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C++ e

public:
Logger();
RAIl g b6l

~Logger();

@MyWebUniversity-Dari 3,5 3L | aos

RAII 5 LoosiaSes ;55 aows sl .7

o

v.push_back(42);

std::mapestd: :string,

vector - map - set int> grades;

@MyWebUniversity-Dari 3,5 3L | aos

9 STL: vector. map sles L .\Y

e

M

C++ T

public:
bool set(double);
30325 9 (5jlwalguns private:
double c;
b

@MyWebUniversity-Dari 13,5 3L |) aos

525 9 Lo jluOlgy wsjlualsunS 0

o

returna > b7a:b;

lotemplate

@MyWebUniversity-Dari 13,5 3L |) aos

ogel igidals g Lstemplate .\ Y

c = auto b = std:smove(bio);
77 stizceszo
77 Wl -
17 “fsanitizesaddress
Oy CH+

@MyWebUniversity-Dari 13,5 3L |) aos

Gars slapad g bejy s o e CHE LY

C++ —

public

void deposit(double);

oSl g logells private:

double balance;
T

@MyWebUniversity-Dari 3,5 3L |) aos

C++ o

make_uniques<T>();
// 1o delete needed

Aiadign (5loSeLisl

@MyWebUniversity-Dari 3,5 3L |) aos

Nage csle So i) g alisl> N o

C++ hcsmap, v

// balanced tree
std::unordered_map

Lo> glo)lislw // hash table

@MyWebUniversity-Dari 3,5 3L |) aos

CHt o o slo il N7

C++ T

return x * x;

Y
lambda g 5gJ)9l sa(s); // 25

@MyWebUniversity-Dari 13,5 3L |) aos

klambda 4 54} 9] lagsls .Y

[
C++ T
Vec2 a, Vec2 b);
Lo,SLac dglgl

Vecz r=p + q;
std::cout << r;

@MyWebUniversity-Dari 13,5 3L |) aos

Lo Slae 33,8 398590 .4

(o .
divide(10, 0);

} catch (...) {
Lo Ll // handled

@MyWebUniversity-Dari 13,5 3L |) aos

i s ps00 g Laliias) A O

)

C++ S

“Kabul";
ints r = age;
auto x = 42;

auto - string - g0

@MyWebUniversity-Dari 33,5 3L |) aos

string .leg> jo dog g5 C++: Slula) ¥
auto 4

o

c ++ virtual double
area() const = 0;
. s->area();

N> // Circle or Rect?

@MyWebUniversity-Dari 33,5 3L |) aos

Gilre Glagli g S5y ,02 A

c ++ std::ofstream out{

"scores.txt"};
out << "Mariam 95";
1/ closes itself

o8 g loaidy

@MyWebUniversity-Dari 33,5 3L |) aos

Jb slapl,> g beais) N F

u,g‘ w).b \Y

C++

int main() {
std::cout << "Hi";
C++ay Cjl ¥

@MyWebUniversity-Dari 3,5 3L | aos

C++ 4, C ) .\

c ++ class Student
: public Person {

i double gpa;
wilyg Y

@MyWebUniversity-Dari 3,5 3L | aos

<Blg .Y

v.end());
std::find(v.begin(),
[EYSP]| v.end(), 19);

@MyWebUniversity-Dari 3,5 3L | aos

Lo oS3l 5 Loowii ) S5 A ¥
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C Ji& - d‘d\eBJ C++ PROGRAMMING - 1

template — _cs0c ( 1 ( 1 ( 1 ( ]

slag) LSst R9es e
C Jio Lo Sl o gulls Lotemplate Jioign ySe)Lil dambda

C++ — 8 L sS - MyWebUniversity.com - @MyWebUniversity-Dari



5 Uiy b S e adlal | Sl 5 La oS C++
Clagr e aS S S s,

vector Jie sslel slacs b oy o ol &b lis
e g iy ;5830 ¢ mBlg dis, £ 95 S dmaAp

18 ng ol 02 pize Co CH 558 dan Ly i
e oo 18,5 5L C )9S )5 88 sz

C++ PROGRAMMING - 1

7

C++
o cuSoul g ol «
« std::string
RAII (3iosbgn jSe;Lil «
« exceptions

... set «map «vector «

ozl + struct »
char gloayl)i «
« malloc / free
Sy gl dgs -

Soungiy UdeS 1) Cad «

-
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C++98 — 1444

C++ PROGRAMMING - 1

Cpte CHHIT: — ¥oy

CH++17 — Y-V ,

YoPW PoYo PolV Yoll 199A
C++23 C++20 C++17 Gyt CH11: C++98
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C++ PROGRAMMING - 1

sxivo (59, wlzx — >> std:icout ( ]

<iostream>

. .. [ N N ) hello.c ‘ >9)5

s Jul) std:: — namespace . . " GRS e

#include <iostream> \ y,
4

int main() { std::cout <<

stdicouts<<StHella R C il < —Nct d - endil aniio 59y iz
return 0; \ J
} ( R

std::
3135wl namespace
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g++ L JslaS

CH++ LS — g++

C++ PROGRAMMING - 1

Hbzre ) — -std=c++20 ( )
g++
o - - Ct+ yhbes
C J —-Wall -g -0 \k |
‘ [N N} terminal -
i g;;eii‘;d=c++20 -Wall -Wextra -g hello.cpp -0 hello R
Hello, C++! sb=e il
\ J
s N
-Wall -g -0
C o
\ J
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C++ PROGRAMMING - 1

getllne )‘ ;LsMLLob L$ L}QLS )_L,w L_gq L.)"L"? db_, ?nc{uge <i$s’lcream>
. include <string>
AaiS salai) Std:istring <G L

input.cpp

int main() {
std::string name;
int age;
std::cout << "Full name: "
std::getline(std::cin, name);
std::cout << "Age: "
std::cin >> age;
std::cout << "Hello, " << name << "! Next year: " << age + 1 << "\n";
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C++ PROGRAMMING - 1

