AHpekc



fHpekc
OBO/THOLNA

MeTanporpamMmmMmmnpoBaHuA.
Kak npaBu/bHO paboTaTtb
CO CncKamu TUMOB

Oner darxmes







SBOMOLINA METANPorpaMmMmmpoBaHnd: CIINCKN TUMNOB

1. OcHOBbI



3ayemM HamMm MeTanporpamMmmumpoBaHue?

> YCKOopeHue runtime-a ¢ NOMOLLbIO NepeHoca BblYNC/IEHNN B
compile time

> KopgoreHepauus

> Condition checking



UTO Takoe meTtanporpammmpoBsaHmne?

> Complile time BblYUCNEHUA

> HecTtaHaapTHOE UCnosib30BaHMe CTaHAapPTHbLIX A3bIKOBbIX
KOHCTPYKLNI

> B cniydyae wabsiIoHHOro metanporpamMmmpoBaHna, B OCHOBE NEXUT
PYHKUMOHasIbHOE nporpamMmmMmmpoBaHimne (Co BCEMW BbITUKAKOLLNMIA ®
npUHUMNamMmmn)



Complle time BblYXUCNEHUSA

value

value

y

function

new value

value

A




Constexpr qyHKUNN

foo( a, b,

res = foo(1l, 2, 3);

(res == 5);



PyHKUUA, padboTatoLwada ¢ TunamMmmn?

type

y

type - function? - new type

A

type




YTOo ObINTIO A0 constexpr?

> Kak co3gatb doyHKUMI0, padoTaroLlyto B compile time 6e3
constexpr?

> Kak co3partb (PyHKUMIO, paboTaloLlyo ¢ Tunamm?

10



YTo Takoe metayHKUunn B C++7?

> struct — OyHKUUK B MMpPEe MeTanporpaMmmMmmpoBaHuS

> TUNbl — 3HAYEHNS B MMPe MeTanporpaMmmMmmnpoBaHus

11



[ lone3Hblie aHa/10rMm B MeTa-Mmumpe

// wWonderful metawor Ld! // Boring usual world...



[ lone3Hblie aHa/10rMm B MeTa-Mmumpe

// wWonderful metawor Ld! // Boring usual world...

< A, B> foo( a, b)



[ lone3Hblie aHa/10rMm B MeTa-Mmumpe

// wWonderful metawor Ld! // Boring usual world...
< A, B> foo( a, b)
foo { {
type = /*...%/; /*000 %

}r )



[ lone3Hblie aHa/10rMm B MeTa-Mmumpe

// Wonderful metawor Ld!
< A, B>
foo {
type = /*...%/;
¥

type =
foo<int, double>

. s Lype,

// Boring usual world...

foo( a, b)

VAR VE

value = foo(2, 8);



[ lone3Hblie aHa/10rMm B MeTa-Mmumpe

// Wonderful metawor Ld!
< A, B>
foo {
type = /*...%/;
¥

type =
foo<int, double>

type2 =

foo<type2, char>

. s Lype,

. - Lype,

// Boring usual world...

foo( a, b)

VAR VE

value = foo(2, 8);

value2 = foo(value, 5);



MeTadoyHKUMIN. 3aMevyaHns

> CUHTaKcuUC BbI30Ba METAMPYKHLNMM HEMHOTIO YpOa/1I1B
> K 3TOMY HY>XHO NPUBbIKHYTb

> B oTnmume ot 00bIYHbIX PYHKLUUW, MeTAOYHKLNN MOTYT
‘BO3BpaLlaTtb’ MHOXEeCTBO 3Ha4YeHus

17



iterator traits

Template parameters

Iterator - the iterator type to retrieve properties for

Member types

Member type Definition

difference type Iterator::difference type
value type Iterator::value type
pointer Iterator: :pointer
reference Iterator::reference

iterator category Iterator::iterator category

If Iterator does not have all five member types difference type, value type, pointer, reference,
and iterator category, then this template has no members by any of those names ( (since C++17)

std::iterator traits is SFINAE-friendly)

18



[ e HauTu apyrne metadoyHKUnn?

19



[ e HauTu apyrne metadoyHKUnn?

