Kak 3actaBuUTb LLAOMOHDLI
KOMMUNMPOBaTbLCA ObLICTPO U




[lecaTtoe npaBuno
[ pMHCNEeHa

Jiobasi gocTaTtouHO croxHasi nporpaMmma Ha Cu unu dopTtpaHe CoOAepPKNT 3aHOBO
HanucaHHyo, HecneuMUUMPOBaHHYIO, MMIOYHYIO U MEASIEHHYIO peanu3aumio NoroBUHbI
a3blka Common Lisp.


https://ru.wikipedia.org/wiki/%D0%A1%D0%B8_(%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D1%82%D1%80%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/Common_Lisp
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CnncokK TUNnos

<

type list {};




OOHU N Te Xe 3aga4vn MOXHO PELUNTb
pa3HbIMK crnocobamm!!
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3apgaya: cMepakuTb ABa crmcka TUMNoB

21



CMGp,EI,)KI/ITb ABa CI1CKa TUMoB

<

using joiln




CMepmKUTb [1Ba Cnmncka TUnos

bace detail {
template <typename... Ts> struct append impl;

template <> struct append impl<> { using type = type list<>; };

template <template <typename...> class L, typename... T>
struct append impl<L<T...>> {

using type = L<T...>;

bi

template <template <typename...> class L1, template <typename...> class
typename... Tls, typename... T2s, typename... Ts>
struct append impl<L1<Tls...>, L2<T2s...>, Ts...>
append impl<L1<Tls..., T2s...>, Ts...> {};

template <typename... Ts>
using join = typename detail::append impl<Ts...>::type;




https://github.com/beark/ftl/tree/master

CMGp,EI)KMTb D'Ba C”MCKa TM”OB https://github.com/marzer/type_list/tree/main

template <typename L, typename R> struct concat type seqgs {};

template <typename... Ls, typename... Rs>

struct concat type segs<type list<Ls...>, type list<Rs...>> {
using type = type list<Ls..., Rs...>;

}i

template <typename L, typename R>

using join = typename concat type segs<L, R>::type;




https://github.com/beark/ftl/tree/master

CMGp,EI)KMTb D'Ba C”MCKa TM”OB https://github.com/marzer/type_list/tree/main

struct concat type segs<type list<Ls... type list<Rs...
using type = type list<Ls..., Rs...>;
i




CMepmKUTb [1Ba Cnmncka TUnos

template<typename... LHS, typename... RHS>
auto join f(type 1list<LHS...>, type 1ist<RHS...>)
-> type 1ist<LHS..., RHS...>;

template<typename LHS, typename RHS>
using join = decltype(join £ (LHS{}, RHS{})):;




CMepmKUTb [1Ba Cnmncka TUnos

template<tvpename T.HS . tvpename

auto join f(type 1ist<LHS...>, type 1list<RHS...>)
-> type 1ist<LHS..., RHS...>;




3agada: nony4ntb N-1 TMN U3 Crmcka

28



nony4ymntb N-n TN U3 cnucka

<std::size t N,
using nth t = ...;




nony4ymntb N-n TN U3 cnucka

<size t N, r,
get nth : get nth<N - 1,

< T,
get nth<0, T, Ts...

using type = T;

bi

<size t N, r,
get nth<N, type 1list<T, Ts...>>
get nth<N - 1, type 1list<Ts...>>

< T, ooo N>
get nth<0, type 1ist<T, Ts...>> {
using type = T;
b7

<std::size t N, >
using nth t = get nth<N, T>::type;




nony4ymntb N-n TN U3 cnucka

<size t N, T, ..
get nth : get nth<N - 1, Ts...> {};

get nth : get nth<N - 1, Ts...

get nth<0, T, Ts...>

<std::size t N, >
using nth t = get nth<N, T>::type;




Embedded Template Library (ETL)

https://github.com/ETLCPP/etl/tree/master

TO,
T—l
T2,
m3,
T4>
type select<TO,

<size t ID>

select

typename etl::conditional<ID
typename etl: :conditional<ID
typename etl: :conditional<ID
typename etl: :conditional<ID
typename etl: :conditional<ID
etl::null type<0> >
citype:itype>::itype>::itype>::type

