Programovacie techniky

12. template class, concepts, constexpr, C++
pretypovanie, chytré smerniky,
emplace/emplace back, C++20 range, zaver



template class

#include <vector>

template <typename T>
class Token {
private:
std::vector<T>v;
public:
void addltem(const T& item) {
v.push_back(item);
}
I3

Int main() {
Token<int> t0;
t0.addltem(3),

return O;

}



dedenie

#include <vector>

template <typename T> Int main() {
glr?\?;t;oken { TokenD<int> t0;

std::vector<T> v; t0.addltem(3);
public:

void addIitem(const T& item) {
v.push_back(item);
) ]
¥

template <typename T>
class TokenD : public Token<T> {};

return O;



C++20 concepts

#include <vector>

template <typename T> int main() {

concept Integral = std::integral<T>: .
P J J Token<int> tO:;

template <typename T> Token<double> t1:
requires Integral<T>

class Token { /ferror
private:
std::vector<T> v; :
oublic: return O;
void addltem(const T& item) { }
v.push_back(item);
}
3

Typ T musi byt “integralny” = typ pre celé Cislo



C++20 concepts

#include <iostream>

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

¥

template<Addable T> concept = ako obmedzit

T add(T a, T b) { vstupny typ v template
return a + b: triede tak, aby mal urCite

] vlastnosti. Napr. aby mal

definovany operator +,

int main() { pricom yréteny typ jg
std::cout << add(2, 3); rovnaky ako vstupné typy.
return O;

}



constexpr

#include <iostream>
#include <cmath>
using namespace std,;

constexpr double f pi2() {
return M _Pl1*M PI;

}

Int main() {
constexpr doublea=4*M_PI;
cout << a<<""<<f pi2() << endl;
return O;

}

constexpr = evaluacia pocas kompilacie



constexpr

constexpr unsigned long long factorial(unsigned long

long n) {
returnn >0 ? n * factorial(n - 1) : 1;

}

Int main() {
constexpr unsigned long long f = factorial(10);

return O;

}



constexpr

auto add = [](int a, Int b) constexpr {
return a + b;

I3
constexpr inta = add(1, 2); //OK

Intk =1;
constexpr int b = add(k, 2); //chyba



C pretypovanie

Int main() {
char c = 10; //lokalna premenna na stacku
int *p0 = (int*) &c; /lchar=1 byte, int=8 byte
*p0 = 20; //dereferencovanie, chyba?

return O;

}

C cast neumoznuje pochopenie zameru programatora



C++ pretypovanie

static_cast: odvodene typy prip. s konverziou
reinterpret_cast: lubovolny typ
dynamic_cast: pocCas behu programu

const_cast: odstranenie const

10



C++ static cast<>

class TokenO {};
class Tokenl {};

Int main() {
TokenO* t0O = new TokenO:
Tokenl* t1;

t1 = (Tokenl*) tO; //OK
t1 = static_cast<Tokenl1*>(t0); //chyba

delete tO;
return O;

}

error: invalid static_cast from type ‘TokenO* to type
‘Tokenl™
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C++ static cast<>

class TokenO {};
class Tokenl: public TokenO {};

Int main() {
TokenO* tO;
Tokenl* t1 = new Tokenl;

t0 = (Token0?*) t1; //OK
t0 = static_cast<Token0*>(t1); //OK

return O;

}

Zamer bol aby Tokenl bola odvodena trieda z TokenO.
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C++ static cast<>

class Tokenl:

class TokenO {

public:

TokenO() = default;
TokenO(const Tokenl1l& tO) {}

g

class Tokenl {};

Int main() {
TokenO t0;
Tokenl1 t1;
t0 = static _cast<Token0>(t1); //OK

return O; } 13



C++ dynamic_cast<>

class Base { Pretypovanie pocCas
public: behu kodu. V pripade

) ! h lIptr.
virtual ~Base() {}; NEUSPECht NUIPHT

g

class Derived : public Base {};

Int main() {
Derived* dO = new Derived();
Base* b = dynamic cast<Base*>(d0); //OK

Derived* d1 = dynamic cast<Derived*>(b); //OK

delete dO:
return O;

}
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C++ reinterpret_cast<>

class TokenO {};
class Tokenl {};