Standard library header <type traits>

Classes

Helper Classes

integral constant (C++11) compile-time constant of specified type with specified value

bool constant (C++17) (class template)
true type std::integral constant<bool, true>
false type std::integral constant<bool, false>

Primary type categories

checks if a type is void
(class template)

checks ifa typeis std::nullptr t
(class template)

checks if a type is integral type
(class template)

checks if a type is floating-point type

is void (C++11)
is null_pointer (C++14)

is_integral (C++11)

is floating point (C++11)
is array (C++11)
is_enum(C++11)

is_union (C++11)

(class template)

checks if a type
(class template)

checks if a type
(class template)

checks if a type
(class template)

IS an array type
IS an enumeration type

IS an union type

20



MeTayHKUMA IS same

INt

'

INt

IS_same

true

INt

'

|

double

IS_same

|

false

21



MeTayHKUMA IS Same

< A, B>
1s_same {
value = false;
¥
< A>
1s_same<A, A> { // template specialization

value = true;

(1s_same< . >::value);

(!is_same< . >::value);



MeTadoyHKUMA IS same

< A, B>

1s_same : std::false_type {};

< A>

1s_same<A, A> : std::true_type {};

(is_same< . >::value);

(!is_same< . >::value);



SBOMOLINA METANPorpaMmMmmpoBaHnd: CIINCKN TUMNOB

2. CNCKnM Tmnos



UTO Takoe CNUCKU TUNoB?

> [eTeporeHHoe xpaHunuule “06bLEKTOB” ...
> ... C KOTOpbIMW MOXXHO paboTtatb B compile time ...
> ... npn nomown value-based noaxona

> [loaTomy std::tuple Ham He noaxoauT

25



Value-based?

> [1o-MUHMMOMY cO3aaBaTb HOBbIE TUMbI
> PaboTarb B OCHOBHOM C constexpr dyHKLUNSIMM

> KOMWUTET No cTaHaapTu3aunm aBuraeTca B CTOpPoHY value-based
MeTanporpaMmmmpoBaHnS

26



[Touemy value-based?

> Co34aHHbIe TUMbl HUKOrAa He “Aea/IouMpyrTca” U MOTyT
OCTaBUTb CBOWU cfien

> Co3naHne HOBbIX TUMOB cepbe3HO saMeanAaer KOMMnnAaunmio

27



Value <-> type Tenenopraumnm

types

std: :declvals>

values

decltype

values

types

28



Type holder

// Type holder aka std::type_identity from C++20 (but shorter)

< 1>

just_type { type = T; };



Type holder

// Type holder aka std::type_identity from C++20 (but shorter)

template <class T>

struct just_type { using type = T; };

// Extracting type from type holder
constexpr auto type = just_type<int>{};
using type_t = typename decltype(type)::type;

static assert(std::is_same_v<type_t, int>);



CnMMUCKM TUNOB: KakK He Haao
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CnMMUCKM TUNOB: KakK He Haao

// Never do that!

< T, ... IS>
type_pack {
head = T;

tall = type_pack<Ts...>;

// more useless code

T



CnMMUCKM TUNOB: KakK Haao

// Just like that!

< .. IS>

type_pack {};



CnuncKn TMNOB: OCHOBHLIE cpeacTBa
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CnuncKn TMNOB: OCHOBHLIE cpeacTBa

// Everything 1s under tp namespace

empty_pack = type_pack<>;



CnuncKn TMNOB: OCHOBHLIE cpeacTBa

// Everything 1s under tp namespace

empty_pack = type_pack<>;

< ... 1S>
size(type_pack<Ts...>) {

sizeof...(Ts);



CnuncKn TMNOB: OCHOBHLIE cpeacTBa

// Everything 1s under tp namespace

empty_pack = type_pack<>;

< ... 1S>
size(type_pack<Ts...>) {

sizeof...(Ts);

< .. IS>
empty(type_pack<Ts...> tp) {
size(tp) == 0;



CnuncKn TMNOB: OCHOBHLIE cpeacTBa

// DO we need 1t at all?
< T, ... IS>

just_type<T> head(type_pack<T, Ts...>) {
{}

< T, .. IS>

type_pack<Ts...> tail(type_pack<T, Ts...>) {
{}



CnuncKn TMNOB: OCHOBHLIE cpeacTBa

< ... Ts, ... Us>

==(type_pack<Ts...>, type pack<Us...>) { false; }



CnuncKn TMNOB: OCHOBHLIE cpeacTBa

< .. 1S, ... US>
==(type_pack<Ts...>, type pack<Us...>) { false; }
< cv. IS>

==(type_pack<Ts...>, type pack<Ts...>) { true; }



CnuncKn TMNOB: OCHOBHLIE cpeacTBa

< ... Ts, ... Us>

==(type_pack<Ts. ..