ETL STATIC ASSERT(ID < 5, "Invalid ID");




nony4ntb N-1 TMn n3 cnmncka (c++20 edition)
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nony4ntb N-1 TMn n3 cnmncka (c++20 edition)

<std::size t N, First, oo I>
nth type helper(type list<First, T...>) -> First
(N == 0);

<std::size t N, First,
nth type helper(type list<First, T...> list)
-> (nth type helper<N - 1> (type 1ist<T...>{}))
(N > 0);




nony4ntb N-1 TMn n3 cnmncka (c++20 edition)

<std::size t N, First, oo I>
nth type helper(type list<First, T...>) -> First
(N == 0);

<std::size t N, First,
nth type helper(type list<First, T...> list)
-> (nth type helper<N - 1> (type 1ist<T...>{}))
(N > 0);




nony4ntb N-1 TMn 13 cnmncka (c++26 edition)
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nony4ntb N-1 TMn 13 cnmncka (c++26 edition)

https://len.cppreference.com/w/cpp/language/pack_indexing

Indexing a pack with non-constant expression index I is not allowed.

int runtime idx();

void bar(auto... args)
{
auto a = args...[0];
const int n = 1;
auto b = args...[n];
int m = 2;
auto c args...[m]; // error: 'm' is not a constant expression
auto d args...[runtime_idx()]; // error: 'runtime idx()' is not a constant expression

Indexing a pack of template template parameters is not possible.

template <template <typename...> typename... Temps>

using A = Temps...[0]<>; // erro Temps' 1is pack of template template paramete
template <template <typename...> typename... Temps>
using B = Temps<>...[0]; // error: 'Temps<>' doesn't denote pack name

/ although it is a s le-template-id

Syntax
10-expression «.. [ expression

typedef-name ...[ expression ]

(1)

(2)
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nony4ntb N-1 TMn 13 cnmncka (c++26 edition)

https://len.cppreference.com/w/cpp/language/pack_indexing

Indexing a pack with non-constant expression index I is not allowed.

int runtime idx();

void bar(auto... args)
{
auto a = args...[0];
const int n = 1;
auto b = args...[n];
int m = 2;
auto c args...[m]; // error: 'm' is not a constant expression
auto d args...[runtime_idx()]; // error: 'runtime idx()' is not a constant expression

}

Indexing a pack of template template parameters i§ not possible.

template <template <typename...> typename... Temps>

using A = Temps...[0]<>; // erro Temps' 1is pack of template template paramete
template <template <typename...> typename... Temps>
using B = Temps<>...[0]; // error: 'Temps<>' doesn't denote pack name

/ although it is a s le-template-id

Syntax
10-expression «.. [ expression

typedef-name ...[ expression ]

(1)

(2)
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3apada: ForEach onsa Bcex Tmnos
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3apada: ForEach gnga Bcex Tnnos

https://github.com/jatinchowdhury18/types_list

template <typename TypesList, typename ForEachAction,
size t typelndex = O,
size t numTypesLeft = TypesList::count>

static constexpr void forEach(ForEachAction
&&forEachAction) {
if constexpr (numTypesLeft > 0) {

forEachAction(std: :integral constantstd::size ¢,
typelndex>()) ;

forEach<TypesList, ForEachAction, typelIndex + 1,
numTypesLeft — 1> (

std: :forward<ForEachActiorn> (forEachAction)) ;

template <typename TypesList, typename Functor>
Functor for each(Functor &&f) {
forEach<TypesList>([] (auto typeIndex) {

using TypeAtIndex = typename TypesList::template
AtIndex<typelndex>;
f<TypeAtIndex> () ;
1)
}

https://github.com/edouarda/brigand

template <class F, class...
{
(void)std::initializer list<int>{
((void) std::ref (f) (static cast<Ts &&>(a)), 0)...
return f;

Ts> F for each args(F f,

detail

emplate<template<class...> class List, typename...
typename Functor>
Functor for each impl( type <List<Elements...>>&&, Functor f

Elements,

)
{
return for each args( std::move(f), type <Elements>()... );

}

template<typename List,
Functor f )

