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Ìåòàïðîãðàììèðîâàíèå

I Ðàíåå ìû, â îñíîâíîì, ðàññìàòðèâàëè îáîáùåííîå
ïðîãðàììèðîâàíèå (generic) â Ñ++ � àëãîðèòìû, íàïèñàííûå â
ñòèëå �òèïû áóäóò çàäàíû ïîçæå�.

I Ìåòàïðîãðàììèðîâàíèå â Ñ++ � ýòî àëãîðèòìû (îïåðàöèè),
âûïîëíÿåìûå âî âðåìÿ êîìïèëÿöèè ïðîãðàììû.

1 Îáû÷íàÿ ôóíêöèÿ âû÷èñëÿåò çíà÷åíèå â run-time
2 Ìåòàôóíêöèÿ âî âðåìÿ êîìïèëÿöèè

âû÷èñëÿåò çíà÷åíèå/êîíñòàíòó (de�ne, constexpr) èëè òèï (type
deduce)
ãåíåðèðóåò àëãîðèòì (var_args, variadic templates)
âûáèðàåò òîò èëè èíîé âàðèàíò àëãîðèòìà (ifdef, enable_if)
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Templates in C++11

I Templates aliases (�typedef äëÿ òåìïëåéòîâ�)

template <typename T>

using fast_vector = std::vector <T,

big_pool_allocator <T>>;

fast_vector <int > v;

big_pool_allocator � íàïðèìåð, îäèí ðàç âûäåëÿåò áîëüøîé
ìàññèâ, à ïîòîì �âûäàåò� èç íåãî ïîñëåäîâàòåëüíûå ó÷àñòêè

I Èñïðàâëåíà ïðîáëåìà ñ óãëîâûìè ñêîáêàìè: T<U<int>>.
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Variadic templates

template <typename T>

T sum(T n) { return n; }

template <typename T, typename ...Args >

T sum(T n, Args ... rest) { return n + sum(rest ...); }

double d = sum(3, (double )4.3, 5);

I �...� îòùèïûâàåò îäèí àðãóìåíò; çàòåì òîò æå øàáëîí
ïðèìåíÿåòñÿ åùå ðàç, ïîêà íå äîéäåì äî áàçû �øàáëîííîé
ðåêóðñèè� ñ îäíèì àðãóìåíòîì (T sum(T n)).

I äëÿ ýòîãî ïðèìåðà êîìïèëÿòîð ñãåíåðèðóåò òðè ôóíêöèè

//ïîëó÷åíî ñ ïîìîùüþ ìàêðîñà __PRETTY_FUNCTION__

T sum(T, Args ...) [with T = int; Args = {double , int}]

T sum(T, Args ...) [with T = double; Args = {int}]

T sum(T) [with T = int]
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Ïåðåìåííîå ÷èñëî àðãóìåíòîâ â C (printf)

va_start, va_arg, va_end � ìàêðîñû.

void simple_printf(const char* fmt , ...) {

va_list args;

//çàïèñàòü â args àäðåñ ñëåäóþùåãî çà fmt ïàðàìåòðà íà ñòåêå

va_start(args , fmt);

while(*fmt != '\0' {

if(*fmt=='d') {

//äîñòàòü ñî ñòåêà ïåðåìåííóþ òèïà int

int i = va_arg(args , int)

// çäåñü äîëæåí áûòü êîä, êîòîðûé

// âûâîäèò int íà ýêðàí ñ ïîìîùüþ putc

}

fmt ++;

}

va_end(args);

}

//Òðóäíîîáíàðóæèâàåìûå îøèáêè

printf("%s", 5);

print("%d %d", 4);

printf("%d", 4, 5);
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Ïåðåìåííîå ÷èñëî àðãóìåíòîâ â C++11 (printf)

void printf(const char *s) {

while (*s) {

if (*s == '%' && *(++s) != '%')

throw std:: runtime_error("invalid format");

std::cout << *s++;