< Ts>
==(type_pack<Ts...
< ... Is, class... Us>
l=(type_pack<Ts...
< Ts>

l=(type_pack<Ts...

type_pack<Us...

type_pack<Ts...

type_pack<Us...

type_pack<Ts...

false; }

true; }

true; }

false; }



CnuncKn TMNOB: OCHOBHLIE cpeacTBa

< T, U>

==(just_type<T>, just_type<U>) { false; }
< T>

==(just_type<T>, just_ type<T>) { true; }
< T, U>

I=(just_type<T>, just_type<U>) { true; }
< T>

I=(just_type<T>, just_type<T>) { false; }



PYHKUMN push n pop
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PYHKUMN push n pop

// type-based
< T, .. IS>

type_pack<T, Ts...> push_front(type_pack<Ts...>) { {1: 1



PYHKUMN push n pop

// type-based

< T, .. IS>

type_pack<T, Ts...> push_front(type_pack<Ts...>) { {1: 1

// value-based
< ... TS, >

type_pack<T, Ts...> push_front(type_pack<Ts...>, just_type<T>) {
{};



PYHKUMN push n pop

// type-based
< T, .. IS>

type_pack<T, Ts...> push_front(type_pack<Ts...>) { {1: 1

// value-based
< ... TS, >

type_pack<T, Ts...> push_front(type_pack<Ts...>, just_type<T>) {
{};

(push_front<int>(type_pack< , >{1) ==
type_pack<int, , >{});



OyHKLNM push u pop

< T, C .. TS>

type_pack<Ts...> pop_front(type_pack<T, Ts...>) {
137

(pop_front(type_pack< i , >{1) ==
type_pack< , >{});



PYHKUMN push n pop

// type-based

< T, .. IS>

type_pack<Ts..., T> push_back(type_pack<Ts...>) { {1: 1

// value-based
< ... TS, >

type_pack<Ts..., T> push_back(type_pack<Ts...>, just_type<T>) {
{};

(push_back<int>(type_pack< , >{1) ==
type_pack< , : >11)



PYHKLUMN push v pop

> pop_back?...

> ...TAK NPOCTO HEe MosIyynTCs

49



PYHKUNMA contains

> Y3HaTb, NPUCYTCTBYET /i TN T B AAHHOM CMUCKE

50



PyHKUMA contalns: bad

< U, .. IS>

contailns_1impl;



PyHKUMA contalns: bad

< U, .. IS>

contailns_1impl;

< U, ... Is> // found case

contains_impl<U, U, Ts...> : std::true_type {};



PyHKUMA contains: bad

< U, .. IS>

contailns_1impl;

< U, ... Is> // found case

contains_impl<U, U, Ts...> : std::true_type {};

< U, T, ... IS> // contlinue case

contains_impl<U, T, Ts...> : contains_impl<U, Ts...> {};



PyHKUMA contains: bad

< U, .. IS>

contailns_1impl;

< U, ... Is> // found case

contains_impl<U, U, Ts...> : std::true_type {};

< U, T, ... IS> // contlinue case

contains_impl<U, T, Ts...> : contains_impl<U, Ts...> {};

<class U> // not found case

contains_impl<U> : std::false_type {};



PyHKUMA contalns: bad

// type-based
< T, .. IS>
contains(type_pack<Ts...>) {
contains_1impl<T, Ts...>::value;

}

// value-based
< ... TS, >
contains(type_pack<Ts...>, just_type<T>) {

contains_1impl<T, Ts...>::value;

(contains<int>(type_pack<int, , >{1));



PyHKUMA contains: bad

> PekypcuBHasi UHCTaHUMaLUMSA TUNOB

> MHoro 6omnnepnaenTHOro Koaa
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PyHKUMA contains:

< T, .. IS>

contains(type_pack<Ts...>) {



PyHKUMA contains:

< T, .. IS>
contains(type_pack<Ts...>) {

bs[] = {std::1s_same<T, Ts>::value...};



PyHKUMA contains:

< T, .. IS>
contains(type_pack<Ts...>) {
bs[] = {std::1s_same<T, Ts>::value...};
res = false;
( b : bs) {

res |= b;



PyHKUMA contains:

< T, .. IS>
contains(type_pack<Ts...>) {
bs[] = {std::1s_same<T, Ts>::value...};
res = false;
( b : bs) {

res |= b;

res;

(contains<int>(type_pack< , , >{1));



PYHKUMA contains:

> Hunkakon pekypcun

> Kop ymellaeTtca Ha oauH cnang

> Kopaa Bce eLlle MHOrO...