{

“ypename Functor> Functor for each (

return detail::forieachiimpl( type7<List>{}, std::move (f) );
}
}




3apada: ForEach onsa Bcex Tmnos

He 6ubnmnotevHoe pelieHmne
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Fold expression

Syntax

( packop ... )

( ... op pack)

( packop ... opinit)

(initop ... op pack))

(1)
(2)
(3)

(4)

42



Operator comma

Other operators

Operator Overload Prototype examples (for class T)
Syntax
name able Inside class definition Outside class definition
function call a(al, a2) Yes R T::operator()(Argl &1, Arg2 &a32, ...); N/A
comma a, b Yes T2& T::operator, (T2 &b); T2& operator, (const T &a, T2 &b);
conditional ATbeE _ NIA N/A
operator




Operator comma

Other operators

Operator Syntax Overload
name able
ja(al, a2) Yes
la, b Yes
at:bss ¢ No

|operator

Prototype examples (for class T)

insldé crlass definition

R T::operator()(Argl &1, Arg2 &a2, ...

| T2& T::operator, (T2 &b);

)i
| T2& operator, (const T &a, T2 &b);

Outside class definition

N/A
N/A

N/A

44



ForEach (c++17/20 edition)




ForEach (c++17/20 edition)

. T>
for each impl (tools::type 1ist<T...>) {
(£E<T>(), ...)s
}




ForEach (c++17/20 edition)

. T>
for each impl (tools::type 1ist<T...>) {
(£E<T>(), ...):
}




ForEach (c++17/20 edition)

< e I>
for each impl (tools::type 1ist<T...>) {
(£E<T>(), ...)s
}

< List>
for each () {
return for each impl (List{});

}




ForEach (c++17/20 edition)

< e I>
for each impl (tools::type 1ist<T...>) {
(£E<T>(), ...):
}

< List>
for each () {
return for each impl (List{});

}




ForEach (c++17/20 edition)

< e I>
for each impl (tools::type 1ist<T...>) {
(E<T>0) . .. )7
}

< List>
for each () {
return for each impl (List{});

}




HebonbLoe OTCTynfeHne: TOHKOCTU 3anycka
dyHKuKnn vepes fold B c++20 pack
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3anyck dyHkunm vepes fold

<size t N,
to n impl (tools:
size t counter = 0;
(... |l £ helper<N,
}

c.e. I'>
ttype 1ist<T...>) {

T> (counter) ) ;
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3anyck dyHkunm vepes fold

<size t N,
to n impl (tools:
size t counter = 0;
(... |l £ helper<N,
}

c.e. I'>
ttype 1ist<T...>) {

T> (counter) ) ;
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3anyck dyHkunm vepes fold: left fold vs right fold

<size t N, R <size t N, P
to n impl (tools::type 1ist<T...>) { to n impl (tools::type 1ist<T...>) {

size t counter = 0; size t counter = 0;
(f helper<N, T>(counter) || ...); (... |l £ helper<N, T>(counter));
} }

54



left fold vs right fold

(£<Tr<0>>() && f<Tr<I>>() && f<Tr<2>>() && f<Tr<3>>() && f<Tr<4>>()

(£<Tr<0>>() && (f<Tr<1>>() && (f£<Tr<2>>() && (f<Tr<3>>() && (f<Tr<4>>()) ))) )

(((((£<Tr<0>>() && f<Tr<1I>>()) && f<Tr<2>>()) && f<Tr<3>>()) && f<Tr<4>> ()




left fold vs right fold

(£<Tr<0>> () && f£<Tr<l>> ()
&& £<Tr<2>>() && f<Tr<3>>()
&§& £<Tr<d>> () && f£<Tr<5>> ()

&§& £<Tr<6>>());

cout << std::endl;
t:cout << " —— " << std::endl;

::cout << std::endl;

(E<Tr<0>>() &&
(£<Tr<1>> () &&

(£<Tr<2>>() &&

(E<Tr<3>>() &&
(£E<Tr<d>> () &&

(£E<Tr<5>>() && £<Tr<6>>()))))));

https://godbolt.org/z/1nzriWEPdh

https://godbolt.org/z/8Mrh7rTbK
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https://godbolt.org/z/1nzriWEPdh

left fold vs right fold

https://godbolt.org/z/8Mrh7rTbK

(£<Tr<0>> () && £<Tr<l>>()

