;
std::cout << "Result g Wg
PrintVariant (expression->Interpret (ctx));
std::cout << "\n" << std::endl;
} catch (const std::exception& e) {
std::cerr << "Error in Example2: " << e.what () << "\n" << std::endl;

void Example3 () {
std::cout << "=== Example 3: Boolean Expressions Interpreter ===" << std::endl;
Context ctx;
ctx.SetBool ("A", true); ctx.SetBool ("B", false); ctx.SetBool ("C", true);
try {
auto exprl = std::make unique<AndExpression>( std::make unique<BooleanVariable>("A"),
std::make unique<BooleanVariable>("B"));
auto expr2 = std::make unique<NotExpression> (std::make unique<BooleanVariable>("C"))
auto finalExpr = std::make unique<OrExpression>(std::move (exprl),
std: :move (expr2)) ;
std::cout << "Expression : " << finalExpr->ToString() << std::endl;
std::cout << "Result : " << std::boolalpha << finalExpr->Interpret (ctx)
<< "\n" << std::endl;
} catch (const std::exception& e) {
std::cerr << "Error in Example3: " << e.what() << "\n" << std::endl;

}

void Exampled () {

std::cout << "=== Example 4: SQL Expressions Interpreter ===" << std::endl;

try {
SimpleDatabase db;
db.AddRow ({ {"name", "Alice"}, {"age", "25"}, {"city", "New York"}});
db.AddRow ({ {"name", "Bob"}, {"age", "30"}, {"city", "London"}});
db.AddRow ({ {"name", "Charlie"}, {"age", "22"}, {"city", "Paris"}});
db.AddRow ({ {"name", "David"}, {"age", "35"}, {"city", "Tokyo"}});

auto condition = std::make unique<SQLAndExpression> (

std::make unique<GreaterThanExpression>("age", "25"),

std::make unique<EqualsExpression>("city", "London")

)
std::cout << "Search condition: " << condition->ToString() << std::endl;
auto results = db.Query(std::move (condition));

std::cout << "Results:" << std::endl;

if (results.empty()) std::cout << " (No records found)" << std::endl;
for (const auto& row : results) {
std::cout << " Name: " << row.at ("name") << ", Age: " << row.at ("age")
<< ", City: " << row.at("city") << std::endl;

}
std::cout << std::endl;
} catch (const std::exception& e) {

std::cerr << "Error in Exampled: " << e.what() << "\n" << std::endl;
}
}
int main(int argc, char *argv([]) {
try {
std::cout << "--- Test ParsePostfix Run: ---" << std::endl;
auto expr = ParsePostfix ("5 3 + 2 -");
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Context emptyContext;

std::cout << "Result: ";

PrintVariant (expr->Interpret (emptyContext)) ;
std::cout << "\n" << std::endl;

std::cout << "--- Interpreter Examples ---" << std::endl;
Examplel () ;
Example?2 () ;
Example3 () ;

Exampled () ;
} catch (const std::exception& e) {
std::cerr << "Fatal Error: " << e.what() << std::endl;
}
std: :cout<<" END "<<std::endl;
return 0;

[Hn

--- Test ParsePostfix Run: ---
Result: 6

--- Interpreter Examples ---
=== Example 1: Unified Interpreter System (Math + Boolean + Comparison) ===

[Math Engine]
Expression:x*z+y /2
ASTTree :((x*z)+(y/2))
Result :22.75

[Boolean Engine - Pure]

Expression : is_active AND NOT has_permission
AST Tree : (is_active AND (NOT has_permission))
Result :true

[Combined Engine - Math Comparison + Boolean]

Expression : score >= 80 AND is_active AND NOT is_admin

AST Tree : ((( score >=80) AND is_active) AND (NOT is_admin))
Result :false

[Comparison Operators Stress Test]
Test :x>5
AST :(x>5)
Result :true

Test :y<=5.5
AST  :(y<=5.500000)
Result :true
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Mediator pattern — Class diagram

lew! Behavioral ¢4 31 4 Mediator o

ComponentA

+ mediator : Mediator

Client

+ mediator : Mediator

ComponentB

+ mediator : Mediator

Mediator

+ mediate()

‘/di/rwé:communication

ComponentC

+ mediator : Mediator

ComponentB

+ mediator : Mediator
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#include <iostream>
#include <string>
#include <vector>
#include <memory>

class User;

class ChatMediator {

public:
virtual void sendMessage (const std::string& message, User* sender) = 0;
virtual void sendMessageTo (const std::string& message, User* sender,User*
receiver) = 0;
virtual void addUser (User* user) = 0;

virtual ~ChatMediator () = default;
}:

class User {

protected:
ChatMediator* mediator;
std::string name;

public:
User (const std::string& name, ChatMediator* med) : name (name), mediator (med) {}
virtual void send(const std::string& message) {
mediator->sendMessage (message, this);

}
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virtual void sendTo(const std::string& message, User* Receiver) {
mediator->sendMessageTo (message, this, Receiver);

virtual void receive (const std::string& message, const std::string& senderName) {

std::cout << name << " received from " << senderName << ": " << message << std::endl
}
std::string getName () const { return name; }
i

class ChatRoom : public ChatMediator ({
std: :vector<User*> users;

public:

void addUser (User* user) override ({
users.push back (user) ;

void sendMessage (const std::string& message, User* sender) override ({

for (auto* user : users) {
if (user != sender) {
user->receive (message, sender->getName ()) ;

}

’

override

16w ooy ‘is

void sendMessageTo (const std::string& message, User* sender,User* to)
{
for (auto* user : users) {
if (user == to) {
user->receive (message, sender->getName ());
}
}
}
bi
int main () {

ChatRoom room;
User userl ("Alice", &room);
User user2 ("Bob", &room);

User user3("Charlie", &room);

room.addUser (&userl); room.addUser (&user2); room.addUser (&user3);

userl.send("Hello everyone!");
user?2.send ("Hi Alice!");

return 0;
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struct ICommand {
virtual ~ICommand() = default;
) 8

struct CreateOrderCommand : public ICommand ({
std::string product;
int quantity;

kg

template<typename TCommand>
class ICommandHandler {

public:
virtual void handle (const TCommand& command) = 0;
virtual ~ICommandHandler () = default;

}:

class CreateOrderHandler : public ICommandHandler<CreateOrderCommand> {
public:
void handle (const CreateOrderCommand& command) override {
std::cout<<"Creating order in db for "<<command.quantity<<" x "<<command.product<<"\n";

}
}:

#include <unordered map>
#include <functional>
#include <typeindex>
#include <memory>

class CommandBus {
std::unordered map<std::type index, std::function<void(const ICommandé&)>> handlers;
public:
template<typename TCommand>
void registerHandler (std::shared ptr<ICommandHandler<TCommand>> handler) {
handlers|[typeid (TCommand) ] = [handler] (const ICommandé& command) {
handler->handle (static_cast<const TCommandé&> (command)) ;
}i
}
void send (const ICommandé& command) {
auto it = handlers.find(typeid (command)) ;

if (it != handlers.end()) {
it->second (command) ;
} else {

std::cerr << "No handler found for command.\n";

}
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int main () {
CommandBus bus;

auto createHandler = std::make shared<CreateOrderHandler>();
bus.registerHandler<CreateOrderCommand> (createHandler) ;

CreateOrderCommand cmd{ "Book", 3 };
bus.send (cmd) ;
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Memento pattern — Class diagram

i Originator ) 4 Client )

- state

+ createMemento(): Memento
+ setMemento(Memento)

A . y \_ _ ¥
Vv ) v N
( Memento b Caretaker
- state - memento : Memento
= <
+ getState() + addMemento(Memento)
\+ memento(state) 4 \+ getMemento() y
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Memento: EditorState .5

#pragma once
#include <string>

class EditorState {
std::string title;
std::string content;

public:
EditorState(std::string t, std::string c)
: title(std::move(t)), content(std::move(c)) {}
std::string getTitle () const { return title; }

std::string getContent () const { return content; }

i

a8 e (g a1y o] i ol Lol S o 0,58 |, EItOr sls cunsg oS ol .ol Memento L. EditorState s
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Editor ,5xc 4 Originator .5

#pragma once

#include <string>
#include <memory>
#include "EditorState.h"

class Editor {
std::string title;
std::string content;

public:
void setTitle (const std::stringé& t) { title = t; }
void setContent (const std::string& c) { content = c; }
std::string getTitle () const { return title; }
std::string getContent () const { return content; }

std::shared ptr<EditorState> createState() const {
return std::make shared<EditorState>(title, content);

}

void restore(const std::shared ptr<EditorState>& state) {
title = state->getTitle();
content = state->getContent();

bi

oo b g ol Memento o LB o 1, il Lsd cunis CreateState() wi b wlg o o .ol Originator L Editor .o
LS solitl L3 > oils S5L sl » Memento < 1 restore()

Caretaker: History .55 8

#pragma once
#include <vector>
#include <memory>
#include "EditorState.h"
class History {
std::vector<std::shared ptr<EditorState>> states;

public:
void push (std::shared ptr<EditorState> state) ({
states.push back(std::move (state)) ;

}

std::shared ptr<EditorState> pop() {
if (states.empty()) return nullptr;
auto last = states.back();
states.pop back() ;
return last;

}

bool empty () const { return states.empty(); }
3
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#include <iostream>
#include "Editor.h"
#include "History.h"
int main() {
Editor editor;
History history;

2main.cpp o ool 7

editor.setTitle("First Draft");
editor.setContent ("This is the first version.");
history.push(editor.createState())

editor.setContent ("This is the second version, with some edits.");
history.push(editor.createState());

editor.setContent ("Third version, with even more changes.");
std::cout << "Current content: " << editor.getContent () << "\n";

auto prev = history.pop/():;
if (prev) editor.restore (prev);
std::cout << "After undo: " << editor.getContent () << "\n";

prev = history.pop()
if (prev) editor.restore (prev);
std::cout << "After second undo: " << editor.getContent () << "\n";

return 0;
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struct GameState

{

float timestamp;

float posX;
float posY;
float posz;

float rotX;
float rotY;
float rotz;

float velocityX;
float velocityY;
float velocityZ;

int animationState;

}i
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<l Object cousége posX/Y/Z
<l Object s > rotX/Y/iZ
~wl Object e« . velocityX/Y/Z
Ll cpias] Cunsg @animationState
sl ansls gl i Lo ,& wilys e SNApshot &y
Time = 12.50
Position = (15,8,2)
Rotation = (0,90,0)
Velocity = (2,0,0)
Animation = Running
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writelndex = (writelndex + 1) /. capacity;
e, 1S &8 > sl pls UKo 4 Index sgi o el

A el e Mt e e A g A IR [P
58l 53 Cannss cemlis Rewind (g1, Ll Ring Buffer ,» :Rewind Buffer L Jsoxo Ring Buffer wqlas EQ

S 5,8 0uiS i |, SNapPShot yalys o adoon Lo ReWINd ;o Lol .04 co B pan ools ] qousles oo |y o0ls 234 eQueue
S1
S2
S3
sS4
S5

ol s eSS Bz B 51 T eailen Lams 4 el 2 Lol alsies |y SBuuls Lo 05,5 5 53 &y walss oo 05505k

Read — Consume : Jgoxo Buffer

Read — Peek :Rewind Buffer
SIS onl g oo B pae REWINA L lojer b 4aSs 53,5 o) oyl ;0 ax 5 2isd oo Peek Lis lSnapshot (Rewind plKe

IConsume o 5 oS Peek Laié oilyn b o bo 4z 10 .ol Jyere Queue G L Rewind Time o lare slocsglss o 5ot

=S5 s5leesly GameState ;I Jitws I, Ring Buffer sys oilys oo 09551 : C++ 40 Ring Buffer ogos (g3lwosly ag

#include <cstddef>
#include <stdexcept>
#include <utility>
#include <vector>

template <typename T>

class RingBuffer({

public:

explicit RingBuffer(std::size t capacity)
: buffer (capacity),

capacity (capacity),
writeIndex (0),
validCount (0) {

if (capacity == 0) {
throw std::invalid argument ("RingBuffer capacity must be greater than zero");

}

}

std::size t size() const noexcept ({
return validCount ;

}

std::size t capacity() const noexcept ({
return capacity ;

}

bool empty () const noexcept {
return validCount == 0;
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bool full () const noexcept ({

return validCount == capacity ;
}
void clear () noexcept {

writeIndex 0;

validCount = 0;

}
void push(const T& value) {
buffer [writeIndex ] = value;
writeIndex = (writeIndex + 1) % capacity ;
if (validCount < capacity ) {
+t+validCount ;

void push (T&& value) {
buffer [writeIndex ] = std::move(value);
writeIndex = (writeIndex + 1) % capacity ;
if (validCount < capacity ) {
++validCount ;

}
const T& atFromNewest ( std::size t stepsBack) const ({
if (validCount == 0) {
throw std::out of range("RingBuffer is empty");
}
if (stepsBack >= validCount ) {
throw std::out of range("stepsBack is outside valid range");

}

const std::size t index = (writeIndex + capacity -1- stepsBack)% capacity ;

return buffer [index];

private:
std: :vector<T> buffer ;
std::size t capacity ;
std::size t writelIndex ;
std::size t validCount ;

S b SamaS oy 1y Sl SNapshot weS> P
capacity - 8
writelndex = 3
ol o oyls J13 Y sails o Snapshot ( sasas e ab aelys aiig ¥ sails o sax Snapshot
stepsBack = 0 — index 2
stepsBack = 1 — index 1

stepsBack = 2 — index 0
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stepsBack = 3 — index 7
stepsBack = 4 — index 6
s @
index = (writelndex + capacity - 1 - stepsBack) /. capacity;
sl s 5 sla i o St 5| K2 Js 0
writelndex = 3
capacity -8
stepsBack =3
ORI PNt
F+A-V-Y)/LA=VYT A=Y
Syl 1Y sails o ks g0 SNapshot

oS o w5 s GameState L 1, Ring Buffer ,,:51: Rewind Time o gae Ring Buffer <L ﬁ

struct Vec3

{
float x = 0.0f;
float y = 0.0f;
float z = 0.0f;

}i

struct GameState

{
float timestamp = 0.0f;

Vec3 position;
Vec3 rotation;
Vec3 velocity;

int animationState = 0;

class TimeRewindBuffer ({
public:
explicit TimeRewindBuffer (std::size t maxFrames)
buffer (maxFrames),
capacity (maxFrames),
writeIndex (0),
validCount (0) {

if (maxFrames == 0) {
throw std::invalid argument ("maxFrames must be greater than zero");
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void record(const GameState& state) {
buffer [writeIndex ] = state;

Q

writeIndex = (writeIndex + 1) % capacity ;

if (validCount < capacity ) {
++validCount ;

}
bool canRewind () const noexcept ({
return validCount > 1;
}
std::size t size() const noexcept {
return validCount ;
}
const GameState& getFromNewest (std::size t stepsBack) const{
if (validCount == 0) {
throw std::out of range("No state has been recorded");

if (stepsBack >= validCount ) {
throw std::out of range ("Requested state is unavailable");

const std::size t index =(writeIndex +capacity -1l-stepsBack)$% capacity ;
return buffer [index];

void clear () noexcept {
writeIndex = 0;
validCount = 0;

}

private:
std: :vector<GameState> buffer ;
std::size t capacity ;
std::size t writelndex ;
std::size t validCount ;

Ll 3L cunsg 5l Memento G Ring Buffer cals ja el (o
005 2 ey 28 V2 Do ol (o0 Lo )5 sl U
stepsBack = 10
ly s e 4 SNAPShot U )« laba) 1065 cos ol 1S cod ;S8 a5 ) S5k Ll o e 4 Snapshot k10 ey
10,5 » e 4y 4l ¥ g8 oo ol aSL

sk timestamp slls L Snapshot wb ol ol
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GameState state;

state.timestamp = gameTime;

state.position = player.position();
state.rotation = player.rotation();
state.velocity = player.velocity();

209 0,55 4l Lo 0+ ,» Snapshot 31
Snapshot interval = 0.05 sec

il ;o gly
20 Snapshot -> 1 second

200 Snapshot

float currentRewindTime = gameTime;
const float rewindSpeed 2.0f;

:Rewind <> o Q
currentRewindTime -= deltaTime * rewindSpeed;

Jis (sl WAl jo o0 105, sla o8 slaw)frame rate b o 8 &5 » e 1.0 (5Ll soe Sz DT U DeItaTime?
A dbai 5l asl SO e b ail )8 F100T e g,5 4z 4 Dl ! 0.5 S o 00, 12,8 ¥ L sl ,a a5 55 DeltaTime
B4A jlail S o slFrameRate ;o L) og s o b S e, w calisee sloFrameRate glyl b syl ol iS85 > B abais
Jos FrameRate ;I Jiiwe o oS> cop b oS o DeltaTime o (o0,8 ;2 ,0) ;B — A s o 4> ol (0w p
0 Y plpframe rate 51508 o &S5, e i ojlail a4 5 00,8 0 50 el 4l o 03,8 ¥ L FrameRate 31 . las
Oley Sae yo b WS e O 1.0/ Frame Rate s Juols o oS (0 &S 2 1) pas pgan G oo )8 52 50 (b el 4l jo

STl Jlo j0 L 1S oo S ,> B alais 4y A alais 5l (siframe rate ;o b do L 5 )90

deltaTime = 0.016
rewindSpeed = 2

Lo, Frame ,» o
0.032 second

S5 ol oniS g0 IS o ALBIS G 4
currentRewindTime = 20.000

1 39 sa o 59,0 4 sl
19.968
19.936
19.904
19.872
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ALDAS Ceow 43 45 o5l Ban le) e S /dly 40 098 c0 0dd Kidie 4y lo) IS 2P Djgo 4 SU5L W 1 aS conl g Lo ()

s byl Lo (sl SNAPSNO 4S5 1o, 855 30,50 o 4o lisds : SNAPShOL ae JSeiino I

10.00
10.05
10.10
10.15
Wi ) ) Candg wals> o0 S5k
10.03
CoeS )5 dx L 20,105 0425 10.30 ;o la35 Snapshot L
(oS o0 Iow |5 Bas )l il,bl Snapshot go
10.00 10.05
T —— s2
.
10.03

5,ls ol Interpolation )57 sl .viS o dwlme | )] o Cundy s g

Interpolation acwlxo Jg0,5 @

alpha = (targetTime - stateA.timestamp)/ (stateB.timestamp - stateA.timestamp) ;

Jto sl @
stateA = 10.00
stateB = 10.05
target = 10.03
alpha =

(10.03 - 10.00)/(10.05 - 10.00)
= 0.03 / 0.05 = 0.6

3,08 ,1,35napshot g0y s do 0 0 Ban Cundy S
lewsl Lerp oles  Linear Interpolation ssls & <, : Position gl s Interpolation @

Vec3 lerp(
const Vec3& a,
const Vec3& Db,

float t)
{
return
{
a.x + (b.x - a.x) * t,
a.y + (b.y - a.y) * t,
a.z + (b.z - a.z) * t
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0S|
GameState interpolate(
const GameStateé& a,
const GameStateé& b,
float targetTime)

float alpha =
(targetTime - a.timestamp)/ (b.timestamp - a.timestamp) ;

if (alpha < 0.0f)
alpha 0.0f;

if (alpha 1.0f)
alpha = 1.0f;

\%

GameState result;
result.timestamp = targetTime;

result.position =
lerp(
a.position,
b.position,
alpha
) ;

result.velocity =
lerp(
a.velocity,
b.velocity,
alpha
)

result.rotation =
lerp(
a.rotation,
b.rotation,
alpha
) ;

result.animationState =
alpha < 0.5f
? a.animationState
b.animationState;

return result;

S kel s 1y lhee ploy S5 GilgE se g s oddie 35 slaFrame « sgume 5o Rewind g, opl b
el g3 B Ygans ool Lerp 5l ooliznl Position sl : Rotation go ;o meeo (4SS Q

s ommbin Sl aian Euler slaaygl; ool LErp «saman Rotation sl Ll
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15,50 4 ROtation Yeess sdls Engine 5 5o
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Vec3 rotation;
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Quaternion rotation;
el oolazwl

i 25 IS8 1) (6 lone il oo (59T tppolamsmnns (S (6 loro iE
Memento Pattern - Game State Management

Game Object

Originator

i saveState()

GameState
Memento

TimeRewindBuffer
Ring Buffer

¢ Rewind

{ restoreState() J

(6 lene pl o
Game Object
Silwisn |y (1095 Condy
GameState
<l Memento L Snapshot geanles
TimeRewindBuffer
Dyl o0 4S5 1) azese |l
RewindManager
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oS oo iy 05 ool Character G wes wgels ol alies a5yl 51, 108w Character ‘Sjuool,g@

class Player {

public:
GameState saveState(float time) const {
return {
time,

position ,
rotation ,
velocity ,
animationState
i
}

void restoreState( const GameState& state) {

position = state.position;
rotation = state.rotation;
velocity = state.velocity;
animationState = state.animationState;

}

void update (float dt) {
position .x += velocity .x * dt;
position .y += velocity .y * dt;
position .z += velocity .z * dt;
rotation .y += 90.0f * dt;
animationState = std::fmod( currentTime , 1.0f ) < 0.5f 2 0 : 1;
currentTime += dt;

}

const Vec3& position () const {
return position_;

}

private:
Vec3 position_;
Vec3 rotation ;

Vec3 velocity {

2.0f,

0.0f,

0.0f
b
int animationState = 0;
float currentTime = 0.0f;

oS o bl YL Y yu:RewindManager@

class RewindManager {
public:
explicit RewindManager ( std::size t maxSnapshots)
history (maxSnapshots) {}
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void record( float gameTime, const Player& player) {
if (rewinding )
return;
history .push( player.saveState (gameTime) );

bool canRewind () const noexcept {
return history .size() > 1;

const GameState& rewindStep( std::size t stepsBack) const ({
return history .atFromNewest( stepsBack );

void startRewind () {
rewinding = true;

void stopRewind () {
rewinding = false;

bool isRewinding () const noexcept {
return rewinding ;

private:
RingBuffer<GameState> history ;

bool rewinding = false;

}i

123,10 3925 WISl 10 o [l (ST S
if (rewinding )
return;

Jb 50 aSh tauiiacs ool adg > 50 508 als ol 4o ez S S5 eud aa Snapshot wwwl Rewind cll> o s5L 28y
o ALBIS  gonalio

roole Sl 0 oS (gjlwancds 1) oasl wuilss o 5551 (PFiNCe Of Persia solw (g 3lwanis Q
int main ()
{
constexpr float dt = 0.05f;
Player player;

RewindManager rewind (100) ;

float gameTime = 0.0f;
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for (int frame = 0; frame < 100; ++frame) {
gameTime += dt;
player.update (dt) ;
rewind.record (
gameTime,
player
) ;

std::cout<< "Current X: "<< player.position().x << '\n';
rewind.startRewind () ;

for (std::size t step = 1; step < 40; ++step) {

if (!rewind.canRewind())
break;
const GameState& past = rewind.rewindStep (step);

player.restoreState (past) ;

std::cout << "Rewind X: " << player.position().x<< '\n';
}

rewind.stopRewind () ;

1gole Cdbs 5o
Update
!

Save State

0
Ring Buffer

Rewind:cdl> o

Ring Buffer

!
Find Past State

!

Restore State

1
Game Object

e 5235 i SOy g0 o0l 3590l (sl LB oS : Frame aid & ol Time wlw! » Wb 28lg Rewind Q

el Al Bue ley G e

float currentRewindTime gameTime;

const float rewindSpeed 2.0f;
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while (rewinding) {
currentRewindTime -= deltaTime * rewindSpeed;

GameState state = getStateAtTime ( currentRewindTime ) ;
player.restoreState (state) ;

51
rewindSpeed = 2
20.00
19.9
19.8
19.7
19.6

g g0 3o ool Hlows it S5 @ Engine (L 5IRewind oS> ol il
rewindTime -= deltaTime * rewindSpeed;
ol o) Lol salis 5251 : GetStateAtTime gt (&
oS i |, celio SNAPShOt woS> Ring Buffer Jsls 5l asl Ve ¥ Ske Gas oley 51
‘v..»f oolawl Gb (S99 )| f“"""?"s‘ ‘5...:)5.»1 SX g0 S5 ‘_;‘).3
class TimeHistory ({
public:

explicit TimeHistory(std::size t capacity)
history (capacity) {}

void record( const GameState& state) {

history .push(state);

GameState getStateAtTime ( float targetTime) const {
if (history .empty()) {
throw std::runtime error ("History is empty");

const GameState& newest = history .atFromNewest (0);

const GameState* newer &newest;

const GameState* older &newest;

for (std::size t step = 1; step < history .size(); ++step) {
const GameState& candidate = history .atFromNewest (step);
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if (candidate.timestamp <= targetTime) {
older = &candidate;
break;

}

newer = &candidate;

if (newer->timestamp == older->timestamp) {
return *newer;
float alpha = (targetTime - older->timestamp)/ (newer->timestamp- older->timestamp) ;
alpha = std::max(0.0f,std::min(1.0£f, alpha)):;
GameState result;
result.timestamp = targetTime;

result.position = lerp(older->position,newer->position,alpha );

result.velocity lerp (older->velocity,newer->velocity,alpha );

result.rotation =lerp(older->rotation,newer->rotation,alpha);

result.animationState =
alpha < 0.5f ? older->animationState : newer->animationState;
return result;

private:
RingBuffer<GameState> history ;
bi
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Wl Gy e (> Foum Character S, ol

struct CharacterState ({

float timestamp;

Vec3 position;
Quaternion rotation;
Vec3 linearVelocity;
Vec3 angularVelocity;
int animationId;
float animationTime;

Db sols Velocity G 51 Sosumy jlows Canl (S PhySICS consy o 28ly sleENgine s
:Cwwa Player !y Lid Rewind Q
Ll 03,5 3555 1 duax SO L (550 0 Cated 0S5 5,8 Ll 0,5 Rewind |, Player Lss x| b
S 398 5 5lel (650 iy sl (Ko ouild 5 42235 4 1, Player s 1o 00 ol 5o
Player
Enemy
Box
Door
Projectile
Physics Body
Timer
ool ails Al las gazsy b Object o sl as ol (ol gy SO il azso b 5l cisu Cusl (Sen don

Player

!
RingBuffer<PlayerState>

Enemy

U
RingBuffer<EnemyState>

Box

!
RingBuffer<BoxState>

Door

U
RingBuffer<DoorState>

el Snapshot G o World IS o .58 508 (g,

struct WorldState {

PlayerState player;
EnemyState enemies[MAX ENEMIES] ;

BoxState boxes[MAX BOXES];
DoorState doors[MAX DOORS];
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s S5 ol 4 Position s Animation 4 Physics 51: Position ks e yusd x
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slastate oo 5 Consume ¢l alflox &0 a1y (6,500 @b wuilss oo «s5b (sl axidS slastate o,5 Peek ;| o coly o
Sidu opl leses 2als 1, valid count s write index sl aie «indS slaState 4 il cows oo 5 Gloz U s g 00 8 puas
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void consumeFromNewest (std::size t stepsBack) {
if (validCount == 0) {
throw std::out of range("No state has been recorded");

}
if (stepsBack > validCount ) {
throw std::out of range("Requested state is unavailable");

[}

writeIndex = (writeIndex + capacity - stepsBack) % capacity ;

validCount -= stepsBack;

ol (65l8, Glagl s 560 0,5 b ue 50 g Sesls ] L;.: Memento Nl

oS IS S ed (b Uyl (AR e |y Sliest sazs b 4T wes oo el Lo 4 55U

Saalpg sl Undo i X, Editor, EditorState, History) sl (odls aw b o)l oo 4555 45 mayd Crond ol sla Jlis 5o
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| — :
SYSTEM STatys. | R
BROADCASTING
[EVENT PENDING]

’l}_ ~

BLAST STAGING AREA - !
. DEANY

Observer pattern — Class diagram
<<Interface>> e <<Interface>>
IObservable IObserver

notify changes
# notifyAll() + notify():
+ addObserver(lObserver)
+ removeObserver(lObserver) Y.
Extends Extends

( ConcreteObservable \ 4 ConcreteObserverB w

# notifyAll() view changes + notify()

+ addObserver(lObserver)

+ removeObserver(IObserver)

_ A\
for observers
observer.notify();
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Observer g Subject .o 15 )15 gy eSSl £95 90 b lbo ooy ol ol 5o )

o o S5l g8 b o 15 alomil 5l o a5 Sl il 5l el & \le 0si e a2i5 4o Observable L Publisher .14 :Subject
SO EP b 6,0 plmil ) & B p) 0 0 o2 O
i bl ) 615 plaS 12 LT b wiS o Jl,! o ObSErVer 5l gl aegazs 4 1, o

1, 6,5 o SUbJECt 51 i Siais oy il 5l am 45 bl 5 consl & le ¢ 05 oo 4255 o SUbscriber 1 «, :Observergg)
2 5 ,BL a Observer s oo lains plxil 1) )5 b awe Subject s 4 5s5 LObserver gily o .aias o plxl
Il yd & (395 (oms L]

class IObserver

public:
virtual ~IObserver () = default;
virtual void OnNotify () = 0;

b

class Watcher : public IObserver {
public:
explicit Watcher (std::string name)
: _name (name) {}

void OnNotify () override {
cout << "this is object 0f Watcher and my name is "
<< name << " , ";

}
private:
std::string name;

b

class ISubject {

public:
virtual ~ISubject() = default;

virtual void AddObserver (IObserver* observer) = 0;
virtual void RemoveObserver (IObserver* observer) =
virtual void Notify() = 0;