61



PyHKUMA contains:

< T, .. IS>
contains(type_pack<Ts...>) {

// C++17 fold expressions

(... || std::1s_same_v<T, Ts>),
}
(contains<int>(type pack<int, , >{}));
(!contains<int*>(type_pack<int, , >{1));

('contalns< >(empty_pack{}));



PyHKUMA find

> B34Tb CMMCOK M TN T
> Pe3ynbrar - no3muna nepBoro BXoxxaeHna T B CNUCOK

> Ecnn T B cnucke OTCYTCTBYET, pe3y/ibTar — pa3Mep CrnmckKa

63



dyHKUMA find: bad

< U, .. IS>

find_1impl;



dyHKUMA find: bad

< U, .. IS>
find_1impl;
< U, ... Is> // found case

find_impl<U, U, Ts...> : std::1integral_constant< , 0> {};



dyHKUMA find: bad

< U, .. IS>

find_1impl;
< U, ... 18> // found case

find_impl<U, U, Ts...> : std::integral_constant< , 0> {};
< U, T, ... IS> // contlinue case

find_impl<uU, T, Ts...>

std: :integral_constant< , find_impl<U, Ts...>::value + 1> {};



dyHKUMA find: bad

< U, .. IS>

find_1impl;
< U, ... 18> // found case

find_impl<U, U, Ts...> : std::integral_constant< , 0> {};
< U, T, ... IS> // contlinue case

find_impl<uU, T, Ts...>

std: :integral_constant< , find_impl<U, Ts...>::value + 1> {};

< U> // not found case (value = size(tp))

find_impl<U> : std::integral_constant< , 0> {};



dyHKUMA find: bad

// type-based
< U, .. IS>
find(type_pack<Ts...>) {
find_impl<U, Ts...>::value;
}
// value-based
< ... Ts, U>
find(type_pack<Ts...> tp, just_type<uU>) {
find<U>(tp);

(find<int>(type_pack< , : >{}) == 1);



dyHKUMA find: bad

> Pekypcus...

> MHOro koaa...
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PyHKUMA find:

< T, .. IS>

find(type_pack<Ts...> tp) {



PyHKUMA find:

< T, .. IS>
find(type_pack<Ts...> tp) {
bs[] = {std::is_same_v<T, Ts>...};
( i=0; i < size(tp); ++i) {
(bs[1]) <

1,



PyHKUMA find.:

< T, .. IS>
find(type_pack<Ts...> tp) {

bs[] = {std::1s_same_v<T, Ts>...};

( 1 =0; 1 < size(tp); ++1) {
(bs[1]) {
1;
h
h
size(tp);

(Tind<int>(type_packs< : : >11) == 1);



PyHKUMA find.:

> Pekypcum HeT

> Koaa mausio...

> ...HO HegocTaTtoyHo MaJslo...
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PyHKUMA fiInd.: (C++20)

< T, .. IS>
find(type_pack<Ts...> tp) {
bs[] = {std::1s_same_v<T, Ts>...};
// std::find will be constexpr in C++20
std::find(bs, bs + size(tp), true) - bs;

(Tind<int>(type_packs< : : >11) == 1);
(Tind<int*>(type_pack< : : >11) == 3);



PyHKUMA fiInd.: (C++20)

< T, .. IS>
find(type_pack<Ts...> tp) {
bs[] = {std::1s_same_v<T, Ts>...};
// std::find will be constexpr in C++20
std::find(bs, true) - bs;

(Tind<int>(type_packs< : : >11) == 1);
(Tind<int*>(type_pack< : : >11) == 3);



PyHKUMA find If

> B3aTb cNUCOK 1 npeaukaT (MeTadyHKUKIO)

> Pe3ynbrar - no3numsa NepBOro BXOXAEHNS B CMIMCOK 3/IEMEHTA,
y0B/IETBOPSIOLLErO Npeankary

> Ecnu anemMeHT, yooBNeTBOPAOLWLNA Npeankary, B CNUCKe
OTCYTCTBYET, pe3ynbrar — pa3mMmep crnmcka

76



Kak npuHumMmaTb MmeTayHKUNn?

> Kak ncnonb3oBarb MeTa@yHKUMIO B KQUECTBE aprymeHTa?