§& F<Tr<2>>() &8& F<Tr<3>>() Evaluating 0

Evaluating 1

&§& £<Tr<d>> () && f£<Tr<5>> () Evaluating 2

f<Tr<6>>()) ; Evaluating 3
std::endl;

no__on e Std::endl; EValuatlng 0

std: :endl; Evaluat}ng L

Evaluating 2

Evaluating 3

(£<Tr<0>>() &&

(£<Tr<1>> () &&

(£<Tr<2>>() &&

(f<Tr<3>>() &&
(£<Tr<4>>() &&
(£E<Tr<5>>() && £<Tr<6>>()))))));




3anyck dyHkunm vepes fold

template <size t N, typename T>

Order of evaluation

Order of evaluation of any part of any expression, including order of evaluation of
function arguments is unspecified (with some exceptions listed below). The
compiler can evaluate operands and other subexpressions in any order, and may
choose another order when the same expression is evaluated again.
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3anyck dyHkunm vepes fold

template <size t N, typename T>

Order of evaluation

Order of evaluation of any part of any expression, including order of evaluation of
function arguments is unspecified (with some exceptions listed below). The
compiler can evaluate operands and other subexpressions in any order, and may
choose another order when the same expression is evaluated again.
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3anyck dyHkunm vepes fold

Since C++11

template <size t N, typename T>

J

A N —h ™

6) Every value computation and side effect of the first (left)
argument of the built-in logical AND operator &&, the built-in logical
OR operator || and the built-in comma operator , is sequenced
before every value computation and side effect of the second
(right) argument.
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3anyck dyHkunm vepes fold

Since C++17?

template <size t N, typename T>

.

A N —h ™

N P AN\ AN

18) In a shift operator expression E1 << E2 and E1 >> E2, every
value computation and side effect of E1 is sequenced before
every value computation and side effect of E2.

61



left fold vs right fold

(£<Tr<0>>() && f<Tr<I>>() && f<Tr<2>>() && f<Tr<3>>() && f<Tr<4>>()

(£<Tr<0>>() && (f<Tr<1>>() && (f£<Tr<2>>() && (f<Tr<3>>() && (f<Tr<4>>()) ))) )

(((((£<Tr<0>>() && f<Tr<1I>>()) && f<Tr<2>>()) && f<Tr<3>>()) && f<Tr<4>> ()




left fold vs right fold

(£<Tr<0>> () && f<Tr<l>>() && f<Tr<2>>() && f<Tr<3>>() && f<Tr<4>>()

(£<Tr<0>> () && (£<Tr<I>> () && (f<Tr<2>>() && (f<Tr<3>>() && (f<Tr<4>>())

(((((£<Tr<0>>() && £<Tr<1>>()) && f<Tr<2>>()) && f£<Tr<3>>()) && f£<Tr<4>>()




3anyck dyHkunm vepes fold: left fold vs right fold

<size t N, soo I <size t N, soo >
to n impl (tools::type 1list<T...>) { to n impl (tools::type 1list<T...>)
size t counter = 0; size t counter = 0;

(f helper<N, T>(counter) || ...); (... |l £ helper<N, T>(counter));
} }

{
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Kak 3adpukcupoBaTtb Nopsaok BbirnosiHeHne fold-expression
ans opyrux onepatopos?
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Kak 3adoukcmpoBaTtb nopsaaok BeinonHeHue fold-expression
ans opyrux onepatopos?

Lazily evaluated folds in C++

Reduce proposal

Reduce library

66


https://ngathanasiou.wordpress.com/2016/03/22/lazily-evaluated-folds-in-c/
https://picanumber.github.io/reduce/
https://github.com/picanumber/reduce/tree/master

[lones3Haqa ctaTbs

https://lwww.scs.stanford.edu/~dm/blog/param-pack.pdf

David Mazieres: C++20 idioms for parameter packs

template <typename T, typename F>

size t tuple find(const
return std::apply(

[l (++x,

vold(t.insert (std::forward<kE> (e))),
t.insert (std::forward<E>(e))...;

