Koncepty v C++

Student: Marek Lo%onsky
Skolitel: doc. RNDr. Robert Lukotka, PhD.



Ciel prace

 prehlad problematiky konceptov

e pouzitie v jazyku — pisanie a viazanie na parametrizované typy

* diagnostika kompilacnych chyb s konceptami

* motivacia k pouzitiu konceptov

e porovnanie s predchadzajucimi sp6sobmi na vymedzovanie typov
* smernice na spravne pouzitie konceptov
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Generické programovanie

Styl programovania, konkrétny datovy typ — parametrizovany datovy typ
podpora v C++ — Sablony (templates)

aktualizovanie, oprava, redukcia duplicity, viacucelovost

sémantické obmedzenia

template<typename C>
void sort(C container) {
/* algoritmus na utriedenie zoznamu prvkov */

}

sort(c);
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Spbsoby vymedzovania typov

* komentare
e operand typeid — testovanie pocas behu programu

» static assert (statické tvrdenia) — testovanie v kompilachom case, zlozita

diagnostika kompilacnych chyb

template<typename C>
void sort(C container) {
/* podmienky na typ C,
aby reprezentoval zoznam prvkov
(ktory je usporiadatelny)
*
/

static_assert(...);

/* algoritmus triedenia */
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Spbsoby vymedzovania typov

* SFINAE — testovanie v kompilachom case, naroc¢nost implementacie

template<typename C>
std::enable_if_t<!constraints, void> sort(C container) {
/* pripad, Ze podmienky na typ C nie su splnené) */

}

template<typename C>

std::enable_if _t<constraints, void> sort(C container) {
/* typ C reprezentuje zoznam prvkov,
ktory je usporiadatelny) */

/* algoritmus triedenia */
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Koncept

e pomenovana mnozina poziadaviek pre parametrizované typy (constraints)

booleovsky predikat pocitajuci sa (vyhodnoteny) v ¢ase kompilacie
C++20, idea C++11

kniznica concepts

syntax — constraint-expression: requires klauzula, typova charakteristika, koncept
+ booleovské operacie

template<template-parameter-list>
concept concept-name = constraint-expression;
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Viazanie konceptu na parametrizované typy

* funkcia sort a koncept #include<concepts>

sortable (z kniznice

concepts) template<std::sortable C>

void sort(C container)
template<typename C>
requires std::sortable<C>

void sort(C container)

void sort(std::sortable auto C)
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Chybove vypisy
kompilatora

* chyboveé vypisy suvisiace s
sablonovym kodom mozu
byt zlozité

#include<list>
#include<algorithm>

int main() {
auto list = std::list{1, 2, 3};
std::sort(list.begin(), list.end());

//list.sort();
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In file included from main.cpp:1:
In file included from
/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/v1/1ist:186:
In file included from
/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/v1/algorithm:716:
/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/v1l/__algorithm/make
_heap.h:29:34: error: invalid operands to binary expression
('std::__list_iterator<int, void *>' and 'std::__list_iterator<int, void #*>')
difference_type __n = __last - __first;
/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/v1l/__algorithm/part
ial_sort.h:38:12: note: in instantiation of function template specialization
‘std::__make_heap<std::__less<int> &, std::__list_iterator<int, void *>>'
requested here
_VSTD::__make_heap<_Compare>(__first

~

, __middle, __comp);
/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/v1l/__algorithm/sort
.h:540:12: note: in instantiation of function template specialization
‘std::__partial_sort<std::__less<int> &, std::__list_iterator<int, void *>>'
requested here

_VSTD::__partial_sort<_Comp_ref>(__first
_Comp_ref(__comp));

last, __last,

? .

/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/vl/__algorithm/sort
.h:551:12: note: in instantiation of function template specialization
'std::sort<std::__list_iterator<int, void *>, std::__less<int>>' requested
here

_VSTD::sort(__first, __last, __less<typename
iterator_traits<_RandomAccessIterator>::value_type>());

LS

main.cpp:7:10: note: in instantiation of function template specialization
'std::sort<std::__list_iterator<int, void *>>' requested here
std::sort(list.begin(), list.end());

/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/vl/__iterator/move_
iterator.h:152:6: note: candidate template ignored: could not match
‘move_iterator' against '__list_iterator'

auto operator-{(const move_iterator<_Iterl>& __x, const move_iterator<_Iter2>&
—y)

a dalsich riadkov chybového vypisu



Diagnhostika kompilacnych chyb s konceptom

* jedna z hlavnych vyhod konceptov

* jednoducha diagnostika kompilacnej chyby na rozdiel od starsich sp6sobov na
vymedzovanie typov
* ukazka na funkcii suctu Cisel po dosadeni objektov typu vector
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main.cpp:17:16: error: no matching function for call to 'add_numbers'
auto result = add_numbers(first, second);

main.cpp:8:6: note: candidate template ignored: constraints not satisfied
[with U = std::vector<int>, V = std::vector<int>]

auto add_numbers(U a, V b)

main.cpp:7:10: note: because 'std::vector<int>' does not satisfy 'Number’
template<Number U, Number V>

main.cpp:5:18: note: because 'std::vector<int>' does not satisfy 'integral'’
concept Number = std::integral<N> || std::floating_point<N>;

/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/v1l/__concepts/arith
metic.h:26:20: note: because 'is_integral_v<std::vector<int> >' evaluated to
false

concept integral = is_integral_v<_Tp>;

main.cpp:5:38: note: and 'std::vector<int>' does not satisfy 'floating_point'
concept Number = std::integral<N> || std::floating_point<N>;

/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/v1/__concepts/arith
metic.h:35:26: note: because 'is_floating_point_v<std::vector<int> >'
evaluated to false

concept floating_point = is_floating_point_v<_Tp>;
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Motivacia k pouZzitiu

e Cistejsi kod

e Citatelnejsi kod

 diagnostika chybovych vypisov kompilatora

e precizne zachytenie myslienky

e vymedzenie typu a kontrola v case kompilacie
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Smernice na pouzivanie konceptov

* menovacie konvencie
* sémanticka preciznost

e vyuzitie
preddefinovanych
konceptov a dalsie

/* cast kodu x/

template<typename T:-

// predpokladame , ze operatory +, —, ¥ a / splnaju mal.