P-1 9-¥ 1F-1o \V-1¥
logsli - wlwbwl Ogiw ,lg2 + Logulls STL - template - aliél> 59,2 * exception - Jul&
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bool &9 Segla),C dugﬁ.} dos C++
false. g true L =3,

lp a3 iz 5 1, esB b s ladie ()00 CH4
w02l lo o g S o K £ 40

12

C++ PROGRAMMING - 2

int count{0};

23,]3ie g lag o

init.cpp

| double price{9.99};

i bool ready{true};

‘ int a = 3.7;
int b{3.7};

// compiles: a becomes 3 (data lost) l
// error: narrowing conversion v safer
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C++ PROGRAMMING - 2

[ N N J auto.cpp
auto n = 42; // int
auto pi = 3.14159; // double

auto name = std::string{"Kabul"};

std::map<std::string, std::vector<int>> scores;
auto it = scores.begin(); // instead of a very long type

auto
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£93 ﬁl.} —int&r
S um)‘m L — s NULL /3).@

& i (g — gz e b 0ol 3

C++ PROGRAMMING - 2

s N
int&r
o000 refs.cpp 6
v 9>
| int age = 42; £9> P
int& r = age; // r is another name for age > i
FE=050% // age is now 50 (

void swap(int& x, int& y) {
intt=x; x=y;y=t;

Caows NULL 35,0
94 )l M4l

\ J
} 4 \
| swap(a, b); // no & or * at the call v )
&z b poluwys
ol (9
\ J
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const expr , const

C++ PROGRAMMING - 2

o000 const.cpp

| void print_report(const std::vector<Student>& list); // no copy, no change

] constexpr int square(int x) { return x * x; } i
| constexpr int AREA = square(12); // 144, computed by the compiler
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st ook — .size() .find()

C++ PROGRAMMING - 2

std::string

LN ] string.cpp

#include <string>

std::string city = "Kabul";

std::string msg = "Hello from " + city + "!";
if (city == "Kabul") { /* v real comparison */ }
std::size t n = msg.size(); // 17

auto pos = msg.find("from"); // 6

std::string part = msg.substr(0, 5); // "Hello"

+
35S xSy
J
~
Uie duylio
J
\
.size() .find()
9wz «Jgb
J/
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lanamespace

3550 ) B 68 e 69,8 lapls namespace
J...u‘yu.o 9 49 a3 S PEREY Y 6/..65.1}

Sy namespace std s s Julin) dlbe s ———r

L,-J wl US|ng namespace L_)'\Mﬁ-’ .U.Sw ; double average(const std::vector<int>& v);

namespace finance {
double average(const std::vector<double>& v);

C++ PROGRAMMING - 2

[ X X namespaces. cpp

}

school: :average(grades); // no collision

using std::cout; // OK: one name

using namespace std; // x avoid in headers
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CONSt g 4o 51 (8 Ogu polic Huils> (sl p

|

83920 gl s fOr aal>

C++ PROGRAMMING - 2

o000 range for.cpp

std::vector<int> scores{90, 85, 77};

for (const auto& s : scores) { // read, no copies |
std::cout << s << " ";
}
for (auto& s : scores) { // change in place
‘ S += 5; ]
}
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C+);.;)‘;¢a)9fbU&ﬁbuﬁa@&aufa‘c);
PR RS ﬁLSu_Sg L0l g5 oo EgtiAigy ot

C++ PROGRAMMING - 3

&S Uﬁl&bdt@}g)y 59 )‘ ‘) L.\AM)\) ;.5-“;.’ ).l’.ILéAS eee overload.cpp
.. ) . L " . int area(int side) { return side * side; }
- 5 Lkg9“J*"¢*SL50 = ‘ S | int area(int w, int h) { return w * h; }

double area(double radius) { return 3.14159 * radius * radius; }

area(4); // 16 - square
| area(3, 5); // 15 - rectangle
area(2.0); // 12.566 - circle
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C++ PROGRAMMING - 3

L N defaults.cpp

void greet(const std::string& name, const std::string& greeting = "Hello") {
std::cout << greeting << ", " << name << "!\n";

}

greet("Mariam"); // Hello, Mariam!

greet("Ahmad", "Salaam"); // Salaam, Ahmad!
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C++ PROGRAMMING - 3

Locaas puis 100008 o coSaal b auls 33 5 sobly
) Pl QL & 9
g b Ko Ll . i in CONSE e
= SA )S°) S &R Gl gl 218 1SS Gloylais ipt x
Gdlgs hid S gloessul const std::string& s
A0 paszi |y ol G std::vector<int>& v
nullptr L «g)Lasl Node* p
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Sl s s (SasS Bz Ky 93 S Iae
w1y Llge lbes (Sa S s sl

Olasgs 1) Ol (s5leaing plon ()00 lo LolasS
e i INNINE dalS 55 0] .5 08 o paoal

inline Glegsls

C++ PROGRAMMING - 3

#pragma once

math utils.h

e . : ; : ; l
| inline int clamp(int v, int lo, int hi) {
return v < lo ? lo : (v >hi ? hi : v);

}

| // safer than the C macro: real types, arguments evaluated once
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o sle piie — Capture]]
la 39,9 — params))

'S — { body }

C++ PROGRAMMING - 3

lambda lacs e

LN lambda. cpp
auto square = [1(int x) { return x * x; };
square(5); /{825

int bonus = 5;
auto add bonus = [bonus](int s) { return s + bonus;

std::vector<int> v{42, 7, 19, 3};
std::sort(v.begin(), v.end(),

[1(int a, int b) { return a > b; }); // 42 19 7 3

e ~

[capture]