(&4



LLla®noHHbIe Lab/10OHb

// Haskell’s partial call analogue

< < N F,
part_caller {
< ... Us>
type = F<Ts..., Us...>.:.type,

T

. IS>



PyHKUMA find If

< < C > F, ... Ts>
find_if(type_pack<Ts...> tp) {
bs[] = {F<Ts>::value...};
std::find(bs, true) - bs;

(find_1f<std::1s_pointer>(type_pack< . x >{}) == 1);



PyHKUMA find If

< < C > F, ... Ts>
find_if(type_pack<Ts...> tp) {
bs[] = {F<Ts>::value...};
std::find(bs, true) - bs;

(find_1f<std::1s_pointer>(type_pack< . x >{}) == 1);

(find_1if<part_caller<std::1is_base_of, std::exception>::type>(

type_pack<std::runtime_error, , std::string>{}) == 0);



bonblie value-based meTtanporpammnpoBaHus!

// Metafunction wrapper for value-returning metafunctions
< < Ce F>

value_fn {

()(just_type<Ts>...) {

T

value_fn<F> value_fn_v;



bonblie value-based meTtanporpammnpoBaHus!

// Metafunction wrapper for type-returning metafunctions
< < N F>
type_fn {
<class... Ts>
()(Just_type<Ts>...) {
just_type< F<Ts...>::type>{};

T

< < e LD F>

type_fn<F> type_fn_v;



PyHKUMA find If

< F, .. 1S>

std::size_t find_if(F f, type_pack<Ts...> tp) {

bs[] = {f(Just_type<Ts>{})...};
(std::size_t I = 0; I < size(tp); ++1) {

(bs[1]) {
L
size(tp);

(find_if(value_fn_v<std::1s_polnter>, type_pack< , *>{1) ==

1);



dyHKuMm any of, all of, none of

384



dyHKuMm any of, all of, none of

< F, ... IS>
all_of(F f, type_pack<Ts...>) {
(... & & f(just_type<Ts>{}));



dyHKuMm any of, all of, none of

< F, ... IS>
all_of(F f, type_pack<Ts...>) {
(... & & f(just_type<Ts>{}));

< F, ... IS>

any_of(F T, type_pack<Ts...>) {
(... || T(Just_type<Ts>{}));



dyHKuMm any of, all of, none of

< F, ... IS>
all_of(F f, type_pack<Ts...>) {
(... & & f(just_type<Ts>{}));

J
< F, ... Ts>
any_of(F f, type_pack<Ts...>) {
(... || T(Just_type<Ts>{}));
J
< F, ... Ts>

none_of(F f, type_pack<Ts...> tp) {
lany_of(f, tp);



dyHKuMm any of, all of, none of

// Type-based versions are shorter to call 1n some cases...
(all_of<std::1s_polinter>(type_pack< *, *, *>{1}));
(all_of<std::i1is_pointer>(empty_pack{}));

(any_of<std::1s_reference>(type_pack< &, , **>{1));

(lany_of<std::1s_reference>(empty_pack{}));

(none_of<std::is_void>(type_pack< . , >{}));

(none_of<std::1s_void>(empty_pack{}));



PyHKUMA transform

> B349Tb CMUNCOK
> [1pUMEeHUTb MeTayHKUNIO K KaXKI0OMY 3/1EMEHTY Crnucka

> Pe3ynbrarbl CA0XUTb B HOBbIN CNUCOK

89



PyHKUMA transform

< < D F, A P

transform(type_pack<Ts...>) {
type_pack< F<Ts>::type...>{};
// Value-based version 1s too simple...

(transform<std::add_poilnter>(type_pack< , , >{1) ==
type_pack<int®, " ">11)7



PYyHKUNA reverse
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PYyHKUNA reverse

< ... Is> // finish case

reverse_impl(empty_pack, type_pack<Ts...> res) { res };



PYyHKUNA reverse

< ... Is> // finish case
reverse_1impl(empty_pack, type_pack<Ts...> res) { res };
< T, ... TS, ... Us> // continue case

reverse_impl(type_pack<T, Ts...>, type_pack<Us...>) {
reverse_impl(type_pack<Ts...>{}, type_pack<T, Us...>{});



PYyHKUNA reverse

< ... Is> // finish case
reverse_1impl(empty_pack, type_pack<Ts...> res) { res };
< T, ... TS, ... Us> // continue case

reverse_impl(type_pack<T, Ts...>, type_pack<Us...>) {
reverse_impl(type_pack<Ts...>{}, type_pack<T, Us...>{});

}
< .. 1S>
reverse(type_pack<Ts...> tp) { reverse_impl(tp, {}); }
(reverse(type_pack<int, , >{}) ==

type_packs : : >11)



PyHKUNA get

> B34Tb CNUCOK N HEKOTOPbLIN NHAEKC

> BepHyTb TUM, HAXOASALWNIACA B CNUCKE MO AAHHOMY UHAEKCY
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PyHKUMA get: bad

get_1impl;

.. [S>



PyHKUMA get: bad

< 1, .. IS>
get_1impl;
< T, ... Is> // found case

get_impl<O, T, Ts...> { type = T; };



PyHKUMA get: bad

< I,
get_1impl;
< T,

get_1impl<®, T, Ts..