Int main() {
TokenO* tO;
Tokenl* t1 = new Tokenl;

t0 = static _cast<TokenO*>(t1); //chyba
tO = reinterpret cast<Token0*>(t1); //OK

delete t1;
return O;

}
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C++ const _cast<>

nta=1;
const int& b = a;
const cast<int&=>(b) = 2; //IOK

constinta =1;
const int& b = a;
const cast<int&>(b) = 2; //nedefinovane spravanie
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C++ const cast<>

Int foo(int* p) {
return *p;

}

Int main() {
constinta = 10;
const int* pO = &a; //int const *p0 = &a,

int* p1 = const_cast<int*>(p0);
foo(pl);

return O;

}

Pravidlo: don’t cast away const!
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Chytry smernik (C++11)

Chytry smernik je zmazany, ak uz nie je pouzivany
(referencovany), bez potreby delete

* unigue_ptr<T> myPtr(new T);
myPtr ma priradeny jeden objekt typu T

Po vystupeni zo scopu je objekt typu T uvolneny

* shared ptr<T> myPtr(new T);
Niekolko shared ptr<T> ma priradeny ten isty objekt
typu T

Po tom ako posledny shared ptr prestane byt
priradeny tomu istemu objektu typu T, nastane
uvolnenie
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Memory leak

void foo() {
Int* ptr = new Iint(15);
Int X = 45;
/...
If (x == 45)
return; //nenastane delete ptr;
/...
delete ptr;

}

iInt main() {
foo();
return O;

}

19



std::unique_ptr<T>
#include <memory>

void foo() {
std::unique_ptr<int> valuePtr(new int(15));
INt X = 45;
/...
If (x ==45)
return; //OK
Il ...

}

Int main() {
foo();
return O;

}
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unigue_prt vs shared_ptr

Kopirovanie nie je mozné:
unique_ptr<T> myPtr(new T);
unique_ptr<T> myOtherPtr = myPtr; //chyba

Kopirovanie povolene:
shared ptr<T> myPtr(new T);
shared ptr<T> myOtherPtr = myPtr; //OK

myOtherPtr aj myPtr manazuju ten isty objekt
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unique_ptr

#include <memory>
#include <iostream>
using namespace std,;

class Token {
public:
Token() {
cout << "Token()" << endl;

}

~Token() {
cout << "~Token()" << end];

}
J
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unique_ptr

Int main() {
unique ptr<Token=> tO(new Token()); //Token()
Token* t1 = new Token(); //Token()

return O;
} /[~Token() zavolany pre tO (ale nie pre t1)
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unique_ptr: release

Int main(){
unique_ptr<Token> tO(new Token());

Token* 11 = t0.release(); //release objektu Token
delete t1; //jeho okamzité odstranenie

return O;

}
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unique_ptr: get

Int main(){
unique_ptr<Token> tO(new Token());

Token* t1 = t0.get(); //smernik na objekt Token

return O;

}
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unique_ptr: pole

Int main(){

}

S S S

1 =1 —1 =1
© O O O

] O O O O O

0

Token()
Token()
Token()
Token()
Token()

Ken()
Ken()
Ken()
ken()

ken()

unique_ptr<Token[]> tO(new Token[5]);

return O;
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unique_ptr

class Token {
private:

std::unique_ptr<std::vector<int> > v{new
std::vector<int>};

%

Vektor je vo vilastnictve objektu typu Token, nemo6ze
byt kopirovany
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shared_ptr

void foo(shared_ptr<Token> p) { //vznik kopie
cout << p.use count() << endl; //2

}

Int main() {
shared_ptr<Token> t0 = make_shared<Token>();

cout << t0.use count() << endl; //1
foo(t0);
cout << t0.use count() << endl; //1

return O;

}

use count(): poCetnost vyuzitia (kopii) shared_ptr<>
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shared_ptr

#include <memory>
#include <iostream>
#include <vector>

using namespace std,;

class Token {
public:

Token() = default;
I3
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shared_ptr