P9 Sdsusio

. J
-

(params)

ko599

|\ J
“ “\

{body }

)5S

| J/
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C++ PROGRAMMING - 3

&z b g slaie b (8 S

int count = 0;

auto by value
auto by ref

capture.cpp

[count] () { return count + 1; }; // copy
[&count] () { count++; }; // original

by ref(); by ref();
std::cout << count; L/ 2
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. b

C++ PROGRAMMING - 4

N accl : BankAccount

BankAccount

- owner: string

- balance: double

+ deposit(amount)

+ withdraw(amount)
+ get balance()

/ owner = "Mariam"
balance = 500

acc2 : BankAccount

owner = "Ahmad"
balance = 1200

Szl iz (pullS Sy
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C++ PROGRAMMING - 4

[ X X account.cpp

class BankAccount {
public:
void deposit(double amount) {
if (amount > 0) balance += amount;

}
double get balance() const { return balance; }

private:
std::string owner;
double balance = 0.0;
I // « semicolon!

e ~
ac (glopuisi
Lus
\ J/
-
gac glogili
S
. J
e D
public / private
S oslatiwl 4zl pwsS ax
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C++ PROGRAMMING - 4

[ N N ] main.cpp
U9 )" (o Fe> gas L_gq do (93 Shwd LE‘)? u.uy..’ Bankgccoupt(ggg;
L . - N . LeS ol | acc.deposit 2 |
‘) 5 LSL\’IQ UMJS ) “J" S | acc.deposit(-90); // ignored by the class rule |
.\.\Su.e ‘ std::cout << acc.get balance(); // 500 i
acc.balance = -1000; // x error: 'balance' is private
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e xSm] 3B g (i sslis) Struct ;)

C++ PROGRAMMING - 4

struct olp o WMdS

- 2
class
class Account {
double balance; // private
public: void deposit(double);
b

oxels b s .

struct
struct Point {
double x, y; // public
b

o3el8 gy o5lw (gliud «
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const Glasgie ¢ this S Lzl

C++ PROGRAMMING - 4

L N this.cpp

class Counter {
public:
Counter& add(int n) { this->value += n; return *this; }
int get() const { return value; } // const: read only
private:
int value = 0;

b

| Counter c;

c.add(2).add(3); // chaining via *this
std::cout << c.get(); //5
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Zave g yae slauls

C++ PROGRAMMING - 4

[N N account.hpp - account.cpp

// account.hpp
#pragma once
class BankAccount {
public:
void deposit(double amount);
private:
double balance = 0.0;

i

// account.cpp

#include "account.hpp"

void BankAccount::deposit(double amount) {
if (amount > 0) balance += amount;

I
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sl — ilwdd S
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C++ PROGRAMMING - 5

O lg>

[ N\ (7 N
[ )hudgamsv A =
japol ool
v . J
N
<l )9 LJ’LZ")J“":
Vuu A g
J (. J/
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C++ PROGRAMMING - 5

s jlalgunS

Temperature

- celsius: double
+ set celsius(c)

+ get celsius()

+ get fahrenheit()

A>lg Sy 55 (iS50 83liwl Gl jl aS Il g o>
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C++ PROGRAMMING - 5

temperature.cpp

class Temperature {

bool set celsius(double c) {
if (c < -273.15) return false;

return true;

double get celsius() const

double celsius = 0.0;

private U Lo ;Luoles

' N
- > "
woga gliud
Paiiiuo Gwyiand U9
\_ Y,
// the rule ( .
W) M |) s.cle l.m,;et
S0
{ return celsius; } Hiza Aiiad
double get fahrenheit() const { return celsius * 9 / 5 + 32; } \ ~
i N
// hidden Z
A const by yus
wYilgs hid
g J
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C++ PROGRAMMING - 5

protected 4 public. private

4 4
X v
X X

Ct — JolS )5S -

e i
v public
v protected
7 private
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24

3y

push_back .cw.) Jle Jle S std::vector
O35S 9500 M99 42 55,8 g aiSe Iio 1, SiZE

' ) { N\
unl plgiy azl Signon adl
58550 SW gyj) ¢ v.push_back(42);
polic JWnl b 1S V.size();
0938 SW (53,8 Slji « v[o];
by g o3l (s Sy + o3kw byl »
J \ J/

ARRA
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| |
Y

a2 slall,

C++ PROGRAMMING - 5

storage.hpp
class Storage {
public:

virtual ~Storage() = default;

virtual void save(const std::string& key, const std::string& value) = 0; i
virtual std::string load(const std::string& key) = 0;

// an interface

class FileStorage : public Storage { /* saves to files */ 1
class CloudStorage : public Storage { /* saves to a server */ };
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23 luie et — {member{value :

C++ PROGRAMMING - 6

LN ] student.cpp

class Student {

7 public:

Student(std::string name, int id)
: name {std::move(name)}, id {id} {}

Student() : Student{"unknown", 0} {}
private:

std::string name_;

int id_;

)i

Student s{"Mariam", 1001};

// initializer list

// delegating constructor

PYXVRI

L
oS oL gl
Gy £95 09N
J/
: member{value}
D)l dbo Cuud
J
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QQ)S Q‘)~ ‘LQL}.‘I@ O&M—j :QM“ (_SjtngL: QT )LS .:. y ; lifetime.cpp
T class Logger
i a el e Jas (g S 5L cakisl> b

Logger() { std::cout << "start\n"; }

C++ PROGRAMMING - 6

~Logger() { std::cout << "end\n"; } // destructor
b
void work() {

Logger log; // prints: start

/R
} // prints: end (automatic!)
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9 b el > (std:istring. vector
bl.cad,gl.ég cda.éb)}‘o (Ao Jouds 9 L;La)go)b’s\

C++ PROGRAMMING - 6

Ve

sss) (1 S5ege RAIL:

C++: RAIl v
std::ifstream f{path};
if (error) return; // closed!