0;
¥

class Subject : public ISubject {
public:
~Subject () override = default;

void AddObserver (IObserver* observer) override {
_observers list.push front (observer);

}

void RemoveObserver (IObserver* observer) override {
_observers list.remove (observer) ;

}
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void Notify() override {
for (auto& obj : observers list) {
obj->0OnNotify () ;
}
}

private:
std::forward list<IObserver*> observers list;
i

class MySubject : public Subject {
}i

int main () {
MySubject my subject obj;

Watcher watcher a("Watcher A");
Watcher watcher b ("Watcher B");
Watcher watcher c("Watcher C");

my subject obj.AddObserver (&watcher a);
my subject obj.AddObserver (&watcher D) ;
my subject obj.AddObserver (&watcher c);

my subject obj.Notify();

my subject obj.RemoveObserver (&watcher c);

my subject obj.Notify();

:Observer ¢ Mediator oSl wolai § 51 ilsl 4> &)
Sy 3l 5 QS g ke | Cilizes (gl i pm bl b oS o eolizl (Intermediary) Lawls oy 51 53 g5 0 2S5 ol a9 O
DS (5,5 5l (Coupling) Ko, a1y eubiinns
: ol glis
:(,bG) Observer ) ®
Subject — Observers :cul 43 b, LLs,| @
Notify)laas oo Mol suis cud slaObserver ase 4 S o x5 Subject coxsy B35 o
&0 Lais Subject oo aaS 543! jo laas oo plil (6,5 ax 5 ouS ax ails ooi Subject Ll sims o lis iSTly Observer e
13,15 sl I8 ctS g e 51 (g in e gasiwn Lliiow Subject o Notify L daObserver plas silay a5 s s 1) oy
Publish-Subscribe Event Listeners : Jto )
Waws Hlas STy ccawlgs oS 2 oldl S b g o
:(sxlw) Mediator 451
laisj o0 B> Mediator b aes il oo sjlus ;S o bLS,I @
oS 1550 Bl %0 i b 435S 5 o) 4 o 4 9,05 oo paes Mediator
Is)ls 54>9 Mediator sg5 ,o orchestration 5 Sialos hie o
201




aly haiae cwles o W oS ails sod (Jg s oo ploeil 1) Lo jlas o cwlgs 10 aS o)l 0429 o—iisn il o i 0 @
logds plosil LI T 6 asS Jlo )l cw o Lide a1 plo b ams o Mediator

Message Broker .Event Bus Command Bus : JLw @
Wadly abls IS S 4z b oS 4z 1255 0 g pieed conS Sealen (Mediator) oo i Jlo g g @

sloe Jlo @
05,5 SUbSCIIDE 45 gy 1 095 o yiiie OrderCreated Event i eos Order 3, :0bserver jo e
OrderCreated sloys, « 5w oo 5l G a5e 0 aas oo olas | Lisss 25Ty (Email LInventory ,Accounting)
s | wiS oo yolo a5 (g b idu b aiw 8 oo
S 1, Inventory Jsl s .5 oo awomas Mediator «usu> 3l ws5 o Mediator 4, OrderService :Mediator jo
S ya Email colys jo 5 wis ojls 1, Payment . wsS
ab_Jy 4 4lais 5| Command L, L_s :(Observer) Event 3 (Mediator) Command sl oy )5 vtee 1)
u)w )b el ;9..‘05.0 f"'ﬁ Comnd Oij ody |) .9 u)fb L) oy ﬁl?u‘ |) )Lf u)LS as J.Mf ° JL...J)‘ )9.1....40 )i;o 6‘ alass mMedlatOI‘
5 S e 0, oas alol 4508 o a5 BT 4y slays, b EVent Ll laas @)l 1, Geysy o 5 90 alxil 1, 5 5T ulss 1 como
Lol 5 6,500 Slibos ols 0emm5 &g dy Censl S8 e 3| ol 51 e 5T 5 00 1,2l (gl axdly L Command a5 el ol o1 51 psgie
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#include <functional>
#include <iostream>
#include <typeindex>

#include <unordered map>
#include <vector>
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class EventManager {

using Listener
std: :unordered map<std::type index,

std: :function<void (const wvoid*)>;
std: :vector<Listener>> m listeners;

public:
template<typename T>
void on(std::function<void(const T&)> listener) {
m listeners[typeid(T)].push back([listener] (const void* event)

listener (*static_cast<const T*>(event)) :;

) ;

template<typename T>
{

void emit (const T& event)
auto it = m listeners.find(typeid(T)):;

if (it != m listeners.end())
(auto& listener it->second)

for
listener (&event) ;

b

struct DamageEvent ({
int target;
float amount;

b

int main () {
EventManager eventManager;
eventManager.on<DamageEvent> ([] (const DamageEventé& e) {
", Damage: " << e.amount << '\n';

std::cout << "Target: " << e.target << ",

getPlayerBylId(event.target) ;

auto player

if (player) {
player->health -= e.amount;
if (player->health <= 0)

player->die () ;

) ;

eventManager.emit (DamageEvent {42, 25.0f});
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State Machlne

Enemy Spotted
AII Clear
Resume Patrol

Target Found

l In Range

Attack
No Target

Target Lost

N -
———

State pattern — Class diagram
Context AbstractState
<> ~
+ request() + requestHandle()
Extends Extends
ConcreteStateA ConcreteStateB
+ requestHandle() + requestHandle()
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#include <iostream>
#include <memory>

class Context;

class State {
public:

virtual ~State() = default;
virtual void open (Context* ctx) = 0;
virtual void close (Context* ctx) = 0;

) 8

class ClosedState;
class ListeningState;
class ConnectedState;

class Context {
std::unique ptr<State> state;

public:
Context (std::unique ptr<State> initial) : state(std::move(initial)) {}

void setState(std::unique ptr<State> newState) { state = std::move(newState); }
void open() { state->open(this); }
void close() { state->close(this); }

}i

class ClosedState : public State {
public:
void open (Context* ctx) override;
void close (Context*) override { std::cout << "Already closed.\n"; }

}:

class ListeningState : public State {
public:
void open (Context* ctx) override;
void close (Context* ctx) override;

}:

class ConnectedState : public State {

public:
void open (Context*) override { std::cout << "Already connected.\n"; }
void close (Context* ctx) override;

ti
void ClosedState: :open (Context* ctx) {

std::cout << "Opening connection...\n";
ctx->setState (std::make unique<ListeningState>());
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void ListeningState::open (Context* ctx)
std::cout << "Connecting...\n";
ctx->setState (std::make unique<ConnectedState>());

}

void ListeningState::close (Context* ctx) ({
std::cout << "Closing connection...\n";
ctx->setState (std: :make unique<ClosedState>());
}

void ConnectedState::close (Context* ctx) {
std::cout << "Disconnecting...\n";
ctx->setState (std: :make unique<ClosedState>());
}

int main () {
Context ctx(std::make unique<ClosedState>());

ctx.open () ;
ctx.open () ;
ctx.open () ;
ctx.close ()
ctx.close ()

omile Cansg aiilgs o a5 ol soulS wie M g Giliss (State) wdl> N il 45 o 1o State Machine o G L oSl ol jo
il g5 0 4 o1 opl JU8, g sl aies s |y Sl

Sse 4 (Pointer) o Ll s, Context (5,5 .ol State Machine ol oy (IS ol :( Lol yiuw) Context s Q

State bW ,tsle B

g oo iy a5 StAtE wl WIS 0 00 g CONtEXt LS 0 oo e M ples @

u.»_.uLe)‘ uabwﬁs_iio\.\.».iw ﬁ‘dfﬂéswsawstate 4.:[.: LJ"MS)‘ Qo> uw)lfN Lo‘;p.lw;.,.u_.ajN é‘.\.’udu ®
JRECINPSICH B8
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(Transitions) coxsg s Co pow QQ
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Strategy pattern — Class diagram

. Context \ ¢ <<Interface>> N\
IStrategy

+ Strategy : IStrategy

1
- <> =>! + doSomething()
+ setStrategy(IStrategy): void
+ doSomething()
A A k.. il
Extends Extends
- ConcreteStrategyA I 4 ConcreteStrategyB )
+ doSomething() + doSomething()
g p: 9 .
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if (threshold < 16)
insertion sort(...);
else 1f (threshold >= 16 && threshold < 64)
tim sort (...);
else if (threshold >=64 && threshold < 128)

merge sort(...);
else if

ol 25 S5 4 g5k S o LB G a2

#include <iostream>
finclude <memory>

struct Orc{
Orc () {}

void DoActions () {
if(....) ¢

telse if(...)
{

}
i
int main () {
Orc orc;
orc.DoActions () ;

return 0;
%o g 095 oo DOACTION wie il pg el wax ACE 1o g o 4 g was byd o Jg w05 cnie b if glyl L 1, DOActions u

Cond 500,50 )15 umeo lS aLidS o a5 guine (ol o)l B oCP Jol logd oo il pg Gl jl0 00,5 oo )15 Cawyo L oS
lasils @b plos sl s G 5 aidyin 5L B 0pK T 005 b |y pale
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struct ICombat{
virtual ~ICombat () {}
virtual void Execute() = 0;
) 8

struct NoCombat : public ICombat {
void Execute () {
std::cout << "NoCombat::Execute ()\n";

}
) 8

struct MeleeCombat : public ICombat {
void Execute () {
std::cout << "MeleeCombat::Execute () \n";
}
bi

struct Orc/{
Orc () {
mCombatStrategy = std::make unique<NoCombat> () ;

}

void DoActions () {
mCombatStrategy->Execute () ;
}

void SetCombatStrategy (std::unique ptr<ICombat>&& c) {
mCombatStrategy = std::move(c);
}

private:
std::unique ptr<ICombat> mCombatStrategy;

)

int main () {
Orc orc;
orc.DoActions () ;
orc.SetCombatStrategy (std::make unique<MeleeCombat>());
orc.DoActions () ;

return 0O;

ol 5l el wl b WIS 90 w310 |, 395 EXeCUte axs virtual mli § Soplias os azsl ., Combat 5l sz
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Context

class Context {

TS s 0yl g SIS

winterface»
strategy

Strategy
1
+ algorithm()
ConcreteStrategyl ConcreteStrategy2
+ algorithm() + algorithm()

: Strategy s State clasSl sl colisi g b caluifR)
:(Similarities) o1 il a4 O
obess jlsle -1
lasS oo oolizwl (COMPOSItioN) oS 5 5l g0 0 o
lsls il sla s, ol interface/base class < g 0 o

IS o wal,3 |, (RUNTIME) 12 e o,k ois 5ol 50,0 @
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unique ptr<IStrategyOrState> current;

void Request ()
}i

{ current->Handle (); }

1S e Sod -3
(Loose Coupling) puiius Siwdly B> @

Open/Closed Jol cole, o
kol W ) late g3l e
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orc.SetCombatStrategy (make unique<MeleeCombat>());

State

QS o (et | (Gdm Cumsg STATE 095 @
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context->SetState (make unique<ApprovedState>());
: Strategy/l» State . bls,l -3

Strategy
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TEMPLATE_METHOD (Template Method Algorithm)

GRS L] (2] Hall (Variant 1) LTEMPLATED‘.’VORKFLOW: () Hall (Variant 2)
a——" 1 STEP 1: HALLEL
L = < [T
[ | o \od) -

|sra==

STAGE 2: PROCESS TRANSFORM v Wl
HALL A2 (Batch_Proc_Impl2) = HALL B2
P &;}) ; “a Sl L s me FiterImp2)

< mﬁ,
P (= =

STAGE 3: OUTPUT/RESULT

(A HALLA3 - )| HALL A3 (Database_Save_Impl3

Database ' , _ ve_)
) (/4

STEP 3:
PRIMITIVE_OPERATION_3()

TEMPLATE_METHD: : ‘ SUBCLASS IMPLEMENTATION REPLACEMENT:
Defines the skeleton and calls primitive steps. Specific methods for each primitive step are provided by each subclass

Templete Method — Class diagram

4 Client ) (" AbstractTemplete )

+templeteMethod()
> 4 step1()
# step2()
# step3()

. . N
Y

Extends Extends

e

ImplementationA w ( ImplementationB w

.

# step1() # step1()
# step2() # step2()
# step3() # step3()
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File processing o
Game Al steps o
Transaction pipelines e

Audit Logging e
: Audit Log Jtw g1 6w @
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Template Method & yxi - gl pud

class AuditLogger ({

public:
void LogOperation () {
auto user = GetUser():;
auto action = GetAction();
if (!Validate (user, action)) {
throw std::runtime error ("Invalid audit data");
}
Save (user, action);
Notify (user, action);
}
protected:
virtual std::string GetUser () = 0;
virtual std::string GetAction() = 0;

virtual bool Validate (const std::string& wuser, const std::stringé& action) ({
return true;

}

virtual void Save (const std::string& user, const std::stringé& action) = 0;

virtual void Notify(const std::string& user, const std::string& action) {}

:WQ&Q

o5 &S A8 e iy o5 |y Sllas Cwdgy 5 (ol jns 53 e ViFtUAl Yoano g S o iy yai 1) ol 0,550 LOgOperation e

l &g oo ci as Virtual / abstract lgie a0 pois JB J>lpe @

lsgs override ces 5k Ll — ol Hook X, Notify e
81y LS (3lwodky — pgo pu

(Purchase)u > !, SY el JL.o@

Class PurchaseAuditLogger {
protected:
std::string GetUser () override {
return "Userl23";
}
std::string GetAction () override ({
return "Purchase Item";
}
void Save (const std::string& user, const std::stringé& action) override {
std::cout << "[Audit] Saving Purchase Log: "
<< user << " - " << action << "\n";
}
void Notify(const std::stringé&, const std::string&) override {
std::cout << "Sending purchase notification...\n";
}
}i
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class LoginAuditLogger : public AuditLogger {
protected:
std::string GetUser () override {
return "User456";

}

std::string GetAction () override ({
return "Login";

}

bool Validate (const std::stringé& user, const std::string& action) override ({
return !user.empty () && action == "Login";

}

void Save (const std::string& user, const std::stringé& action) override {

std::cout << "[Audit] Saving Login Log: "
<< user << " - " << action << "\n";

o SN (52l — pgas pud
int main () {
PurchaseAuditLogger purchaselog;

purchaselLog.LogOperation () ;

LoginAuditLogger loginLog;
loginLog.LogOperation () ;

return 0;

o0lisl 3 lg0
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class AbstractClass {

public:
void templateMethod () {
stepl () ;
step2 () ;
step3 () ;
}
protected:
void stepl () { }
virtual void step2() = 0;
virtual void step3 () { }

b e
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C++ 0 g3lwosly

#include <iostream>
finclude <string>
#include <chrono>
#include <ctime>

class AuditOperation {

public:

void execute (const std::stringé& operationName) {

}

logStart (operationName) ;
bool success = performOperation () ;

logEnd (operationName, success);

protected:

virtual bool performOperation() = 0;
private:

void logStart (const std::string& opName) {

}

std::cout << "[AUDIT] Starting operation: " << opName
<< " at " << getCurrentTime () << std::endl;

void logEnd(const std::string& opName, bool success) {

}

std::cout << "[AUDIT] Operation " << opName
<< " completed " << (success ? "successfully" : "with failure")
<< " at " << getCurrentTime () << std::endl;

std::string getCurrentTime () {
auto now =
std::chrono::system clock::to time t (std::chrono::system clock::now());
std::string timeStr = std::ctime (&now) ;

}i

timeStr.pop back();

return timeStr;
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class CreateUserOperation : public AuditOperation {
protected:
bool performOperation() override {
std::cout << " — Creating user in database..." << std::endl;

return true;
i
class DeleteProductOperation : public AuditOperation {

protected:
bool performOperation() override {

std::cout << " — Deleting product from inventory..." << std::endl;

return false;
) 8

class UpdateSettingsOperation : public AuditOperation {
protected:
bool performOperation () override {
std::cout << " — Updating system settings..." << std::endl;
return true;

}:

int main () {
CreateUserOperation createUser;
DeleteProductOperation deleteProduct;
UpdateSettingsOperation updateSettings;
createUser.execute ("CreateUser") ;
std: :cout << "\n";
deleteProduct.execute ("DeleteProduct") ;
std::cout << "\n";
updateSettings.execute ("UpdateSettings") ;

return 0O;

[AUDIT] Starting operation: CreateUser at Tue Dec 16 10:30:45 2025
— Creating user in database...

[AUDIT] Operation CreateUser completed successfully at Tue Dec 16 10:30:45 2025
[AUDIT] Starting operation: DeleteProduct at Tue Dec 16 10:30:45 2025
— Deleting product from inventory...

[AUDIT] Operation DeleteProduct completed with failure at Tue Dec 16 10:30:45 2025
[AUDIT] Starting operation: UpdateSettings at Tue Dec 16 10:30:45 2025
— Updating system settings...

[AUDIT] Operation UpdateSettings completed successfully at Tue Dec 16 10:30:45 2025
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virtual void onBeforeOperation() {}
virtual void onAfterOperation () {}
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Visitor pattern — Class diagram

AT,

- Chont B IVisitor
use
>
+ visitElementA()
+ visitElementB()
\ . J . y
= o
Element (" ConcreteVisitorA ) ConcreteVisitorB
+ accept(|Visitor) + visitElementA() + visitElementA()
9 ) \+ visitElementB() + visitElementB()

% AN >,
[ ]

(" N\ I )

ConcreteElementA

ConcreteElementB

\+ accept(IVisitor)

\+ accept(lVisitor)
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#include <iostream>
#include <string>
#include <memory>
#include <vector>
#include <sstream>
#include <utility>

class HtmlVisitor;

class HtmlNode {

public:
virtual ~HtmlNode () = default;
virtual void accept (HtmlVisitoré& visitor) = 0;

}i
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class HtmlTextNode;
class HtmlDiv;
class HtmlParagraph;
class HtmlSpan;

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

virtual void visit (HtmlTextNode&) = 0;
virtual void visit (HtmlDivé&) = 0;
virtual void visit (HtmlParagraphé&) = 0;
virtual void visit (HtmlSpan&) = 0;

class HtmlElement : public HtmlNode ({
protected:
std::string tag name ;
std::vector<std::unique ptr<HtmlNode>> children ;
public:
explicit HtmlElement (std::string tag name)
tag name (std::move (tag name)) {}

const std::string& tagName () const {
return tag name ;

}

void addChild(std::unique ptr<HtmlNode> child) {
children .push back(std::move(child)) ;

}

void acceptChildren (HtmlVisitor& visitor) {
for (auto& child : children ) {
child->accept (visitor);

class HtmlTextNode : public HtmlNode ({
std::string content ;

public:
explicit HtmlTextNode (std::string content)
content (std::move (content)) {}
const std::string& content () const {

return content ;
}
void accept (HtmlVisitoré& visitor) override {
visitor.visit (*this);
}
bi
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class HtmlDiv : public HtmlElement ({

public:
HtmlDiv () : HtmlElement ("div") {}

void accept (HtmlVisitoré& visitor) override {
visitor.visit (*this);
}
¥

class HtmlParagraph public HtmlElement {

public:
HtmlParagraph () : HtmlElement ("p") {}

void accept (HtmlVisitoré& visitor) override {
visitor.visit (*this);
}
}i

class HtmlSpan public HtmlElement {

public:
HtmlSpan () : HtmlElement ("span") {}

void accept (HtmlVisitoré& visitor) override {
visitor.visit (*this);

}
b

class PlainTextVisitor public HtmlVisitor ({

std::string result ;
public:
const std::string& getText () const {
return result ;

}

void visit (HtmlTextNode& text) override {
result += text.content();

}
void visit (HtmlDivé& div) override {
div.acceptChildren (*this) ;

}
void visit (HtmlParagraphé& p) override {
if (!'result .empty()) {
result += '\n';
}
p.acceptChildren (*this) ;
}
void visit (HtmlSpan& span) override {
span.acceptChildren (*this) ;

}
i

class HighlightVisitor public HtmlVisitor ({

std::string result ;

public:
const std::string& getHighlighted()

return result ;

const {

}
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void visit (HtmlTextNode& text) override {
result += text.content();
}

void visit (HtmlDivé& div) override {

result += "[div]";
div.acceptChildren (*this) ;
result += "[/div]";

}

void visit (HtmlParagraphé& p) override {
result += "[p]";
p.acceptChildren (*this) ;
result += "[/pl";

}

void visit (HtmlSpané& span) override {

result_ += "[span]";
span.acceptChildren (*this) ;
result += "[/span]";

bi

class HtmlGeneratorVisitor : public HtmlVisitor {
std::ostringstream oss_;
int indent = 0;
void writeIndent () {
for (int 1 = 0; i < indent ; ++1i) {
oss_ << " "y

}
public:

std::string getResult () const {
return oss_.str();

}

void visit (HtmlTextNode& text) override {
writeIndent () ;
oss_ << text.content() << '\n';

}

void visit (HtmlDivé& div) override {
writeIndent () ;
oss_ << "<div>\n";
++indent ;
div.acceptChildren (*this) ;
--indent ;
writeIndent () ;
oss_ << "</div>\n";

}

void visit (HtmlParagraph& p) override {
writeIndent () ;
oss_ << "<p>\n";
++indent ;
p.acceptChildren (*this) ;
-—indent ;
writeIndent () ;
oss_ << "</p>\n";

}

void visit (HtmlSpan& span) override {
writeIndent () ;
oss_ << "<span>\n";
++indent ;
span.acceptChildren (*this) ;
-—indent ;
writeIndent () ;
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oss_ << "</span>\n";
}i

class StatsVisitor : public HtmlVisitor {
public:

struct Stats {
int totalNodes = 0;
int textNodes = 0;
int divs = 0;
int paragraphs = 0;
int spans = 0;
int otherElements = 0;

} stats;

void visit (HtmlTextNode&) override {
++stats.totalNodes;
++stats.textNodes;

}

void visit (HtmlDivé& div) override {
++stats.totalNodes;
++stats.divs;
div.acceptChildren (*this) ;

}

void visit (HtmlParagraphé& p) override {
++stats.totalNodes;
++stats.paragraphs;
p.acceptChildren (*this) ;

}

void visit (HtmlSpané& span) override {
++stats.totalNodes;
++stats.spans;
span.acceptChildren (*this);

}

void print () const {
std::cout << "=== HTML Document Statistics ===\n"
<< "Total Nodes: " << stats.totalNodes << '\n'
<< "Text Nodes: " << stats.textNodes << '\n'
<< "<div>: " << stats.divs << '"\n'
<< "<p>: " << stats.paragraphs << '\n'
<< "<sgpan>: " << stats.spans << '\n'
<< "Other Elements: " << stats.otherElements << '\n';
}
}i
std::unique ptr<HtmlNode> createSampleDocument () {
auto root = std::make unique<HtmlDiv> () ;

auto title = std::make unique<HtmlParagraph>();
title->addChild(std: :make unique<HtmlTextNode> ("Welcome to Visitor Pattern!"));
root->addChild (std: :move (title)) ;

auto content = std::make unique<HtmlDiv> () ;

auto paral = std::make unique<HtmlParagraph> () ;
para1—>addChild(std::makeiunique<HtmlTextNode>("This is a sample paragraph with "));
auto emphasis = std::make unique<HtmlSpan>();
emphasis—->addChild(std: :make unique<HtmlTextNode> ("highlighted text"));
paral->addChild (std: :move (emphasis)) ;
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paral->addChild(std: :make unique<HtmlTextNode>("."));
content->addChild (std: :move (paral)) ;

auto para2 = std::make unique<HtmlParagraph>();

paraz2->addChild (std: :make unique<HtmlTextNode> ("Another paragraph for
demonstration.")) ;

content->addChild (std: :move (para2)) ;

root->addChild (std: :move (content)) ;

return root;

int main () {
auto document = createSampleDocument () ;

PlainTextVisitor plainText;
document->accept (plainText) ;
std::cout << "[] Plain Text Output:\n"

<< plainText.getText () << "\n\n";

HighlightVisitor highlight;
document->accept (highlight) ;
std::cout << "@Q Highlighted Output:\n"
<< highlight.getHighlighted() << "\n\n";
HtmlGeneratorVisitor generator;
document->accept (generator) ;
std::cout << "5@ Generated HTML:\n"
<< generator.getResult () << '\n';

StatsVisitor stats;
document->accept (stats) ;
stats.print () ;

return 0;

WS 9y

Plain Text Output:
Welcome to Visitor Pattern!
This is a sample paragraph with highlighted text.
Another paragraph for demonstration.
C& Highlighted Output:
[div] [p]lWelcome to Visitor Pattern! [/p][div] [p]lThis is a sample paragraph with
[span]highlighted text[/span].[/p] [p]lAnother paragraph for
demonstration. [/p] [/div] [/div]
5@ Generated HTML:
<div>
<p>
Welcome to Visitor Pattern!
</p>
<div>
<p>
This is a sample paragraph with
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<span>
highlighted text
</span>
</p>
<p>
Another paragraph for demonstration.
</p>
</div>
</div>
=== HTML Document Statistics ===
Total Nodes: 11
Text Nodes: 5
<div>: 2
<p>: 3
<span>: 1
Other Elements: 0
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Iterator pattern — Class diagram

<<Interface>>
Aggregate

+ getiterator(): Iiterator

Extends

( ConcreteAggregate

+ getlterator(): literator

Client <<Interface>>

Iiterator

s Use-==¢ ==EUge-S=
+ hasNext(): boolean
+ next(): Object
Extends
( Concretelterator

Pertenece + hasNext(): boolean

+ next(): Object
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#include <iostream>
#include <string>
#include <memory>

class Book {
private:
std::string title;
std::string author;
public:
Book (const std::string& t, const std::string& a) : title(t), author(a) {}
const std::string& getTitle() const { return title; }
const std::string& getAuthor () const { return author; }

void display () const {
std::cout << "\"" << getTitle ()<< "\" by " << getAuthor ()<< std::endl;

}
bi

;<1 Iterator b Ll ﬁ

class Iterator {

public:
virtual ~Iterator () = default;
virtual bool hasNext () const = 0;
virtual Book& next () = 0;
virtual const Booké& current () const = 0;

Lels acg0x0 L BookCollection 55 ﬁ

class BookCollection;

class BookIterator : public Iterator ({
private:
const BookCollection& collection;
size t currentlIndex;

public:
BookIterator (const BookCollectioné& coll) : collection(coll), currentIndex(0) {}
bool hasNext () const override ({
return currentIndex < collection.size();

}
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Book& next () override {
if ('hasNext()) {
throw std::out of range("No more books!");
}

return const cast<Booké&>(collection.getBook (currentIndex++));

}

const Booké& current () const override {
if (currentlIndex == | | currentIndex > collection.size()) {
throw std::out of range("Invalid iterator position!");

}

return collection.getBook (currentIndex - 1);

) 8

class BookCollection {

private:
static const size t MAX BOOKS = 100;
Book* books[MAX BOOKS] ;
size t count = 0;

public:
~BookCollection () {
for (size t i = 0; i < count; ++i) {
delete books[1];

}

void addBook (const std::string& title, const std::string& author) {
if (count < MAX BOOKS) {
books[count++] = new Book (title, author);

}
size t size() const { return count; }

const Book& getBook(size t index) const {
if (index >= count) throw std::out of range("Index out of range");
return *books[index];

}

std::unique ptr<Iterator> createlterator() const {
return std::make unique<BookIterator>(*this);

}
Y

S5, Wlyzu 15 cenl (S Lol el el BoOKIterator s collection g> wus S sslizai next() ,» const_cast ;l:ausS Q
ol ass BB g s LB ITerator gg5 g0 olgs co ¢ 2ly lacslwosly jo .0iS Jleel s LS

e Iterator ;i osliiw! /

void printAllBooks (const BookCollection& collection) {
auto it = collection.createlterator();
while (it->hasNext()) {
it->next () .display();
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void findBookByTitle (const BookCollection& collection, const std::string& title)
{

auto it = collection.createlterator():;
bool found = false;
while (it->hasNext()) {

Book& book = it->next();

if (book.getTitle() == title) {

std::cout << "Found: ";
book.display () ;
found = true;
break;
}
}
if (!found) {
std::cout << "Book not found: " << title << std::endl;

P4

int main () {
BookCollection library;

library.addBook ("1984", "George Orwell");
library.addBook ("To Kill a Mockingbird", "Harper Lee");
library.addBook ("The Great Gatsby", "F. Scott Fitzgerald");

std::cout << "& All books in library:\n";
printAllBooks (library) ;

std::cout << "\DC{ Searching for '1984':\n";
findBookByTitle (library, "1984");

std::cout << "\nCL Searching for 'Dune':\n";
findBookByTitle (library, "Dune");

return 0;

Lol shis Next() s HasNext() ; GetCurrent() wie aw oiisls b wilys (oo b cudgo 3 sualive a5 limes 1§ paS AZRadd ’
I ol ENncapsulation i 90 1, Container [tsl. O slaltem joles
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Null Object Pattern — Class diagram
i Client ) ( AbstractObject .
e
+ anyMethod()
b W A J
Extends Extends
[ ConcreteObject o ( NullObject q
| - anyAttribute - nullAttributtes
b— anyMethod() + anyMethod()
o \_ J
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if (customer != nullptr)
{

customer->sendEmail () ;

