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MeTanporpaMMupoBaHue

» PaHee Mbl, B OCHOBHOM, paccMaTpuBaan obobuieHHoe
nporpammupoBanme (generic) 8 C++ — anroputmbl, HaNUCaHHbIE B
cTunie “tunel OyayT 3agaHbl nNo3xe'.

» Mertanporpammuposatune 8 C++ — 310 anroputmsl (onepauum),
BbIMOJIHAEMbIE BO BPEMSA KOMNUNALUNU NPOrpamMmbili.

© Ob6biuHas yHKUNSA BBIYUCASET 3HAYeHUE B run-time
@ MetadyHkunsa Bo Bpemsi KOMNUASALUN

® BbluMCAsieT 3HadYeHne/koHCTaHTy (define, constexpr) unu Tun (type
deduce)

o revepupyet anroputm (var_args, variadic templates)

o BbIGUpaeT TOT win uHoili BapnaHT anroputma (ifdef, enable if)
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Templates in C++11

» Templates aliases (“typedef gns Temnneiitos”)

template<typename T>
using fast_vector = std::vector<T,
big_pool_allocator<T>>;

fast_vector<int> v;

big_pool _allocator — Hanpumep, oanH pa3 BblgenseT 60bLLION
MacCuB, a NOTOM “BblaeT 13 HEro NoCnefOBaTeNbHbIE YHACTKN

» llcnpaenena npobnema ¢ yrnosbimmn ckobkamu: T<U<int>>.
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Variadic templates

template <typename T>
T sum(T n) { return n; }

template <typename T,
T sum(T n, Args...

typename ...Args>

rest) { return n + sum(rest...);

double d =

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

}

“

> Y. OTWWNbLIBAET OANH apryMeHT; 3aTeM TOT Xe LaboH
NPUMEHSETCA €eLle pa3, NoKa He goligem Ao 6asbl “wabnoHHON
pekypcun” ¢ ogHum aprymentom (T sum(T n)).

> 0151 9TOrO NpUMepa KOMMUASTOP CreHepupyeT Tpu PyHKLNM

//mnony4erHo ¢ moMompbk Makpoca __PRETTY_FUNCTION__

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

i

nt}]

C++
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llepemennoe umcno aprymerToB B C (printf)

va_start, va_arg, va_end — mMakpochi.

void simple_printf (const char* fmt, ...) {
va_list args;
//3anucarh B args agpec cileAybmero 3a fmt mapavMeTpa Ha CTeke
va_start (args, fmt);
while (*fmt != >\0° {
if (#fmt==’4d’) {
//mocTaTb co CTeKa IepeMeHHyH Tulla int
int i = va_arg(args, int)
// 3mech HoiXeH OHTIb KOJ, KOTOPHIH
// BHBOZUT int Ha ®KpaH C IoMombk putc
}
fmt++;
}
va_end (args);
}
//TpymHoo6HapyXuBaeMie omUOKY
printf ("%s", 5);
print ("%d %d", 4);
printf ("j%d", 4, 5);
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llepemennoe umcno aprymerToB B C++11 (printf)

void printf (const char *s) {
while (*s) {
if (*s == 7% && *(++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 (xs == 9}’ && *x(++s) !'= ?}°) {
std::cout << value;
printf (++s, rest...);
return;
}
std::cout << *s++;
}
throw std::logic_error("extra arguments
provided to printf");
}
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MeTtanporpamMupoBanue. Ilpumep 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<b>::value << std::endl;
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MeTtanporpamMMupoBanue. Ilpumep 2.

float euclidean_baseline(int n, float* x, float* y){
for(int i = 0; i < mn; ++i){
float num = x[i] - y[il;
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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MeTtanporpamMMupoBanue. Ilpumep 2.

Ecnn npoueccop nogaepxusaet pacwmpenne komang SSE...

float euclidean(int dim, float* x, float* y){
float
(x*euclidean) (int, float*, float*) = euclidean_baselline;

#ifdef __SSE_

euclidean = euclidean_intrinsic;
#endif
return euclidean(dim, x, y);

}

(@bl 9/ 18



MeTanporpamMmMupoBarue. Kak 6m enable_if.

#ifdef __SSE__
float euclidean(int n, float* x, float* y){
for(int 1 = 0; i < n; ++i){
float num = x[i] - y[il;
result += num * num;
}
}
#telse
float euclidean(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_minys_b)
euclidean = _mm_add_ps(euclidean, a_minus_b_sq);
x+=4; y+=4;

}
}
#endif
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[lpuem SFINAE.