} // destructor closes it

s gL C
FILE *f = fopen(path, "r");
if (error) return; // x leak

fclose(f);
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C++ PROGRAMMING - 6

P - ‘ . LN ] copy.cpp
L’JK ‘LfveCtor 5 um) J.M 2 ‘ Lf‘)’ Student a{"Mariam", 1};
Lo.w U“% )S‘ Le‘ .\..\guo ‘) ;’m).b )LS uo).eu....u Student b = a; ) // copy constructor
Student c{"Ahmad", 2};
Sk i c=a: // copy assignment '
| |
‘ class Buffer { // X dangerous l

int* data = new int[100];
~Buffer() { delete[] data; }
123 // default copy - double delete!
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C++ PROGRAMMING - 6

= S+ Sl + susSy 5 — s aucl
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C++ PROGRAMMING - 6

JEL) pgpae

g0 Sl Sy as S0 w8 e std:move
L. ~ .l LT R . std::vector<int> a
U..LJ‘J)S).} s JLO.M‘ U‘ )‘ U‘}Ju«e B cJ-g)‘-L’ l std::vector<int> b

move.cpp

std::vector<int> big(10'000'000, 1);

big; // copy: 10 million ints ‘
std::move(big); // move: just pointers ’
// big is now empty »

‘ std::vector<int> make data() { l
std::vector<int> v(1000);

return v;

// moved, not copied

a7

C++ — 8 L sS - MyWebUniversity.com - @MyWebUniversity-Dari



MyWebUniversity jl o&al) ow)9S o

C++ (ugidoliy

\'4 L).UJJ

L“Aﬁl)g

Lo yuMS LiniuwS g 6)Lg d5Llatwl

g++

-std=c++20



. . Vi wer o . -
dAJﬁS (S0 LJu:LS‘d:; ‘g L)»:LS‘Lf;g a g_JJ‘)9

gﬁli L)~:LS L:;g‘)“)‘}ééf dod DS 0 OJL?J (gH (0

Aﬁ‘é ] USuLs k_il.u? &54 u_gq )‘.u‘u.u u_1L..>

49

A8 salasn) «) £ 93 S alal ) () p el g )

« ;) ¢ g3 Su» alayl,

C++ PROGRAMMING - 7

Person

# name: string
+ introduce()

s \\
Student Teacher
- gpa: double - subject: string
+ study() + teach()

Cawl Hluil S5 plo * cawl Glusl Sy 3)SL
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C++ PROGRAMMING - 7

[ N N} person.cpp

class Person {
public:

Person(std::string n) : name{std::move(n)} {}

void introduce() const { std::cout << "I am " << name << "\n"; }
protected:

std::string name;

1

class Student : public Person {
public:
Student(std::string n, double g) : Person{std::move(n)}, gpa{g} {}
void study() const { std::cout << name << " is studying\n"; }
private:
double gpa;
};
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C++ PROGRAMMING - 7

| Student s{"Mariam", 3.9};

PO 24

Gie slacSou] ) ealail

main.cpp

s.introduce(); // inherited from Person: I am Mariam
s.studyi(); // added by Student: Mariam is studying

// construction: Person - Student
// destruction: ~Student - ~Person
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C++ PROGRAMMING - 7

S8, jaaas

class Person {

public:
virtual void introduce() const { std::cout <<
virtual ~Person() = default;

protected:
std::string name;

b
class Teacher : public Person {
public:
void introduce() const override {
std::cout << "I teach " << subject << "\n";
}
private:
std::string subject;
};

"y

override.cpp

am "

<< name << "\n"; }
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C++ PROGRAMMING - 7

7a

N (F S
MECULEREY il 95 S2 1y

class Car { class Circle : public Shape

Engine engine; Cuwl JSUi SO ol ¢

std::vector<Wheel> wheels;
};

31> =l yigo o
Y | IS J
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C++ PROGRAMMING - 7

o000 multiple.cpp

class Printable { public: virtual void print() const

= 0; virtual ~Printable() = default; };
| class Saveable { public: virtual void save() const = 0; virtual ~Saveable() = default; };
class Report : public Document, public Printable, public Saveable {
void print() const override { /* ... */ }
void save() const override { /* ... */ }

e
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355 M kSJ JSM UJM} u&m_’w}")w C++ PROGRAMMING - 8
. e o \ - I
RO )lS ol dl.‘au..JS dl&tu&?q‘ L' .\J‘yuo g
. Shape
o by ey
(abstract)
7 o y + area() = 0
9 ‘5)“5t.>‘° dSq LQ’L)S"“ )‘ ;m.\j k_gq ) fa‘/SBJ‘J k_g“’ + draw() = 0
. Y/
e 1S e o ) o) S e 55, LEobe o / \
( Circle ] f Rectangle
- -w, h
+ area() + area()
+ draw() + draw()
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C++ PROGRAMMING - 8

[ N N} shapes.cpp

class Shape {

public:
virtual double area() const = 0;
virtual ~Shape() = default;

// pure virtual

I
class Circle : public Shape {
double r;
public:
explicit Circle(double r) : r{r} {}
double area() const override { return 3.14159 * r * r; }
IiF
class Rect : public Shape {
double w, h;
public:
Rect(double w, double h) : w{w}, h{h} {}
double area() const override { return w * h; }
H

