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Agenda

* Sedma uloha: Interpret Vyrazu

I hate myself

Wow!
I hate this more




Staticky polymorfismus - sablony

Budu pouzivat slova ,,Sablona“ a ,template” zaménitelné



C++ templates

* Dovoluji napsat:
* Funkci
* Tridu
* Alias
* Konstantu
Pro vic typU

* Instanciace

template<typename TypePar>
TypePar function_ template(TypePar par) {
return par;

}

template<typename TypePar>
struct ClassTemplate {
TypePar value;

}

template<typename TPar>
using alias template = std::map<int, TPar>;

template<typename TPar>
constexpr TPar default value = {};

» KdyzZ pouzijeme s konkrétnimi typy (zavoldme function template(5))
e Explicitné: function template<int>, ClassTemplate<std::string>

* Compiler za nas napise kopii té definice s dosazenymi parametry:

* Musi byt viditelna cela definice

int  function template i(int par) {
return par;

}
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/ v/ ° . / /
Otemplatované tridy definujeme celé naraz
Non-template Template
// class.hpp // class.hpp
clas§ Class { template<typename T, typename U>
public: class Class { Cela definovana v jednom souboru

Class() : fieldl(@), field2(0) {} public: J
void method(); Class() : fieldl(e), field2(©) {}
private: void method();
int fieldl, field2; private:
} T fieldl; U field2;
} Typy fieldy podle parametr(
// class.cpp // inline = same as in other modules
template<typename T, typename U>
Class::method() { inline Class<T, U>::method() {
// long body // long body

}

diky inline Ize includovat do rGznych .cpp Musime prfipomenout typove parametry




Implicitni templatové argumenty

Nasledujici template s explicitnimi typovymi parametry
template<typename TypePar>

TypePar function template(TypePar par) {
return par;

}
muzeme napsat mnohem jednoduseji

auto function template(auto par) {
return par;

}
Compiler tento zjednoduseny zapis chape stejné jako ten explicitni



Konkrétnéjsi overload ma prednost pred

templatem

void foo(int i) {

std::cout << "int: " << 1 << std::endl;

}
template<typename T>
void foo(T a) {

std::cout << "generic: " << a << std::endl;

}
void foo(float f) {

std: :cout << "float: " << f << std::endl;

}

int main() {
foo(5);
foo("hi");
foo(.5f);

foo(.5); // 1is not float

Output:
int: 5
generic: hi
float: 0.5
generic: 0.5

e Poradi funkci zde nehraje
roli

* Template ma ale prednost
pred implicitnimi casty



Non-type templatové argumenty

* Argumentem templatu
muze byt i treba Cislo
* Musi byt compile-time konstanta

e Uzitecne, pokud implementace
tridy zavisi na konkrétnim poctu

e Jinak to neni nicim moc
specialni

Subscript operator

Definuje indexaci

template<std::size t N>
struct PackedInt {
int &operator[](std::size t n) {
return values[n];
}
const int &operator[](std::size t n) const {
return values[n];

}

std::array<int, N> values;
}; Verze pro readonly
J

PackedInt




Dynamicky vs Staticky polymortfismus

Dynamicky polymorfismus Staticky polymorfismus

* Definujeme abstraktni tridu * PiSeme definici s type parametry
* a pak konkrétni tridy, které ji dedi * Instanciace s konkrétnimi typy

 Runtimovy overhead: e ,Zadny runtimovy overhead”
e Volani virtualnich funkci * Vlygenerovani spousty strojového
e Polymorfni tridy maji vpointery kodu

* P¥i prekladu nemusime védét * Za prekladu musime znat kazdy

konkrétni typ kazdého objektu typ
* Ale vyZadujeme pfibuznost * Nevyzadujeme pribuznost



Kombinace statickeho a dynamickéeho

polymorfismu

class AbstractValue {
public:
using ptr = unique_ ptr<AbstractValue>;
virtual ~AbstractValue() = default;
virtual void print(ostream& out) const = 0;
friend ostream& operator<<(ostream& out,
const AbstractValue& val) {
val.print(out); return out;

}
}s
template<class T>
class ConcreteValue : public AbstractValue {
public:
explicit ConcreteValue(T val) : val (val) {}
void print(ostream & out) const override {
out << val_;
}
private:
T val_;

s



https://godbolt.org/z/8zETWqxef

Type erasure

* Design pattern
* Odstranéni detailll o polymorfismu z kddu

int main() {
vector<Value> values;

values.push_back(5);
values.push_back("hi");
values.push_back(.5f);

for (auto&& value : values) {
cout << value << endl;

¥

class Value {
class AbstractValue {
public:
using ptr = unique ptr<AbstractValue>;
virtual ~AbstractValue() = default;

s

template<class T>
class ConcreteValue : public AbstractValue {

private:

T val ;
}s
public:

template<class T>
Value(T t) : val_ (make unique<ConcreteValue<T>>(t)) {}

private:
AbstractValue::ptr val_;
}s



https://godbolt.org/z/x8vxx56YW
https://godbolt.org/z/x8vxx56YW

std:variant a std::visit

#include <variant>

* Kombinuje vyhody a nevyhody
dynamického i statického polymorfismu
e Za prekladu nemusime znat konkrétni

typy
* Typy nemusi byt pribuzné

* Hodnoty nemusi byt za pointerem
* Efektivitnejsi nez dyn. polymorfismus
* Méneé efektivni nez staticky
* Ale musime vypsat vsechny pripustné
typy

https://en.cppreference.com/w/cpp/utility/variant

Visitor je functor
struct visitor {

void operator()(int i) const {
cout << "int: " << 1 << endl;

}

void operator()(auto a) const {
cout << "generic: " << a << endl;

}

void operator()(float f) const {
cout << "float: " << f << endl;

} Reprezentuje rdzné
}s funkce

int main() {
using item type =
variant<int, const char*, float>;
vector<item type> items{5, "hi", .5f};

for (auto&& item : items)
visit(visitor(), item);



https://godbolt.org/z/G3jqKPrrd
https://en.cppreference.com/w/cpp/utility/variant

Overload pattern

template<class... Ts> . Py
Libovolny pocet
struct overload : Ts... {

. argumentl =2 pack
using Ts::operator()...;
b Rozbaleni packu

int main() {
using item type =
variant<int, const char*, float>;
vector<item type> items{5, "hi", .5f};
for (auto&& item : items)
visit(overload {

[1(int 1) {

cout << "int: " << 1 << endl; },
[ ](auto a){
cout << "generic: " << a << endl; },
[ ](float f){
cout << "float: " << f << endl; }
}, item);

struct visitor {

void operator()(int i) const {
cout << "int: " << i << endl;

}

void operator()(auto a) const {
cout << "generic: " << a << endl;

}

void operator()(float f) const {
cout << "float: " << f << endl;

}
¥

int main() {
using item type =
variant<int, const char*, float>;
vector<item type> items{5, "hi", .5f};

for (auto&& item : items)
visit(visitor(), item);



https://godbolt.org/z/G3jqKPrrd
https://godbolt.org/z/1arjTKa9s

Visitor s vice argumenty

using item_type = variant<int, double>;
struct adder {
item_type operator()(auto a, auto b) const {
return a + b;

}
¥
int main() {
vector<item type> items{.4, 42, 9.6, 1, 2};

item type sum = 0O;

while (!items.empty()) {
sum = visit(adder(), sum, items.back());
items.pop back();

visit([](auto val) {
cout << "sum 1is

}, sum);

<< val << endl;

Output:
sum
sum
sum
sum
sum

is
is
is
is
is

12.6
54.6
55




std::optional<T>

#include <optional>

e UziteCny pro typy, které nemaji ekvivalent nullu

* Priklady vytvoreni:
e empty: std::optional<T> opt nebo std::optional<T> opt = {}
* s hodnotou: std::optional<T> opt = value

e Ziskani hodnoty pres dereferenci *opt nebo .value

e Zjisténi, jestli ma hodnotu: if(opt) nebo if (opt.has_value())
* Podporuje operator= a emplace pro update

* Podporuje reset a = nullopt pro vynulovani

https://en.cppreference.com/w/cpp/utility/optional



https://en.cppreference.com/w/cpp/utility/optional

std::any

* MuZe obsahovat skoro jakykoliv typ

* Pouziva néjakou implementaci type erasure

* Privetivost neni moc velka
 Hodnotu musime ziskat pres any_cast
* Hazi vyjimku, pokud se spleteme
nebo nullptr, pouzivame-li pointery:
std::any cast<float>(&a)
* Pouziti: pokud to nejde jinak
e Typicky tam, kde by se v C pouzil void*
* Treba management zprav

https://en.cppreference.com/w/cpp/utility/any

// any type

any a = 1;

cout << any cast<int>(a) <<
a = 3.14;

cout << any cast<double>(a) << '\n';

‘\n';

// bad cast
try {

a = 1;

cout << std::any cast<float>(a) << '\n’;
} catch (const std::bad _any cast& e) {

cout << e.what() << '\n’;

}



https://en.cppreference.com/w/cpp/utility/any

Constexpr

e Uz vime, ze u proménnych constexpr znamena, ze ta promeénna je
compile-time konstanta

{

e U funkci to znamena néco trochu jiného: “lze ji provést za kompilace’

constexpr auto foo(auto i) {
return 1 * 2;

}

* Jeji vysledek muzeme ulozit do compile-time konstanty
 Ale stale ji Ize aplikovat i na runtimové hodnoty = pak se provede za runtimu

* Co kdyz ji urcité chceme provést za kompilace? = consteval
* Constexpr i consteval funkce maji spoustu omezeni
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