67



KoHuenTbl ang 3anycka dyHkuuin yepes fold B
c++20 pack
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KoHuenTbl 1 orpaHn4veHHble (constrained) WwabnoHbl

< >
Optional = {
T::value type;
std::same as<T, std::optional< T::value type>>;




KoHuenTbl 1 orpaHn4veHHble (constrained) WwabnoHbl

< T>
f(size t& val) {
val++;
}




KoHuenTbl 1 orpaHn4veHHble (constrained) WwabnoHbl

< T>
f(size t& val) {
val++;
}




[TocunTtaTtb KONM4ecTBO optional B cnnucke TUMNOB

< T>
f(size t& val) {
val++;

. I>
size t for each so impl(tools::type 1ist<T...
size t res = 0;
(..., £<T>(res));
return res;

}




[TocunTtaTtb KONM4ecTBO optional B cnnucke TUMNOB

T>
f(size t& val) {}

< .. T>
size t for each res impl(tools::type 1ist<T...>) {
size t res = 0;
(..., £<T>(res));
return res;

}




[NapameTpbl Ans pa3HbiX TUMOB
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[MapameTpbl ANs pa3HbIX TUMNOB

if (registry.all of<A, B, C,
{

const auto &[a, b] = registry.last<A, B>();

Do something

for (const auto &c : registry.all<C>())
{

Do something

}
const auto &d = registry.last<D>();

Do something

OOKNAQ MpaxkTuyHbin C++ 03.06 / 11:00 — 12:00 (UTC+3

NMone3Hblie Tpioku C++ Ha npuMepe
opraHusauum navnnamHa

R Masen Cyxos
f AHpekc [locTaBka
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Currying
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Currying

f => f(int, double, string)— > int
a = f(123)

a => f(double, string)— > int




Currying

namespe
curry(std::function<R(T,Ts...)> fun)
template <typename FUNCTION> struct : result (
curry; [=] (const T& t) {
B return curry<std::function<R(Ts...)>>(
1st Ts&...ts) {
. ypename R, typename T> struct return fun(t, ts...):;
curry<std::function<R(T)>> { }
using ) .result;
type = std::function<R(T)>;

const type
result;

_curry(type fun) : result(fun) {}

template <typename R, typename...Ts> auto
std::function<R(Ts...)> fun)

ame 7dt1::7curry<std::fuwctiom<R(Ts...)>>::type

. blate <typename R, typename T, typename...Ts> struct return 7dt1::7curry<std::fuwctiom<R(Ts...)>>(fun).result;
curry<std::function<R(T,Ts...)>> {
using
remaining type = typename curry<std::function<R(Ts...)> template <t name R, typename...Ts> auto
>::type; curry (R (* 3 ) (Ts...))
-> typename 1:: curry<std::function<R(Ts...)>>::type
using {
type = ::function<remaining type (T)>; return dtl:: curry<std::function<R(Ts...)>>(fun) .result;



https://stackoverflow.com/questions/152005/how-can-currying-be-done-in-c

Currying

< , = std::void t<> >
needs unapply : std::true type { 1},
< T >
needs unapply<T, std::void t< (std::declval<T>() ())>> : std::false type { };

< E>
curry(F&& £) |

(needs unapply
return [=] ( x) |
return curry(
1 ...Xs) —>
return f(x,xs...);



https://stackoverflow.com/questions/152005/how-can-currying-be-done-in-c

Currying

return

[f, ps..

-1

https://github.com/lefticus/tools

return curry(f, ps...,
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Heuntaemblie wabnoHbl C++

HopmanbHO genamn - HopmMmanbHO oyaet




LlabrnoHbl C++ megneHHo
KOMMNUITNPYIOTCH
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TecToBaga cpena

cpp_rus_2025$ clang --version

Ubuntu clang version 14.0.0-1ubuntu1.1

Target: x86_64-pc-linux-gnu

cpp_rus_2025$ gcc -v

gcc version 11.4.0 (Ubuntu 11.4.0-1ubuntu1~22.04)

cpp_rus_2025% uname -a

Linux pasukhov-nix 6.8.0-48-generic #48~22.04.1-Ubuntu SMP
PREEMPT_DYNAMIC Mon Oct 7 11:24:13 UTC 2 x86_64
x86_64 x86_64 GNU/Linux
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Komnunnauna gedonTHOU nporpamMmel