< I,
get_impl<I, T, Ts
type =
¥

. IS>

. ITs> // found case

> { type = T; };
T, ... Is> // continue case
|

get_1mpl<I - 1, Ts...>::type;



PyHKUMA get: bad

< I, A
get_impl;
< T, ... Is> // found case
get_1impl<O, T, Ts...> { type = T; };
< I, T, ... 18> // contlnue case

get_impl<I, T, Ts...> {
type = get_1mpl<I - 1, Ts...>::type;
¥
< I> // not found case, SFINAE-frendly
get_impl<I> {};



PyHKUMA get: bad

< I, ... TS>
get(type_pack<Ts...>) {
just_type< get_impl<I, Ts...>::type>{};

(get<i>(type_packs< : / >{}) == Just_type<int>{});



PyHKUMA get: bad

< I, ... TS>
get(type_pack<Ts...>) {
just_type< get_impl<I, Ts...>::type>{};

(get<i>(type_packs< : / >{}) == Just_type<int>{});

// compllation error: no type named ‘type’ 1n ‘tp::get_1impl<2>’

(get<5>(type_packs< : / >{}) == Just_type<int>{});



PyHKUMA get: bad

> BceM NoHATHO, NnoYyeMy 3TO M0Xo0...

102



PyHKUNA get:

> HaMm HY)>XHO Kak-TO O6bICTPO co34aBaTb CMUCKN MHOEKCOB

> B cTaHgapTe ecTb roToBble NPUMUTUBDI!

103



std::iIndex seqguence

template<std::size t... Ints>
using 1ndex sequence = std::integer sequence<std::size t, Ints...>;

A helper alias template std: :make_integer sequence is defined to simplify creation of std: :integer sequence
and std::1ndex sequence typeswith O, 1, 2, ..., N-1 as Ints:

template<class T, T N>

using make integer sequence = std::integer sequence<T, /* a sequence 0, 1, 2, ., N-1 */ >;

template<std::size t N>
using make i1ndex sequence = make 1nteger sequence<std::size t, N>;
The program is ill-formed if N is negative. If N is zero, the indicated type is integer sequence<T>.

A helper alias template std: :1ndex_sequence_ for is defined to convert any type parameter pack into an index
sequence of the same length

template<class... T>
using index sequence for = std::make index sequence<sizeof...(T)>;
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PyHKUNA get:
< 1,
indexed_type {

type = T,
I

>

value = I;



PyHKUNA get:

< I, >
indexed_type {

value = I;
type = T,
¥
< IS, ... Ts>
1ndexed_types;
< ... Is, ... Ts>

1ndexed_types<std::index_sequence<Is...>, Ts..

type : 1ndexed_type<Is, Ts>... {};
¥

> {



PyHKUNA get:

< co. ITS>
i1ndexed_types_for =

1ndexed_types<std::index_sequence_for<Ts...>, Ts...>::type;



PyHKUNA get:

< .. TS>
1ndexed_types_for =

1ndexed_types<std::index_sequence_for<Ts...>, Ts...>::type;

< I, >
just_type<T> get_indexed_type(indexed_type<I, T>) { {}; }



PyHKUNA get:

< .. TS>
1ndexed_types_for =

1ndexed_types<std::index_sequence_for<Ts...>, Ts...>::type;

< I, >
just_type<T> get_indexed_type(indexed_type<I, T>) { {}; }
< I, ... TIs>

get(type_pack<Ts...>) {
get_indexed_type<I>(1indexed_types_for<Ts...>{});

(get<i>(type_packs< : / >{}) == Just_type<int>{});



PyHKUNA get:

> Pekypcum HeT

> Ko/sinyecTBO AOMNO/THUTE/bHbLIX CO34aBaeMbIX TUMOB MO NPeXHeMy
IMHENHO NO OTHOLLEHWUIO K pa3mMmepy crnmcka
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Comma operator