}

ol et (6,10 S (gl St g oSl 0duzn jgpe o OS Wigd ST del p aliBee bl o b pwy ol ST

w5l o9 2l i3, a5 was e a8l ol e i S UL lade 51 esliil Gl @ a5 el o1k Sal, S Null Object 431
4 5LS (s 0SB raae oSl b (S e (gjlwosly |, Lol s 5 4l LIS L Interface ;les < o ol .o ls (DO Nothing) s Le
a5 LTLwlg e null )y

el ool Jlews 551 4l oe) : NuIl Object Pattern Lot ooyl 9B

o Sllas g Lol aiS o cule, 1) 010,13 las 45 oS o ol oaBly £ o SO qeuas Las MU Jlacie L1 e i S 9905 45! sl 4
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class Logger {
public:
virtual void log(const std::string& message) = 0;

bi
l 28y Logger

class FilelLogger : public Logger {
public:
void log(const std::stringé& message) override {
std::cout << "Writing log: "
<< message << std::endl;

LS oo oolazl LOGger 5l 6, K0 LIS 0 Y

class Application {
Logger* logger;
public:
Application (Logger* logger)
logger (logger) {}

void run () {

if (logger != nullptr)
logger->log ("Application started");
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if (logger) {
logger->log (message) ;

}

‘a5 o o) NUll Logger .5, o551 :Null Object ¢ jlwosty &3

class NullLogger : public Logger {
public:
void log(const std::string& message) override(

}
Y

TS e il o e LOGQer s aiien Application vi-

class Application {
Logger* logger;
public:
Application (Logger* logger)
logger (logger) { 1}

void run () {
logger->log ("Application started");
}
i

ool /

FileLogger fileLogger;
Application appl (&filelLogger) ;
appl.run();

NullLogger nullLogger;
Application app2 (&nulllogger) ;
app2.run() ;

g o5 plosl LOGQING llos Lol g oo Lyl Uas 900 aal p pgo el 4o
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Logger* logger;

sl FileLogger o
¢ ..l ConsoleLogger
¢ ../ NullLogger

05....4(59 o5 UM )So.)l...u 9 ;........J/ ‘5 u,...:alf u.cl.v u_v‘

.55 SOLID ol aiz L S0 L5, Null Object : SOLIDY bLs !
il a5 (s 5 5 dnmss sl b a0l : Open/Closed Principle (OCP) Jo! €3

:Null Object ;50 &

if (logger == nullptr) {

}
ce2 9 S99 (SRS L A jgamme Cawl (Sew 9 adlsl LOGQET | cnus g5 a5 L e
cile e B i sy Lol o5 : Null Object b Lo
logger->log (message) ;

o 1S @ alal) g 4 5 098 a3y e 5 ol wisn b Null Object : Liskov Substitution Principle (LSP) J.o! ag
Silg oo g a5 b0 FileLogger wign wb oo LOgger® i lsjls sg>g (L Jlis ,0) 5V g9 slosl glgil o NUIl Object
lass” =él s NullLogger

Leld S0y e S w558 1 Gty 28lg Jlie @

class PaymentProcessor {
public:
virtual bool pay(double amount)=0;

}i
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class CreditCardPayment : public PaymentProcessor
public:
bool pay(double amount) override {
std::cout<< "Payment: " << amount;
return true;

t )bl sl 68

class NullPayment : public PaymentProcessor {
public:
bool pay(double amount) override {
return true;
}
}i

2ol PaymentProcessor o aiues b liw aiww V>

class Order {
PaymentProcessor* payment;
public:
Order (PaymentProcessor* payment) : payment (payment) {}

void checkout ()
{
payment->pay (100) ;
}
}i

HEVSWEPLTRLIIWEE S| RSO

if (payment != nullptr)
: Null Object Patter sb /30
Ldis S el g Lol gl b Gis -1
if (object !'= nullptr)
fab oo 2alS 5 slas asle Slalks tlas Jos! gals -2
NullPointerException! Segmentation Fault!
(S g0 3 a3 ol Blate (55, (ol Gl sy 55y S o3 sl 4 05 105 (2 LlgS ]38l -3
g o oaliiwl slosl Sglise ,13, 51 55 b o s> 4 : Polymorphism ;i s solaw! -4

if (type == X)
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CustomObject* GetCustomObject () const {
if (! custom object) custom object = new CustomNullObject();

return custom object;

}

Slie 355 e oolisl Std::0ptional s Null Object cl> 4 25 0. C++ 5 : Optionaly Null Object w4l
std::optional<Customer>
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[v g Repository

PEEENEENINS
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N g SqlRepository 7

]

4

l @ Create ; Create
f Q Read '\ Read
& Update ‘ Update

@ Delete Delete J N

=4

> P

Client

v

<<interface>>
IUserRepository
+GetByld(id: int): User
+GetAll(): List<User>
+Add(user: User): void
+Update(user: User): void
+Delete(user: User): void

T <<Class>>
: —<> SqIDbContext

\V

UserRepositorylmpl
+UserRepositorylmpl(dbContext: IDbContext) <<Class>>
<<interface>> +GetBy|d(|d |nt) User returns User
IDbContext |~ | +GetAll(): List<User> LR Py
+Update(user: User): void uses +Name: string
+Find<T>(id: object): T +Update(user: User): void +Email'. string
+Add<T>(entity: T): void +Delete(user: User): void -
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#include <string>
#include <vector>
#include <memory>
#include <optional>
#include <iostream>
#include <algorithm>
#include <stdexcept>
#include <string view>
#include <map>
#include <cassert>

class Product {
private:

long id ;

std::string name ;

double price ;
public:

Product (long id, std::string view name, double price)

id (id), name (name), price (price) {
if (price < 0.0) throw std::invalid argument ("Price cannot be negative");

}
[[nodiscard]] long getId() const { return id ; }

[[nodiscard]] std::string view getName () const { return name ; }
[ [nodiscard]] double getPrice() const { return price ; }

void updatePrice (double newPrice) {

if (newPrice < 0.0) throw std::invalid argument ("Price cannot be negative");
price = newPrice;
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class IProductRepository {

public:
virtual ~IProductRepository() = default;
virtual void add(const Producté& product) = 0;
virtual void update (const Producté& product) = 0;
virtual void remove (long id) = 0;
[ [nodiscard]] virtual std::optional<Product> findById(long id) const = 0;
[[nodiscard]] wvirtual std::vector<Product> findAll () const = 0;

}s

class InMemoryProductRepository : public IProductRepository {

private:
std: :vector<Product> products ;
public:
void add(const Producté& product) override {
if (findById(product.getId()).has value()) {

throw std::invalid argument ("Product with this ID already exists");

}
products .push back (product) ;

}

void update (const Producté& product) override {
auto it = std::find if (products .begin(), products .end(),

[id = product.getId()] (const Product& p) { return p.getlId() == id; });
if (it != products_ .end()) {

*it = product;
} else {

throw std::invalid argument ("Cannot update: Product not found");

}
}

void remove (long id) override {
products .erase (
std::remove if (products .begin(), products .end(),
[id] (const Producté& p) { return p.getId() == id; }),
products .end()
)
}

[ [nodiscard]] std::optional<Product> findById(long id) const override {
auto it = std::find if (products .begin(), products .end(),

[id] (const Producté& p) { return p.getId() == id; });
return (it != products .end()) ? std::optional<Product>(*it) : std::nullopt;
}
[ [nodiscard]] std::vector<Product> findAll () const override {

return products ;
}
i
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class MockResultSet {

private:
std::vector<std::tuple<long, std::string, double>> rows ;
size t currentIndex = 0;

public:

MockResultSet (std: :vector<std::tuple<long, std::string, double>> rows)
rows (std::move (rows)), currentIndex (0) {}

bool next () {
return currentIndex < rows .size() ? ++currentIndex > 0 : false;

}

long getLong (const std::stringé&) const {

return std::get<0>(rows [currentIndex - 1]); }
std::string getString(const std::string&) const {

return std::get<l>(rows [currentIndex - 1]); }
double getDouble (const std::stringé&) const {

return std::get<2>(rows [currentIndex - 1]); }

bi

class MockPreparedStatement ({
private:

std::shared ptr<std::map<long, std::tuple<long, std::string, double>>> db ;
std::string operation ;

long queryId = 0;

std::string queryName ;

double queryPrice = 0.0;

public:
MockPreparedStatement (
std::shared ptr<std::map<long, std::tuple<long, std::string, double>>> db,

const std::string& sqgl) : db_(db) {
if (sgl.find("INSERT") != std::string::npos) operation = "INSERT";
else if (sgl.find("UPDATE") != std::string::npos) operation = "UPDATE";
else if (sgl.find("DELETE") != std::string::npos) operation = "DELETE";
else operation = "SELECT";

}

void setLong(int, long val) {

if (operation == "INSERT") queryId = val;
else if (operation == "SELECT" || operation == "DELETE" ||
operation == "UPDATE")
queryId = val;
}
void setString(int, const std::stringé& val) { queryName = val; }
void setDouble (int, double val) { queryPrice = val; }
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void executeUpdate () {

if (operation == "INSERT") ({
(*db ) [queryId ] = {queryId , queryName , queryPrice };
} else if (operation == "UPDATE") ({
if (db_->count (queryId )) {
(*db_) [queryId ] = {queryId , queryName , queryPrice };
} else {

throw std::runtime error ("Cannot update: Product not found");
}
} else if (operation == "DELETE") {
db ->erase (queryId );
}

}
std::unique ptr<MockResultSet> executeQuery() {
std: :vector<std::tuple<long, std::string, double>> results;
if (operation == "SELECT") ({
if (queryId > 0) {

if (db_->count (queryId )) {
results.push back((*db ) [queryId ]);
}

} else {

for (const auto& pair : *db ) {
results.push back(pair.second);

}
}

return std::make unique<MockResultSet>(results):;

b

class MockMySQLConnection {
private:

std::shared ptr<std::map<long, std::tuple<long, std::string, double>>> db ;
public:

MockMySQLConnection ()
db (std::make shared<std::map<long, std::tuple<long, std::string, double>>>()) {}

std::unique ptr<MockPreparedStatement> prepareStatement (const std::string& sqgl)

{

return std::make unique<MockPreparedStatement>(db , sqgl);

}
b

class MySQLProductRepository : public IProductRepository {

private:
std: :shared ptr<MockMySQLConnection> connection ;
public:
explicit MySQLProductRepository (std::shared ptr<MockMySQLConnection> conn)

connection_ (std::move(conn)) ({}

void add(const Producté& product) override {
std::string sgl = "INSERT INTO products (id, name, price) VALUES (2, 2, ?2)";
auto stmt = connection ->prepareStatement (sql);
stmt->setLong (1, product.getId()):
stmt->setString (2, std::string(product.getName()));
stmt->setDouble (3, product.getPrice()):;
stmt->executeUpdate () ;
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void update (const Producté& product) override {

std::string sgl = "UPDATE products SET name = ?, price = ? WHERE id = ?2";
auto stmt = connection ->prepareStatement (sql);
stmt->setString(l, std::string(product.getName()));

stmt->setDouble (2, product.getPrice()):;
stmt->setlLong (3, product.getId());
stmt->executeUpdate () ;

}

voilid remove (long id) override {
std::string sgl = "DELETE FROM products WHERE id = ?";
auto stmt = connection ->prepareStatement (sql);
stmt->setlLong (1, id);
stmt->executeUpdate () ;

}

[ [nodiscard]] std::optional<Product> findById(long id) const override {
std::string sgl = "SELECT id, name, price FROM products WHERE id = ?";
auto stmt = connection ->prepareStatement (sql);
stmt->setLong (1, id);
auto resultSet = stmt->executeQuery () ;

if (resultSet->next()) {
return Product (
resultSet->getLong ("id"),
resultSet->getString ("name"),
resultSet->getDouble ("price")
) ;
}
return std::nullopt;

}

[ [nodiscard]] std::vector<Product> findAll() const override {
std::string sgl = "SELECT id, name, price FROM products";
auto stmt = connection ->prepareStatement (sql);
auto resultSet = stmt->executeQuery () ;

std: :vector<Product> products;
while (resultSet->next()) {
products.emplace back (
resultSet->getLong ("id"),
resultSet->getString ("name"),
resultSet->getDouble ("price")
)
}

return products;

class ProductService {
private:
IProductRepositoryé& repository ;
public:
explicit ProductService (IProductRepository& repo) : repository (repo) {}

void applyDiscount (long productId, double discountPercentage) {
auto productOpt = repository .findById(productId);
if (!productOpt.has value()) {
std::cout << "[Service] Product with ID " << productId << " not
found.\n";
return;

}
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Product product = *productOpt;
double newPrice = product.getPrice() * (1.0 - discountPercentage / 100.0);
product.updatePrice (newPrice) ;

repository .update (product) ;

std::cout << "[Service] Discount applied. New price for '"
<< product.getName () << "' is $" << product.getPrice() << "\n\n";
}
}i
int main () {
std::cout << "=== Scenario 1l: Using In-Memory Repository ===\n";

InMemoryProductRepository inMemoryRepo;
ProductService serviceInMemory (inMemoryRepo) ;
inMemoryRepo.add (Product (1, "Laptop", 1500.0));
serviceInMemory.applyDiscount (1, 10.0);

std::cout << "\n=== Scenario 2: Using MySQL Repository (Mocked) ===\n";
auto connection = std::make shared<MockMySQLConnection> () ;
MySQLProductRepository mysqglRepo (connection) ;

ProductService serviceMySQL (mysglRepo) ;

mysglRepo.add (Product (2, "Tablet"™, 1200.0));
mysglRepo.add (Product (3, "Smartphone", 800.0));

std::cout << "[Service] Applying discount via MySQL Repository...\n";
serviceMySQL.applyDiscount (2, 15.0);

std::cout << "\n[Service] Fetching all products from MySQL...\n";
auto allProducts = mysglRepo.findAll () ;

std::cout << "[Service] Found " << allProducts.size() << " products:\n";
for (const auto& p : allProducts) {
std::cout << " - " << p.getName() << ": $" << p.getPrice() << "\n";

}

return 0;

}
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Core Layer
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class Order {
public:
double total;
std::string customerEmail;

b8

class FileLogger ({
public:
void Log(const std::string& message) {

}
}:

class SmtpEmailService ({
public:
void SendConfirmation (const std::string& email) {

}
}i

class StripeGateway {
public:
void Charge (double amount) {

}
}:

class OrderProcessor ({
public:
void Process (const Orderé& order) ({
FileLogger logger;
SmtpEmailService emailService;
StripeGateway paymentGateway;
logger.Log ("Processing order...");

paymentGateway.Charge (order.total) ;

emailService.SendConfirmation (order.customerEmail) ;
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class OrderProcessor {

public:
void Process (const Orderé& order) ({
auto& logger = ServicelLocator::Resolve<ILogger> () ;
auto& emailService = Servicelocator::Resolve<IEmailService> () ;

auto& paymentGateway = Servicelocator::Resolve<IPaymentGateway>();

logger.Log ("Processing order...");
paymentGateway.Charge (order.total) ;
emailService.SendConfirmation (order.customerEmail) ;

}i
ol as els gslwesly 4wl anulg (ILogger, IEmailService, IPaymentGateway) laInterface 4, Lis OrderProcessor 45

o5 oolw g jbwosly &3

#include <unordered map>
#include <typeindex>
#include <any>

#include <stdexcept>

class ServiceLocator {
Private:
inline static std::unordered map<std::type index, std::any> services ;

public:
template<typename TService>
static void Register (TService implementation) {
services [typeid(TService)] = std::move (implementation);

}

template<typename TService>
static TService Resolve () {
auto it = services .find(typeid(TService)):;

253




if (it != services .end()) {

}

return std::any cast<TService>(it->second);

throw std::runtime error ("Requested service is not registered.");

:(Composition ROOt) aoli p &g i adaili 0 gusu ySou Aigwd &

#include <memory>

int main ()

{

ServicelLocator: :Register<std::shared ptr<ILogger>>(
std: :make shared<FileLogger>());

ServiceLocator: :Register<std::shared ptr<IEmailService>>(
std: :make shared<SmtpEmailService>()):;

ServiceLocator: :Register<std::shared ptr<IPaymentGateway>> (
std::make shared<StripeGateway>());

OrderProcessor processor;

Order

order;

processor.Process (order) ;

return 0;

:Thread Safe «Jl ¢ Factory 4 Lazy Initialization | Jlociy b 5 oy asews g

#include <mutex>
#include <memory>
#include <stdexcept>
#include <typeindex>
#include <functional>
#include <shared mutex>
#include <unordered map>

class ServiceLocator ({

private:

enum class Lifetime { Singleton, Transient };

struct Registration {

std:

:function<std::shared ptr<void>()> factory;

Lifetime lifetime;

std:

std:

}i

:shared ptr<std::once flag> once flag;

:shared ptr<void> cached instance;

std::unordered map<std::type index, Registration> registrations ;

mutable

std::shared mutex mutex ;
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public:

template<typename TService>
void RegisterSingleton (std::function<std::shared ptr<TService>()> factory) {
std::unique lock lock(mutex );

auto type = std::type index(typeid(TService));
auto& reg = registrations [type];

reg.factory = [f = std::move(factory)] () —-> std::shared ptr<void> ({
return std::static _pointer cast<void>(£f());

bi

reg.lifetime = Lifetime::Singleton;

reg.once flag = std::make shared<std::once flag>();

reg.cached instance = nullptr;

template<typename TService>
void RegisterSingleton (std::shared ptr<TService> instance) {
if (!instance) {
throw std::invalid argument ("Singleton instance cannot be null.");
}

std::unique lock lock(mutex );

auto type std::type index (typeid(TService));

auto& reg registrations [typel;

reg.lifetime = Lifetime::Singleton;

reg.cached instance = std::static pointer cast<void>(instance);
reg.once flag = std::make shared<std::once flag>();

std::call _once(*reg.once_flag, []1{});

template<typename TService>
void RegisterTransient (std::function<std::shared ptr<TService>()> factory) {
std::unique lock lock(mutex );

auto type = std::type index(typeid(TService));

auto& reg registrations [type];

reg.factory = [f = std::move (factory)] () —-> std::shared ptr<void> ({
return std::static_pointer cast<void>(£f());

}i

reg.lifetime = Lifetime::Transient;

reg.once flag = nullptr;

reg.cached instance = nullptr;
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template<typename TService>
std::shared ptr<TService> Resolve () {
std::shared lock lock (mutex );

auto type = std::type index(typeid(TService));

auto it = registrations .find(type);
if (it == registrations .end()) {
throw std::runtime error ("Service not registered.");

auto& reg = it->second;

auto lifetime = reg.lifetime;
auto once flag = reg.once flag;
auto factory = reg.factory;
lock.unlock () ;

if (lifetime == Lifetime::Singleton) ({
std::call once(*once flag, [&reg] () {
reg.cached instance = reg.factory();
if (!reg.cached instance) {
throw std::runtime error ("Singleton factory returned nullptr.");

}
Y

return std::static pointer cast<TService>(reg.cached instance);

auto instance = factory();
if (!instance) {
throw std::runtime error ("Transient factory returned nullptr.");

}

return std::static pointer cast<TService>(instance);

void Clear () {
std::unique lock lock(mutex );
registrations .clear();

}i

struct ILogger {
virtual void log(const std::string& msg) = 0;

)

struct Consolelogger : ILogger {
void log(const std::string& msg) override {
std::cout << msg << std::endl;
}
}i
256




int main () {
ServiceLocator locator;

locator.RegisterSingleton<ILogger> ([] () {
std::cout << "Logger created!" << std::endl;
return std::make shared<ConsoleLogger> () ;

b

auto loggerl = locator.Resolve<ILogger>();
auto logger2 = locator.Resolve<ILogger>();

locator.RegisterTransient<ILogger>([] () {
return std::make shared<ConsoleLogger>();

})

return 0;
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class OrderProcessor {

private:
std::shared ptr<IServicelLocator> locator ;
public:
explicit OrderProcessor (std::shared ptr<IServiceLocator> locator)

locator (std::move (locator)) {}

void Process (const Orderé& order) {
auto logger = locator ->Resolve<ILogger> () ;

}
bi
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class OrderProcessor {
public:
OrderProcessor (std: :shared ptr<ILogger> logger,
std::shared ptr<IEmailService> emailService,
std: :shared ptr<IPaymentGateway> paymentGateway)
logger (std::move (logger)),
emailService (std::move(emailService)),
paymentGateway (std::move (paymentGateway)) {}

void Process (const Orderé& order) {
logger ->Log("Processing order...");
paymentGateway ->Charge (order.total);
emailService ->SendConfirmation (order.customerEmail);

private:
std::shared ptr<ILogger> logger ;
std::shared ptr<IEmailService> emailService ;
std: :shared ptr<IPaymentGateway> paymentGateway ;
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class OrderProcessor {
public:
OrderProcessor () = default;
void Process (const Orderé& order) {

auto gateway =
ServiceLocator::Resolve<std::shared ptr<IPaymentGateway>>();

}
) 8
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class AuditFilter ({

public:
void BeforeExecute (ActionContext& context) {

auto logger =
context.Services () .Resolve<std::shared ptr<IAuditLogger>>();

logger->Log (context.ActionName () ) ;
}
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#include <iostream>
#include <memory>
#include <unordered map>
#include <typeindex>

class IPaymentGateway {

public:
virtual void Charge (double amount) = 0;
virtual ~IPaymentGateway () = default;

)i

class StripeGateway : public IPaymentGateway {
public:
void Charge (double amount) override({
std::cout << "Charged: " << amount << std::endl;
}
i

class Order {
public:

double Total = 100.0;
i

class ServiceProvider {
private:
std::unordered map<std::type index, std::shared ptr<void>> services;
public:
template<typename T>
void AddService (std::shared ptr<T> service) {
services[typeid (T)] = service;

}

template<typename T>
std::shared ptr<T> GetService () {
return std::static pointer cast<T>(
services[typeid (T) ]
) ;

}i

class BadOrderProcessor {
private:
ServiceProvider* serviceProvider;
public:
BadOrderProcessor (ServiceProvider* provider)
_serviceProvider (provider) {}
void Process (Order order) {

auto gateway = serviceProvider->GetService<IPaymentGateway>();
gateway->Charge (order.Total) ;
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class OrderProcessor {
private:

std: :shared ptr<IPaymentGateway> gateway;

public:

int

}
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OrderProcessor (std: :shared ptr<IPaymentGateway> gateway)
_gateway (gateway) {}

void Process (Order order) {

_gateway->Charge (order.Total) ;
}

main ()

ServiceProvider provider;

auto gateway = std::make shared<StripeGateway>();
provider.AddService<IPaymentGateway> (gateway) ;

BadOrderProcessor badProcessor (&provider) ;
badProcessor.Process (Order () ) ;

auto processor = OrderProcessor (

provider.GetService<IPaymentGateway> ())

processor.Process (Order()) ;
return 0;
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beginTransaction () ;
repo.saveA () ;

repo.saveB () ;
commit () ;
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[Data Source] > [In-Memory State]
add / update / delete

Final State

commit()

[Data Source]
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1,Ali
2,Sara
3,Reza
Entity
struct User {
int id;

std::string name;

}i

Repository (1/0 Lss )

class UserRepository {
public:

5 9w od plul |, COMMIt wlles REPOSItOrY b 5l1as o 15 B wimem b Laih 250 ool - REPOSItOry 2 als> o

explicit UserRepository(const std::string& file)

filename (file) {}
std::vector<User> loadAll () {
std: :vector<User> users;
std::ifstream in(filename) ;
std::string line;
while (std::getline(in, line)) {
auto comma = line.find(',");
users.push back ({
std::stoi(line.substr (0,
line.substr (comma + 1)
}y:
}

return users;
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void saveAll (const std::vector<User>& users)
std::ofstream out (filename, std::ios::trunc);
for (auto& u : users) {
out << u.id << "," << u.name << "\n";

}
private:

std::string filename;
bi

: Repository ii&
lasls o3 Unit of Work i s3> @
lowal oo 1) (digs § (il Lads o

: Unit of Work _Lo! ¢jlw ooty €3

class UnitOfWork {
public:
explicit UnitOfWork (UserRepositoryé& repo)
repo (repo), users(repo.loadAll()) {}
vold registerNew (const Useré& user);
void registerDirty(const Useré& user);
void registerRemoved (int userId) ;

void commit () ;

void rollback() ;

private:
UserRepository& repo;
std: :vector<User> users;
std: :vector<User> newUsers;
std::vector<User> dirtyUsers;
std: :vector<int> removedIds;

¥
:Commit() ~6 &S

void UnitOfWork: :commit () {

repo.saveAll (users) ;
clear () ;

rollback() &3

void UnitOfWork: :rollback () {
newUsers.clear () ;
dirtyUsers.clear();
removedIds.clear () ;

laile oo adsl SNAPShOL las alisl> 4 045 o Persist s> za x Rollback

void updateUsers (UnitOfWorké& uow) {
uow.registerNew ({4, "Hadi"});

uow.registerDirty ({2, "Sara Updated name"});

uow.registerRemoved(1l) ;
uow.commit () ;
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class UnitOfWork {
public:
~UnitOfWork () {
if (!committed)
rollback() ;
}

logss oo o, ,ag5 rollback ses 401,35 cOMmMIt 51
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1l Unit Of Work L aseus B

class UnitOfWork ({
public:
void registerNew (Entity* e) {
newEntities.push back(e);

}

void registerDirty(Entity* e) {
dirtyEntities.push back(e);
}

void registerRemoved (Entity* e) {
removedEntities.push back(e);

}

void commit () {
beginTransaction () ;

for (auto e : newEntities)
e->insert () ;

for (auto e : dirtyEntities)
e->update () ;
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for (auto e : removedEntities)
e->remove () ;

commitTransaction () ;

private:
std::vector<Entity*> newEntities;
std::vector<Entity*> dirtyEntities;
std: :vector<Entity*> removedEntities;

L JolS asews €3

class UnitOfWork ({
public:
explicit UnitOfWork (UserRepositoryé& repo)
repo (repo), users (repo.loadAll()) {}

void registerNew (const Useré& user) {
newUsers.push back (user) ;

}

void registerDirty(const Useré& user) {
dirtyUsers.push back (user);

}

void registerRemoved (int userId) {
removedUserIds.push back (userId) ;

}

void commit () {

for (auto& nu : newUsers) {
users.push back (nu) ;

}

for (auto& du : dirtyUsers) {

for (auto& u : users) {
if (u.id == du.id) {
u.name = du.name;
break;
}
}
auto it = std::remove if(

users.begin (),
users.end (),
[&] (const Useré& u) {
return std::find(
removedUserIds.begin (),
removedUserIds.end(),
u.id) != removedUserIds.end();
}
);
users.erase(it, users.end());
}

private:
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void clear () {
newUsers.clear () ;
dirtyUsers.clear();
removedUserIds.clear () ;

}

UserRepository& repo;

std: :vector<User> users;
std: :vector<User> newUsers;

std::vector<User> dirtyUsers;
std::vector<int> removedUserIds;
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#include <iostream>
#include <functional>
#include <string>

class Controller;
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class Model {

private:
std::string name;
int age;

std::function<void()> onChanged;

public:
Model (const std::string& name, int age)
name (name) , age (age) {}

const std::string& getName () const
return name;

}

int getAge () const {
return age;

}

void setName (const std::stringé& newName) {

if (name == newName) {
return;

}

name = newName;

notify();

}

void setAge (int newAge) {
if (age == newAge) {
return;

age = newAge;
notify();

void setOnChanged(std::function<void()> callback) {
onChanged = callback;
}

private:
void notify () {
if (onChanged) {
onChanged () ;

276




class View {

private:
Model* model;
Controller* controller;

std::string displayedName;
int displayedAge;

public:
View (Model* model)
model (model),
controller (nullptr),
displayedName (model->getName () ),
displayedAge (model->getAge ()) {

model->setOnChanged (
[this] () {
onModelChanged() ;
}
);
}

void setController (Controller* controller) {
this->controller = controller;

}

void onModelChanged () {
displayedName = model->getName () ;
displayedAge = model->getAge();
std::cout << "\n[View] Model changed -> View updated\n";

show () ;

void show () const {

Stdls seout XK Vommmomemoomoemoemoomoo= \n";
std::cout << "Name: " << displayedName << '\n';
std::cout << "Age : " << displayedAge << '\n';
gtds seout KL Vomceoocooocooosooosoos \n";

void userChangesName (const std::stringé& newName) ;

void userChangesAge (int newAge) ;
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class Controller {
private:
Model* model;
View* view;
public:
Controller (Model* model, View* view)
model (model),
view (view) {}

void changeName (const std::string& newName) {
std::cout << "\n[Controller] Changing name...\n";

model->setName (newName) ;
void changeAge (int newAge) {
std::cout << "\n[Controller] Changing age...\n";

model->setAge (newAge) ;

void View: :userChangesName (const std::stringé& newName) {
std::cout << "\n[View] User entered name: "
<< newName << '\n';

controller->changeName (newName) ;

}

void View: :userChangesAge (int newAge) {
std::cout << "\n[View] User entered age: "
<< newAge << '\n';

controller->changeAge (newAge) ;

int main() {
Model model ("Ali", 20);
View view (&model) ;
Controller controller (&model, &view);

view.setController (&controller) ;

std::cout << "Initial View:\n";
view.show () ;
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view.userChangesName ("Reza") ;

view.userChangesAge (25) ;

view.userChangesAge (25) ;

return 0;
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:Model .5
class UserModel {
public:
std::string getName () { return "John Doe"; }
kg
View s
class IUserView {
public:
virtual void showUserName (const std::string& name) = 0;

b8

class ConsoleUserView : public IUserView {
public:
void showUserName (const std::string& name) override ({
std::cout << "User: " << name << std::endl;
}
i