Silxe slagsls
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C++ PROGRAMMING - 8

e phS s .
L N N J main.cpp
. . . . . 3 sl std::vector<std::unique_ptr<Shape>> shapes;
] L}gw‘ (“‘-‘S ) oo u*’-“)’ 9 '\"bu"“’ shapes.push back(std::make unique<Circle>(1.0));
P ¢§l>-tjg\9 :¢§l§ asls) lie L)~3L§ ;S;g\a)é shapes.push back(std::make unique<Rect>(2.0, 3.0));

for (const auto& s : shapes) {

std::cout << s->area() << "\n"; // 3.14159, then 6
}
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C++ PROGRAMMING - 8

o000 abstract.cpp
u*‘%ﬂ e )3)3)‘)9 k_{_, (5 =0 u*‘% ' Shape s; // ¥ error: Shape is abstract
(oS o;l.‘g,l ‘)ua.]b szl;;:,o LSL‘“Z:‘U dos Ll peie Ciltclenc{ 27035 // v Circle implements area()
Shape& ref = c; // v base reference to a derived object
ref.area(); // calls Circle::area()

Ao¥
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area — Circle::area — s .15 vtable

Gilre Jgaz 1S e LIS jolaz

C++ PROGRAMMING - 8

~

U3)S lvo o115 vtable CSoul

o> 26 area — Circle::area wlew vptr

©ilxo 0355 130 s (gl )S0)Lil Geiumm Sy
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C++ PROGRAMMING - 8

vdtor.cpp
class Shape {
| public:
virtual ~Shape() = default; // v required for polymorphism
};

| Shape* p = new Circle{1.0};

delete p; // runs ~Circle, then ~Shape
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C++ PROGRAMMING - 8
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Lo Sloc o S9iz0 4id)S aaoudli | pEis
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C++ PROGRAMMING - 9

CousS o9l 1 o Sac | 2

7a

MU

Vec2 ¢ = a + b;
if (a==b) {}

stidicoUt<<¥C:

S9)9l Y9
Vec2 c = add(a, b);
if (equals(a, b)) { }

print(c);
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C++ PROGRAMMING - 9

[ N ] vec2.cpp

Z
d_.’ ‘) LEBLM &o“? d'g ;A.w‘ U‘.‘“ @‘) Lfﬁ'g'” LS\..E struct Vec2 {
T double x = 0, y = 0;
LA .o - S; d:; o . ts o o
‘ L_>‘° ‘) "‘ - }'U &J U‘ Vec2& operator+=(const Vec2& o) {
X += 0.X; Yy += 0.Y;
. 9 return *this;
}
b

| Vec2 operator+(Vec2 a, const Vec2& b) { return a += b; }

Vec2 p{1, 2}, q{3, 4};
Vec2 r =p + q; // {4, 6}
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C++ PROGRAMMING - 9

L N compare.cpp

struct Version {
int major, minor, patch;
auto operator<=>(const Version&) const = default;

1+

Version a{l, 4, 2}, b{l, 10, 0};
a< b; // true
a=="b; // false
a >= b; // false

// C++20
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C++ PROGRAMMING - 9

L N print.cpp

class Money {

&}b‘ T o ‘3 - . 3 ‘ “L’)‘g‘ public:
QU 6o loi D jg po (o gam (5 S explicit Money(long cents) : cents{cents} {}
.S‘ . \( 1 \ [ friend std::ostream& operator<<(std::ostream& os, const Money& m) {
s L) ‘ frlEBr](j L)“‘lf; return os << m.cents / 100 << "." << std::setw(2) << std::setfill('0') << m.cents % 100;
}
private:
long cents;
& ‘
std::cout << "Total: " << Money{12345} << "\n"; // Total: 123.45
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C++ PROGRAMMING - 9

(X X ) operators.cpp

class Grid {
public:

int& operator()(int r, int c¢) { return cells[r * cols + cl; }

private:
int cols = 10;
std::vector<int> cells = std::vector<int>(100);

+i

struct Multiplier {
dinENkc:
int operator()(int x) const { return x * k; }
b
Multiplier times3{3};
times3(7); // 21
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delete 4 new

delete , new . |,free ; C++ malloc

C++ PROGRAMMING - 10

Ny
o000 raw.cpp
= 2 . 1 Student* s = new Student{"Mariam", 1}; // constructor runs
83l Sl L’ delete 9 3t L’ new )‘ L‘M"’U delete s; // destructor runs

w |, C JSae 40 als delete g new L .uuS o

int* a = new int[100];
delete[] a; // [1 for arrays

// x same old dangers: forget delete - leak,
// delete twice - crash, use after delete - bug
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C++ PROGRAMMING - 10

std::unique_ptr

LN ] unique.cpp

#include <memory>

{

auto s = std::make unique<Student>("Mariam", 1);
s->study();
auto t = s; // ¥ error: cannot copy
auto u = std::move(s); // v ownership moves to u
// u goes away - Student deleted ~

s 2
Sllo Sy
Sguu 0 delete )IS595
X J
-

make_unique

sl
|\ J
4 ™
Jussl g
w25 eV
| J/
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C++ PROGRAMMING - 10

‘) U‘ LSQ}.’U )"2‘.5 *’Sw 3L3) ‘) u*)LM’ LS"LSJ"Z‘ "; . 7 . (Tared'cpp " 7, = "
delete ;&J ot )M ol PS auto img = std::make shared<Image>("map.png"); count =
= ) . P (P o {
| auto viewer = img; // count = 2 |
auto editor = img; // count = 3
} [/ count = 1
| std::cout << img.use count(); Wyl L |
img.reset(); // count = 0 - deleted
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74

}

leas> > 4 Std::weak_ptr

C++ PROGRAMMING - 10

struct Node {

std::vector<std::shared ptr<Node>> children; // owns children
std::weak ptr<Node> parent;

weak.cpp

// observes parent |

1hE

if (auto p = node->parent.lock()) { // still alive?
p->visit(); |
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C++ PROGRAMMING - 10