}

}

template <typename T, typename ... Args >

void printf(const char *s, T value , Args ... rest) {

while (*s) {

if (*s == '%' && *(++s) != '%') {

std::cout << value;

printf (++s, rest ...);

return;

}

std::cout << *s++;

}

throw std:: logic_error("extra arguments

provided to printf");

}
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Ìåòàïðîãðàììèðîâàíèå. Ïðèìåð 1.

template <int N>

struct Factorial {

static int value = N * Factorial <N-1>:: value;

};

template <>

struct Factorial <0> {

static int value = 1;

};

std::cout << Factorial <5>:: value << std::endl;
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Ìåòàïðîãðàììèðîâàíèå. Ïðèìåð 2.

float euclidean_baseline(int n, float* x, float* y){

for(int i = 0; i < n; ++i){

float num = x[i] - y[i];

result += num * num;

}

...

}

float euclidean_intrinsic(int n, float* x, float* y){

__m128 euclidean = _mm_setzero_ps ();

for (; n>3; n-=4) {

__m128 a = _mm_loadu_ps(x);

__m128 b = _mm_loadu_ps(y);

__m128 a_minus_b = _mm_sub_ps(a,b);

__m128 a_minus_b_sq = _mm_mul_ps(a_minus_b , a_minus_b );

euclidean = _mm_add_ps(euclidean , a_minus_b_sq );

x+=4;

y+=4;

}

...

}
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Ìåòàïðîãðàììèðîâàíèå. Ïðèìåð 2.

Åñëè ïðîöåññîð ïîääåðæèâàåò ðàñøèðåíèå êîìàíä SSE...

float euclidean(int dim , float* x, float* y){

float

(* euclidean )(int , float*, float*) = euclidean_baseline;

#ifdef __SSE__

euclidean = euclidean_intrinsic;

#endif

return euclidean(dim , x, y);

}
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Ïðèåì SFINAE.

I Êîðîòêî: �Substitution Failure Is Not An Error�
I Äëèííî: �Ïðè âûáîðå îäíîé èç ïåðåãðóçîê øàáëîííîé ôóíêöèè

âàðèàíòû, âûçûâàþùèå ñèíòàêñè÷åñêóþ îøèáêó ïðè
ïîäñòàíîâêå øàáëîííîãî ïàðàìåòðà, íå âûçûâàþò îøèáêó
êîìïèëÿöèè, à èñêëþ÷àþòñÿ èç ñïèñêà êàíäèäàòîâ íà íàèáîëåå
ïîäõîäÿùóþ ïåðåãðóçêó�.

Ñèíòàêñè÷åñêàÿ îøèáêà ïðè ïîäñòàíîâêå øàáëîííîãî ïàðàìåòðà:

template <typename T>

void show(typename T:: iterator x, typename T:: iterator y){

for (; x != y; ++x) cout << *x << endl;

}

show <int >(16, 18);

Êîìïèëÿòîð ñêàæåò:

error: no matching function for call to 'show(int, int)'

note: candidate is:

note: template void show(typename T::iterator,

typename T::iterator)
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Ïðèåì SFINAE.

template <typename T>

void show(typename T:: iterator x, typename T:: iterator y){

for (; x != y; ++x) cout << *x << endl;

}

template <typename T>

void show(T a, T b)

{

cout << a << "; " << b << endl;

}

show <int >(16, 18);

Êîìïèëÿòîð ñêàæåò: OK.

C++ 11 / 17



Ïðèìåíåíèå SFINAE.

I Õî÷ó ïðîâåðèòü, åñòü ëè ó òèïà èòåðàòîð èëè íåò

I Ïîòîì íà îñíîâå ýòîé ïðîâåðêè âûáðàòü òîò èëè äðóãîé âàðèàíò
àëãîðèòìà (áóäåò äàëüøå)

template <typename T>

struct has_iterator {

template <typename U>

static char test(typename U:: iterator* x);

template <typename U>

static long test(U* x);

static bool value = sizeof(test <T >(0)) == 1;

};

//value = sizeof(test<int>(0)) == 1

std::cout << has_iterator <int >:: value << std::endl;

std::cout << has_iterator <std::vector <int >>:: value;

NB: âûáèðàåòñÿ ïåðâàÿ, ïîäõîäÿùàÿ ïåðåãðóçêà.
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Îòñòóïëåíèå ïðî typename.

static char test(U:: iterator* x);

Êàê òðàêòîâàòü U::iterator* x?