:Mediator ¢, Presenter _.s5@

class UserPresenter ({
private:
UserModel model;
IUserView* view;

public:
UserPresenter (IUserView* view) : view(view) {}
void updateView () {
std::string name = model.getName () ;
view->showUserName (name) ;
}
b
bl acbip
int main () {

ConsoleUserView view;
UserPresenter presenter (&view) ;
presenter.updateView () ;

return 0;

}
elxil Presenter Ly Lol oljgiws wsis o ool CONtroller 4, View akulg 4 )15 @l jgiws S MVC G5 5 poavs Jle ol o
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#pragma once

class CalculatorModel {
public:
int add(int a, int b) const {
return a + b;
}
int subtract(int a, int b) const {
return a - b;
}
bi

#pragma once
class ICalculatorView {

public:
virtual ~ICalculatorView() = default;
virtual int getFirstNumber () const = 0;
virtual int getSecondNumber () const = 0;
virtual void showResult (int value) = 0;

}i
#pragma once

#include "CalculatorModel.h"
#include "ICalculatorView.h"

class CalculatorPresenter ({
private:
ICalculatorViewé& view;
CalculatorModel model;

public:
explicit CalculatorPresenter (ICalculatorView& view);

void onAddClicked() ;
void onSubtractClicked();
}i
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#include "CalculatorPresenter.h"

CalculatorPresenter::CalculatorPresenter (ICalculatorView& view)

view (view) {}

void CalculatorPresenter::onAddClicked () {
int a = view.getFirstNumber () ;
int b = view.getSecondNumber () ;

int result = model.add(a, b);

view.showResult (result) ;

void CalculatorPresenter::onSubtractClicked () {
int a = view.getFirstNumber () ;
int b = view.getSecondNumber () ;

int result = model.subtract (a, b);

view.showResult (result) ;

}

#pragma once
#include "ICalculatorView.h"
class CalculatorPresenter;
class ConsoleView : public ICalculatorView {
private:
int firstNumber{};
int secondNumber{};
CalculatorPresenter* presenter{nullptr};
public:
void setPresenter (CalculatorPresenteré& presenter);
void run () ;
int getFirstNumber () const override;
int getSecondNumber () const override;
void showResult (int value) override;

b

#include "ConsoleView.h"

#include "CalculatorPresenter.h"

#include <iostream>

void ConsoleView: :setPresenter (CalculatorPresenter& presenter)

this->presenter = &presenter;
}
void ConsoleView: :run () {
if (presenter == nullptr) {
std::cout << "Error: Presenter is not initialized.\n";
return;
}
std::cout << "Enter first number: ";

std::cin >> firstNumber;

std::cout << "Enter second number: ";
std::cin >> secondNumber;

std::cout << "\n";
std::cout << "1) Add\n";
std::cout << "2) Subtract\n";
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std::cout << "Choose an operation: ";

int choice;
std::cin >> choice;

switch (choice) {

case 1:
presenter->onAddClicked() ;
break;

case 2:
presenter->onSubtractClicked() ;
break;

default:
std::cout << "Invalid choice.\n";
break;

int ConsoleView::getFirstNumber () const {
return firstNumber;

int ConsoleView: :getSecondNumber () const {
return secondNumber;

}

void ConsoleView: :showResult (int value) {
std::cout << "Result: " << value << '\n';

}

#include "CalculatorPresenter.h"

#include "ConsoleView.h"

int main () {
ConsoleView view;
CalculatorPresenter presenter (view) ;
view.setPresenter (presenter) ;

view.run () ;

return 0;

}
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I, Ll Handler | Setter L Getter bl sloais 3l eolaiwl b 5 oS oo Josa |, Primitive L aJyl sleProperty

:Model 4¥(&)

#pragma once
class CounterModel {
public:
CounterModel () : count (0) {}

void increment () { count++; }
void decrement () { count—--; }
void reset () { count = 0; }

int getCount () const { return count; }
private:

int count;

b8

bbb b zmen o)l (0 a 095 0 1) Jo 5l i 9 000 mw ws Jaw Y 4y laad aY )l :ViewModel aYy @ E]

by s al, Jae sy o ol Model Js1s sleHandler b i a5 2095 sleHandler L.gtsls . 455 545 ;0 CallBack
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s Call eesias s s

#pragma once
#include "Model.h"
#include <functional>

class CounterViewModel ({

public:
CounterViewModel (CounterModel& model) : model (model) {}
void increment () {

model.increment () ;
notifyCountChanged() ;
}
void decrement () {
model .decrement () ;
notifyCountChanged() ;
}
void reset () {
model.reset () ;
notifyCountChanged() ;
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int getCount () const {
return model.getCount () ;

}

void setCountChangedCallback (std::function<void()> callback) {
countChangedCallback = callback;
}
private:
CounterModelé& model;
std::function<void () > countChangedCallback;

void notifyCountChanged() {
if (countChangedCallback) {
countChangedCallback () ;

S g by ey 1 VIEWMOE! Y ) qakice oo iws ol o5 enal s ¥ oo 1Y ol ViEW a0y @
ViewModel « u.Sase CallBack ;e 4 1, 55> UpdateDisplay ob a5 o Ji5' 1, ModelView 4Y o Jais
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1595 39, 4 oo VIEW lwg (oo b xS o Call 1) asiass CallBack ob was &, ModelView Ly Joo

#pragma once
#include "ViewModel.h"
#include <iostream>
class CounterView {
public:
CounterView (CounterViewModel& viewModel) : viewModel (viewModel) {

viewModel.setCountChangedCallback ([this] () { updateDisplay(); });
}
void display () {
updateDisplay () ;
while (true) {
std::cout << "\nOptions: 1) Increment 2) Decrement 3) Reset 4) Exit\n";
int choice;
std::cin >> choice;
switch (choice) {
case 1: viewModel.increment (); break;
case 2: viewModel.decrement (); break;
case 3: viewModel.reset (); break;
case 4: return;
default: std::cout << "Invalid choice!\n";

}
private:
CounterViewModelé& viewModel;

void updateDisplay () {
std::cout << "\nCurrent Count: " << viewModel.getCount () << "\n";
}
}i
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#include "Model.h"
#include "View.h"
#include "ViewModel.h"

int main () {
// Create and connect components
CounterModel model;
CounterViewModel viewModel (model) ;
CounterView view (viewModel) ;
// Start the UI
view.display () ;

return 0;
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Status =2
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customer.placeOrder(orderDetails);

) )lge Jie iz &

customer.createOrderRecord() L customer.insertOrderData()
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« Interface < «cwsl Name g1d sl )ls asUser (gly o Jlie (5l oS 0 i a5 Interface «alisw slaRepository sly ass 4 o

oS oo iy ya5 pg0 4Y yo IUserRepository U

#include <string>
#include <memory>

class User {

private:
int id ;
std::string name ;
public:
User (int id, std::string name) : id (id), name (std::move (name)) {}

int getId() const { return id ; }
const std::string& getName () const { return name ; }

}:

class IUserRepository {

public:
virtual ~IUserRepository() = default;
virtual std::shared ptr<User> findById(int id) = 0;
virtual void save (const Useré& user) = 0;

}i
(2 &Y ;o luserRepository) |, ;1 Repository « Ly . Interface oo 55,ls Lasl o (1 4¥ ,oUser) |, Domain oo sg0 4Y Yl

oS o B2 9o Y 4 g, 5l |, Repository dly o;luesl, Dependency Injection ;i eslawl b e

#include <memory>

#include "application/repository/IUserRepository.h"
#include "domain/User.h"

class PostgresUserRepository : public IUserRepository ({

public:
std: :shared ptr<User> findById(int id) override ({

return nullptr;

}

void save (const Useré& user) override {
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Domain-Driven Design: Bounded Contexts Architecture
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sub system == sub domains == bounded context (code solution) == micro service

Bounded Contexts & Subdomains

Sales Context
Marketing 5 Fulfillment
ot T LB context
Product
: Procurement Pricing
Subdomains Context @ Context
Inventory
Context

Lzl o abal) wl sls 3925 olejls o o Bounded Context w3, :(Context Mapping) baiuw ) cwils B

Dgd oo e 1 od bl 0gm g 998 o0 25 )] 0 o Bounded Domain

Context Map

Conformist — Payroll is influenced by
Finance and must change when it does

30 Payroll Context & \
nership — Teams work /// » \\\n
I ro:‘ethe' '::an same project [ }é \
l\ Finance Context |
i/
% HR Context &

3rd
party
Conformist — HR conforms Recruitment Context
1o third-party mode! to avoid .
— Third-Party

translation cost
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DDD Partnership Pattern: Order Context & Payment Context

Order Context S Payment Context
—
Paysest

,id,

|
|
‘ [
| | custoldert orderid
T ‘ items amount

totalAmount ~ Order Payment Business status

Success Success Success

Payment DB

Both teams coordinate closely
on the same domain mode!

Partnership: Success of Order AND Payment in sequence = Success of the whole system CO

O S0y (Sinles aieils g 995 e 4 il3E STl 4 Context wix b 9o o a5 (ols b 08) Jow 5l 25 Shared KernelﬁE
o 05 h oo aaS Bounded Context aix b g0 (o S iie oS b Jow 5l (iddu 4 oS e 5,5 e olo o locwl S i gla is
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Wb ses S0 glContext o PLsl el wos o Wad relae b Wl Sinlos O o)l s Jloel 51 L3

Shared Kernel Pattern in DDD

Shared Kernel: A portion of the domain model that is intentionally shared between bounded contexts
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4/
Data Flow - A
Customer /
Downstream

Supplier / Upstream OptimizedData

| format Cza—
G structure
@ | cacheHint 3 :%g:
Data Generator b S L Edge/Proxy
Context R AR S i 75 Context

Customer-Driven Supplier:
Downstream dictates data format for performance.
Upstream adapts to Consumer needs.

oS e |y sl Context Joe caS' G e Context wdls ! )0 0aisS G jne 5 0aiS pal )8 Cdl> WuSep :ConformistiE

39y 4 AEAES 5 UiS oG9, A g SO o i | Bg3 Sledlbl Core DOmain ux—sy cpl ,o ey 19,105 1) )] jss & 508 9 Yjw 0 pdy oo
S 95 4 g el ) pliaogs Wb il g ol 1) Koo sla isu (o

Conformist Pattern in DDD

pata Flow (fixed formay, )

Upstream / w
Core Domain =

Shared Model Downstream /
(Upstream’s Model)
@1‘6} P . Con[_g]rmlst
PEIE] P%ider nape Ad _%
lapting
Context rules Context
schema

Must conform.
No power to change.

Controls the domain model.
Has full authority.

S
S i s

Conformist: Downstream conforms to Upstream’s model without changes.
Upstream doesn't care about Downstream's needs.
Downstream bears the adaptation cost.

Vil g 2 )5 s S Joe o5 Sl 4Y o1 G aSG b Joid b 4Y b Anti-Corruption Layer (ACL)iE

5has sjlacs (o e Jlie) Bridge s Adapter o538l 1) s sl aY ol 0g—is 0ogl Mol (A3ls Jow b oS o do 5 1) oy
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Anti-Corruption Layer (ACL) Pattern in DDD

N

e .
< | == [,
ACL | Translated = %
Raw Model Ak Comption S Model
(foo/bar) (zo0/cat) Team 2
fo0o —>200 ——— pounstream| Protected Context
bar — cat ——
200 cat
i 200 [ cat |
[ to downstream model,
v Isolates changes. > Maintains its own model.
S R \— x’ S Protected from upstream changes.

No direct dependency =~

ACL: Downstream translates upstream's model into its own model.
Upstream changes don't corrupt downstream,
Downstream stays independent and evolves freely.

5 4 OHS laas o il Xos Context w> osliiul sly w5 oo APl Context . :Open Host Service (OHS)
5laslen Koo sl Bounded Context b aas oo «l,] jas i g sogee APl L g, dcgeme S5 a5 ol Bounded Context
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' Jie oo APlulgs o Payment Context Sl

POST /payments
GET /payments/{id}

S5 3hie L Database deEntity ;| aSul e ol a ol bls )| egee olo)l3 en b ol Lis Ko sleContext 4 uis «l)
Bounded Context i b Joles 51y cogee Ll o o Open Host Service ., .axil awsls oMbl Payment Context

b pubiins o yiwsd JB L agee Context ;T U3l Jow 4l &
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Open Host Service (OHS) Pattern in DDD

[0 -] B
el S o= Team 2

Consumer Context A

OrderProcessor
AP Calls
(HTTP/REST)

Internal Model

J POST /payments
Payment « GET /pa ts/{id} (o] )
-~ ET /payments/{i fo— g
1 Transaction GET /payments?status=paid Edia Team 3 4
; — Consumer Context B
I'd
Account .
InvoiceService
API Calls
(HTTP/REST)
Owns domain model. Consumers interact ONLY through
Exposes only via API. the public API contract.
Internal entities are NEVER No knowledge of internal model.
directly accessible. Open Host Service: One Context provides a stable, public API contract

for multiple consumers. Internal model stays hidden and protected.
Consumers depend on the contract, not the implementation.

Sle 4 .blontext ;o osls Jobs sl (3 lastinl (Schema) slosSul 5 Jie) S i s b by G :Published Language
Wil 1) b g 500 by B asl axsls | lisgs wolaisl g o ,S5 Adapter (liwlsS ;o aSul sl> 4 ilisee slo g 503
@ oud ools STynl Adapter G lawg 10,5 o )13 b gy odél b don oolatul 550 i O ygu0 4 4S5 wng 0 Protocol
S i by So e Syl 4y 5 9Bl den o S i Wil oo AdApLEr ) a8 oS e Siabes T L 1 oLdsgs g ws,gl oo S

REHPPCRHINICRN

Published Language (PL) Pattern in DDD

! Team 1/ Provider Context c‘g

m ‘\ All consumers use the SAME shared adapter
S No custom adapters needed
Published : A shared schema/format that all contexts agree on. Instead of each \‘

consumer bullding its own adapter, ONE shared adapter translates the common language.
Reduces duplication and ensures consistency across the system.
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Separate Ways Pattern in DDD

- I A
Team 1 — Independent Context : AP Team2 — Independent Context
_ i @
|
|

foo 12}—% baz ® zo0 —> cat dog |
‘ ‘ A NO CONNECTION = 8

No Integration
Complete Independence

MongoDB
+ Node.js

PostgreSQL

+ Java

Owns its domain. Evolves independently.
No dependencies.

Owns its domain. Evolves independently.
No dependencies.

Separate Ways: Each context operates completely independently.
Different models, different technologies, different teams.
Zero coupling. Maximum autonomy.

ol 5l g s el 00,3 0, LSla ey 5 00w yd JSE 4 pianees § S aseie CONTEXT slaj e a5 asy Big Ball of Mud
LeaCY asd slouS VYgars l(acuilp 1) wims o plol ) cilies slo s cisllsy olgs b 3,3 Sy ol Ll ofaas cypiz 5 Loy Llizz |
(oo e iz oM ot (oo b 5B (nl 4 bl 4l ansgi ol Tl g ik e gy il ol 8l lasgs Sl (paiz oS
o reni lp 030 Cewd b sty alog SlaaS w09l (oo plonl K03 (sla i 50 45 b s 5 (B 5l (Sallg el o Wi sl (St
laes oo 3o Redesign a; os aieils oo a1, 1380 5 dnnssi IS s (nl Mg (oo (Gliaid s 53 ;500 sl i 9,Skes i
Ol als (uire S lilS )l (S 0 4 col sy s Glo @ lewiwd vali o2 Bounded Context s, 0 a5 ol asg o

w9 by aiz ol g 380 sla gonj e e (2B i) lerien

Big Ball of Mud Anti-Pattern in DDD

| Big Ball of Mud: No clear boundaries. High coupling. Legacy code grown without ’

strategy. Changes in one area break others. Requires complete redesigh
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2wl 5 (Building BIOCKS) jLucSoly (slagSIl ol iy ol €S pumm g 4365 1,

55 iala Fhus polie b s so iy 3 (IAENTILY) LSy Cugn 5 anlis G L oS el gle o ENtity (o 39> 90) ENtity E
i3 ey Jsb 50 Ygene b ENLILY .aiss co cogunme Sgliste carsl asls &glie ID Lol ol LSy oleslaseis ales 51 2> Entity
e b a8 ] G atile aiile so (Bl = las Gliale Sy et b > oy Jsb o LENTItY Ly Tasle so culi (D) olicse Lol oS’ oo
53555 39 51 o b lewsl ouile 3L Order jlas o gilascie s L OFder o L lowd saile 3l Ll lod (jeaass § us 5 93 5 (3955 50
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#include <string>
#include <utility>
class Customer {
private:
CustomerId id ;
std::string name ;
Email email ;

public:
Customer (

CustomerId id,

std::string name,

Email email)
id (std::move (id)),
name (std::move (name)),
email (std::move(email)) {}

const CustomerId& getId() const {
return id ;

}

const std::string& getName () const {
return name ;

}

const Email& getEmail () const {
return email ;

}

void changeEmail (const Email& newEmail) {
email = newEmail;
}
}i

5 g duye la Sy nolie L Value Object o, (Entity ods (ol (o351 1yl < ) Value ObjectO
@ o sl dmmutable) it wb Value Object .wgs oo il ol LSy polis L Value Object g . iuga b

Slade g o3l ool Money@;j w»w@cw»yadd e dy ) A0S 50 09 oo AL W diged S o lade o sl

1395 o iy 15 b ppolie ol Laid ¢ Jitus Cuga op90 VAlUE Object lus o return was oo G Jsis 4 1, sus Add

303




#include <stdexcept>
#include <string>
#finclude <utility>

class Money {

private:
double amount ;
std::string currency ;

public:
Money (double amount, std::string currency)
amount (amount),
currency (std::move (currency)) {
if (amount < 0) {
throw std::invalid argument (
"l e Wl sSas "
)

}

double getAmount () const {
return amount ;

}

const std::string& getCurrency () const {
return currency ;

}

Money add (const Moneyé& other) const {
if (other.currency != currency ) {
throw std::invalid argument (
Towl HLS)lwls Jgy asl "
) ;
}

return Money (
amount + other.amount ,

currency
) 8
}

bool operator==(const Money& other) const {

return amount == other.amount ¢&&
currency == other.currency ;
}
bool operator!=(const Money& other) const {
return ! (*this == other);

}
i

o5 sl rasl el iz Slaiie sy dlee o il o3l « i ooyl (5 ylie =b)VAlUE Object g, ol @
9 J}lo Slaises 'v\_......S.» cCan] )J‘)J QL....J..\.A 45‘5.»; 9o oL’u‘ lon é) 9 &S & o)l_..u‘ LJ).».A A&' aQ c).").’ ).;olsu l) J).uo u.u)\)" 99 L).._......u
sl 2l (250 9 sk lils @bl (ose 5 Jsb Slaisn (e ST S 0 (oo o)Ll > S 4 (oLl a 50
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L MONEY 5,50 15 Jlio (sl logs a5 0l 15, aian ol Value Object S, 550 0 a5 b, 5 L s ANVariant @
4 Jby) sl L3 CUITENCY g5 5l aien al (L3 gy 4 oish il J5 CUITENCY 50l 0 (g5lae b 1255 i adian @l
(Jb,y 4 onigd aslal Yo a5 logd o o8 o 51 b adlal b, s,

amount >= 0
currency != null

:Product s sleInvariant ()

Color (RGB)

Code (Country Code + Type + Index) oS48 pady 7 HI bdo ol
Name @il I3 ol

Price > 0

Type (10,20,30)

Country Code !uwily by 3 Wl

.Customer s sllnvariant )

National Code wbsly Liso Wio 5 Lbly by 10 4oLy
Age > O
Name @il JL L

:Anemic vs. Rich Domain Modelm

4 ool Service Layer ;o shic ales 5 05 ls Getter/Setter Lis LEntity (R +XJlas) Anemic Domain Model $§

e sLBUSINEss Ruley b ,lis, 5 w,ls o 455 1, State/Data ks Gaee amels losl a5 cwl  Jow Anemic Domain Model [,z oL

clazs S 15 eService ,s S dagyl 5l 2, Baes aals

class Order {
private:
OrderStatus status ;

public:
OrderStatus getStatus () const {
return status ;

}

void setStatus (OrderStatus status) {
status = status;
}
}i

class OrderService({
public:
void cancelOrder (Order& order) {
if (order.getStatus () == OrderStatus::Shipped) {
throw std::logic_error(
"Cannot cancel shipped order"
) ;
}

order.setStatus (OrderStatus: :Cancelled) ;
}
}

Jd,b o lsen DDD s ls 1,3 Entity/Aggregate sss J51s |5 geuS laie :( Caw y0 595d1) Rich Domain Model

s (699,9 ,0 |, IS 095 Wiy, ENtity jo 0 olo @ sl Entity/Aggregate sy J5Is wb shie x lewsl Rich Domain Model
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JysS 1 Ll Entity Jowe 095 Setter slo oo i cwoige |, b INVariant 4 J,u8 151 sla (634,9 «sl ailSlox J S aSl sl a9 01
WS o gt 9 (bl ) piasli ools 5 0iS oo
#include <stdexcept>
class Order {

private:
OrderStatus status;

public:
void cancel ()
{
if (status == OrderStatus::Shipped) {
throw std::logic error (
"Cannot cancel shipped order"
) ;
}
status = OrderStatus::Cancelled;
}
}i

S lsieas a5 el s Value Object , s Entity ;) ooz, Aggregate :Aggregate Root  Aggregate[™] @

sl 18 adees Wb o slacl oo (Consistency Rules / Invariants) 1550 ¢ulss g sgi o a33,5 L )0 ax LSS 9l

s (struct ,s primitive sls . ) s Value Object ;i ¢l acgomo oils L Struct <, JSs « 1, Aggregate G g
o> b1, e Aggregate oS e wblcé 3 o o (098 oo aseine I b oLign a5 STTUCT J51s 5 ooy Lol i) b Entity
oS cule, Wil g9, 1, Solid (163 51 Single Responsibility Principle g a5 w s a5 2Y 5 Sog8 oSl

Sl O slis .ol Aggregate « g, slis 84,9 akais s a5 - b S S 00,00 Aggregate Root <, Aggregate ,»
i | oy T acsl ansls s Aggregate sl slosl a Ludias wls 5 .S plaél ROOt 5 L 51 L Aggregate L Lol
oage p aals ilgd g (6,55l Lat> Cdgtue g axius (] RV g Root JEY Aggregate Jolo bl (o olo 4 ae
13,5 0wl jak wiasms 53 lg5 (o0 o] oo b g ROO 3 )b 51 Laid g el gl L (45,0 5| ABGregate Root Lis 4 ool ROOL

5 s e i solaws ¢ g ClASS L STIUCT S 0 jgmai :cd 8 Jlai 10 ool o Jow G lgs oo CHF o popie ol Sy sl
l, (wus . Handle |, Aggregate ROOt a5 51 isw a5 58>45 slo (WS 5l oas axsle sLosl) Sub System g oo ¢l
Sty ogs e ulgs o wldes SO plil 6l g oS s Joles Sgpm s o b Ladd g0 sloaS o ls 0 a5 private O ygo 4y 393 0
Coled 50 b atms o plnil ) 1551 (tide plaS o Loyl 5 S e 50815 (S 1s bl 4 1) Sllae Glo &0 )0 5 g 2o 100 o0
g oo 08ld (b ) 0aiiS Cawlg )0 b Az g Wl oo ,0 S g sles 90 4 Aggregate ROOt Ly s jge olles
oo sl o oV 1es 5 L o Facade < au i gogam b wd Jow Ll 5l e o |, Aggregate Root L ol 5
oY slo Sialeas ROO § 0iiS o cumeo ROOT L Lais taiiS o (o) Sad ;50050 b aigi> J3ls sLsl asila, Aggregate Root
L0 oo plxl

sols sl Sy > b 95,09 Struct o LI DDD s Aggregate lecl CHt s ad Jow o o5l (sl 1o acis ol sl
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E BOUNDARY
051 5pe

AGGREGATE ROOT (ENTITY)
7 (W) Covprpe) c3uSTal,,

7>

Access to ALL cther Internal Entities |

*strictly restricted to 1he Aggregate Root Enlity
K02 I3 slaagrge plal & oo,

sl 81 ady) Cusdgmge 43 S9aaa 51

2 =K

#include <vector>
#include <string>
finclude <utility>
#include <stdexcept>

// 4SS ow! o=l o g ProductId 4 Product u.il o Gy=5 ds.

2

———

class OrderLine({
private:
ProductId productId ;
int quantity ;
// 53wy OrderLine 4.l g3, Order hLis

friend class Order; //pia> Hoysl wlkS 4 ogas wySwd

OrderLine (
const ProductIdé& productld,
int quantity)
productId (productId),
quantity (quantity) {}
public:
const ProductIdé& getProductId() const {
return productId ;
}
int getQuantity () const {
return quantity ;

e e e e e e e

e e e e e e

class Order {
private:
OrderId id ;
[/ axilwe wiiws Le OrderLine«, Order his
std::vector<OrderLine> orderLines ;
public:
explicit Order (const OrderIdé& id)
id_(id) {}
void addItem(
const Producté& product,
int quantity) {
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if (quantity <= 0) {
throw std::invalid argument (
"Quantity must be greater than zero"
) ;
}

orderLines .emplace back (
product.getId(),
quantity
) ;
}
const OrderIdé& getId() const {

return id_;

}

const std::vector<OrderLine>& getOrderLines () const {
return orderlLines ;

}
bi

lagd oo i ENtity 5 Aggregate o ools SSis o5 :Entity g Aggregate aw o R;;
oS (oo Ol 1) Gl Dol e edss sl

cS S Mine Alg3 (o3 5 Camd 355 518 Slewle S prenas 355 5095 4 Orderltem Jio s Entity o

.2l (Order) 55 ,;, Aggregate < 5l sy diven g @

(el 5Son OFder & b 5l Lais Bis b slaws aal33 Mie) Wgd oo oy Order s Lol Aggregate Jo o julapgliy o
oS’ s
s Aggregate G aiien 5 gy Entity ;o Jg il Entity wus L SO el Wl o Aggregate o
: Aggregate s, & Entity <y oo l» 8

9,0 Jatus CONSIStENCY o o 5,0 4 5L LT L1

S o JiS (i0g5 1y g5 & bgiye 55l oullsd LT .2

Sosly anils JLd, e ;0 500 (699350 4 4SS (9 Wil o LT .3

Aggregate Root € 54 «a» acn &l S
lesl ool Entity G € 54 «a Rl S

Aggregate b :y.ilgs ()

5 |, Aggregate as el oyl Aggregate oL, ol o e 5 e :TFansaction g Aggregate 4kl ,
Sax im0 Lk o (Consistency Boundary) s 5L
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.(Domain Event + Event Handler/Subscriber
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Commit o L ol 4ea 5 oo sl Database Transaction < ,o 1, Aggregate wi> o ollee pulys (oo Sos Lo
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L— Paymentc.s

OrderPlaced
Event

Glo ize sl 5 (338 (ley) alidl 3lasl asels 4> a5 el ol asdly DOmain Event :(asels slas 9,) Domain Event |

IPaymentReceived . L, OrderConfirmed i« )ls coeal pinw S0

Slas lons a0l 5 aiS s o0l,8 |, WBounded Context ; LAggregate o i e Siwly sials 56l Domain Event
&b S lal a by |, Aggregate ws b ool e i b SO sl 4l sl 4 solw (L3 jlo 4 .aiwa Event-Driven
L Event Bus <, wes (ol Aggregate L (5 o a1y ol s glemdlS sl i 338 S 0 )5 cnl sl 5 9635 500
Wisg ol ol ke a5 Aggregate w> L S, o1, Aggregate o5 5l ooz Dispatch slasly g, Event Sourcing

s Observer o3l g, ool P> 65 &8ly 1015 oo o 51 1y Ll o COUPIING § 39290 (Simunly (B9, cpl 1S oo Jaio
lew! Publish/Subscriber 431 opioen

:Jols Jo @D

#include <chrono>
#include <memory>
#include <vector>
#include <string>
#include <stdexcept>
#include <utility>

namespace domain::order {

using OrderId = std::string;
using CustomerId = std::string;
using ProductId = std::string;
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class DomainException : public std::runtime error {
public:
explicit DomainException (const std::string& message)
std::runtime error (message) {}

b

enum class OrderStatus {
Draft,
Placed,
Confirmed

b

class Money {

private:
double amount ;
std::string currency ;

public:
Money (double amount, std::string currency)
amount (amount),
currency (std::move (currency)) {
if (amount < 0) {
throw std::invalid argument (".dl, e L5l 35,05 g&luo.");

double getAmount () const {
return amount ;

}

const std::string& getCurrency () const {
return currency ;

}

Money add(const Moneyé& other) const {
if (other.currency != currency ) {
throw std::invalid argument ("cw! HLS)lwls Jay 4>l g.");

return Money (amount + other.amount , currency );

bool operator==(const Money& other) const {

return amount == other.amount && currency == other.currency ;
}
bool operator!=(const Money& other) const {

return ! (*this == other);

}
i

class IDomainEvent {

public:
virtual ~IDomainEvent () = default;
virtual std::chrono::system clock::time point getOccurredOn() const = 0;

i
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class OrderPlacedEvent : public IDomainEvent ({
private:

OrderId orderId ;