T eaS salaiu) 8o Lzl plas ;)

oS oLl
o)Ll gy iy sy T / std::vector<T>
(UBaUi) S Sy std::unique ptr<T>

Siiine sl lo std::shared ptr<T>

a5z Sl (Syiddne Syl 8l std::weak ptr<T>
CuSllo 9y pupiand Lgil T* / T&
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C++ PROGRAMMING - 10

Oy C++
std::vector<int> a(n);
auto p = std::make unique<Big>();
// nothing to free

// destructors clean up

C
int *a = malloc(n * sizeof *a);
if (!a) return -1;
/* every path must free(a) */

free(a);
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ML’ J‘m 93 )-“S/J)J UQ)S L\'M d‘)’ L—”UL‘ ‘C )J C++ PROGRAMMING - 11
. g «double 4,6 Lgs dnt ol L

e Saln7 N
L))Lg \_§q ‘) 335 J-“Sw & ‘) U—“ Lz,template v template L template (9
B LS‘).’ ).lJL\.oS P ;M}’L,o L)-'\“‘-’t? 65" k_gq template <typename T> int max_int(int a, int b);
T max of (T a, T b); double max double(double a, double b);
E99 p a2 Sy string max str(string a, string b);
EP Dl 2t
\ IR\ y

IAFER
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C++ PROGRAMMING - 11

o000 max.cpp
5 1. g T e template <typename T>
L‘Aul‘}s)‘ )‘ ‘)T )'LL‘”S ‘*:.\*Su* o ‘) U‘ 29 T max_of(const T& a, const T& b) { |
—T .stwu& ‘)w’ Pa FEIW ) g L0 i | ) return (a > b) 7 a : b;
max_of(3, 7); // T = int - 7
| max_of(2.5, 1.5); // T = double - 2.5 |

max of(std::string{"Kabul"}, std::string{"Herat"}); // "Kabul"

\\.eY
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IS slotemplate

C++ PROGRAMMING - 11

L N stack.hpp

template <typename T>
class Stack {
public:
void push(const T& item) { items.push back(item); }
T pop() { T top = items.back(); items.pop back(); return top; }
bool empty() const { return items.empty(); }
private:
std::vector<T> items;

bt
Stack<int> numbers; numbers.push(42);
Stack<std::string> words; words.push("salaam");
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C++ PROGRAMMING - 11

S slesie s aS 5 S aslsl | Lstsﬁj.@.é.o C++20 - ESRESHECEETR

= #include <concepts>
7z
&3—’ “—g"’ )‘S‘ J"\'\gw ULU ‘) template template <std::totally ordered T>
| T max of(const T& a, const T& b) { return (a > b) ? a : b; }

template <typename T>
concept Shape = requires(const T& s) { { s.area() } -> std::convertible to<double>; };

| double total area(const Shape auto& a, const Shape auto& b) {
return a.area() + b.area();

}

\\.of

81 C++ — JolS w58 - MyWebUniversity.com - @MyWebUniversity-Dari



WS e Sw) e e o Letemplate

b}w o L}«els 355 - LQ)'\% > C++ PROGRAMMING - 11

s g0 &l JilheS By o — | ) dig e g

pes Va S PRSI T e e 4 ™\ 4 ~ ' ~\
lo)a 5> Ll digso w9y e
g 03u5 JolS 395 390 dislw JubwsS edg 55 FS)i B ¢l islw
L SEEN, T\ J

V1.4

82 C++ — 8 L sS - MyWebUniversity.com - @MyWebUniversity-Dari



MyWebUniversity jl o&al) ow)9S o

CHt angiaoly

g map (STL: vector glow,b
* 0’0“0

o g Siuw cdCgoxo (MAP (gaswdi> gdasl)l «array «vector

++

g++ -std=c++20




84

Y, . ¢ T
390 S a3 — Ly 4l

Ui les asls) — push_back - size

Jre s b — at())

\v..

C++ PROGRAMMING - 12

std::vector

o000 vector.cpp

#include <vector>

std::vector<int> scores{90, 85};

scores.push back(77); // {90, 85, 77}
scores.size(); /3

scores[0]; // 90 (no check)
scores.at(10); // throws std::out of range v

for (int s : scores) std::cout << s << ' ';

’

“
Lgs &7
940 S)p 9S>
J
~N
push_back - size
Uiylosis «adlal
J
R
.at(i)
jro wyp b
J
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C++ PROGRAMMING - 12

[ X X grids.cpp
plze | 2| g s lgis alejlas) oS gleSs (sl FincllaaNTarays
‘L“S oam"“‘ L‘bveCtor )‘ LEJ}*SB )‘ ‘Q"“‘ ; std::array<int, 5> a{l, 2, 3, 4, 5}; // fixed size, a.size() ==

std::array<std::array<int, 3>, 3> board{}; // 3x3, e.g. tic-tac-toe

int rows = 4, cols = 6;
std::vector<std::vector<double>> grid(rows, std::vector<double>(cols, 0.0));
grid 2131 R=F1%5;

std::vector<double> flat(rows * cols); // fast: one block
flat[2 * cols + 3] = 1.5;