#include <iostream>

main () {

std: :cout << "HW" << std::endl;
return 0;

}
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Komnunnauna gedonTHOU nporpamMmel

#include <iostream>

int main () {

std: :cout << "HW" << std::endl;
return 0;

}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

real 0m0.386s
user 0m0.326s
sys 0mO0.059s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -0O2
-Istdc++

real O0m0.315s
user 0m0.265s
sys 0mO0.050s
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Komnunnauna gedonTHOU nporpamMmel

#include <iostream> emplate<typename _Chari, type
basic ostream< CharT, Traits>é&
ostream insert (basic ostream< CharT,
{ const CharT* s, streamsize  n)

int main ()
Std cscout << HHWH << Std' . el’ldl . ypedef basic ostream< CharT, Traits>
e o o o 4

ostream type;

return 0; le ypename _ ostream type::ic

ostream type::sentry cerb( out);
(__cerb)
ostream typeé&
operator<<(long n)
{ return M insert( n);
streamsize w =  out.width();
ostream typeé& if (_w>_n)
operator<< (unsigned long
{ return M insert( n); cons o0l left = (( out.flags(
ios base::adjustfield)
ostream types ==  1los base::left);
operator<<(bool  n) if (I left)
{ return M insert(_ n); } ostream fill( out, \
if ( out.good())
ostream type& ___ostream write( out,
operator<<(short  n);




Komnunnauna gedonTHOU nporpamMmel

#include <bits/stdc++.h>

int main () {
std: :cout << "HW" << std::endl;
return 0;

}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

real 0m0.991s
user 0m0.920s
sys 0mO0.071s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -0O2
-Istdc++

real O0mO0.978s
user 0m0.887s
sys 0mO0.091s
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Komnunnauna gedonTHOU nporpamMmel

#include <iostream>

int main () {

std: :cout << "HW" << std::endl;
return 0;

}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

real 0m0.386s
user 0m0.326s
sys 0mO0.059s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -0O2
-Istdc++

real O0m0.315s
user 0m0.265s
sys 0mO0.050s

cpp_rus_2025$ clang -E init_variant_test.cpp | wc -l
30190

cpp_rus_2025$ gcc -E init_variant_test.cpp | wc -
32266

1




Komnunnauna gedonTHOU nporpamMmel

#include <bits/stdc++.h>

int main () {
std: :cout << "HW" << std::endl;
return 0;

}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

real 0m0.991s
user 0m0.920s
sys 0mO0.071s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -0O2
-Istdc++

real O0mO0.978s
user 0m0.887s
sys 0mO0.091s

cpp_rus_2025$ clang -E init_variant_test.cpp | wc -l
111504

cpp_rus_2025$ gcc -E init_variant_test.cpp | wc -
130135

1




Komnnnaumna ctaptoBon nporpammbl

#include "include/utils.hpp"
#include <iostream>

int main () {
std::cout << utils::type name<std::string>() << std::endl;
return 0;

}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

real 0m0.416s
user 0m0.358s
sys 0mO0.058s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -0O2
-Istdc++

real O0m0.334s
user 0m0.285s
sys 0mO0.048s
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CnncokK TUNnos

104



CnncokK TUNnos

<

type list {};
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CnncokK TUNnos

<

type list {};

std::variant

Defined in header <variant>
template< class... Types >
class variant;

(since C++17)

std::tuple

Defined in header <tuple>

template< class...
class tuple;

Types >
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Cnucok Tunos: lNpumep TMna

<size t I>
TIndex { size t val = I; };




Cnucok Tunos: lNpumep TMna

<size t I>
TIndex { size t wval




[eHepauna cnucka

<size t I> TIndex { size t val = I; };




[eHepauna cnucka

<size t I> TIndex { size t wval

LILZE €ooo LSS

make super tl(std::index sequence<Is...>) -> tools::type list<TIndex<Is>...>;

<size t N>

using FD TL = (make super tl(std::make index sequence<N>{}));