// definicie ako komutativnost, distributivnost,

concept Number = requires (T a, T b)

{
{a + b} — convertible to<T>;
{a — b} —= convertible to<T>;
{a * b} > convertible to<T=>;

{a / b} > convertible to<T=>;
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Zhrnutie

* predstavenie konceptu ako plnohodnotnej sucasti jazyka ako spésobu
vymedzovania parametrizovanych typov

* predstavenie spravnych sposobov na pisanie konceptov

e pokracovanie v praci: preskimanie funkcionality kompilatora s
konceptami, povodnej verzie konceptov alebo projektov z praxe
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Dakujem za pozornost!

e doplnujuci material a odpovede na niektoré z otazok a pripomienok su na
nasledovnych slidoch
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Doplnujuce
materialy

e chybovy vypis
kompilatora s pouzitim
statického tvrdenia na
vymedzenie typov
generickej funkcie na
sucet Cisel s
argumentami typu
vector
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main.cpp:7:2: error: static assertion failed due to requirement
'std::1s_arithmetic<std::vector<int, std::allocator<int>>>::value'
static_assert(
main.cpp:17:26: note: in instantiation of function template specialization
‘add_numbers<std::vector<int>, std::vector<int>>' requested here
auto assert_result = add_numbers(first, second);
main.cpp:10:15: error: invalid operands to binary expression
('std::vector<int>' and 'std::vector<int>')
return first + second;
/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/v1l/__1iterator/move_
iterator.h:170:1: note: candidate template ignored: could not match
'move_1iterator' against ‘vector’
operator+(typename move_iterator<_Iter>::difference_type
move_iterator<_Iter>& __x)

A

n, const

/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/v1/__1iterator/rever
se_iterator.h:219:1: note: candidate template ignored: could not match
'reverse_1iterator' against 'vector'

operator+(typename reverse_iterator<_Iter>::difference_type __n, const
reverse_iterator<_Iter>& __x)
/root/emsdk/upstream/emscripten/cache/sysroot/include/c++/vl1l/__iterator/wrap_
iter.h:259:21: note: candidate template ignored: could not match

' __wrap_iter' against 'vector'

_wrap_1iter<_Iterl> operator+(typename __wrap_iter<_Iterl>::difference_type
n, __wrap_iter<_Iterl> __x) _NOEXCEPT

A

2 errors generated.




Odpovede na otazky

Strana 8, Algoritmus 1.5:
... ( (U_string.compare(V _string) ==0) ||
((U_string.compare("i") == 0) && (V_string.compare("d") ==0)) ||
((U_string.compare("d") == 0) && (V_string.compare("i") ==0)) ) ...

Co sa stane ak funkciu add _numbers zavolate s dvomi argumentami typu char alebo string?

* neocakavané spravanie (vysledok) funkcie, chyba
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Odpovede na otazky

* ak by sme chceli byt dosledni, tak by podmienok pre typy bolo kvadraticky vela
(N?, kde N je pocéet datovych typov pre &isla)

e opravena verzia Casti kodu z prace

((U_string.compare("i") == V_string.compare("i"))
| |

(U_string.compare("d") == V_string.compare("d"))
||

(U_string.compare("i") == V_string.compare("d"))

||

(U_string.compare("d") == V_string.compare("i")))
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Odpovede na otazky

Strana 24:
template<typename U, typename V>
concept same_as = same<U, V> && same<V, U>;

Preco je pozadované same<U, V> aj same<V, U>? Nie je same relacia ekvivalencie?

template<typename U, typename V> requires std::same_as<U, V>
template<typename U, typename V> auto sum(U a, V b) {

concept same = std::is_same_v<U, V>; return a + b;

template<typename U, typename V>
concept same_as = same<U, V>; template<typename U, typename V>

requires std::same_as<V, U> && std::integral<U>
auto sum(U a, V b) {
return a + b;

}
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Poznamka z posudku

e funkcia min z STL a navrh skratenej sablonovej funkcie min

template<class T-
const T& min(const T& a, const T& b)
{

return a > b 7 b : a;

}

const auto& min(const auto& a, const auto& b)

{

return a > b 7 b : a;

}
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Experimenty

* testovanie Casovej efektivity bolo realizované na jednoduchom teste kontroly
typu — Ci je funkcia volana so spravnym typovym parametrom

* 30 behov programu; udaje v tabulke su priemerné c¢asy udané v ms

Sposob REAL-TIME EXECUTION-TIME | EXECUTION-TIME | EXECUTION-TIME | EXECUTION-TIME
kontroly typu (-00) — 1 mil. (-01) — 10 mil. (-02) — 1 mid. (-03) — 10 mid.

typeid 2255 2914 3179 29596
static assert 660 2243 2852 825 8073
SFINAE 667 2246 2851 829 8092
koncept 665 2248 2847 826 8093
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