Int main() {
vector<shared_ ptr<Token> > vec;

for(int i=0; 1< 2 ; i++){
//lokalna premenna
shared_ptr<Token> t0O = make_shared<Token>();
//kbpia do vec
vec.push_back(t0);
} l/lokalna premenna t0 zanikne

for(auto item: vec){ //item |e lokalna premenna
cout << item.use_count() <<""; //2 2

}

return O;
} 30



shared_ptr

Int main() {
vector<shared_ ptr<Token> > vec;

for(int i=0; 1< 2 ; i++){
//lokalna premenna
shared_ptr<Token> t0O = make_shared<Token>();
//kdpia do vec
vec.push_back(t0);
} l/lokalna premenna t0 zanikne

for(auto& item: vec){ //item |e referencia
cout << item.use_count() <<""; //1 1

}

return O;

} 31



emplace_ back

class Token {
public:
int a{1};
Token(int a0) : a(a0) {
std:.cout << "Token(int)";
}
Token(const Token& t0) {
std:.cout << "Token(const Token&)";
}
Token(Token&é& t0) noexcept {
std:.cout << "Token(Token&&)";

}
%
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emplace_ back

Int main() {
std::vector<Token> v:

v.push_back(Token(10)); /lvznikne doCasny objekt
v.emplace back(10); //objekt vznikne priamo vo vektore

//bez kopirovania
return O;

}
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Kopirovacia semantika

Int main() {
std::vector<Token*> v;
Token* t = new Token(10);

v.push_back(t); //kopirovanie adresy

delete t;
return O;

}
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Presuvacia sémantika

Int main() {
std::vector<Token> v;
Token t(10);

v.push_back(std::move(t)); //prestvanie
v.emplace back(10); //dokonalé preposielanie

return O;

}

Dokonalé preposielanie = perfect forwarding, parametre
konstruktora su preposlané konstruktoru
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algorithm: min, max
#include <algorithm>
Int main() {

Int a = std::max(1, 2);

Int b = std::min(2, 3);

return O;

}
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numeric: accumulate

#include <iostream>
#include <vector>
#include <numeric>

Int main() {
std::vector<int> v{1, 2, 3};

int a = std::accumulate(v.begin(), v.end(), 0);
std:.cout << a; //6

return O;

}
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C++20 ranges

#include <algorithm>
#include <vector>
#include <iostream>
#include <ranges>

Int main() {
const std::vector numbers ={1, 2, 3, 4,5, 6, 7, 8, 9, 10};
auto even =[](int1) {return 0 ==1% 2; };

using namespace std::views;
auto rv = reverse(drop(filter(numbers, even), 1));
//drop = skip first n elements
for (auto& 1 : rv)
std::cout<<i<<''; //10864

return O;

}
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C++20 ranges

#include <algorithm>
#include <vector>
#include <iostream>
#include <ranges>

Int main() {
const std::vector numbers ={1, 2, 3, 4,5, 6, 7, 8, 9, 10};
auto even =[](int1) {return 0 ==1% 2; };

using namespace std::views;
auto rng = numbers | filter(even) | drop(1) | reverse;

for (auto& I : rnQ)
std::cout<<i<<'" //1086 4

return O;

}
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Meyers: Effective C++

Odporucana dalsia literatura:

click to LOOK INSIDE!

Effective C++
Third Edi

Effective \g
Modern C++

42 SPECIFIC WAYS TO IMPROVE YOLR USE OF C+411 AND C++14

Scott Meyers
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Meyers: Effective C++

Item 1. const je lepSie ako #define

ltem 2. iostream je lepSie ako stdio.h

Item 20: ziadne public premenné

Item 21: pouzi const, vzdy ked je to mozné
ltem 32: definuj premenné €o najneskor
Item 33: inline funkcie predlzuju kod

Item 48: vyrieS vSetky varovania kompilatora
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Moje odporucania

Pouzivajte referencie, nekopirujte (ak je to mozné).
Kopirujte adresy objektov, objekty je potrebné presuvat.
Zvolte vhodny kontajner std::vector, std::set, std::map ...
Vzdy parujte new a delete, pri pisani new

Pouzivajte const premenne, const referencie, const
metody

Pouzivajte C++11 for pre iterovanie cez kontajner
Pouzivajte unique_ptr pre vnutorné kontajnery objektov

Pouzivajte kniznicu algorithm
42
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