CustomerId customerId ;

std::chrono::system clock::time point occurredOn ;

public:
OrderPlacedEvent (const OrderId& orderId, const CustomerIdé& customerId)
: orderId (orderId),
customerId (customerId),
occurredOn_(std::chrono::system clock::now()) {}

const OrderId& getOrderId() const { return orderId ; }

const CustomerIdé& getCustomerId() const { return customerId ; }

std::chrono::system clock::time point getOccurredOn() const override {
return occurredOn ; }

b

class OrderConfirmedEvent : public IDomainEvent ({
private:

OrderId orderId ;

std::chrono::system clock::time point occurredOn ;

public:
explicit OrderConfirmedEvent (const OrderIdé& orderId)
orderId (orderId),
occurredOn_(std::chrono::system clock::now()) {}

const OrderId& getOrderId() const { return orderId ; }
std::chrono::system clock::time point getOccurredOn () const override { return occurredOn ; }

bi

class Order;

class OrderLine {
private:
ProductId productId ;
int quantity ;
Money unitPrice ;
friend class Order;

OrderLine (const ProductIdé& productId, int quantity, const Money& unitPrice)
productId (productId),
quantity (quantity),
unitPrice (unitPrice) {}

public:

const ProductIdé& getProductId() const { return productId ; }

int getQuantity() const { return quantity ; }

const Moneyé& getUnitPrice() const { return unitPrice ; }

i

class Order {

private:
OrderId id ;
CustomerId customerId ;
std::vector<OrderLine> lines_ ;
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OrderStatus status = OrderStatus::Draft;
std::vector<std::shared ptr<IDomainEvent>> domainEvents ;

void ensureDraft () const {
if (status_ != OrderStatus::Draft) {
throw DomainException ("aw! jloeo gposigiy aosxsy o hid oladae ool ")

}
public:
Order (const OrderIdé& id, const CustomerId& customerId)
id (id), customerId (customerId) {}

const OrderId& getId() const { return id ; }

const CustomerIdé& getCustomerId() const { return customerId ; }

OrderStatus getStatus() const { return status ; }
const std::vector<OrderLine>& getLines () const { return lines ; }
const std::vector<std::shared ptr<IDomainEvent>>& getDomainEvents () const {

return domainEvents ; }

void addLine (const ProductId& productId, int gquantity, const Money& unitPrice) {
ensureDraft () ;

if (quantity <= 0) {
throw DomainException("ddly cule osde o ol Jgaxs dlaxs3.");
}

lines .emplace back (productId, quantity, unitPrice);

}

void place() {
ensureDraft () ;

if (lines_ .empty()) {

throw DomainException ("s,las s42s I3 gy liw ou s (LSl .");
}
status = OrderStatus::Placed;

domainEvents .push back(
std: :make shared<OrderPlacedEvent>(id , customerId )
)
}
void confirm() {
if (lines_ .empty()) {
throw DomainException ("ocwos wols Jols s gylaw.");

}

status = OrderStatus::Confirmed;

domainEvents .push back(
std: :make shared<OrderConfirmedEvent> (id )
) ;
}
void clearDomainEvents () {
domainEvents .clear();
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Collection Like ) aiS o pal 3 abibl> j0 dcgome o 4 |, bAGQregate a —w,ws a5 ol o634 gl Repository
il o) oats LesT 1l 45 o0l L REPOSITOTY (65 i yo Lo S o ol anals 311 (oolsolol) (s 5lume 3 LS55 4 (INterface
Repository . 5 los oS Jaie ool unlus 4 losiins (lgi so aSL 1o lo 4S5 aladl> (o gl dcgamme g0 4 i a5 5l eg3)
Jito 00> (6 pune ;0 L3 REPOSITOrY (clo oM ples 5l e aclS S oge | 059, mmlins g5 doi il aad S1a5 il o
Solw )15 ol b s pess s el (9, 1) pelos L3 slaquery ... g a5 s mysql L sqlite L postgresql

lowsS Shift com Lenlns 9, b aslsdn 6,508 s 5l 1, pbss> LREPOSITOrY (SKails jo poss b a5 cuils wwalss 1) ol ol

#include <memory>

#include <unordered map>

#include <string>

#include <stdexcept>

using OrderId = std::string;

class Order {

private:
OrderId id ;
public:
explicit Order (OrderId id) : id (std::move(id)) {}

const OrderId& getId() const { return id ; }
bi

class IOrderRepository {

public:
virtual ~IOrderRepository() = default;
virtual std::shared ptr<Order> getById(const OrderId& id) = 0;
virtual void add(const std::shared ptr<Order>& order) = 0;
virtual void remove (const std::shared ptr<Order>& order) = 0;
virtual void saveChanges () = 0;

class InMemoryOrderRepository : public IOrderRepository {
private:
std: :unordered map<OrderId, std::shared ptr<Order>> storage ;

public:
std: :shared ptr<Order> getById(const OrderIdé& id) override {
auto it = storage .find(id);
if (it != storage .end()) {

return it->second;

}

return nullptr;

}

void add(const std::shared ptr<Order>& order) override {
if (!order) {
throw std::invalid argument ("o 145 sa>s null s & G238 oLSI");
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storage [order->getId()] = order;

}

void remove (const std::shared ptr<Order>& order) override {
if (order) {
storage .erase (order->getId());

}
}

void saveChanges () override {

}
b8
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lass” Include

#include <utility>
class OrderFactory {
public:
static Order createFromCart (
const ShoppingCarté& cart,
const Customeré& customer) {
Order order (
OrderId: :generate(),
customer.getId()

) ;

for (const auto& item : cart.getItems()) {
order.addItem (
item.getProduct (),
item.getQuantity ()
) ;
}

return order;

}i
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class TransferService {
public:
void transfer (
Accounté& from,
Accounté& to,
const Money& amount) {
from.withdraw (amount) ;
to.deposit (amount) ;
}
}i
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Ol i 0,038 g Aggregate slawe Jle>l,s Repository

#include <memory>

#include <stdexcept>
#include <string>

class IOrderRepository {

public:
virtual ~IOrderRepository() = default;
virtual std::shared ptr<Order> findById(const std::stringé& id) = 0;
virtual void save(const std::shared ptr<Order>& order) = 0;

ko

class ConfirmOrderCommandHandler ({

private:
std: :shared ptr<IOrderRepository> repository;
public:
explicit ConfirmOrderCommandHandler (std::shared ptr<IOrderRepository> repository)

repository(std: :move (repository)) {1}
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void handle (const ConfirmOrderCommand& command) {
auto order = repository->getByld (command.getOrderId()):;
if (!order)
{
throw std::runtime error ("wis abdly gy Lliaw");

}

order->confirm() ;
repository->saveChanges() ;
}
bi
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#include <vector>
#include <stdexcept>
#include <algorithm>

enum class OrderStatus {
Draft,
Confirmed

b8

class Order {
private:
OrderId id;
CustomerId customerId;

std::vector<OrderLine> lines;
OrderStatus status = OrderStatus::Draft;
std::vector<std::shared ptr<IDomainEvent>> domainEvents;

public:
Order (
const OrderIdé& id,
const CustomerIdé& customerId)
id(id),
customerId (customerId) {}

void addLine (
const ProductIdé& productId,
int quantity,
const Money& unitPrice) ({
ensureDraft () ;

if (quantity <= 0)
throw DomainException ("wily aude aoly ol ars");

lines.emplace back(
productId,
quantity,
unitPrice
)
}

void confirm() {
ensureDraft () ;
if (lines.empty())
throw DomainException ("cuwo s ols Jold I gy Liw");
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status = OrderStatus::Confirmed;

domainEvents.push back (
std: :make shared<OrderConfirmedEvent> (id)

);

private:
void ensureDraft () const ({
if (status != OrderStatus::Draft) {
throw DomainException (
"owl laa sy Sarss oo hid oliles oyl "
) 8
}
}
public:

const OrderIdé& getId() const {
return id;

}

const CustomerIdé& getCustomerId() const {
return customerId;

}

OrderStatus getStatus () const {
return status;

}

const std::vector<OrderLine>& getLines () const {
return lines;

const std::vector<std::shared ptr<IDomainEvent>>& getDomainEvents () const ({
return domainEvents;

void clearEvents () {
domainEvents.clear () ;

:Application 4% -2

#include <memory>
#include <stdexcept>

class ConfirmOrderHandler ({
private:
std: :shared ptr<IOrderRepository> repository;
std: :shared ptr<IEventPublisher> eventPublisher;
public:
ConfirmOrderHandler (
std::shared ptr<IOrderRepository> repository,
std: :shared ptr<IEventPublisher> eventPublisher)
repository(std: :move (repository)),
eventPublisher (std: :move (eventPublisher)) {}
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void handle (const ConfirmOrderCommand& command) {
auto order = repository->getByld (command.getOrderId()):;

if ('order) {
throw NotFoundException ("wis aldly gy Lliw");
}

order->confirm() ;
repository->saveChanges () ;

for (const auto& domainEvent : order->getDomainEvents()) {
eventPublisher->publish (domainEvent) ;

}

order->clearEvents () ;

g oo (258 Som Y ok 4Y aies 4 pl:(Repository g jlwesly) Infrastructure 4y -3
#include <memory>

class EfOrderRepository : public IOrderRepository {
private:
AppDbContext& context;

public:
explicit EfOrderRepository (AppDbContexté& context)
context (context) {}

std::shared ptr<Order> getById(const OrderId& id) override {
return context.orders().find(id) ;

}

void add(const std::shared ptr<Order>& order) override {
context.orders () .add (order) ;

}

void saveChanges () override {
context.saveChanges () ;
}
b
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!qmouf

#include <drogon/drogon.h>

class OrdersController {
private:
std: :shared ptr<ConfirmOrderHandler> handler;

public:
explicit OrdersController (
std::shared ptr<ConfirmOrderHandler> handler)
handler (std: :move (handler)) {}
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void confirm/(

}
b

const drogon::HttpRequestPtr& request,

std::function<void (const drogon::HttpResponsePtré&)>&& respcallback,

const std::string& id) {
try {

Guid guid = Guid::parse (id);
ConfirmOrderCommand command (

OrderId(guid)
) ;

handler->handle (command) ;

auto response = drogon::HttpResponse
response->setStatusCode (
drogon: :k204NoContent
) i
respcallback (response) ;
}
catch (const NotFoundExceptioné&) {
auto response = drogon::HttpResponse

response->setStatusCode (
drogon: :k404NotFound
) i

respcallback (response) ;
}
catch (const std::exception& ex) {
auto response = drogon::HttpResponse

response—->setStatusCode (
drogon: :k500InternalServerError

) 8

respcallback (response) ;

::newHttpResponse () ;

::newHttpResponse () ;

::newHttpResponse () ;
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Composite Ul

A composite Ul is a user interface made up of loosely coupled components.
A composite Ul shows data from multiple bounded contexts on the same web page.

) " E-commerce Application

88 Composite UI & 1xHat $20.00
B 1xScarf $10.00

Savings $3.00

& Q 3 Shipping $2.99
Total $29.99

St 3 Promotion Shipping Sales
B shipping Subdomain Subdomain B cibomein Subdomain
Basket Bounded Context Promotion Bounded Pricing Bounded Context Ordering Bounded Context
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Same Goal, Different Perspectives

A Clean Architecture for a Maintainable Tomorrow

Onion Architecture Clean Architecture Hexagonal Architecture
Layers Around the Core Dependency Rule Ports and Adapters
P (2
' i - e Ada;ter
' \“(rastfuctu,é
/ Q(esef"tatio,’

Domain
(Core)

Inpot Ports

Domain
(Core)

Keep the core pure,

Dependencies point inward Interact through ports,
g separate concerns in layers ;

stay independent from technology

%" Domain-Driven

LOﬂg-Term Value

Technology ’”dependnp, :

DIFFERENT PATHS
A STRONGER SOFTWARE
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"Dependency Inversion Principle - DIP"
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(Dependency Rule) Siuulg g3l : S yidio (0L ol Q
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class OrderService {
public:
void createOrder (const Order& order) {
mysqgl.query ("INSERT INTO orders ...");
smtp.send("order@shop.com”, ...);

http.post ("https://payment.api/...");
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#pragma once

#include <exception>
#include <string>
#include <utility>

struct DomainException : std::exception ({
std::string msg;

explicit DomainException (std::string message)
msg (std: :move (message)) {}

const char* what () const noexcept override {
return msg.c_str();

}:

struct InsufficientStockException : DomainException {
InsufficientStockException (const std::string& productId, int requested,int available)
DomainException ("Product " + productId +
": requested " + std::to_string(requested) +
" but only " + std::to_string(available) +" available") {}

i

struct ProductNotFoundException : DomainException {
explicit ProductNotFoundException (const std::string& id)
DomainException ("Product not found: " + id) {}

i
#pragma once

#include <string>
#include <vector>

#include "src/domain/exceptions/product exceptions.hpp"

struct Product {
std::string id;
std::string name;
double price;
int stock;

}i

struct OrderItem ({
std::string productId;
int quantity;
double unitPrice;
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double total () const {
return unitPrice * quantity;
}
}i

struct Order {
std::string id;
std::string customerId;
std::vector<OrderItem> items;

enum class Status {
Pending,
Confirmed,
Shipped,
Cancelled

bi

Status status = Status::Pending;

double totalAmount () const {
double total = 0;
for (const auto& item : items) {
total += item.total () ;
}
return total;

}

void addItem (const OrderItem& item, int currentStock) {
if (status != Status::Pending) {
throw DomainException (
"Cannot add items to a non-pending order"
)i
}
if (item.quantity > currentStock) {
throw InsufficientStockException (
item.productId,
item.quantity,
currentStock
)
}

items.push back(item);

:(Domain Services) Domain sl w.,).wﬁE

#pragma once
#include <vector>
#include "src/domain/entities/Order.hpp"

class PricingService ({
public:
static double calculateTotal (
const std::vector<OrderItem>& items
) ;
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static double applyDiscount (
double amount,
double discountPercent

)7

static double calculateTax (
double amount,
double taxRate
) ;
}i
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#pragma once

#include <string>

#include <vector>

#include "src/domain/entities/Order.hpp"
namespace Ports::Inbound {

struct CreateOrderRequest {
std::string customerId;
std: :vector<OrderItem> items;

b

struct CreateOrderResponse {
bool success;
std::string orderId;
std::string message;
double totalAmount;

}i

class ICreateOrderUseCase {

public:
virtual ~ICreateOrderUseCase () = default;
virtual CreateOrderResponse execute (const CreateOrderRequesté& request) = 0;

}i

}

#pragma once

#include <optional>

#include <string>

#include "src/domain/entities/Order.hpp"

namespace Ports::Inbound {

class IGetOrderUseCase {

public:
virtual ~IGetOrderUseCase () = default;
virtual std::optional<Order> execute( const std::string& orderId ) = 0;

b

}
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#pragma once

#include <string>
namespace Ports::Inbound ({
class ICancelOrderUseCase {

public:
virtual ~ICancelOrderUseCase () = default;

virtual bool execute (
const std::string& orderId
) = 0;
}i

}
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#pragma once
#include <optional>
#include <string>

#include "src/domain/entities/Order.hpp"

namespace Ports::Outbound ({

class IProductRepository {
public:
virtual ~IProductRepository() = default;
virtual std::optional<Product> findById(const std::stringé& id) const = 0;

virtual void save(const Producté& product) = 0;

virtual void update (const Producté& product) = 0;
}i

class IOrderRepository {
public:
virtual ~IOrderRepository () = default;
virtual std::optional<Order> findById(const std::string& id) const = 0;

virtual void save (const Orderé& order) = 0;

virtual void update (const Orderé& order) = 0;

i
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class IEmailSender {
public:
virtual ~IEmailSender () = default;

virtual void sendOrderConfirmation (
const std::string& to,
const Orderé& order

class IPaymentGateway {
public:
struct PaymentResult {
bool success;
std::string transactionId;
std::string errorMessage;
}i
virtual ~IPaymentGateway() = default;

virtual PaymentResult charge (

const std::string& customerld,
double amount

class IIdGenerator {

public:
virtual ~IIdGenerator() = default;
virtual std::string generate() = 0;

}i
}
ol o :(uad iigDInbound Ports sq 31 3ka o3ly b o Gl 9 Api o Usecase ¥ ol ooL,,,.ﬁE
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#fpragma once

#include "src/ports/inbound/ICreateOrderUseCase.hpp"
#include "src/ports/outbound/OutboundPorts.hpp"
namespace Application::UseCases {
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class CreateOrderUseCase : public Ports::Inbound::ICreateOrderUseCase

private:

Ports::0utbound: :IProductRepository& productRepo ;
Ports: :0Outbound: :I0OrderRepositoryé& orderRepo_;

Ports::Outbound: :IEmailSenderé& emailSender ;

Ports::Outbound: :IPaymentGateways payment ;

Ports::Outbound: :IIdGeneratoré& idGen ;
public:

CreateOrderUseCase (
Ports::Outbound: :IProductRepositoryé& p,
Ports::Outbound: :I0rderRepository& o,
Ports::0Outbound: :IEmailSenders& e,
Ports::0Outbound: :IPaymentGatewayé& pay,
Ports::Outbound: :IIdGeneratoré& id

productRepo (p),
orderRepo_ (o),
emailSender (e),
payment (pay),
idGen (id) {}
Ports::Inbound: :CreateOrderResponse execute (
const Ports::Inbound::CreateOrderRequest& request)
}i
}

#include "src/application/use-cases/CreateOrderUseCase.hpp"

#include "src/domain/entities/Order.hpp"
#include "src/domain/exceptions/product exceptions.hpp"

namespace Application::UseCases {

Ports::Inbound: :CreateOrderResponse

override;

CreateOrderUseCase: :execute( const Ports::Inbound::CreateOrderRequest& request) {

Order order;

order.id = idGen_ .generate();
order.customerId = request.customerId;
order.status = Order::Status::Pending;

for (const auto& regltem : request.items) {
auto productOpt = productRepo .findById(regItem.productId);
if (!productOpt) {
throw ProductNotFoundException( regltem.productId );

}
Producté& product = *productOpt;

if (product.stock < regltem.quantity) {

throw InsufficientStockException (product.id, regltem.quantity,product.stock);
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order.items.push back ({
regltem.productId,
regltem.quantity,
product.price

)

auto payResult =
payment .charge (
request.customerId,
order.totalAmount ()
) ;
if (!payResult.success) {

return {
false,
"Payment failed: " + payResult.errorMessage,
0.0
}i
}
order.status = Order::Status::Confirmed;

orderRepo_ .save (order) ;

for (const auto& orderItem : order.items) {
auto productOpt =
productRepo .findById(orderItem.productId);
if (productOpt) {
productOpt->stock —-= orderItem.quantity;
productRepo .update (*productOpt) ;

emailSender .sendOrderConfirmation (
request.customerId,
order

) 8

return {
true,
order.id,
"Order created successfully",
order.totalAmount ()

}

}
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#pragma once

#include <optional>
#include <stdexcept>
#include <string>
#include <unordered map>

#include "src/domain/entities/Order.hpp"
#include "src/ports/outbound/OutboundPorts.hpp"
namespace Adapters::Secondary {

class InMemoryProductRepository
public Ports::Outbound::IProductRepository {
private:

std::unordered map<std::string, Product> database;
public:
InMemoryProductRepository () {

database["prod 1"] = {
"prod 1",
"Laptop",
1500.0,
10

ke

database["prod 2"] = {
"prod 2",
"Wireless Mouse",
25.0,
50

bi

std::optional<Product> findById(const std::string& id) const override {
auto it = database.find (id);
if (it != database.end()) {
return it->second;
}
return std::nullopt;
}

void save (const Producté& product) override ({
if (database.find(product.id) != database.end()) {
throw std::runtime error (
"Product already exists. Use update instead."
)
}
database[product.id] = product;
}
void update (const Producté& product) override {
if (database.find(product.id) == database.end()) {
throw std::runtime error (
"Product not found. Cannot update."
)
}
database[product.id] = product;
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#pragma once

#include <optional>

#include <stdexcept>

#include <string>

#include <unordered map>

#include "src/domain/entities/Order.hpp"
#include "src/ports/outbound/OutboundPorts.hpp"

namespace Adapters::Secondary {
class InMemoryOrderRepository
public Ports::Outbound::IOrderRepository {
private:
std::unordered map<std::string, Order> database;
public:
std::optional<Order> findById(const std::string& id) const override ({
auto i1t = database.find (id) ;
if (it !'= database.end()) {
return it->second;
}
return std::nullopt;
}
void save (const Orderé& order) override {
if (database.find(order.id) != database.end()) {
throw std::runtime error (
"Order already exists."
)i
}
database[order.id] = order;
}
void update (const Order& order) override ({
if (database.find(order.id) == database.end()) {
throw std::runtime error(
"Order not found. Cannot update.

) ;
}

database[order.id] = order;
}i
}

#pragma once

#include <atomic>

#include <string>

#include "src/ports/outbound/OutboundPorts.hpp"

namespace Adapters::Secondary {

class SimplelIdGenerator: public Ports::Outbound::IIdGenerator ({

private:

std::atomic<int> counter{1000};
public:

std::string generate () override ({

return "ORD-" + std::to_string(counter++);
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#pragma once

#include <cstdlib>

#include <string>

#include "src/ports/outbound/OutboundPorts.hpp"
namespace Adapters::Secondary {

class MockPaymentGateway : public Ports::Outbound::IPaymentGateway {
public:
PaymentResult charge (const std::string& customerId, double amount) override {

if (amount > 5000.0) {
return { false, "", "Insufficient funds or limit exceeded" };

}
return { true, "TXN-" + std::to_string(std::rand()), "" };

)i
}

#pragma once
#include <iostream>
#include <string>
#include "src/ports/outbound/OutboundPorts.hpp"
namespace Adapters::Secondary {
class ConsoleEmailSender : public Ports::Outbound::IEmailSender {
public:
void sendOrderConfirmation (const std::string& to, const Orderé& order) override {
std: :cout
<< "[EMAIL SIMULATION] "
<< "Sending confirmation to: "
<< to
<< " for Order ID: "
<< order.id

<< " | Total: $"
<< order.totalAmount ()
<< "\l’l",‘

ki
}
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#pragma once
#include <memory>

#include "src/ports/inbound/ICreateOrderUseCase.hpp"
#include "src/application/use-cases/CreateOrderUseCase.hpp"

#include "src/adapters/secondary/InMemoryProductRepository.hpp"
#include "src/adapters/secondary/InMemoryOrderRepository.hpp"
#include "src/adapters/secondary/MockPaymentGateway.hpp"
#include "src/adapters/secondary/ConsoleEmailSender.hpp"
#include "src/adapters/secondary/SimpleIdGenerator.hpp"
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namespace Config {
class AppContainer {

private:

std::shared ptr<Adapters::Secondary::InMemoryProductRepository> productRepo;

std::shared ptr<Adapters::Secondary::InMemoryOrderRepository> orderRepo;

std: :shared ptr<Adapters::Secondary::MockPaymentGateway> paymentGateway;

std::shared ptr<Adapters::Secondary::ConsoleEmailSender> emailSender;

std::shared ptr<Adapters::Secondary::SimplelIdGenerator> idGenerator;

std: :shared ptr<Application::UseCases::CreateOrderUseCase> createOrderUseCase;
public:

AppContainer () {

productRepo =
std: :make shared<Adapters::Secondary::InMemoryProductRepository> () ;

orderRepo = std::make shared<Adapters::Secondary::InMemoryOrderRepository>();

paymentGateway = std::make shared<Adapters::Secondary::MockPaymentGateway

emailSender std: :make shared<Adapters::Secondary::ConsoleEmailSender>();

idGenerator = std::make shared<Adapters::Secondary::SimpleIdGenerator>()

createOrderUseCase =
std: :make shared<Application::UseCases: :CreateOrderUseCase> (
*productRepo,
*orderRepo,
*emailSender,
*paymentGateway,
*idGenerator) ;

Application: :UseCases::CreateOrderUseCase& getCreateOrderUseCase () {
return *createOrderUseCase;
}
}i

341




#include <iostream>

#include <vector>

#include "src/config/AppContainer.hpp"

#include "src/domain/exceptions/product exceptions.hpp"

int main () {
try {

Config::AppContainer container;

auto& useCase = container.getCreateOrderUseCase() ;

Ports::Inbound: :CreateOrderRequest request;
request.customerId = "CUST-99";
request.items = {

{"prod_1", 2},

{"prod 2", 1}
i

std::cout << "--- Starting Order Creation Process ---\n";
Ports::Inbound: :CreateOrderResponse response = useCase.execute (request);

if (response.success) {

std::cout << "\nSUCCESS!'\n";
std: :cout

<< "Order ID: "

<< response.orderId<< "\n";
std: :cout

<< "Total Amount: $"

<< response.totalAmount<< "\n";
std: :cout

<< "Message: "

<< response.message<< "\n";

} else {
std::cout << "\nFAILED!\n";
std: :cout

<< "Message: "
<< response.message<< "\n";

catch (const DomainkException& e) {
std::cerr
<< "\nDOMAIN ERROR: "
<< e.what ()<< "\n";
return 1;

catch (const std::exceptioné& e) {
std::cerr
<< "\nSYSTEM ERROR: "
<< e.what ()<< "\n";
return 1;
}

return 0;
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Application Core

Infrastructure (UI, DB, External Services)
L> Application Services
L> Domain Services

L> Domain Model (Entities, Value Objects)
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#pragma once
#include <exception>
#include <string>
#include <utility>

struct DomainException : std::exception {
std::string msg;

explicit DomainException (std::string message)
: msg(std::move (message)) {}

const char* what () const noexcept override {
return msg.c_str();
}
)
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struct InsufficientStockException : DomainException {
InsufficientStockException (
const std::string& productId,int requested,int available):
DomainException (
"Product " + productId +
": requested " + std::to_string(requested) +
" but only " + std::to_string(available) +

" available"
) {}
bi
struct ProductNotFoundException : DomainException {
explicit ProductNotFoundException (const std::string& id)
DomainException( "Product not found: " + id) {}

bi
fpragma once

#include <string>
#include <vector>

#include "src/domain/exceptions/product exceptions.hpp"

struct Product {
std::string id;
std::string name;
double price;
int stock;

}:

struct OrderItem {
std::string productId;
int quantity;
double unitPrice;

double total () const {
return unitPrice * quantity;

struct Order ({
std::string id;
std::string customerId;
std: :vector<OrderItem> items;
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enum class Status {
Pending,
Confirmed,
Shipped,
Cancelled

bi

Status status = Status::Pending;

double totalAmount () const {
double total = 0;
for (const auto& item : items) {
total += item.total();
}

return total;

void addItem (const OrderItem& item,int currentStock) {
if (status != Status::Pending) {
throw DomainException ("Cannot add items to a non-pending order");
}
if (item.quantity > currentStock) {
throw
InsufficientStockException (item.productld, item.quantity, currentStock) ;
}

items.push back(item);

#pragma once
#include <vector>
#include "src/domain/entities/Order.hpp"

class PricingService ({

public:
static double calculateTotal (const std::vector<OrderItem>& items);
static double applyDiscount (double amount,double discountPercent) ;
static double calculateTax (double amount,double taxRate);

}:

fpragma once

#include <string>
#include <vector>

#include "src/domain/entities/Order.hpp"
namespace Ports::Inbound ({
struct CreateOrderRequest {

std::string customerId;

std: :vector<OrderItem> items;

}i
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struct CreateOrderResponse {
bool success;
std::string orderId;
std::string message;
double totalAmount;

}i

class ICreateOrderUseCase {

public:
virtual ~ICreateOrderUseCase () = default;
virtual CreateOrderResponse execute (const CreateOrderRequesté& request) = 0;

) 8

#pragma once

#include <optional>
finclude <string>

#include "src/domain/entities/Order.hpp"
namespace Ports::Inbound {

class IGetOrderUseCase {

public:
virtual ~IGetOrderUseCase () = default;
virtual std::optional<Order> execute (const std::string& orderId) = 0;

i
}

fpragma once
#include <string>

namespace Ports::Inbound {

class ICancelOrderUseCase {

public:
virtual ~ICancelOrderUseCase () = default;
virtual bool execute (const std::stringé& orderId) = 0;

i

}

#pragma once
#include <optional>

#include <string>
#include "src/domain/entities/Order.hpp"
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namespace Ports::0Outbound ({

class IProductRepository {
public:
virtual ~IProductRepository() = default;
virtual std::optional<Product> findById(const std::string& id) const = 0;

virtual void save (const Producté& product) = 0;

virtual void update(const Producté& product) = 0;
i

class IOrderRepository ({
public:
virtual ~IOrderRepository() = default;
virtual std::optional<Order> findById(const std::string& id) const = 0;

virtual void save (const Order& order) = 0;

virtual void update (const Order& order) = 0;

}:

class IEmailSender {

public:
virtual ~IEmailSender () = default;
virtual void sendOrderConfirmation (const std::string& to,const Order& order) = 0;

}:

class IPaymentGateway {
public:
struct PaymentResult {
bool success;
std::string transactionId;
std::string errorMessage;

}:
virtual ~IPaymentGateway() = default;

virtual PaymentResult charge (const std::stringé& customerId,double amount) = 0;

class IIdGenerator ({

public:
virtual ~IIdGenerator () = default;
virtual std::string generate() = 0;

)i
}
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#pragma once

#include "src/application/ports/inbound/ICreateOrderUseCase.hpp"
#include "src/application/ports/outbound/OutboundPorts.hpp"

namespace Application::UseCases {
class CreateOrderUseCase: public Ports::Inbound::ICreateOrderUseCase {
private:

Ports::Outbound: :IProductRepository& productRepo ;
Ports::0utbound: : IOrderRepositoryé& orderRepo_;

Ports::Outbound: :IEmailSenderé& emailSender ;

Ports::0utbound: :IPaymentGatewayé& payment ;

Ports: :Outbound: :IIdGeneratorg idGen_ ;
public:

CreateOrderUseCase (
Ports::Outbound: :IProductRepositoryé& p,
Ports: :Outbound: :I0rderRepositoryé& o,
Ports::0Outbound: :IEmailSenders& e,
Ports::0Outbound: :IPaymentGatewayé& pay,
Ports::Outbound: :IIdGenerator& id

productRepo (p),
orderRepo_ (0),
emailSender (e),
payment (pay),
idGen (id) {}

Ports::Inbound: :CreateOrderResponse execute (
const Ports::Inbound::CreateOrderRequest& request)

#include "src/application/use-cases/CreateOrderUseCase.hpp"

#include "src/domain/entities/Order.hpp"
#include "src/domain/exceptions/product exceptions.hpp"

namespace Application::UseCases {

Ports::Inbound: :CreateOrderResponse CreateOrderUseCase::execute (

override;

const Ports::Inbound::CreateOrderRequesté& request)

Order order;
order.id = idGen_ .generate();

order.customerId = request.customerIld;
order.status = Order::Status::Pending;

for (const auto& regltem : request.items) {
auto productOpt = productRepo .findByld(regltem.productId);
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if (!productOpt) ({
throw ProductNotFoundException (regltem.productId);
}
Producté& product = *productOpt;
if (product.stock < regltem.quantity) {
throw InsufficientStockException (product.id, regltem.quantity,product.stock);

}

order.items.push back({regltem.productlId, regltem.quantity,product.price});

auto payResult = payment .charge (request.customerId,order.totalAmount()):;
if (!payResult.success) {

return {false,"","Payment failed: " + payResult.errorMessage,0.0};

order.status = Order::Status::Confirmed;

orderRepo_ .save (order) ;

for (const auto& orderItem : order.items) {
auto productOpt =productRepo .findById(orderItem.productId);
if (productOpt) {

productOpt->stock -= orderItem.quantity;
productRepo .update (*productOpt) ;

emailSender .sendOrderConfirmation (request.customerld, order);

return {true,order.id,"Order created successfully",order.totalAmount () };

#pragma once

#include <optional>
#include <stdexcept>
#include <string>
#include <unordered map>

#include "src/domain/entities/Order.hpp"
#include "src/application/ports/outbound/OutboundPorts.hpp"

namespace Infrastructure::Adapters::Secondary {

class InMemoryProductRepository : public Ports::Outbound::IProductRepository {
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private:

std: :unordered map<std::string, Product> database;
public:

InMemoryProductRepository () {

database["prod 1"] = {"prod 1", "Laptop",1500.0,10};

database["prod 2"] = {"prod 2","Wireless Mouse",25.0,50};

}

std::optional<Product> findById(const std::string& id) const override {
auto it = database.find(id);
if (it != database.end()) {
return it->second;
}

return std::nullopt;

}

void save (const Producté& product) override ({
if (database.find (product.id) != database.end()) {

throw std::runtime error ("Product already exists. Use update instead.");

}

database[product.id] = product;

}

void update (const Producté& product)

if (database.find(product.id)==

override {

database.end())

{

throw std::runtime error(
"Product not found. Cannot update."
)
}

database[product.id] = product;

i
}
#pragma once
#include
#include

#include
#include

<optional>
<stdexcept>
<string>
<unordered map>

"src/domain/entities/Order.hpp"
"src/application/ports/outbound/OutboundPorts.hpp"

#include
#include

namespace Infrastructure::Adapters::Secondary {
class InMemoryOrderRepository: public Ports::0Outbound::IOrderRepository {

private:

std: :unordered map<std::string, Order> database;
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public:
std::optional<Order> findById(const std::string& id) const override ({
auto it = database.find (id);
if (it !'= database.end()) {
return it->second;
}
return std::nullopt;

}

void save (const Orderé& order) override {

if (database.find(order.id) != database.end()) {

throw std::runtime error ("Order already exists.");
}
database[order.id] = order;

}

void update (const Order& order) override {
if (database.find(order.id)== database.end()) {

throw std::runtime error ("Order not found. Cannot update.");

}

database[order.id] = order;

#pragma once

#include <atomic>
#include <string>

finclude "src/application/ports/outbound/OutboundPorts.hpp"
namespace Infrastructure::Adapters::Secondary {
class SimplelIdGenerator: public Ports::Outbound::IIdGenerator ({
private:

std::atomic<int> counter{1000};
public:

std::string generate () override {

return "ORD-" +std::to string(counter++);

}
}:

}

fpragma once

#include <cstdlib>

#include <string>

#include "src/application/ports/outbound/OutboundPorts.hpp"
namespace Infrastructure::Adapters::Secondary {

class MockPaymentGateway: public Ports::Outbound::IPaymentGateway {
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public:
PaymentResult charge (const std::string& customerId,double amount) override {

if (amount > 5000.0) {
return {false,"","Insufficient funds or limit exceeded"};

return {true,"TXN-" +std::to string(std::rand()),""};

fpragma once

#include <iostream>
#include <string>
#include "src/application/ports/outbound/OutboundPorts.hpp"

namespace Infrastructure::Adapters::Secondary {

class ConsoleEmailSender: public Ports::Outbound::IEmailSender {
public:
void sendOrderConfirmation (const std::string& to,const Orderé& order) override {

std::cout<< " [EMAIL SIMULATION] "
<< "Sending confirmation to:
<< to
<< " for Order ID: "
<< order.id
<< " | Total: $"
<< order.totalAmount ()<< "\n";

#pragma once
#include <memory>

#include "src/application/use-cases/CreateOrderUseCase.hpp"

#include "src/infrastructure/adapters/secondary/InMemoryProductRepository.hpp"
finclude "src/infrastructure/adapters/secondary/InMemoryOrderRepository.hpp"
#include "src/infrastructure/adapters/secondary/MockPaymentGateway.hpp"
#include "src/infrastructure/adapters/secondary/ConsoleEmailSender.hpp"
#include "src/infrastructure/adapters/secondary/SimpleIdGenerator.hpp"

namespace Config {
class AppContainer ({
private:

std::shared ptr<Infrastructure::Adapters::Secondary::InMemoryProductRepository> productRepo;

std::shared ptr<Infrastructure::Adapters::Secondary::InMemoryOrderRepository> orderRepo;
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std: :shared ptr<Infrastructure::Adapters::Secondary::MockPaymentGateway> paymentGateway;
std::shared ptr<Infrastructure::Adapters::Secondary::ConsoleEmailSender> emailSender;
std::shared ptr<Infrastructure::Adapters::Secondary::SimpleIdGenerator> idGenerator;

std::shared ptr<Application::UseCases::CreateOrderUseCase> createOrderUseCase;

public:
AppContainer () {

productRepo
=std::make shared<Infrastructure::Adapters::Secondary::InMemoryProductRepository>();

orderRepo
=std::make shared<Infrastructure::Adapters::Secondary::InMemoryOrderRepository>();

paymentGateway
=std: :make shared<Infrastructure::Adapters::Secondary: :MockPaymentGateway> () ;

emailSender
=std::make_shared<Infrastructure::Adapters::Secondary::ConsoleEmailSender>();

idGenerator =std::make_shared<Infrastructure::Adapters::Secondary::SimpleIdGenerator>();

createOrderUseCase =std::make shared<Application::UseCases::CreateOrderUseCase> (
*productRepo,
*orderRepo,
*emailSender,
*paymentGateway,
*idGenerator

Application::UseCases: :CreateOrderUseCaseé& getCreateOrderUseCase () {
return *createOrderUseCase;

#pragma once

#include <iostream>
#include "src/application/ports/inbound/ICreateOrderUseCase.hpp"

namespace Presentation {
class ConsoleApp {
private:
Ports::Inbound: :ICreateOrderUseCase& createOrderUseCase ;
public:

explicit ConsoleApp (Ports::Inbound::ICreateOrderUseCase& useCase)
createOrderUseCase (useCase) {}
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void run () {

Ports::Inbound: :CreateOrderRequest request;
request.customerId = "CUST-99";
request.items = {
{"prod_1", 2},
{"prod 2", 1}
bi
std::cout<< "--- Starting Order Creation Process ---\n";

auto response =createOrderUseCase .execute (request);

if (response.success) {
std: :cout<< "\nSUCCESS!\n";

std::cout<< "Order ID: "<< response.orderId<< "\n";
std::cout<< "Total Amount: $"<< response.totalAmount<< "\n";
std::cout<< "Message: "<< response.message<< "\n";

} else {

std: :cout<< "\nFAILED!\n";

std::cout<< "Message: "<< response.message<< "\n";

}i

}

#include <iostream>

#include "src/config/AppContainer.hpp"
#include "src/presentation/ConsoleApp.hpp"

#include "src/domain/exceptions/product exceptions.hpp"

int main () {
try {

Config: :AppContainer container;

Presentation: :ConsoleApp app (container.getCreateOrderUseCase()) ;
app.runf();

catch (const DomainExceptioné& e) {
std: :cerr<< "\nDOMAIN ERROR: "<< e.what ()<< "\n";
return 1;

catch (const std::exceptioné& e) {
std::cerr<< "\nSYSTEM ERROR: "<< e.what ()<< "\n";
return 1;

return 0;
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:Money.hpp

#pragma once
#include <stdexcept>
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namespace domain {
class Money {
long long cents ;

public:
explicit Money(long long cents = 0) : cents_ (cents) {
if (cents < 0) throw std::invalid argument ("Money cannot be negative");
}
long long cents () const { return cents ; }

Money operator+ (const Moneyé& other) const {return Money(cents + other.cents ); }

Money operator* (int quantity) const { return Money(cents * quantity); }
i

DomainException.hpp

#pragma once
#include <stdexcept>

namespace domain {

class DomainException : public std::runtime error {
public:
using std::runtime error::runtime error;

}:

Product.hpp

fpragma once
#include <string>
#include "../value objects/Money.hpp"

namespace domain {

class Product {
int id ;
std::string name ;
Money price ;
public:
Product (int id, std::string name, Money price)
id (id), name_ (std::move (name)), price (price) {}

int id() const { return id ; }
const std::string& name() const { return name ; }

const Moneyé& price() const { return price ; }

)
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OrderLine.hpp

#pragma once
#include "Product.hpp"

namespace domain {

class OrderLine {
int productId ;
std::string productName ;
Money unitPrice ;
int quantity ;

public:
OrderLine (const Producté& product, int quantity)
productId (product.id()), productName (product.name()),
unitPrice (product.price()), quantity (quantity) {
if (quantity <= 0) throw DomainException ("Quantity must be positive");
}
Money total() const { return unitPrice * quantity ; }

int productId() const { return productId ; }

int quantity() const { return quantity ; }

b8
}
Aggregate o5 ol ol pee 4355 .ol Aggregate Root S, Order s ol 5o :Aggregate Root ylec 4 Order.hpp

IDomain & el (Y 0 5 Ss,) Application ;,. 4 3l Repository lauls, I, Repository JulS s;5ls ool wLs Root

#pragma once
#include <vector>
#include "OrderLine.hpp"

namespace domain {
enum class OrderStatus { Draft, Confirmed, Paid };
class Order {

int id ;

int customerId ;
std::vector<OrderLine> lines ;

OrderStatus status = OrderStatus::Draft;
public:
Order (int id, int customerId) : id (id), customerId (customerId) {}

void addLine (const Producté& product, int quantity) {
if (status_ != OrderStatus::Draft)
throw DomainException ("Cannot modify confirmed order");
lines .emplace back(product, quantity);
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Money total () const {
Money result;
for (const auto& line : lines ) result = result + line.total();
return result;

void confirm() {
if (lines_.empty())
throw DomainException ("Order must contain at least one product");
status = OrderStatus::Confirmed;

void markAsPaid() {
if (status_ != OrderStatus::Confirmed)
throw DomainException ("Only confirmed orders can be paid");
status = OrderStatus::Paid;

int id() const { return id ; }
int customerId() const { return customerId ; }
OrderStatus status() const { return status ; }

const std::vector<OrderLine>& lines() const { return lines ; }

bi
}
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: CreateOrderUseCase.hpp

#pragma once
#include "../models/CreateOrderRequest.hpp"
#include "../models/CreateOrderResponse.hpp"

namespace application {

class CreateOrderUseCase {
public:
virtual ~CreateOrderUseCase () = default;
virtual CreateOrderResponse execute (const CreateOrderRequesté&)

0;
) 8
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:CreateOrderRequest.hpp

fpragma once
#include <vector>
namespace application {

struct CreateOrderRequest {

int customerId;

std::vector<std::pair<int, int>> products;
i

}
WS o o T4 |, HTTP Jaw Controller 5 el Application « slee Jow ol . HTTP Request « Request |

:CreateOrderResponse.hpp

#pragma once

namespace application ({

struct CreateOrderResponse {
int orderId;
long long totalCents;
bool paid;

bi

}
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:ProductRepository.hpp
#pragma once
#include <optional>
#include "../../domain/entities/Product.hpp"

namespace application {

class ProductRepository ({

public:
virtual ~ProductRepository () = default;
virtual std::optional<domain::Product> findById(int id) = O0;

)i

}
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#pragma once
#include "../../domain/entities/Order.hpp"

namespace application {

class OrderRepository {

public:
virtual ~OrderRepository() = default;
virtual int nextId() = 0;
virtual void save (const domain::0rderé& order) = 0;

)i

#pragma once
#include "../../domain/value objects/Money.hpp"
namespace application {

class PaymentGateway {
public:
virtual ~PaymentGateway () = default;
virtual bool charge (int customerId, const domain::Money&

b8

#pragma once
#include <string>
namespace application {

class EmailSender {

OrderRepository.hpp

PaymentGateway.hpp

EmailSender.hpp

public:
virtual ~EmailSender () = default;
virtual void sendOrderConfirmation (int customerId, int orderId) = 0;

}:

}

il 8, ca> 50 Repository i 18,5 Lasl o 4 jlxe Use Case jo Lo oS ous cds 2 &Y 40 Use Case g jlwooly

fpragma once

#include "../../domain/exceptions/DomainException.hpp"
finclude "../ports/inbound/CreateOrderUseCase.hpp"
#include "../ports/outbound/ProductRepository.hpp"
#include "../ports/outbound/OrderRepository.hpp"
#include "../ports/outbound/PaymentGateway.hpp"
#include "../ports/outbound/EmailSender.hpp"
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namespace application {

class CreateOrderService : public CreateOrderUseCase {
ProductRepositoryé& products ;
OrderRepository& orders ;
PaymentGatewayé& payment ;
EmailSender& email ;

public:
CreateOrderService (ProductRepository& products, OrderRepositoryé& orders,
PaymentGatewayé& payment, EmailSenderé& email)
products (products), orders (orders),
payment (payment), email (email) {}

CreateOrderResponse execute (const CreateOrderRequest& request) override {
domain: :Order order (orders .nextId(), request.customerId);

for (const auto& [productlId, quantity] : request.products) {
auto product = products .findById(productId);
if (!product) throw domain::DomainException ("Product not found");
order.addLine (*product, quantity);

order.confirm() ;

if (!payment .charge(request.customerId, order.total()))
throw domain::DomainException ("Payment failed");

order.markAsPaid() ;
orders .save (order) ;
email .sendOrderConfirmation (request.customerId, order.id());

return {order.id(), order.total().cents (), true};
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HTTP

v
HttpHandler

v
OrderController

v
CreateOrderUseCase

CreateOrderUseCase

v
CreateOrderResponse

v
OrderPresenter

v
HTTP Response

#pragma once
#include "../controllers/OrderController.hpp"

namespace adapters {

struct HttpRequest ({
int customerId;

std::vector<std::pair<int, int>> products;
i

struct HttpResponse {
int statusCode;

std::string body;
i

class HttpHandler {
OrderController& controller ;

public:
explicit HttpHandler (OrderController& controller)

HttpResponse postCreateOrder (const HttpRequest& request)
return controller .createOrder (request);
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{

controller (controller) {}




:pew &Y ,5 OrderController.hpp

fpragma once

#include "../../application/ports/inbound/CreateOrderUseCase.hpp"
#include "../presenters/OrderPresenter.hpp"
finclude "../gateways/HttpHandler.hpp"

namespace adapters {

class OrderController {
application::CreateOrderUseCase& createOrder ;

public:
explicit OrderController (application::CreateOrderUseCase& useCase)
createOrder (useCase) {}

HttpResponse createOrder (const HttpRequest& request) |
application: :CreateOrderRequest input{request.customerId, request.products};
auto output = createOrder .execute (input);
return OrderPresenter::present (output) ;

:pgw &Y o OrderPresenter.hpp

#pragma once
#include "../../application/models/CreateOrderResponse.hpp"

namespace adapters {
struct HttpResponse;
class OrderPresenter ({
public:
static HttpResponse present (const application::CreateOrderResponse& response);

}i

}
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dnMemoryProductRepository.hpp

#pragma once
finclude "../../application/ports/outbound/ProductRepository.hpp"
#include <unordered map>
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namespace infrastructure {

class InMemoryProductRepository : public application::ProductRepository ({
std::unordered map<int, domain::Product> products ;

public:

InMemoryProductRepository () {
products .emplace(l, domain::Product(l, "Keyboard", domain::Money(5000)));
products .emplace (2, domain::Product (2, "Mouse", domain::Money(3000)));
products .emplace (3, domain::Product (3, "Monitor", domain::Money(25000)));

}

std::optional<domain: :Product> findById(int id) override {
auto it = products_ .find(id);
if (it == products_ .end()) return std::nullopt;
return it->second;

InMemoryOrderRepository.hpp

#pragma once
#include "../../application/ports/outbound/OrderRepository.hpp"
#include <unordered map>

namespace infrastructure {

class InMemoryOrderRepository : public application::OrderRepository {
int nextId = 1;
std::unordered map<int, domain::Order> orders ;

public:
int nextId() override {
return nextId ++;

void save (const domain::0Orderé& order) override {
orders [order.id()] = order;

PaymentManager.hpp

#pragma once
#include "../../application/ports/outbound/PaymentGateway.hpp"
#include <iostream>

namespace infrastructure {

class PaymentManager : public application::PaymentGateway {
public:
bool charge (int customerId, const domain::Moneyé& amount) override {
std::cout << "Charging customer " << customerId
<< ": " << agmount.cents () << " cents\n";
return true;
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EmailSenderimpl.hpp

fpragma once
#include "../../application/ports/outbound/EmailSender.hpp"
#include <iostream>

namespace infrastructure {
class EmailSenderImpl : public application::EmailSender {
public:
void sendOrderConfirmation (int customerId, int orderId) override {

std::cout << "Sending order confirmation for customer "
<< customerId << ", order " << orderId << '\n';

main.cpp:Composition Root

« laInfrastructure implementation akis ol jo 3igd oo Jaio 50055 4 e 51321 45 cl J=e Composition Root

igd o a5l Handler 4 Controller ... g 35 oo 3,55 Application slalnterface

#include "../application/use cases/CreateOrderService.hpp"

#include "../adapters/controllers/OrderController.hpp"

#include "../adapters/gateways/HttpHandler.hpp"

#include "../infrastructure/repositories/InMemoryProductRepository.hpp"
#include "../infrastructure/repositories/InMemoryOrderRepository.hpp"
#include "../infrastructure/payment/PaymentManager.hpp"

#include "../infrastructure/email/EmailSenderImpl.hpp"

#include <iostream>

int main () {
infrastructure: :InMemoryProductRepository productRepository;
infrastructure: :InMemoryOrderRepository orderRepository;
infrastructure: :PaymentManager paymentManager;

infrastructure: :EmailSenderImpl emailSender;

application: :CreateOrderService createOrder (
productRepository, orderRepository, paymentManager, emailSender) ;

adapters: :0rderController orderController (createOrder) ;
adapters: :HttpHandler httpHandler (orderController) ;

adapters: :HttpRequest request{100, {{1, 2}, {2, 1}}};
auto response = httpHandler.postCreateOrder (request) ;

std::cout << response.statusCode << '\n';
std::cout << response.body << '\n';

S oo Jlojl ) p5 cwlgs po 515 @S 28 :W‘ﬁ‘s)o Jol5 UL')"

POST /orders

"customerId": 100,
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"products": [
{ "id": 1, "quantity": 2 },
{ "id": 2, "quantity": 1 }
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v
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v
OrderPresenter
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HTTP Response
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JUo g2l )0 g ans b

HttpHandler -> Gateway / Primary Adapter
OrderController -> Primary / Input Adapter
CreateOrderUseCase -> Inbound Port
CreateOrderService -> Use Case Implementation
ProductRepository —-> Outbound Port
OrderRepository -> Outbound Port
PaymentGateway -> Outbound Port

EmailSender -> Outbound Port
InMemoryProductRepository -> Secondary / Output Adapter
InMemoryOrderRepository -> Secondary / Output Adapter
PaymentManager -> Secondary / Output Adapter
EmailSenderImpl -> Secondary / Output Adapter
OrderPresenter -> Output / Interface Adapter
Product -> Domain Entity

OrderLine -> Domain Entity

Order -> Aggregate Root

Money -> Value Object
DomainException -> Domain Exception
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void testCreateOrder Success () {
InMemoryProductRepository productRepo;
InMemoryOrderRepositoryStub orderRepo;
FakeEmailSender emailSender;
FakePaymentGateway payment (
SimpleIdGenerator idGen;

"p1l",

productRepo.save ({ "Laptop",

CreateOrderUseCase useCase (productRepo,

auto result useCase.execute ({

assert (result.success);

assert (result.totalAmount 30000000.0)

assert (!emailSender.sentEmails.empty());

assert (productRepo.findById("P1")->stock ==

}

void testCreateOrder PaymentFailed() {
InMemoryProductRepository productRepo;
InMemoryOrderRepositoryStub orderRepo;
FakeEmailSender emailSender;
FakePaymentGateway payment
SimpleIdGenerator idGen;

npln,

productRepo.save ({ "Laptop",

CreateOrderUseCase useCase (productRepo,

auto result useCase.execute ({
assert (!result.success);

assert (emailSender.sentEmails.empty());

15000000.0,

"CUST 1", { {

15000000.0,

"cusT 1", { {

S cad (0,0 v g Jos

5 1)

orderRepo, emailSender, payment, idGen);

"P1", 2} } })i

’

) ;

S5 1)

orderRepo, emailSender, payment, idGen);

"P1", 1} } 1)
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3538 py sl el £oi :(Command Query Responsibility Segregation) CQRS oI o

LS o0 lu> o 511, Write g Read cud giows g pannailSo bo 3] yo a5 <l (Architectural)

Command Query Responsibility Segregation
Separating write and read operations for a more scalable, flexible and maintainable system.

¢ Write Side (Command) |

Handles commands, validates, and updates data.

%

Handles queries, provides optimized views for reading.

Domain
(a2l o % ° e o 1|2
f) ‘ ()
| Command = . :
User Domain Logic «  Entities Read Model / DTO Query Handler User
(e.g. Customer, Handler (Business Rules) 7 (Optimized for Queries) (Application Layer) (e.g. Customer,
‘ oy | (Application Layer) - g « Business Rules iy
\ J = i «+ Value Objects
v
o - K
& ; .i-/
e - Event / Synchronization Kl -~
Write Database 2 Read Database
(e.g. PostgreSQL, MySQL) (e.g. PostgreSQL, Redis, Elasticsearch)
% ol
K.:
Better Performance Scalability Flexibility Cleaner Architecture
Each side is optimized Read and write can scale You can change the read Clear separation of concerns
for its own purpose. independently. or write technology easily. and responsibilities.
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FELEEW 7
F— ICommand (o 5ws L)
F—1Query (lag 55 L)
— OrderWriteModel (L 5l (5 jloe 5o5-3)
— OrderReadModel (Lo i laws ,ils>)
— CommandHandler (! sess (3515 ,)

F— QueryHandler (Lo 555 5515 )

L— main.cpp
: C++,5 CQRS sobw o5 [F]

#include <iostream>
#include <vector>
#include <string>
#include <memory>

struct Order {
int id;
std::string item;

}:

class OrderWriteModel {
std: :vector<Order> orders;
int nextId = 1;
public:
int createOrder (const std::string& item) {
orders.push back({nextId, item});
return nextId++;
}

const std::vector<Order>& getInternalOrders () const { return orders; }

}i

class OrderReadModel ({
std: :vector<Order> orders;

public:
void syncFromWriteModel (const OrderWriteModels& writeModel) ({
orders = writeModel.getInternalOrders /()
}
void printOrders () const {
for (const auto& order : orders)
std::cout << "Order #" << order.id << ": " << order.item << "\n";
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struct ICommand {
virtual void execute (OrderWriteModel& model) = 0;
virtual ~ICommand() = default;

)i

class CreateOrderCommand : public ICommand {
std::string item;
public:
CreateOrderCommand (std::string item) : item(std::move (item)) {}

void execute (OrderWriteModel& model) override {

int id = model.createOrder (item) ;
std::cout << "Order created with ID: " << id << "\n";

) 8

struct IQuery {
virtual void execute (const OrderReadModel& model) = 0;
virtual ~IQuery () = default;

}:

class GetOrdersQuery : public IQuery {

public:
void execute (const OrderReadModel& model) override {

std::cout << "All Orders:\n";
model.printOrders () ;

kg
int main () {
OrderWriteModel writeModel;

OrderReadModel readModel;

CreateOrderCommand cmdl ("Laptop") ;
CreateOrderCommand cmd2 ("Mouse") ;

cmdl .execute (writeModel) ;
cmd? .execute (writeModel) ;

readModel .syncFromWriteModel (writeModel) ;

GetOrdersQuery query;
query.execute (readModel) ;

return 0;
oo USSP
Syl 5 9w WriteModel L lais CreateOrderCommand e

laS oo, ReadModel | Lis GetOrdersQuery o

048 pll Messaging L Event L coul (e (88l slis ;0 45 )15 5459 Synchronization (sync) al> e G g0 ol (e @
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el 5,15 a—sb Command < L wb wie ;o s o CQS (Command Query Separation) J—.! :CQRS 4 CQS ;|
Wl 55,0 (00 cod yuti 1) Comidg Lol ils )5 o (glosls) sl QUErY G L (Wils )5 cadp (g5 Lol cand so s | Coumidg g abS o
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class OrderService {
public:

Order ConfirmAndReturn (const Guid& orderId) {
auto order = repository .get (orderId);

order.confirm();
repository .save (order);

return order;

}

void Confirm(const Guid& orderId) {
auto order = repository .get (orderId);

order.confirm() ;

repository .save (order);

}

OrderDto GetOrder (const Guidé& orderId) const {
return repository .get (orderId).toDto();
}

private:
OrderRepository repository ;

}i
I3 s 53 (g5 5 iles (sl 9ty Jow S slaas Lols 5] s SO (5 lare S o 4 die S5 mhaws 5l 1 00 ol Greg Young

oS oo b
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class OrderService {

public:
void CreateOrder (CreateOrderRequest request) { }
void UpdateOrder (UpdateOrderRequest request) { }
Order GetOrder (Guid id) { }
Std::List<Order> GetOrdersByCustomer (int customerId) { }
OrderSummaryReport GetMonthlyReport () { }
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class ConfirmOrderCommand {
public:
int orderId;

b

class ConfirmOrderCommandHandler {
public:
explicit ConfirmOrderCommandHandler (IOrderRepositoryé& repository)
repository (repository) {}

void handle (const ConfirmOrderCommand& command) {
auto order = repository .getByld(command.orderId);
order->confirm() ;
repository .saveChanges () ;
}
private:
IOrderRepository& repository ;

bi

class GetOrderSummaryQuery {
public:
int orderId;

bi

class OrderSummaryDto {
public:
int id;
std::string customerName;
double total;
std::string status;

b

class GetOrderSummaryQueryHandler ({
public:
explicit GetOrderSummaryQueryHandler (IDbConnection& connection)
connection_ (connection) {}

OrderSummaryDto handle (const GetOrderSummaryQueryé& query) {

constexpr std::string view sgl = R"(
SELECT o.Id,
c.Name AS CustomerName,
o.Total,
o.Status
FROM Orders o
JOIN Customers c ON o.CustomerId = c.Id
WHERE o.Id = ?

)"

return connection .querySingle<OrderSummaryDto> (
sql,
query.orderId
) i
}
private:
IDbConnectioné& connection ;

}i
'wlwsélfhzoﬁf ),.Sl)o CQRS QS”‘)IS)‘CJQ‘”UT{‘
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(Read Models / Materialized Views) oolais! ;yuilss sl oo :¥ zbaw

o1y ools (8 5l aS Wgh o aSlu ails> pgase sl DTO 4 o View b Jglos o LicST5 Jolaz (59, peiine QUETY sloas ixlaw ol jo
515 oo 455 e0lel g (Denormalized) Jl i ué o ioles 5Lio g0 LJB

(g5 1) eadJley (auSTy Jga -
Orders (Id, Customerld, Status, CreatedAt)
OrderlLines (Id, Orderld, Productld, Quantity, UnitPrice)

Customers (ld, Name, Email)

comelind 8,10kl o pe a5 lized i Glo 4 (s oNls3 51 oot Jleyi g pezs Jud 5l | olazsl Read Model -

4 3l Sz 4 Jolox onl oailss S e g daily, 5 Cassrge oelwl i s sad s sl Table b 4 aile |, L

b codlS Slloe YL ey 5o Shx 2 Jslos ol g ol a5 a8 58 W il (ood disge oo 3 Joloa (33,5 JOiN

Sils3 SleMbl 0551 s & £ 5SSz 50 005 JOIN g aligy 9 oo Denormalized Jsla> 5 o View ils a8 o )ls

WSleMbl o ailes msu 50 0, Lo qeel 03,5 lax o 511 e Query 3 e Command a5 sl al> e 5> bxl o locl Sl g 65V
lowsS” oolazwl oas JOIN Jola> o o View

OrderSummaryReadModel ( Orderld, CustomerName, TotalAmount, ltemCount, StatusDisplay, LastUpdated )

!, Elasticsearch e ( oslee Sels 03lsoll ,o L) aillax Jeo L VieW i & g0 000l Lo ;o wilys o Read Model !