\Y..¥
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86

unordered_map 4 std::map

C++ PROGRAMMING - 12

[N N ] map.cpp

#include <map>
#include <unordered map>

std::map<std::string, int> grades;

grades["Mariam"] = 95;

grades["Ahmad"] = 88;

for (const auto& [name, g] : grades) // sorted by name

‘ std::cout << name << ": " << g << "\n"; l

std::unordered map<std::string, int> word count; // hash table
word _count["salaam"]++;

if (word count.contains("kabul")) { } // C++20
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— ) X X more.cpp
(AR (T U*‘-}B‘ 5°9.9 L}-‘)}‘ (W S S std::set<int> ids{3, 1, 3, 2}; // {1, 2, 3}
L‘Uﬁjﬁ‘ o g ‘L;ﬁ? L}'Jﬁ‘ 5299 U"JB‘ Lo std::stack<int> s; s.push(1); s.push(2);
s.top(); // 2 (last in, first out)

| std::queue<std::string> q; }
‘ g.push("first"); q.push("second"); l
| q.front(); /R atilEs e

std::priority queue<int> pq; pq.push(5); pqg.push(9); pq.push(2);
pq.top(); /79

\Y.-¥

87 C++ — JolS w58 - MyWebUniversity.com - @MyWebUniversity-Dari



L.)")"&’)M u)ts M (.5‘)" ‘.\.&:\S &9)'“ VeCtor L‘ C++ PROGRAMMING - 12
el @ HBS alasl> s ) polie (yg el

©lp v Sk

sslai.) deque ) wiS o aslal ju 9o o 5 (3
Qg (& 12y vector
e Lg o plis a8 g g a5 g aniS SR

JoleoS g y> b 851l array
S U jlado goximus map / unordered map
iy iy p LSy L)l set / unordered set
93 i ;> Wis/adlal deque

Jol 0258, - FIFO - LIFOstack -+ queue -+ priority queue
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C++ PROGRAMMING - 13

o000 main.cpp
std::vector<int> v{4, 8, 15, 16};
for (auto it = v.begin(); it != v.end(); ++it) std::cout << *it;

Gl paie 3,37 51 A= Sy end()
begin() end()

e Jle Jles e JU -
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C++ PROGRAMMING - 13

algorithms.cpp

#include <algorithm>

std:

| std:

siticlis

:vector<int> v{42, 7, 19, 3};
:sort(v.begin(), v.end()); // 37 19 42
:sort(v.begin(), v.end(), std::greater<>()); // 42 19 7 3 ’

| auto it = std::find(v.begin(), v.end(), 19);
if (it != v.end()) std::cout << "found";
auto big = std::find if(v.begin(), v.end(), []1(int x) { return x > 10; });
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C++ PROGRAMMING - 13

#include <numeric>

JoaS g za> (i lo

numeric.cpp

std::vector<int> scores{90, 55, 77, 64, 98};
auto passed = std::count if(scores.begin(), scores.end(),

[1(int s) { return s >= 60; }); // 4

int total = std::accumulate(scores.begin(), scores.end(), 0); // 384

std::vector<int> curved(scores.size());
std::transform(scores.begin(), scores.end(), curved.begin(),

[1(int s) { return std::min(s + 5, 100); });
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C++ PROGRAMMING - 13

L N ranges.cpp

#include <ranges>

std::ranges::sort(scores); // no begin/end

auto result = scores
| std::views::filter([](int s) { return s >= 60; })
| std::views::transform([](int s) { return s + 5; });

for (int s : result) std::cout << s << ' ';

’
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C++ PROGRAMMING - 14

string s L o Aa

L2 4

strings.cpp

std::string email = "wahid@mywebuniversity.com";

auto at = email.find('@');

// 5

std::string user = email.substr(0, at); // "wahid"

i bool edu = email.ends with(".com"); // true (C++20) i

‘ int n = std::stoi("2026");

// text - int l

| std::string s = std::to string(3.5); // "3.5600000"

void greet(std::string view name); // no copy
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ofstream L Lils g

C++ PROGRAMMING - 14

L N write.cpp

#include <fstream>

{
‘ std::ofstream out{"scores.txt"};
l if (lout) { ’
std::cerr << "cannot open file\n";
‘ return 1; l
}
out << "Mariam " << 95 << "\n";
out << "Ahmad " << 88 << "\n";
} // closed automatically (RAII)
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ifstream L Ll jaslg

C++ PROGRAMMING - 14

[ N J read.cpp

std::ifstream in{"scores.txt"};

std::string name;

int score;

while (in >> name >> score) { // word, then number
std::cout << name << ": " << score << "\n";

}

std::ifstream text{"notes.txt"};
stdifsitringMltiine::
while (std::getline(text, line)) { /* one line at a time */ }
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C++ PROGRAMMING - 14

[ X X csv.cpp

#include <sstream>

sitidi=
sitidiz
std:
siticlis
Sitdlls

std:

msg
std

:istringstream row{"Herat,2026,95.5"};
:string city, year, score;
:getline(row, city, ',');
:getline(row, year, ',');
:getline(row, score, ',');

:ostringstream msg;
<< city << " scored " << score;
1:string text = msg.str(); // "Herat scored 95.5"
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C++ PROGRAMMING - 14

Jie ¢S 58 eilal |, C++20 std::format Ty
e 0alasi] sz)}s u“jﬁ dLQLNst )) Python #include <iomanip>

#include <format>

std::cout << std::setw(10) << "Mariam" << std::fixed << std::setprecision(2) << 95.456;
// Mariam95.46

std::string s = std::format("{:<10}{:>6.2f}", "Ahmad", 88.5); // C++20
std::println("Total: {}", 384); [/ C++23

\f.+0
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C++ PROGRAMMING - 15

Uﬁ>5 ﬁ-\.:\.:\sw u:}}o‘)g ‘)w))_.’ L:)l"“rfj-”d“b)'.' LN ] c errors.c
~ely > ¢ 1S ‘ ) | FILE *f = fopen("data.txt", "r");
PPN A O SIS E S COI SIS if (f == NULL) { return -1; } // check

char *buf = malloc(1000);
if (buf == NULL) { fclose(f); return -1; } // check + clean up
if (fread(buf, 1, 1000, f) == 0) {
free(buf); fclose(f); return -1; // check + clean up again
}