» Kopotko: “Substitution Failure Is Not An Error”

» Onunno: “Tpu BbIOOpE 0gHON N3 neperpy3oK LWwabnoHHOW (yHKLMM
BapWaHTbI, BbI3bIBAIOLME CMHTAKCMYECKYIO OWINOBKY npu
NOACTaHOBKE WAabIOHHOro NapameTpa, He Bbi3blBAKOT OLIMOKY
KOMMUASLUNA, @ NCKJIOHAIOTCS N3 CMIMCKA KaHAMAATOB Ha Haumbosee
NOAXOAALLYIO neperpysky’.

CuHTakcnyeckast owmbka npm NoACTaHoBKe WabNOHHOrO napamerpa:

template <typename T>

void show(typename T::iterator x, typename T::iterator |y){
for (; x != y; ++x) cout << *x << endl;

}

show<int>(16, 18);

KomMnunsTop ckaxer:

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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[lpuem SFINAE.

template <typename T>

void show(typename T::iterator x,
for (; x != y; ++x)

}

template <typename T>

show<int>(16, 18);

typename T::iterator

cout << *xx << endl;

void show(T a, T b)
{

cout << a << "; " <K< b << endl;
}

Komnunsatop ckaxer: OK.

C++

y{
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[lpumenenune SFINAE.

> Xo4y NpoBepuTb, €CTb NI Y TUMNA UTEPATOP WJn HET

» [MoTom Ha OCHOBE 3TOI MpOBEpKK BbIOPaTb TOT AN APYrOi BapuaHT
anroputma (OygeT ganbuue)

template <typename T>
struct has_iterator {
template <typename U>
static char test(typename U::iterator* x);

template <typename U>
static long test(Ux x);

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

};

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

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

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

NB: BbiOupaertcs nepasi, nogxoaswas neperpyska.
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0 IJIeHHe Ipo typename.

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

Kak TpaktoBatb U::iterator* x?
Q Vkazatens Tuna U::iterator*?

© VYMHOXeHune cTaTuyeckol nepemenHon U::iterator Ha x?

static char test(typename U::iterator* x); yTO4HsIeT, 4TO 3TO BapuaHT 1.
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enable if (C++11).

enable if: Bkntouaer (enable) B “ncxopHuk” Kog pyHKLMM, TONBKO €Cin
BbINOJsIHsieTCs yciosme (if).

template <typename T>

typename enable_if<!has_iterator<T>::value, void>::typ¢
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 (peammszanus) .

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

» BapuaHT 6e3 ntepaTopa He OygeT BKAKOYEH B “NCXOAHUK =>> €ro He
OyneT n B OMHapHuMKe.

» Ecnu ycnosue B enable if Bepro (true), 1o ::type byger paser void

» Ecnn ycnosus neeepHo, To Byger cuHTakcuyeckas ownbka n 310
BapuaHT dyHkuum Oynet ucknoven (SFINAE).

Peanuzayms enable_if:

template<bool B, class T>
struct enable_if {};

template<class T>
struct enable_if<true, T> {
typedef T type;
3
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enable if (3amema ifdef).

struct is_64_bit {
static const bool value = sizeof(voidx*) == 8;

};

template<typename T = void>
typename std::enable_if<is_64_bit::value, T>::type
my_memcpy (void#* target, const void* source, size_t mn)
{

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 mn)
{

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

NB: SFINAE paboTaer TonbKO anst wabnoHHbIX pyHKUMEA, NO3TOMY Mbl
MCKYCCTBEHHO BBOAUM LIAGIOHHbIA napameTp.
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type_traits.

Q #include <type traits>

@ Meuoro metadyHkuuii B cTune Hawero has_iterator (Ha3biBatoTcst
traits), kOTOpble MOXXHO UCnonb3oBaTh B enable if (Hanpumep:
is_integral, is_pointer, is_copy assignable)

o traits — “sbiBognT” (deduce) undopmauuio o Tune (vacto
peasin30BaHbl C MOMOLbLIO CMeunann3aunmn WabnoHOB ANS KaXKAO0ro
Tvna)

o Bes traits moxHo caenaTb Bepcuto dynkumto f() ans kaxgoro
npuMUTUBHOrO Tnna (Mam oanH obwuii cnyyvail u BapuaHTbl ANst
HECKOJIbKNX TUMOB C NOMOLLbIO Creymanusaunm wabioHos)

o C traits n enable_if moxHo caenatb ogHy Bepcnio Anst Lenbix TUNOB,
APYryto ans BeWECTBEHHbIX TUNOB
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