1355, 00 pl! L Domain Event s b 5l Yseso Read Model cpl Sloie,a 0es 6,1085 g w25 sl RediS gz g

ol Order L bs e 1) Jgoz 4w opl o oS 6,8 1 JUe @

Customers

Id
Name

Orders

Id
CustomerId
Status

OrderLines

Id
OrderId
Quantity
UnitPrice
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Orders
+
Customers
+
OrderLines

!
JOIN + SUM + COUNT

)
Order List

‘oyls a5 Denormalized o ygoa L3 511, 535,50 (sa25 vuslss o Read Model sl Lol

OrderSummaryReadModel

OrderId
CustomerName
Status
ItemCount
TotalAmount

(Separate Read/Write Databases)lo> Sols sroslool L oY zbaw

‘5‘).3 o..\_wd\.u.e‘.) POStgreSQL ‘)de ‘rmus‘).i oo‘oolig’l.; AS.’ S99y u.._wy yp— g S C.Ia_w L)'.’.)" Lr.a_»a.‘?u 9 L)")" LRVE ) aéla_m U”‘
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Jes (10 05,55 .5 )0 cg> 4 Ram (g4,) Not-Persist ¢4 ;I Redis ail. Cache Memory (55, Mo b (i 97 9oz sl p
(Message Broker) lu,sly 3, 5| Ysene (Asynchronous Synchronization) o il (s5le plfes pplle G b g3 cnl 5 oo

WXgd o 4Bl 455 55,4 L Domain Event

CQRS Level 3 — Event-Driven Architecture

Command side writes -> Domain Events -> Projections update Read side -> Queries

COMMAND SIDE

(Write Model) e
% 2 : Domain Events
o — = 2. Execute Write Database 3. Generate ?ﬁ) Domain Events
: Command (Command) (PostgreSQL) Domain Events ! (M Broker) e OrderCrt_aated
> |+ OrderPaid
Handler (Stores Current (e.g. RabbitMQ, { * OrderShipped
(Handle Command) State) Kafka) Ll
4
| ACIDTransactions | _
(Consistency) 4. Publish Event
QUERY SIDE &

(Read Model)
5. Update ‘ Responsibilities
Query 6. Query { Q Read Database {?:} Event Handler i
7. Result Q Read Model e vali
esu Handl < Q (Elasti B sadiiviode! (Projection) !+ Validate Event

ey W [
b)) i |« Transform Data
(Handle Query) (Optimized for Queries) (Consumes Events ': « Update Read Model
&Updates Read Model) |+ ldempotent Handling

Even
(High Availability

» Synchronous Asynchronous Synchronous Write Model @ Read Model Message Broker

{Command Flow) (Event Flow) (Query Flow) (ACID) (Optimized for Queries) (Event Streaming)
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class OrderWriteModel {
public:
void CreateOrder (
int orderId,
int customerId) {

db.execute (
"INSERT INTO Orders (Id, CustomerId, Status) "
"VALUES (?, ?, 'Created")",

orderId,
customerId
) ;
}
void ConfirmOrder (int orderId)
{
db.execute (
"UPDATE Orders "
"SET Status = 'Confirmed' "
"WHERE Id = ?",
orderId
) ;
}
private:

Database db;
}i

class OrderReadModel

{
public:
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std: :optional<OrderDto> GetById(int orderId)

{
return db.gquerySingle<OrderDto> (
"SELECT Id, CustomerId, Status "
"FROM Orders "
"WHERE Id = ?",
orderId
) ;
}

private:
Database db;
}i
Domain Event ;| sslicul dacaS 5 o joses 03 51 S :Read Model <L g Domain Events L of o2 CQRS

.54 o0 0.l Event-Carried State Transfer a5 31 ol .ccul Lo Read Model L 55,4 sy
:CQRS ;I osliiwl ;5 (Anti-Patterns)z!, sbels 3
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163k s)sige 9 b 55k et ECS (5)lexe ©

SCALE / PERFORM / EXPLORE

The Power of

ECS « GAME + REAL-TIME

Entity + Component + System

A modern architecture for
high-performance game worlds

£ Game World

+ Many entities
v/ Dynamic behavior
v/ Real-time performance

Component

A lightweight ID that represents Data that describes the entity. Contains the logic.
an object in the game world. Small. Focused. Reusable. Operates on entities with required components.

°
Transform  (position, rotation, scale) ’;' Movement System
b

a o _
lf' ’_ar\ .2 (Transform + Velocity)
4oV Velocity (speed, direction) ’ Q/ oDt ST

E001 Y NA  (Health + Damage)
) Health (current, max)

o,

)‘

Render System
Renderable  (mesh, material) @ (Renderable + Transform)

Al (state, behavior) Gb Al System

(Al + Transform)
(‘ 1 n j
Y ]uSt o

Data, not behavior

A

i

q
Logic, not data

Why ECS? L3 &8 {o

, High Massive Flexibility
Built for games. Ready for scale. Performance Scalability
Cache-friendly Handle thousands Easy to add Clean separation
and data-oriented of entities new features of concerns

Maintainability




oMb o lastl MVC 6l g (O0P) 155 o (omgidalip o Sl (gl Taije5 oo CanSs (g5lugl jo sow los loxa |y MM*

Wl hawd welS 4 gl -l yae (som dw slasil anwgs jo Ll Laisg jl38le 5 axwgs

o ooi Slgz> MVC g 5L 5 1>

MVC s .aie Game Loop-Driven sl a5 Jb o sl ool > (QLSws ¢ g Jio) Event-Driven glaasl s sl MVC
lewol Jlgss L Controller L (5L
£0,55 oo oSt Sl OOP sl o 1> O
6‘,1 9 M‘Q cblf‘d} w% ;S_' (:L.\S ).&'b 45 ML' 4......:‘.) u&.‘?u—l &5.» Y’ la \ . 059 uS-QuQ LS)lJ sS.: Jaoy ooL..u 6’5"‘»5 LSLQLS)L' a\%ﬁ’ CV-N) )o
bagib o, b bl logs 85 O0P ¢ caticess (i

;,&z;I Qo > — Quake :y3430

Sl e s> — Crysis Y-+ 0

Sl e laos — Fallout Y- 10

Sl laygde — Starfield v YY

Unity .cl5 1, ECS ,& a5 "A Data-Driven Game Object System" b « 5,5 jace gldllas ,L gl GDC 2002 s Scott Bilas
g als ECS a5 5,5 5,50 |, DOTS (Data-Oriented Technology Stack) L., 2018 s

s Enemy ;l 45 FlyingEnemy Jie ola S csl w1 @wes g p,l 9 (Diamond Problem) wladl JS o -1
Elgil GBI b el 55 o3b slogs s 51 (65l 50 Lo aiS o dloul (6,005 LB s 5 00l slacil peald s (5 0 &l FlyingObject
3Gl o a5 il il alfais e 60 &)l by guzeo OOoP Omold b g oo sl 1y Ll 5 P ol 5 iz bl 4y b cuigmls

logd o ax>L Bad Practice «slse 5l (g leus g (o g5 aclip sl (4L

Game Object
TR
I |
Movable Renderable
Player Enemy StaticMesh SkeletalMesh

I I

|

EnamyPlayer |+ ???

(LEyan LBsd dio () «Su5ud) b Sy 4o 45 GameObject L5 X, :(Bloated Base Class) o950 s gla WS -2

ol iz ol Qs a5 0 50 auS Jlaisl JolS ST S5 Jolas (gladadl> ROCK Jio ool (i <SG 05 co el w3 ls 095 101,
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Component / Data|| §&) Player ﬂ Enemy||® Rock
Position v v v
Mesh v v v
Health v v X
Al X v X
Sound v X X

CPU 34 .aien (Scattered) suisT, RAM abil> s cSonl 5 sloosls OOP o :(o y8doe Loy (pouod) Cache Miss -3

€S 2D s 335 558 il o oy Hliie | (0L ol g 09 o Cache Miss ,l>s plas S consT !y ST ol le Condge salys o
Wilgze |, 2SS S, position salys o CPU 285 005 conl 1, ST,I5 S5 velocity 5 position Lis walss o (Movement System)
oS Jo s wjsbaCache aa, il cob Yoo 0T US Coul jgme CPU it oo por Sy (b Yo v Slie) 5,5 Struct o o baosls 92

Is,ls 5Ls (Vector3 b go) <ol YF o Lais

(Sparse-Dense L, DOD ol53) ECS ;o b0 )] :p90 <>

:(DOD) yg200513 1 b § ECS Iy 31, Jol ,()

Data-Oriented ) ,gowosls >,k & o 5= oo 5| (Paradigm Shift) wlslb s G aSh tans >k (5551 G Laas ECS (¢ loxe

<! (Design
(Entity, Component, System) &5 aw SLloadls ﬁ

oS o0 4575 |yoee pogie dus 4y |y > ded g oS o igel 8 | (Objects) Lal L ECS o

Gl (G P B Y o 00e SO Voore) s (6,508 juzr 22 5 Cowl (ID) LSS anlis G Lais Entity < :(Entity) Cudg>go -1
Ald o> 4 g S b g ol Database Record (jgmes popie o olgs Jole g ool Label G o lais Entity s g
3,50 09>5 Record G b wsS oo 55b 1) oS oo Jhaio o2 @ 1) (cilies slacissals)
Entity 0 - Player
Entity 1 &> Enemy
Entity 2 = Rock

Entity 3 - Bullet
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a2 5 (LOGIC) e o (Method) ol s o s slassls Lié 4 Lais lacuiswls ((COMponent) cligmls / 535 -2
> bogwls nds g ansl aslag aldls by U wigd oo (g3lwosly Struct & ,e0 4 Yw o] o)l 82 CusgualS jo (g ,Lid,
S e i o 1y g5L (State)

struct TransformComponent { float x, vy, z; float rotX, rotY, rotZzZ; };
struct VelocityComponent { float vx, vy, vz; };

struct HealthComponent { float current, max; };

struct RenderComponent {string meshPath, material;};

Sl (] SYSTEM S ailsg . lo sod 455 395 ;0 1 Lol daygiaces ks b, o Glate Laid ¢ aib o :(SYStEm) PSS

22 bl (b 1,2 Sldas (lisloosls (g9, o (QUETY)AS lag |) diiis iismlS 5l ool acsaze )l a5 1) SENtity plos a5

void MovementSystem: :Update (Worlds& world, float deltaTime) {

for (Entity e : world.Query<TransformComponent, VelocityComponent>()) {
auto& pos = world.Get<TransformComponent> (e);
auto& vel = world.Get<VelocityComponent> (e);
pos.x += vel.vx * deltaTime;
pos.y += vel.vy * deltaTime;
pos.z += vel.vz * deltaTime;

}
}
(ECS) 339290 pimmaw caiigaols (g )loso
ENTITY (Positi OBJECT SYSTEM
(Pin - guisy) b (s (i)
10:() ouSal 3
e Sl @ ot ,
@ N . 20:(Y) gloal | (Healt): 100, : fl;b{
Ib> ‘ “Robo-1"
| 45:(Rotation): phdy> | s - R
i | |4 S 1 o
Y / Bsie (Rendering System)
(Tem) m A ?:a:: — “Medium” 5E9lae Do wins
5 5 3 @ : (Al System)
image.png :(File): Js&
— - < e
1.0 :(Scale) (ywlido .,','i’f.. &)
& J el 7 \"(Red)"
Sy - FERTS wels 3,8kee
“ . % (Al System) ,cgiuan (yugd
(Patrolling) ijcuisS :(State) Cassuidg l"’ug)éS plad b s ..ysuse 53 (Patrolling) 3jcuid
A :(Home) lawo
\. > (Rendering System) 5,
U (20:10) cusSge ) (yiuled
COMPONENTS ...(image.png) sl o
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ECS (Entity-Component-System) Architecture Diagram

ENTITIES

ENTITY

| , }
Position Velocity Health
(Data) (Data) (Data)
\ 4 ¥
SYSTEMS process

MovementSystem HealthSystem
(Logic) (Logic)

lFaw &J‘)

5 (Performance) s Skee ,0 ECS Lol 5, :Cache Locality g (DOD) jazxo00ls o>y ECS oo gDl ﬂ

ol alidl> gy

1 asl STy il sl CPU ailouiST, alidls s Lol slaools :OOP s (A0S - Array of Structs) JSiwe €

Sgb o0 JB g 5 plow Cache Line 504, 590 slo ol

ples g8 o suuz alable )5 CtignelS gg5 bl osls oy,00 ECS s (ECS 4o (SOA - Struct of Arrays) Jaol, Q

By WSS e 8 S A s asl,l SO o LaVelocity sl 4 (Contiguous Array) a g asl,l S o LeaPosition

G- 1 o Shae wilgs o ECS 5 0, oo iSTa> o Cache Hit wilgs o |y aiwsn sloal)l lais CPU wy & o |,>I MovementSystem
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10,18 3525 ol 3,505, as AAA (sla 5350 mhans ;0 ECS (s3luosly (sl iadidle Cu oo g ECS 510 ‘Sl!b‘_g)to.ao

25l eusssls 5l std::unordered_map <, Entity ,» lewl wis” Ll ool :Naive ECS -1

ot b8 ool 1504
.S 4 ol ; Heap Allocation .sl,; Cache Miss :culze 9§

class Entity {
private:
std: :unordered map<
std::type index,
std: :shared ptr<Component>
> components;
}i

3 Archetype sb 4 65,5 <5 50 e s beanls 51 Sluss oo 5 lids a5 SLENtity (ogal 33l » cwle) :Archetype ECS -2
Slaiws (53185 Cae s 5 alabl> LOCAlitY b aigds o 0,33 Chunk ol 4y o515 glalastl> slaSsl o Archetype ;o slasols 055

b il

Lo ENtity s oo 5 0531 35151 6l canslio o Jle Cache Locality :U! 5[4
ool 455 Ygans (Structural Change) 1>l olej ,o culsals i b 53958 5 ¢ foduzmes o0 o
Archetype A: [Transform][Health][Render]
Entity 0: [t0][h0][rO]
Entity 1: [t1][h1][r1]
Entity 5: [t5][h5][r5]
Archetype B: [Transform][Health][Render][Al]
Entity 2: [t2][h2][r2][ai2]
Entity 3: [t3][h3][r3][ai3]
Archetype C: [Transform][Render]
Entity 4: [t4][r4]
s Sparse slaal)l 5l kslo opl .o ls 4lElax> Sparse Set G ciiguslS 45 0 51y (Lg sl il cwlia) :Sparse Set ECS -3
.S al,3 Cache-Friendly 5 o . Iteration 3 O(1) sauin b VYgans |, casguals i g a8lil ¢ o yiws b w5 oo oolizul Dense

Lgy GLENitY el s oslin g YU CBllassl e yos Cutigeols” Bi/ablil 50 L4
el ol 5 i S50 oy s3b 50 o cile ol :(AdVanced ECS) il y ) g 4 piin pudlao ﬁ
I b o %S b All Any, None b, L) st ol slacuasasls sl)ls a5 1, SLEntity wlss b s34 :QuUery Engine -1

iy
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Ol et (Sonl (3313, Jo o abadls 92) 8,5 Bis L sbul |, LENtity wLs System G !> > o :Command Buffer -2

Lgd Jlee! (Playback) o 8 slossl )0 g oo 0 w53 Command Buffer < o wb (Structural Changes) s ,tsLe

(L3 Cunsy s Stateless System g aiis atugs slaal,T o osls ;5> JOb System & Multithreading -3

gl osls (Parallel For) oylejen b ols CPU (aliee sloaind 4 § 9,5 mounds (it iz | lady] T )lg5 o coiil o

S5 sy o0 Sho & ENtity S el 85 Jie WSystem .. (Loose Coupling) at.ulssS bLs )| s, :Event Bus -4

(Observer s3l) S o <l o 1) ol sl Jaie vo 4 oo 40| 9% Ul g los slagiunw 9 05 o 00 DeathEvent

CHt b ol 5 Los gjbwosly &3

L olyen NaiVe 3,555, 51 osliztal b K58 534 5990 o 51 JolS” 55lwosly o o5 ol 1 JolS" g (0390T) Naive ECS g jLwosly
..l Factory s Event Bus

#include <cmath>
#include <vector>
#include <memory>
#include <string>
#include <limits>
#include <cstdint>
#include <iostream>
#include <typeindex>
#include <algorithm>
#include <functional>
#include <unordered map>

using namespace std;

struct Component ({

virtual ~Component () = default;

}i

struct TransformComponent : Component {
float x = 0;
float y = 0;

float z = 0;

float rotY 0;
float scale = 1;
}i
struct VelocityComponent : Component {

float vx = 0;
float vy = 0;
float vz 0g

1

struct HealthComponent : Component {
float hp = 100;
float maxHp = 100;

}i
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struct RenderComponent
string mesh;
string material;
bool visible true;

Component {

}s

struct AIComponent Component {
enum class State {
Idle,
Chase,
Attack,
Flee,
Dead

State::Idle;
15.0f;
2.0f;

State
float
float
float

state
detectionRange
attackRange
speed 3.0f;

}i
struct TagComponent Component {
string tag;

TagComponent (string t)
tag (move (t)) {}

using EntityID uint32 t;

constexpr EntityID INVALID ENTITY

class Entity {
EntityID m id;
bool m active

true;

unordered map<

type index,

shared ptr<Component>
> m_components;

public:
explicit Entity(EntityID id)
m id(id) {}

EntityID id() const {
return m id;

}

bool active () const {
return m_active;

void setActive (bool active) {
m_active active;

numeric limits<EntityID>::max();
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template<typename T, typename... Args>
T& addComponent (Argsé&é&... args) |

auto component = make shared<T> (std::forward<Args>(args)...);
m_components[typeid(T)] = component;

return *component;

template<typename T>
T* get () {
auto it = m_components.find(typeid(T))

if (it == m_components.end())
return nullptr;

return static cast<T*>(it->second.get());

template<typename T>
bool has () const {
return m_components.count (typeid(T)) > 0;

template<typename T>
void remove () {
m_components.erase (typeid(T));

template<typename... Ts>
bool hasAll () const {
return (has<Ts>() && ...);

}i

struct Event ({
virtual ~Event () = default;

}i

struct DamageEvent : Event {
EntityID target;
float amount;
string source;

1

struct DeathEvent : Event {
EntityID entity;
string cause;

i
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class EventBus {
unordered map<
type index,
vector<function<void(const Eventé&)>>
> m listeners;

public:

template<typename T>
void on (function<void(const T&)> callback) {
m listeners[typeid(T)].push back(
[callback] (const Eventé& event) {
callback(static_ cast<const Té&>(event));

) 8

template<typename T>
volid emit (const T& event) {
auto it = m listeners.find(typeid(T)):;

if (it != m listeners.end()) {
for (auto& fn : it->second)
fn (event) ;

class World {
vector<shared ptr<Entity>> m entities;
EntityID m nextId = 1;
EventBus m eventBus;
public:
EventBusé& events () {
return m_eventBus;

}

shared ptr<Entity> create(const string& tag = "") {
auto entity = make shared<Entity>(m nextId++);
if (!tag.empty())
entity->addComponent<TagComponent> (tag) ;

m _entities.push back(entity);
return entity;

shared ptr<Entity> findByTag(const stringé& tag) {
for (auto& entity : m _entities) {
auto* tagComponent = entity->get<TagComponent> () ;

if (tagComponent &&
tagComponent->tag == tagqg)
return entity;
}

return nullptr;
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shared ptr<Entity> findById(EntityID id) {
for (auto& entity : m entities) {
if (entity->id() == id)
return entity;

}

return nullptr;

}

template<typename... Ts>
void each (function<void (Entityé&)> fn) {
for (auto& entity : m entities) {
if (entity->active() &&
entity->hasAl1<Ts...>()) {
fn(*entity);

}

size t entityCount () const {
return m entities.size();
}
i

class PhysicsSystem {
public:
void update (World& world, float dt) {

world.each<
TransformComponent,
VelocityComponent

>([&] (Entity& entity)

auto* transform = entity.get<TransformComponent> () ;

auto* velocity = entity.get<VelocityComponent> () ;

velocity->vy -= 9.8f * dt;

transform->x += velocity->vx * dt;
transform->y += velocity->vy * dt;
transform->z += velocity->vz * dt;

if (transform->y <= 0) {
transform->y = 0;
velocity->vy = 0;

class AISystem {
public:

void update (Worldé& world, float dt) {
auto player = world.findByTag ("player");
if (!player)
return;
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auto* playerTransform = player->get<TransformComponent> () ;
if (!playerTransform)
return;

world.each<
AIComponent,
TransformComponent,
HealthComponent

>([&] (Entity& entity)

auto* ai = entity.get<AIComponent> () ;
auto* transform = entity.get<TransformComponent> () ;
auto* health = entity.get<HealthComponent> () ;

if (health->hp <= 0) {
ai->state = AIComponent::State::Dead;
return;

float dx = playerTransform->x - transform->x;
float dz = playerTransform->z - transform->z;
float distance = sqgrt(dx * dx + dz * dz);

if (ai->state == AlIComponent::State::Idle &&
distance < ai->detectionRange) {
ai->state = AIComponent::State::Chase;

if (ai->state == AIComponent::State::Chase) {
float length = sqgrt(dx * dx + dz * dz);

if (length > 0) {
transform->x +=
(dx / length) *
ai->speed *
dt;
transform->z +=
(dz / length) *
ai->speed *
dt;

if (distance < ai->attackRange)
ai->state = AIComponent::State::Attack;

if (ai->state == AlIComponent::State::Attack &&
distance < ai->attackRange) {

world.events () .emit (
DamageEvent {
player->id{(),
10.0f,
"enemy"
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class HealthSystem {
bool m listenerRegistered = false;

public:
void init (World& world) {
if (m_listenerRegistered)
return;
world.events () .on<DamageEvent> (
[&world] (const DamageEventé& event) {

auto entity = world.findById(event.target):;

if ('entity)
return;

auto* health = entity->get<HealthComponent> () ;

if ('health || health->hp <= 0)
return;

health->hp = max( 0.0f, health->hp - event.amount);

cout << "[HEALTH] Entity "
<< event.target
<< " took "
<< event.amount
<< " damage. HP: "
<< health->hp
<< "\n";

if (health->hp <= 0) {
world.events () .emit (
DeathEvent {
entity->id(),
event.source

) ;

m listenerRegistered = true;

}
void update (World& world, float dt) {

}
}i

class RenderSystem {
public:
void update (Worldé& world, float dt) {
world.each<
TransformComponent,
RenderComponent
>([&] (Entity& entity)
auto* transform = entity.get<TransformComponent> () ;
auto* render = entity.get<RenderComponent> () ;
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if (render->visible) {
cout << " [RENDER] Entity "
<< entity.id()
<< " oat ("
<< transform->x << ", "
<< transform->y << ", "
<< transform->z << ")\n";

class Engine {
World m world;

PhysicsSystem m physics;
AISystem m ai;
HealthSystem m health;
RenderSystem m_ render;

vector<
pair<string,
function<void (Worldé&, float)>
> > m systems;

public:
void init () {

m health.init (m world);

m_systems.push back ({
"Physics",
[this] (World& world, float dt) {
m physics.update (world, dt);
}
1)
m_systems.push back ({
DALY,
[this] (World& world, float dt) {
m_ai.update(world, dt);
}
1)
m_systems.push back ({
"Health",
[this] (World& world, float dt) {
m_health.update (world, dt);
}
)
m_systems.push back ({
"Render",
[this] (World& world, float dt) {
m_render.update (world, dt);
}
)
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}

m_world.events () .on<DeathEvent> (
[] (const DeathEventé& event) {
cout << "[EVENT] Entity "
<< event.entity
<< " died! Cause: "
<< event.cause
<< "\n";

) ;

auto player = m world.create ("player");
player->addComponent<TransformComponent> () ;
player->addComponent<VelocityComponent> () ;
player->addComponent<HealthComponent> () ;
auto enemy = m world.create ("enemy") ;
enemy->addComponent<TransformComponent> () ;

enemy->addComponent<AIComponent> () ;
enemy->addComponent<HealthComponent> () ;

void run (int frames = 3) {

b

float dt = 0.016%f;

for (int i = 0; 1 < frames; ++1) {
cout << "\n--- Frame "
<< i
<L " ___\n",.
for (autoé& [name, fn] : m systems)

fn(m world, dt);

int main () {
Engine engine;

engine.init () ;

engine.run (1) ;
engine.run (2) ;

return 0;

(Cache-Friendly 4 sl48 ,>) Data-Oriented ECS g ;Lwosly RS
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#include
#include
#include
#include
#include

Ll CPU (sly o Soo o (s 50y 45 08 0 o0lial (Struct of Arrays)

<iostream>
<vector>
<bitset>
<cstdint>
<iomanip>

using namespace std;
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enum ComponentID { TRANSFORM = 0,

VELOCITY,
HEALTH,
MAX_COMPONENTS } ;

using Signature = bitset<MAX COMPONENTS>;

constexpr size t MAX ENTITIES = 10000;

struct TransformData {
vector<float> x;
vector<float> y;
vector<float> z;
TransformData ()

b

x (MAX ENTITIES, 0.0f), y(MAX ENTITIES, 0.0f), z(MAX ENTITIES, 0.0f) {}

struct VelocityData {
vector<float> vx;
vector<float> vy;
vector<float> vz;
VelocityData () : vx (MAX ENTITIES, 0.0f), vy(MAX ENTITIES, 0.0f), vz (MAX ENTITIES,

0.0f)
b

{}

struct HealthData {
vector<float> hp;
vector<float> maxHp;
HealthData () : hp(MAX ENTITIES, 0.0f), maxHp (MAX ENTITIES, 0.0f) {}

b

class DODWorld {

vector<uint8 t> m active;
vector<Signature> m signatures;

uint32 t m entityCount = 0;

TransformData m transforms;
VelocityData m velocities;

HealthData m health;
public:
DODWorld() : m active (MAX ENTITIES, 0), m signatures(MAX ENTITIES) {}

uint32 t createEntity() {

if (m _entityCount >= MAX ENTITIES) return UINT32 MAX;
uint32 t id = m _entityCount++;

m_activel[id] = 1;

return id;
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void addTransform(uint32 t id, float x, float y, float z) {
if (id >= MAXiENTITIES) return;

m_ transforms.x[id] = x;
m transforms.y[id] = y;
m transforms.z[id] = z;

m_signatures([id] .set (TRANSFORM) ;

}

/] 63505 69 sl L Saisl sl Sawely asSsels phass

void addVelocity(uint32 t id, float vx, float vy, float wvz) {
if (id >= MAX_ENTITIES) return;

m velocities.vx[id] = vx;
m velocities.vy[id] = vy;
m velocities.vz[id] = vz;

m_signatures[id].set (VELOCITY) ;
}

void addHealth (uint32 t id, float hp, float maxHp) {
if (id >= MAX ENTITIES) return;
m _health.hp[id] = hp;
m _health.maxHp[id] = maxHp;
m signatures([id].set (HEALTH) ;
}

void physicsUpdate (float dt) {
Signature required;
required.set (TRANSFORM) ;
required.set (VELOCITY) ;

for (uint32 t i = 0; i < m _entityCount; i++) {

if (!m active[i]) continue;
if ((m_signatures[i] & required) != required) continue;
m velocities.vy[i] -= 9.8f * dt;

m_transforms.x[i] += m velocities.vx[i] * dt;
m_transforms.y[i] += m velocities.vy[i] * dt;
m transforms.z[i] += m velocities.vz[i] * dt;

if (m transforms.y[i] < 0) {
m_transforms.y[i] = 0;
m velocities.vy[i] = 0;

}

void printEntity(uint32 t id) {
if (id >= m entityCount || !m active[id]) return;
cout << "Entity " << id << " Pos: ("
<< fixed << setprecision (2)
<< m_transforms.x[id] << ",
<< m_transforms.y[id] << ",
<< m_transforms.z[id] << ")\n";

"w

"w

}

void printStats () {
cout << "\n[DOD] Total entities: " << m_entityCount << "\n";
int active = 0
for (uint32 t i = 0; i < m entityCount; i++)

if (m_activel[i]) active++;

’
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cout << "[DOD] Active entities: " << active << "\n";
}
}i
int main () {
cout << "=== Data-Oriented ECS (DOD) Demo ===\n\n";
DODWorld world;
float dt = 0.016f;
uint32 t player = world.createEntity():;
world.addTransform(player, 0.0f, 10.0f, 0.0f);
world.addVelocity(player, 2.0f, 5.0f, 0.0f);
uint32 t enemy = world.createEntity();
world.addTransform(enemy, 5.0f, 20.0f, 5.0f);
world.addVelocity(enemy, -1.0f, 0.0f, 2.0f);
world.printStats () ;
for (int 1 = 0; 1 < 3; ++i) {
cout << "\n--- Frame " << i << " ---\n";
world.physicsUpdate (dt) ;
world.printEntity (player) ;
world.printEntity (enemy) ;
}
return 0;
}
SoA (Structure of Arrays)
Each component type has its own array.
The same index across arrays represents
one entity.
& 2\ /4 2\ 'd N\
TransformData VelocityData HealthData
(Position) (Velocity) (Health)
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C] = Index 2 (same entity)
AP — Array Index

The entity's data is retrieved from
the same index (2) in each component
array.