1 Óêàçàòåëü òèïà U::iterator*?

2 Óìíîæåíèå ñòàòè÷åñêîé ïåðåìåííîé U::iterator íà x?

static char test(typename U::iterator* x); óòî÷íÿåò, ÷òî ýòî âàðèàíò 1.
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enable_if (C++11).

enable_if: âêëþ÷àåò (enable) â �èñõîäíèê� êîä ôóíêöèè, òîëüêî åñëè
âûïîëíÿåòñÿ óñëîâèå (if).

template <typename T>

typename enable_if <! has_iterator <T>::value , void >:: type

show(const T& x) {

cout << x << endl;

}

template <typename T>

typename enable_if <has_iterator <T>::value , void >:: type

show(const T& x) {

for (auto& i : x)

cout << i << endl;

}
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enable_if (ðåàëèçàöèÿ).

vector<string> s = {"today", "is", "Friday"};
show(s);

I Âàðèàíò áåç èòåðàòîðà íå áóäåò âêëþ÷åí â �èñõîäíèê� => åãî íå
áóäåò è â áèíàðíèêå.

I Åñëè óñëîâèå â enable_if âåðíî (true), òî ::type áóäåò ðàâåí void

I Åñëè óñëîâèÿ íåâåðíî, òî áóäåò ñèíòàêñè÷åñêàÿ îøèáêà è ýòî
âàðèàíò ôóíêöèè áóäåò èñêëþ÷åí (SFINAE).

Ðåàëèçàöèÿ enable_if:

template <bool B, class T>

struct enable_if {};

template <class T>

struct enable_if <true , T> {

typedef T type;

};
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enable_if (çàìåíà ifdef).

struct is_64_bit {

static const bool value = sizeof(void*) == 8;

};

template <typename T = void >

typename std::enable_if <is_64_bit ::value , T>:: type

my_memcpy(void* target , const void* source , size_t n)

{

std::cout << "64 bit memcpy" << std::endl;

}

template <typename T = void >

typename std::enable_if <! is_64_bit ::value , T>:: type

my_memcpy(void* target , const void* source , size_t n)

{

std::cout << "32 bit memcpy" << std::endl;

}

NB: SFINAE ðàáîòàåò òîëüêî äëÿ øàáëîííûõ ôóíêöèé, ïîýòîìó ìû
èñêóññòâåííî ââîäèì øàáëîííûé ïàðàìåòð.
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type_traits.

1 #include <type_traits>
2 Ìíîãî ìåòàôóíêöèé â ñòèëå íàøåãî has_iterator (íàçûâàþòñÿ

traits), êîòîðûå ìîæíî èñïîëüçîâàòü â enable_if (íàïðèìåð:
is_integral, is_pointer, is_copy_assignable)

traits � �âûâîäèò� (deduce) èíôîðìàöèþ î òèïå (÷àñòî
ðåàëèçîâàíû ñ ïîìîùüþ ñïåöèàëèçàöèè øàáëîíîâ äëÿ êàæäîãî
òèïà)
Áåç traits ìîæíî ñäåëàòü âåðñèþ ôóíêöèþ f() äëÿ êàæäîãî
ïðèìèòèâíîãî òèïà (èëè îäèí îáùèé ñëó÷àé è âàðèàíòû äëÿ
íåñêîëüêèõ òèïîâ ñ ïîìîùüþ ñïåöèàëèçàöèè øàáëîíîâ)
Ñ traits è enable_if ìîæíî ñäåëàòü îäíó âåðñèþ äëÿ öåëûõ òèïîâ,
äðóãóþ äëÿ âåùåñòâåííûõ òèïîâ

C++ 17 / 17