> [NocnepoBaTenbHO BbINOMHAET onepaunmn Yepes 3ansaTyio

> Pe3ynbrar Takon nocnenoBaTe/ibHOCTU — Moc/eHAA
BbIMO/IHEHHAA onepauunsa (onepaunsa, Haxoaalaacs 3a caMmount
nocsieaAHen 3ansaTon)
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Comma operator

Run this code

#include <iostream>

int main()

{
int n = 1;
int m = (++n, std::cout << "n = " << n << '\n', ++n, 2*n);
std::cout << "m =" << (++m, m) << '\n';

1

Output:
n =2
m= 7/

cppreference.com example
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PyHKUNA get:

get_1impl;



PyHKUNA get:

get_impl;

< ... IS>

get_1impl<std::index_sequence<Is...>> {



PyHKUNA get:

get_1impl<std::index_sequence<Is...>> {
< >

T dummy ( (Is, (
¥

*)O)..., T7¥,

. )



PyHKUMA get: besl

// get_1impl<std::make_1index_sequence<3>>;
struct get_impl<std::index_sequence<0, 1, 2>> {
template <class T>
static constexpr T dummy(decltype(O, (volid*)0),
decltype(1, (void*)0),
decltype(2, (void*)o), T*, ...);
I
/] =>
struct get_impl<std::index_sequence<0, 1, 2>> {
template <class T>
static constexpr T dummy(void*, void*, void*, T*, ...);

Y: // result type A deduced from 3rd parameter A !



PyHKUNA get:

< I, ... TIs>
get(type_pack<Ts...>) {
just_type< (

get_1impl<std::make_index_sequence<I>>::dummy((Ts*)(0)...))>{};

(get<i>(type_packs< : / >{}) == Just_type<int>{});



PyHKUNA get:

> KonnyecTtBO co3aaBaeMbIX TUMOB KOHCTAHTHO

> JKyTKun Koa

> [1noxo paboTtaeTt ¢ MSVC...
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KCTatu Npo reverse...

<std::size_ t... 1s, TP>

reverse_impl(std::index_sequence<is...>, TP tp) {

type_pack< (get<size(tp) - 1s - 1>(tp))::type...>{},;
}
< A P
reverse(type_pack<Ts...> tp) {
reverse_1impl(std::index_sequence_for<Ts...>{}, tp),;
}

(reverse(type_pack< . , >{}) ==

type_packs : : >11)



PyHKUNA generate

> B3datb TN 1T n pasmep N

> Co3naTb cnNuUcok, cogepxawmm N afieMeHToB T
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PyHKUMA generate: bad

< I, T, ... Is> // continue case
generate_impl {
type = generate_1impl<I - 1, T, Ts..., T>::type;
¥



PyHKUMA generate: bad

< I, T, ... Is> // continue case
generate_impl {
type = generate_1impl<I - 1, T, Ts..., T>::type;
¥
< T, ... Is> // finish case
generate_impl<O, T, Ts...> {

type = type_pack<Ts...>;
T



PyYHKUMA generate: bad

< I, T, ... Is> // continue case

generate_impl {

type = generate_1impl<I - 1, T, Ts..., T>::type;
¥
< T, ... 1s> // finish case
generate_impl<®, T, Ts...> {
type = type_pack<Ts...>;
¥
< I, >
generate() { generate_impl<I, T>::type{}; }

(generate<s, >() == type_pack<int, : >11) 7



PYyHKUMA generate: bad

> Pekypcus, kKoTopas He AacT HaM co3aaTb 60/bLLIOW CNNCOK
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PyHKUNA generate:

< .. IS>

type_pack<Ts...> generate_helper(Ts*...) {

{};

}



PyHKUNA generate:

< .. IS>
type_pack<Ts...> generate_helper(Ts*...) { {}; }
< T, ... 1S>
generate_impl(std::1ndex_sequence<Is...>) {

generate_helper((( YIs, (T*)0)...);



PyHKUNA generate:

< .. IS>
type_pack<Ts...> generate_helper(Ts*...) { {}; }
< T, ... 1S>

generate_impl(std::1ndex_sequence<Is...>) {

generate_helper((( YIs, (T*)0)...);
}
< I, 1>
generate() {
generate_1imp l<T>(std::make_1index_sequence<I>{});
}

(generate<s, >() == type_pack< . . >{1):



PyHKUNA generate:

(generate<32768, >() = type_pack< , , >{1);

c lang++ ..