/* ... the real work is buried in checks ... */

V0. ¢\
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catch 4 try. throw

C++ PROGRAMMING - 15

L N exceptions.cpp

double divide(double a, double b) {
1 (bi==10)
throw std::invalid argument("division by zero");
return a / b;
}

try {
std::cout << divide(10, 0);

} catch (const std::invalid argument& e) {
std::cerr << "Error: " << e.what() << "\n";

}
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s 8 s Zo ) 5 s lae o ol 90 Wliy Wiy az S

o8y b aipes 5 g paSa |, 538 Glag s Js
y g z 2 : Ol el T

AL R b a3l Gudil b wl vector std::out of range
398 s pSslr 2 5 (S 51 B ag pSe s

Cuwydl (6399 L stoi std::invalid argument

S 500 [y aladl> new std::bad alloc

h2l pis Logos slolas std::runtime _error

33550 |y aand sl HulS std: :exception
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C++ PROGRAMMING - 15

[ N N ] bank.cpp
L, 3‘,‘,5 3 L, \‘,’;"; ,‘ )§ CLS ‘ LQ L, class InsufficientFunds : public std::runtime error {
: PR )Jb )= &J public:

)-lJL\AS a 0.\99 k._gq U"‘ J.,u)_s mﬂ; noexcept InsufficientFunds ()

: std::runtime error("not enough money") {}
b

void withdraw(double amount) {

if (amount > balance) throw InsufficientFunds{};
balance -= amount;

}

double get balance() const noexcept { return balance; }

\0.+¥
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C++ PROGRAMMING - 15

H 2 void process() {
. lJr]I(]lJEE——F)tr 3 \/EEC:t()r‘ EStrIr]QJ‘ fs;tr6361rT] std::ifstream f{"data.txt"}; // closes itself
std: :vector<char> buf(1000); // frees itself

auto p = std::make unique<Parser>(); // deletes itself

if (!f) throw std::runtime_error("cannot open");
// ... real work, no clean-up code ...
} // error or not: everything is released

\FAFEYA'
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C++ PROGRAMMING - 16

o000 list.cpp

template <typename T>
class LinkedList {
struct Node {
T data;
std::unique ptr<Node> next;
+i
std::unique ptr<Node> head;
public:
void push front(T value) {
head = std::make_unique<Node>(
Node{value, std::move(head)});
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C++ PROGRAMMING - 16

struct TreeNode {
int value;
std::unique ptr<TreeNode> left, right;

[ i
bool contains(const TreeNode* n, int x) {
while (n) {
if (x == n->value) return true;
n = (x < n->value) ? n->left.get()
: n->right.get();
}

return false;

29990 gRlu LS p

bst.cpp

// go left
// go right
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C++ PROGRAMMING - 16

(XX} main.cpp
std::unordered map<std::string, int> phone;
phone["Mariam"] = 5551; // hash("Mariam") - slot 2
int n = phone["Mariam"]; // jump to slot 2

S o Wl padiawe |) ails AS Gl
0 1 2 3 4

S
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0(1)

0(n)

yw hio

adlsl
»31,50(1)
0(1)
0(log n)
0(1)

0(1)
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vector

list
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u_'ls ‘J)-»é-'\-g Pas kj/))—’ VECtOr “S" U‘b)s L.f'ts C++ PROGRAMMING - 17
e 8] S CHHD ) ) aiua] a8 35S o
o Lw B ELN L’p‘ L".F)LS M}Sw Std"mgve std::vector<int> big(1'080'000, 7);

std::vector<int> a big;
i std::vector<int> b std: :move(big);

‘ std::vector<int> make data() {
std::vector<int> v(1'000'000);
return v;

7
/i
7

7

Sal> pogie

move.cpp

copy: 1 million elements
move: just hand over the pointer
big is now empty

moved or elided, never copied

\ V..
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C++ PROGRAMMING - 17

alal ), b Js5le ¢ bz, (C++20 concepts
/ Ljﬁ‘) ? Z: = r) std::map<std::string, int> ages{{"Mariam", 21}, {"Ahmad", 25}};
e 9 G.L\MJ}.U 335 LQU.J‘ Ls ‘L'\SL>‘° for (const auto& [name, age] : ages) // structured binding

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

std::optional<int> find age(const std::string& n) {
auto it = ages.find(n);
if (it == ages.end()) return std::nullopt; // maybe no value
return it->second;

}

constexpr int square(int x) { return x * x; } // compile time

\V..Y
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sac gl — account.cpp ( i
account.h
. o0 0 terminal IS walal
BS e sslitu) WIS 51 — main.cpp # CMakeLists. txt v
4 n 5 \_ J
cmake minimum required(VERSION 3.20)
project(bank CXX) ( B
set (CMAKE_CXX STANDARD 20) account.cpp
add executable(bank main.cpp account.cpp) g glogll
|\ J
$ cmake -S . -B build - -
$ cmake --build build .
main.cpp

A.isbp s5aiwl U.nns j|
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Ll oledl — g , ~

-Wall -Wextra
Ll s £ — -fsanitize ) e
* \ J/
$ g++ -std=c++20 -Wall -Wextra -g -o bank *.cpp
$ g++ -std=c++20 -02 -0 bank *.cpp # release (
$ g++ -std=c++20 -g -fsanitize=address -o bank *.cpp -g
$ ./bank Slus wleMbl
==4211==ERROR: AddressSanitizer: heap-use-after-free L )
#0 main.cpp:27 - N
J -fsanitize
S (i8S
. J
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Bjarne Stroustrup, The C++ Programming Language, 4th ed., and A Tour of C++, 3rd ed.
ISO/IEC 14882 — the C++ standard (C++20, C++23)

cppreference.com — C++ language and library reference

C++ Core Guidelines — isocpp.github.io/CppCoreGuidelines

MyWebUniversity — free C++ and Linux courses
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