N

Sl

2)

Entity (id =

Transform (x, y, z) (10.0, 4.0, 2.0)
(2.0, 1.0, 0.4)

Health (hp, maxHp) (60, 100)

l Velocity (vx, vy, vz)

.

ComponentID (enum)

0 [ TRANSFORM
1 @ VELOCITY
2 [ HEALTH

(Position)
(Velocity)
(Health)

MAX_COMPONENTS = 3
(Number of real components)
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#include <iostream>
#include <vector>
#include <unordered map>
#include <bitset>
#include <cstdint>
#include <memory>
#include <string>
#include <iomanip>

using namespace std;

enum ComponentID {
TRANSFORM = O,
VELOCITY,
HEALTH,
RENDER,
AT,

MAX COMPONENTS

using Signature = bitset<MAX COMPONENTS>;

using Entity = uint32 t;
constexpr Entity INVALID ENTITY = UINTSZ_MAX;

struct Transform ({
float x = 0.0f;
float y = 0.0f;
float z 0.0f;

i

struct Velocity {
float vx = 0.0f;
float vy = 0.0f;
float vz 0.0f;

3
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struct Health {
float hp = 100.0f;
float maxHp = 100.0f;
bi

struct Render {
string mesh;
i

struct AI {
int state = 0;

)i

class Archetype {
private:
Signature signature ;

vector<Entity> entities ;

vector<Transform> transforms ;

vector<Velocity> velocities ;
vector<Health> healths ;
vector<Render> renders ;

vector<AI> ais ;
public:

explicit Archetype (const Signature& signature)

const Signature& signature ()

return signature ;

}

const

{
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size t size() const {
return entities .size();

}

size t addEntity(
Entity entity,

const Transform* transform = nullptr,
const Velocity* velocity = nullptr,
const Health* health = nullptr,

const Render* render = nullptr,

const AI* ai = nullptr

size t index = entities .size();
entities .push back(entity);

if (signature .test (TRANSFORM)) {
transforms_ .push back(

transform ? *transform : Transform{}

) 8

if (signature .test (VELOCITY)) {
velocities .push back/(

velocity ? *velocity : Velocity{}

) ;

if (signature .test (HEALTH)) {
healths .push back(
health ? *health : Health({}
)i

if (signature .test (RENDER)) {
renders_.push back(
render ? *render : Render({}

);
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if (signature .test (AI)) {
ais_.push back(
ai ? *ai : AI{}
);
}

return index;

Transformé& transform(size t index) {
return transforms [index];

}

Velocity& velocity(size t index) {
return velocities [index];

}

Healthé& health(size t index) {
return healths [index];

}

Renderé& render (size t index) {
return renders [index];

}

ATl& ai(size t index) {
return ais_ [index];

}

Entity entity(size t index) const ({
return entities [index];

}

void physicsUpdate (float dt) {
if (!signature .test (TRANSFORM) | |
!signature .test (VELOCITY)) {

return;

}

for (size t i = 0; i < entities .size(); ++i) {
velocities [i].vy -= 9.8f * dt;

transforms [i].x += velocities [i].vx * dt;
transforms [i].y += velocities [i].vy * dt;

transforms [i].z += velocities [i].vz * dt;

if (transforms [i].y < 0.0f) {
transforms [i].y = 0.0f;
velocities [i].vy = 0.0f;

void healthUpdate () {
if (!signature .test (HEALTH))
return;
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for (size t 1 = 0; 1 < entities .size(); ++1)
if (healths [i].hp <= 0.0f) {
cout << "Entity "
<< entities [i]
<< " is DEAD\n";

void renderUpdate () {
if (!signature .test (TRANSFORM) ||
!signature .test (RENDER)) {
return;
}
for (size t 1 = 0; i < entities .size(); ++i)

cout<< "Entity "
<< entities [1i]

€L W [W

<< renders_ [i].mesh
<< "] Position: ("
<< fixed

<< setprecision (2)
<< transforms [i].x

<< om,m
<< transforms [i].y
<< ", " B
<< transforms [i].z
<< "M)A\n";
}
}
void printInfo () const {

cout << "Archetype Signature: "
<< signature

<< " | Entities: "
<< entities .size()
<< '\n';

class World {
private:
Entity nextEntity = 0;

vector<unique ptr<Archetype>> archetypes ;
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unordered map<string, Archetype*> archetypeMap ;

unordered map<Entity, Archetype*> entityArchetype ;

unordered map<Entity, size t> entitylIndex ;
private:
string signatureKey (const Signature& signature) const {
return signature.to string();
}
public:

Entity createEntity() {
return nextEntity ++;

}

Archetype& getOrCreateArchetype( const Signature& signature) {

string key = signatureKey (signature) ;
auto it = archetypeMap .find(key);
if (it != archetypeMap .end()) {

return *it->second;

archetypes .push back(
make unique<Archetype>(signature)
)
Archetype* archetype = archetypes .back().get();
archetypeMap [key] = archetype;
return *archetype;

void addEntity (
Entity entity,
const Signature& signature,

const Transform* transform = nullptr,
const Velocity* velocity = nullptr,
const Health* health nullptr,

const Render* render = nullptr,

const AI* ai = nullptr

Archetype& archetype = getOrCreateArchetype (signature) ;
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size t index = archetype.addEntity (
entity,
transform,
velocity,
health,
render,
ai

)
entityArchetype [entity] = &archetype;

entityIndex [entity] = index;

void physicsUpdate (float dt) {
for (auto& archetype : archetypes ) {
archetype->physicsUpdate (dt) ;
}
}
void healthUpdate () {
for (auto& archetype : archetypes ) {
archetype->healthUpdate () ;
}
}
void renderUpdate () {
for (auto& archetype : archetypes ) {
archetype->renderUpdate () ;

void printArchetypes () const {
cout
<< "\n===== Archetypes =====\n";
for (const auto& archetype : archetypes )

archetype->printInfo () ;

int main () {
Cout << "=== Archetype ECS Demo
World world;

==\n\n";

Signature characterSignature;
characterSignature.set (TRANSFORM) ;
characterSignature.set (VELOCITY) ;
characterSignature.set (HEALTH) ;
characterSignature.set (RENDER) ;
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Entity player = world.createEntity();

Transform playerTransform({
0.0f,
10.0f,
0.0f

bi

Velocity playerVelocity{
2.0f,
5.0f,
0.0f

bi

Health playerHealth{
100.0f,
100.0f

}:

Render playerRender(
"Player"

bi

world.addEntity (
player,
characterSignature,
&playerTransform,
&playervVelocity,
&playerHealth,
&playerRender

Entity enemyl = world.createEntity();

Transform enemylTransform{
5.0f,
20.0f,
5.0f

}i

Velocity enemylVelocity{
-1.0f,
0.0f,
2.0f

bi

Health enemylHealth{
80.0f,
80.0f

}i

Render enemylRender
"Enemyl"
}i
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world.addEntity (
enemyl,
characterSignature,
&enemylTransform,
&enemylVelocity,
&enemylHealth,
&enemylRender

Signature rockSignature;
rockSignature.set (TRANSFORM) ;
rockSignature.set (RENDER) ;

Entity rock = world.createEntity();

Transform rockTransformf{
20.0f,
0.0f,
10.0f

b8

Render rockRender
"Rock"

}:

world.addEntity (
rock,
rockSignature,
&rockTransform,
nullptr,
nullptr,
&rockRender

Signature enemyAISignature;

enemyAISignature.
enemyAISignature.
enemyAISignature.
enemyAISignature.
enemyAISignature.

Entity enemy2 =

set (TRANSFORM) ;
set (VELOCITY) ;
set (HEALTH) ;
set (RENDER) ;
set (AI) ;

world.createEntity ()

Transform enemy2Transform{

50.0f,

15.0f,

0.0f
}i

415




}

Velocity enemy2Velocity{
-2.0f,
0.0f,
0.0f

bi

Health enemy2Health{
120.0f,
120.0f

i

Render enemy2Render {
"Enemy2"
) 8

AT enemy2AT({
1

) 8

world.addEntity (
enemy?2,
enemyAISignature,
&enemy2Transform,
&enemy2Velocity,
&enemy2Health,
&enemy2Render,
&enemy2AT

world.printArchetypes() ;

constexpr float dt = 0.01l6f;

for (int frame = 0; frame < 3; ++frame)
cout << "\n===== Frame "
<< frame
<< " =====\n" 5

world.physicsUpdate (dt) ;
world.healthUpdate() ;
world.renderUpdate () ;

}

return 0;

{
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Archetype in ECS

Entities with the same components are grouped together

Archetype (Signature)

Transform  Render  Velocity Health

Robots Archetype

(Transform + Render +
Velocity + Health)

Environment Objects
Archetype

(Transform + Render)

Audio Archetype = ) Audio Source
(Audio Source + Transform) ‘ 1
i i

i. -ll'l|’|lvlflv

Es o es tha e same set of component

This allows tf hem more efficie: ache locality and |

s oo ENLLY 1T 51 ealitasl L 5 il atigs o al,] Uoye 10 Litl 5 camsl Ublome slo catiogals 5 ols 41,1 Ll Archetype a5 51 e
€5 9 olows a5 Cib Ll 3l acgeme o Archetype jo o 1o g (i ws a0 s Index Ll , Entity ;o oo sTa
oelas BB Slgusl atiws 5 S8 o)l Ll atis g aieiisn sl atws Jie loil 03 aite polie b Jg o2 Jie lisleComponent

...B(Ji;_?)a u"l':’ b_i&n)o ‘5)"-")—‘-" Sloo Ju)w)o o_:lia
: System oo jLows Coound g Archetype wgeo jlows <o o

e |y s Entity sles aSul sl .05,ls Transform + Velocity 45 salgs o1, ole Entity Lss PhysicsSystem o5 5,8
oS oyl 1y canlis Archetype logiivs sles oo oS

void physicsUpdate (Worldé& world, float dt)
{
for (auto& archetype : world.getArchetypes())
{
if ('archetype->hasTransform | |
larchetype->hasVelocity)

continue;
for (size t i = 0;
i < archetype->size();
++1)
{
auto& transform = archetype->transforms[i];
auto& velocity = archetype->velocities[i];
transform.x += velocity.vx * dt;
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transform.y += velocity.vy * dt;
transform.z += velocity.vz * dt;

}

}
Sl |y aos ciigualS 1o pulys o wdly s ENtity G sl ciigalS iol)T og5b lawg 4o 5145 cnssl Archetype edSis 51 (S
13,10 ci3lop anse Sl ol 5 xS MOVE wu Archetype 4 L3 Archetype ;I asb aSL esS o5 o 51 L aslal

39 CigealS Bdo g adlol gl ENTT GluliS 10 Cgamma) $5 opl :(Bd>adLSI gig, (0 » &9 o) SPaArse Set g jlwosly ag

el 0ads >yl a sl (Iteration) 1,55 5 O) Sazs L (Runtime) =1 oL

S )ly (63b S s 0S5 3 1(00sST ) SpArse g (51 yk0) Dense s aslyl 51 solisw! b g3b bl o o
3,005 oyl 4l 1easl 99 6 0 (o sl 5o T L Entity sae 100 Mo Lol B ool 51 als o ol J31s sleEntity JS sl ool sy al> 10
S5 50 liledss 1 golans aSLI B oS o &S > ol 4 (63b dimo 10 (oSl o £9,0 5] e Toiil Cag,y BB oy T S o il (K

sae 20 kegozme oylibadss g lads Comasis Entity i ool 5L Active sEntity slass alasd ol 1o 0uS (5,8 lgd (0 dizeo o))y alax]

lods ssalys Active (gL aslsl o b g autus ;550 9 ail sogs Active M L 5 o Active Mas ady ¢ aiws Jled Entity

loa,ylo 4!yl g0 Lo et

ool 5o 1asl e (02,8) 100 sae plea oS Saw sloENtity JS slass pl snle Lint ols ¢55 L :(00sSTy) Sparse af,l -1
s g al)l s Entity lea Index T ol Value Sasf> 1ewl oo, LB 3l ID L s5luw index b a5 o Entity ;o 4]
ol s sl -1 1, Sparse 4,1 s Index < Value 31 o 1s g1 caws & Dense al)1 s 15T Index Lol jon 505 b
Dense wl,1 0 s0e oL plpindex jo ol J o o il 0 slue b 25,5 s0as o2 514 cus Active o> Jl> o
15,8 lo Caws ] polie 4y Dense a1 s Index ;los 4 aaxlyo b o)lg5 (0 aS o)ls I8

Entity o ;0 106,.5 o 13 4l)] ol jo s jo (Active) Jls Entity gLl ples a5 Entity ools g5 b :(oS1,0)DeNSE 411 -2
Glite Sl as” I &b ol o)led 55,5 oo 3 Dense al,T J als gl 1o BlID (35,5 51 G w058 oo aile a5 oo
% oAl eSSl 0o O 3 0bes 00 s 19T (0 418 s (25 (nl ID il Sl o g Sparse all s el sar 5 4,
S laz Al S 1S o Lialpg |y Sparse 4l i als 5o (lo 50 g 0iS 0 il (S ol LIy Dense «ll s &8l
lowdd o0 1,81, Sparse ,o TID L gsluwe index L ailz o 1, Dense ;o o oz 86 iNdEX 5 oS oo iulps |, ool Jiie

laas e | ENtity ol yogs INACEIVE o b osS o -1 L ol 1, Sparse al)l jo oo ogb & ID Lyl Index opooen

st Dense o)1 Siwgo bai> gl S Bis )] lawg 5111, 10 o, Entity aeelyse 31 Jsere 2G50 Dense 4,1 o : JLio @

lewl pokey HI8 ol 5 (0usS Shift) wass Cie a4 Al SO (6 S5 1) (g0 paie 40

2l L (SWAP) a2 38 0 00 B> paie sl 5 au o 0 p |, DENSE W1 aie oy 5] i (B3> I, Sparse-Dense o

S cowl 1) velocity g position Lss aalss o (Movement System) «cS ,o» g (55 |
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Wt 1 o ey (a0l 200 Sks) 55 Struct <y s beosls (5> OOP [Lisle s wilys |, Entity o position welss o CPU 23,
1,10 5Ls (Vector3 b go) cul 24 & Lais a5 J> 0w y5lo Cache a g, 511, <ol 200 T JS cowl 500 CPU

(aladl> Wb sligy was BT 5 Cache Miss) wisd oo iy, 90 wigd oo CPU 25 5,1y a5 slaosls 790 sass
(Sparse-Dense L, DOD o%3) ECS ;5 5 50 41,1 :p90 <>

el Velocity 5 Position Jels s 5 Laié (o8 > wiasw &l e DENSE a1 oS o lox CiigualS g43 bl 11y laosls L (ECS o

#include <iostream>
#include <vector>
#include <functional>
#include <cstdint>
using namespace std;

template<typename T>

class SparseSet {
vector<uint32 t> m sparse;
vector<uint32 t> m dense;
vector<T> m_data;

static constexpr uint32 t INVALID = UINT32 MAX;
public:
void insert (uint32 t entityId, T data) {
if (entityId >= m sparse.size()) {
m_sparse.resize(entityId + 1, INVALID);

}
if (m_sparsel[entityId] != INVALID) return;

m_sparse[entityId] = static cast<uint32 t>(m dense.size());
m_dense.push back(entityId);
m data.push back(std::move (data));
}
void remove (uint32 t entityId) {
if (entityId >= m sparse.size() || m sparsel[entityId] == INVALID) return;

uint32 t denseldx = m sparsel[entityId];
uint32 t lastEntity = m dense.back();

m_dense[denseldx] = lastEntity;
m_data[denseIdx] = std::move (m data.back());
m sparse[lastEntity] = denseldx;

m_dense.pop_ back() ;
m_data.pop back() ;
m_sparse[entityId] = INVALID;
}
T* get (uint32 t entityId) {
if (entityId >= m sparse.size() || m sparsel[entityId] == INVALID) return nullptr;
return &m data[m sparse[entityId]];
}
bool has (uint32 t entityId) const {
return entitylId < m sparse.size() && m_sparse[entityId] != INVALID;

}
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size t size() const {
return m _dense.size();
}
void forEach (std::function<void (uint32 t, T&)> fn) {
for (size t i = 0; 1 < m dense.size(); i++) {
fn(m dense[i], m data[i]);

b8

int main () {
cout << "=== SparseSet ECS Demo ===\n\n";

struct Position { float x, vy, z; };
SparseSet<Position> positions;

/0 (1) oS 4l

positions.insert (0, {10.0f, 20.0f, 30.0f});
positions.insert (5, {50.0f, 60.0f, 70.0f});

positions.insert (3, {15.0f, 25.0f, 35.0f});
cout << "Size after inserts: " << positions.size() << "\n";

cout << "\n--- Iterating (Cache-Friendly) ---\n";
positions.forEach([] (uint32 t id, Positioné& p) {
cout << "Entity " << id << ": (" <K p.x <", " K p.y <<K", " Kp.z KL

")\n";

1) ;

//Swap-and-Pop SousS Ly O(l) &is

cout << "\n--- Removing Entity 5 ---\n";

positions.remove (5) ;

cout << "Size after removal: " << positions.size() << "\n";
cout << "Has Entity 5? " << (positions.has(5) ? "Yes" : "No") << "\n";
cout << "\n--- Iterating again ---\n";
positions.forEach([] (uint32 t id, Positioné& p) {
cout << "Entity " << id << ": (" << p.x << ", " K p.y <", " K p.z <L
") \n";

)

return 0;

Sparse-Dense Arrays in ECS Architecture

Sparse Array
3 4 5 6 7 8 9 10 11 12 13

X

X | X

id=13

0 2

1
Dense Array
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U515 50 15T ol oe g ails s 53 1, (3t sletl ol pke WOTI [o3IS s597 0l ECS 05250 (sla il ples o :World @)
losle 8 o sanliw Archetype s, o poe sl World cpiig o1, 55 Jle laiS o pow 1516 ols 13 Engine (oIS

class World {
private:
std::vector<std::unique ptr<Archetype>> archetypes;

public:
Archetype* createArchetype (
bool transform,
bool velocity,
bool health,
bool render,
bool ai

archetypes.push back(
std::make unique<Archetype> (
transform,
velocity,
health,
render,
ai

) 8

return archetypes.back().get();
}

const auto& getArchetypes () const {
return archetypes;
}
i

e Sl @bl o ysise 52,5 B 40 ECS o350l 165l Carduo (2819 s yg590 40 ECS j

S5l slaes b s, a5 Archetype ECS 51 LS s;Lluesly < :Unity DOTS (Data-Oriented Technology Stack) -1
Lol ool >, (Massive Scale) YU ulie b Sl slajluas

Crowds and Traffic slepiwes slp bl wesl OOP 5 8 i & )50 4 L1 5,5 45550 :Unreal Engine 5(Mass Entity) -2

S 5l Sloyan |y eoly ple e b oS e esliiul Mass Entity ab ay ECS o jsas 8 51 (Sdly5 5 Copnoz)

Lo AP g jolal o cac poo Jds & 5 08’ o oliciul Sparse Set oSl 5l a5 CH+ s Jites ECS aibuliS o sogame ENTT(CH+4) -3

Bgl oo oolaiul (5 b g sanl Ggogiul I (g b o

el 00 3L ECS (g5, bl g by 54 o0 g5kl sise s :Bevy Engine (Rust) -4
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Health ,Mana, :s=en cilise slo ciigmls & 1, ] CharacterStats )5 caigwls oG sl a0 g oo a5 S48 1) laciguals -1
AS (6,08 ,L i1 0l 5o 55 (slacsls Lads LaSystem b oS wwis Stamina

g sl 4wyl 6 ,K0 Entity w gl 4 5L 1ol Trivially Copyable sl beecswlS oS ua p igmlS o la i g 51-2
Coomd oyl lie 55 DDD ay atly slagSIl s DDD isu ,o laAggregate 4w iws Lidu ;0 8,90 (pl lauS 6,33 1) o] Entity ID
lsg; (Reference sl> 4 ID ; solasnl)

50 b Cansg ples .ol ansls (Member Variables) 3ls sla e ol System Sl o> b 1ol Stateless ol lapines -3

8¢ meas (Multithreading) sjlosslge B ogd 0 053 laciSgusls

Glosls csguals ol Tstruct IsDead {}; Sl oo Moz " o 4 5L Lais Entity X o5 LacS coli.] Tag Components ;1 -4

LoisS” lulis 1) 00 0 Cudgzge oyl (4,5 QUErY L amo 0 ojl>! lbSystem « Ll (Zero-sized) o,las

€ eSS 00l ECS 31 Sloj a> K

(Object 100 ;I ;sS) cowl S>o5 059, @

LS, S e )3 § ot Unique L5 lacSu] @

(lewl 05 ECS (5,.50L sove) ol Kooy Deadline g el >4 o5 @

(95 o0 Cupde ;535 sasKI L MVC L UL s yg550 ;0 Yogone tanl ogalS o Ul (51, ECS) bagin s Ul (5luoslyy sl @

516yl 15,0 5 oy Unity3D L Unreal Engine ol ola,gige bl plulagsl oo co ol g o IS sb s @
Replication jleless o 1, ooy 5 3, illa 5 alies 50 iaasgs a Jlos (o Loys50 cal a5l sla Sy
500 SUG 51 (gl g ab iy Koy, b as 5 Multiplayer glagb jo
Gy oly 03 ooy 5l ool Lide aSl sloas wups o ax—wss Game Engine G ool wl b1 o5b SO a8 Sl ool ol
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ECS

sl ys WEntity cupie Lol sl

Entity
(ID) brisd)

¢

Render Audio
| (Mest, Materal, ) | | (Sound, Volume.

Componentw » Q [ ) ® (@ |
(031> kaas) B |

Transform Velocity Health
(Position, Rotation, (Speed, Direction, (HP, MaxiP, )

<0

Movement System Audio System

Health System
(Health)

Render System
(Render)

AlSystem

(Position + Velocity) (A1)

EventBus Syetams
(s o0 o)

g Event
(e.g. Damage, Spawn, ) (React to Events)

3 ((T)) EventBus ] 5

(Publish / Subscribe)

#include "MassEntityPublicTypes.h"
#include "MassProcessor.h"

USTRUCT ()

struct FTransformFragment
GENERATED_BODY()
FTransform Transform;

public FMassFragment {

}i

UCLASS ()
class UMovementProcessor
GENERATED BODY ()

public UMassProcessor {

FMassEntityQuery MovementQuery;

virtual void Execute (
FMassEntityManager& EntityManager,
FMasskExecutionContext& Context) override {
EntityManager.ForEachEntityChunk (
MovementQuery, Context,
[] (FMassExecutionContext& Ctx) {
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:Unity DOTS £3

using Unity.Entities;
using Unity.Mathematics;

public struct Translation : IComponentData {
public float3 Value;
}

public struct Velocity : IComponentData ({
public float3 Value;
}

public class MovementSystem : SystemBase {

protected override void OnUpdate () {
float dt = Time.DeltaTime;
Entities

.WithAll<Translation, Velocity> ()
.ForEach((ref Translation t, in Velocity v) => {
t.Value += v.Value * dt;

})
.ScheduleParallel () ;

C++ ECS Library oy jogxe oleic 4 EnTT €3

#include <entt/entt.hpp>
#include <iostream>

using namespace std;

struct TransformComponent { float x, vy, z; };
struct VelocityComponent { float vx, vy, vz; };

int main () {
entt::registry registry;
auto entity = registry.create();

registry.emplace<TransformComponent>(entity, 0.f, 0.f, 0.f);
registry.emplace<VelocityComponent> (entity, 1.f, 0.f, 0.f);

float dt = 0.016f;

auto view = registry.view<TransformComponent, VelocityComponent> () ;
view.each ([dt] (auto& t, auto& v) {

t.x += v.vx * dt;

t.y += v.vy * dt;
1)

auto group =
registry.group<TransformComponent> (entt::get<VelocityComponent>) ;

return 0;
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ECS ;0 OOP cMSine o dzx

#include <iostream>
#include <string>
#include <vector>

using namespace std;

class GameObject {
public:
virtual void update (float dt) {
cout << "[GameObject] update()\n";
}
bi

class Bullet : public GameObject {
public:
void update (float dt) override {
cout << "[Bullet] YlLu ceyw Ly o5 asSy>\n";
}
}i
class Light : public GameObject {
public:
void update (float dt) override {
cout << "[Light] 45 (o) swew\n";
}
}i
class SoundEmitter : public GameObject {
public:
void update (float dt) override {
cout << "[SoundEmitter] &Suld sl aw g@gao\n";
}
}i

class LightBullet : public Bullet, public Light, public SoundEmitter {
public:
void update (float dt) override {
Bullet: :update (dt) ;
Light: :update (dt) ;

SoundEmitter: :update (dt) ;

}i

struct Vector3 { float x, y, z; };
struct Mesh { string name; };
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class GameObjectBloated ({
public:

Vector3 position;
Vector3 rotation;
Mesh* mesh;
float health;
float damage;

bool isPhysicsEnabled;
bool isRendered;

bool hasAI;

bool isNetworked;

bool isSoundEmitter;
bool isInventory;

bool isQuestGiver;

bool isInteractable;
virtual void update () {1}
virtual void render () {}
virtual void onHit () {}
virtual void onDeath () {}
virtual void onPickup() {}
virtual void onUse () {}

b

class Rock : public GameObjectBloated ({
}i
class Enemy : public GameObjectBloated {

}i

struct TransformComponent { Vector3 pos; Vector3 rot;

struct MeshComponent { string meshName; };

struct HealthComponent { float hp; float maxHp; };
struct AIComponent { string behavior; };

struct SoundComponent { string soundFile; };
struct LightComponent { float intensity; };

using EntityID = uint32 t;

b

int main () {
cout << "
cout << " OOP vs ECS — OOP Problems
cout << "
cout << "=== Problem 1: Diamond Problem ===\n";

LightBullet 1b;
lb.update (0.016f) ;

\n";
\n";
\n\n";

cout << "\nf] We had to manually specify which update () should be called!\n";
cout << " In large projects, this becomes a maintenance nightmare.\n\n";
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cout << "=== Problem 2: Bloated Base Class ===\n";

cout << "sizeof (GameObjectBloated) = " << sizeof (GameObjectBloated) << " bytes\n";
cout << "sizeof (Rock) = " << sizeof (Rock) << " bytes\n";
cout << "sizeof (Enemy) = " << sizeof (Enemy) << " bytes\n\n";

cout << "Q] A simple rock (Rock) occupies exactly the same memory\n";
cout << " as an intelligent enemy (Enemy) !\n";
cout << " With 1000 rocks in the game = " << 1000 * sizeof (Rock)

<< " bytes of wasted memory!\n\n";

cout << "=== Solution: ECS ===\n";
cout << "sizeof (EntityID) = " << sizeof (EntityID) << " bytes (just an ID)\n";
cout << "sizeof (TransformComponent) = " << sizeof (TransformComponent) << " bytes\n";

cout << "sizeof (MeshComponent) " << sizeof (MeshComponent) << " bytes\n";
cout << "sizeof (HealthComponent) " << sizeof (HealthComponent) << " bytes\n";
cout << "sizeof (AIComponent) = " << sizeof (AIComponent) << " bytes\n\n";

cout << "Q] In ECS:\n";

cout << " e A rock only has: EntityID + Transform + Mesh\n";
cout << " e An enemy only has: EntityID + Transform + Mesh + Health + AI\n";
cout << " Each Entity has exactly what it needs!\n";

cout << " e No wasted memory, no Diamond Problem, no bloated classes!\n";

return 0;

WS opl (>9y5

OOP vs ECS — OOP Problems

=== Problem 1: Diamond Problem ===
[Bullet] Yo aeyw Lo ;a5 oS >
[Light] L5 (3) swow
[SoundEmitter] Sold sl Lo gy

Qj We had to manually specify which update () should be called!
In large projects, this becomes a maintenance nightmare.

=== Problem 2: Bloated Base Class ===
sizeof (GameObjectBloated) = 56 bytes
sizeof (Rock) = 56 bytes
sizeof (Enemy) 56 bytes

Qj A simple rock (Rock) occupies exactly the same memory
as an intelligent enemy (Enemy) !
With 1000 rocks in the game = 56000 bytes of wasted memory!

=== Solution: ECS ===

sizeof (EntityID) = 4 bytes (just an ID)
sizeof (TransformComponent) = 24 bytes

sizeof (MeshComponent) = 32 bytes

sizeof (HealthComponent) = 8 bytes

sizeof (AIComponent) = 32 bytes

& 1n Ecs:

* A rock only has: EntityID + Transform + Mesh
* An enemy only has: EntityID + Transform + Mesh + Health + AI
e Each Entity has exactly what it needs!
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e No wasted memory, no Diamond Problem, no bloated classes! |

oS 13 Lw b ECS duns Lito
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O

o 2

Session Pattern (Stateful vs
Stateless)

REST Ji. (Stateless) wal Jaws Sl cudlys s Lo L (Stateful) s ls a5 cus]
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