#63 Ox000071f932f6c1223 _ libc_start_main (/usr/bin/../lib/libc.s0.6+0x24223)
#64 0x00005557b38a45fe _start (/usr/bin/clang-7+0xf5fe)

clang-7: error: unable to execute command: Segmentation fault (core dumped)
clang-7: error: clang frontend command failed due to signal (use -v to see
invocation)

clang version 7.0.1 (tags/RELEASE_701/final)

Target: x86_64-pc-linux-gnu

Thread model: posix



PyHKUNA filter

> B3aTb CNNCOK 1 npeankat (MeTadyHKLUIO)

> BepHYTb CMNCOK TOIbKO C TEMW 3/IEMEHTaMW, KOTOPbIE
yAOBAETBOPUIN NpeanKaTy
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OyHKUmMA filter: bad

< < C F, ... Us>

filter_impl(empty_pack, type_pack<Us...> res) { res; }



dyHKUMA filter: bad

< < C F, ... Us>
filter_impl(empty_pack, type_pack<Us...> res) { res; }
< < A F, T, ... Ts, ... Us>

filter_impl(type_pack<T, Ts...>, type_pack<Us...>) {
(F<T>::value) {
filter_impl<F>(type_pack<Ts...>{}, type_pack<Us..., T>{});



dyHKUMA filter: bad

< < C F, ... Us>
filter_impl(empty_pack, type_pack<Us...> res) { res; }
< < A F, T, ... Ts, ... Us>

filter_impl(type_pack<T, Ts...>, type_pack<Us...>) {
(F<T>::value) {
filter_impl<F>(type_pack<Ts...>{}, type_pack<Us..., T>{});

filter_impl<F>(type_pack<Ts...>{}, type_pack<Us...>{});



dyHKUMA filter: bad

< < - F, ... Ts>
filter(type_pack<Ts...> tp) {
filter_impl<F>(tp, {});

(filter<std::1s_pointer>(type_pack< . * *>f1) ==
type_pack< *, *>{});

(filter<std::1s_pointer>(empty_pack{}) == empty_pack{});



OyHKUmMA filter: bad

> Pekypcud

> B ocTasibHOM, CnNocob ckopee , yem bad
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PyHKUKA filter:

< < e

filter_one() {
(F<T>::value) {
type_pack<T>{};

empty_pack{};



PyHKUKA filter:

< < Ce > F, >
filter_one() {
(F<T>::value) {
type_pack<T>{};

empty_pack{};

< ... TS, ... Us>
+(type_pack<Ts...>, type_pack<Us...>) {
type_pack<Ts..., Us...>{};



PyHKUNA filter:

< < R F, ... Ts>
filter(type_pack<Ts...>) {
(empty_pack{} + ... + filter_one<F, Ts>());

(filter<std::1s_pointer>(type_pack< . * *>f1) ==
type_pack< *, *>{});



CnNUCKN TUNOB: BCE BMecCTe

> Policy-based KoHTenHepb! N anropuTMbl, 6€3 NPUBA3KU K NO3NLINN
B CNCKe apryMmeHTOB

> dabpukn oobbekToB, pabdoTatoive B compile time

> OcHoBa A4 eLle 6onee XxapaKopHOro metanporpaMmmmpoBaHns
(HO 006 3TOM B cneayoLmm pas)
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SBOMOLINA METANPorpaMmMmmpoBaHnd: CIINCKN TUMNOB

3. ITor



VITOr: CNUCKN TUNOB

> Co cnuckamu TMNoB MOXHO paboTaTb (ec/m nocrtaparbca)
> [0TOBble cpeacTsa ansa padoTbl C HUMU YAOOHbI...
> ... HO CKOpee BCero HuKorga He NosABATCSA B cTaHaapTe

> [lepemelunBaHue type- 1 value-based noaxonoB ABNAeTCA
npob6nemont
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VITOor: meTanporpammmpoBaHne

> MeTanporpaMmmmnpoBaHme 3HAYUTENbHO PacLLUNPSIET rPaHuLIb|
BO3MOXHOTO

> MeTtanporpaMmMmnpoBaHne He SIBAAETCA YEM-TO OPY>XENMHOOHbIM,
NoKa K HEMY He NPUBbIKHELLb...

> ... KaKk n Becb C++

> Bce BmecTe Xaem reflection
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Cnacmnoo 3a BHMMmaHue!

Oner darxues
Mnaalinn paspaboTymk

S tender-bum@yandex-team.ru  <Z/ tender-bum

+7 919 155-83-40 Q github.com/ofats/meta_evo
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