[eHepauna cnucka

<size t I> TIndex { size t wval

LILZE €ooo LSS

make super tl(std::index sequence<Is...>) -> tools::type list<TIndex<Is>...>;

<size t N>

using FD TL = (make super tl(std::make index sequence<N>{}));

< Seqg> TLHelper;

<size t... Is> TLHelper<std::index sequence<Is...
using Type = tools::type 1list<TIndex<Is>...>;
b7

<size t N>
using SuperTL = TLHelper<std::make index sequence<N>>




KomMnunaumsa cnmcka TUnoB

#finclude "include/types helper.hpp"
#include "include/utils.hpp"

#include <iostream>

main () {

using TL = helpers::SuperTL<N>;
TL tl;
std::cout << utils::type name<TL>() << std::endl;

return O;

}
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KomMnunaumsa cnmcka TUnoB

#finclude "include/types helper.hpp"
#include "include/utils.hpp"

#include <iostream>

main () {

using TL = helpers::SuperTL<N>;
TL tl;
std::cout << utils::type name<TL>() << std::endl;

return O;

}
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KoMnunaumsa cnmcka Tunos

int main () {
static constexpr size

using TL = helpers::SuperTL<N>;
TL tl;

std::cout << utils::type name<TL>() << std::endl;

return O;

}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

real 0m0.416s
user 0mO0.361s
sys 0mO0.055s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -0O2
-Istdc++

real O0mO0.351s
user 0m0.299s
sys 0OmO0.051s
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KoMnunaumsa cnmcka Tunos

clang 0m0.416s

gcc 0mO0.351s

clang 0m0.456s

gcc 0mO0.376s

clang 0m0.478s

gcc 0mO0.393s
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KoMnunaumsa cnmcka Tunos

clang 0m0.416s gcc 0mO0.351s
clang 0m0.456s gcc 0m0.376s
clang 0m0.478s gcc 0m0.393s

clang

0mO0.505s

gcc 0mO0.395s
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KoMnunaumsa cnmcka Tunos

clang 0m0.416s gcc 0mO0.351s
clang 0m0.456s gcc 0m0.376s
clang 0m0.478s gcc 0m0.393s

clang

0mO0.505s

gcc 0mO0.395s
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KoMnunaumsa cnmcka Tunos

clang 0m0.416s gcc 0mO0.351s
clang 0m0.456s gcc 0m0.376s
clang 0m0.478s gcc 0m0.393s
clang 0mO0.505s gcc 0mO0.395s
clang 0m0.959s gcc 0mO0.849s
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[eHepauna cnucka

< Seqg> TLHelper;

<size t... Is> TLHelper<std::index sequence<Is...>> {
using Type = tools::type 1list<TIndex<Is>...>;
bi

<size t N>
using SuperTL = TLHelper<std::make index sequence<N>>::Type;




[eHepauna cnucka

< Seqg> TLHelper;

<size t... Is> TLHelper<std::index sequence<Is...>> {
using Type = tools::type 1list<TIndex<Is>...>;
bi

<size t N>
using SuperTL = TLHelper<std::make index sequence<N>>::Type;

< Seqg> TupleHelper;

<size t... Is> TupleHelper<std::index sequence<Is...
using Type = std::tuple<TIndex<Is>...>;
bi

<size t N>
using SuperTuple = TupleHelper<std::make index sequence<N>>::Type;




[eHepauna cnucka

< Seqg> TLHelper;

<size t... Is> TLHelper<std::index sequence<Is...>> {
using Type = tools::type 1ist<TIndex<Is>...>;
bi

<size t N>
using SuperTL = TLHelper<std::make index sequence<N>>::Type;

< Seqg> TupleHelper;

<size t... Is> TupleHelper<std::index sequence<Is...
using Type = std::tuple<TIndex<Is>...>;
bi

<size t N>
using SuperTuple = TupleHelper<std::make index sequence<N>>::Type;




Komnunaumsa cnucka tunos: tuple

int main () {
static constexpr size

using Tuple = helpers::SuperTuple<N>;
Tuple tl;

std::cout << utils::type name<Tuple>() << std::endl;

return O;

}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

real 0m0.431s
user 0m0.370s
sys 0mO0.060s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -0O2
-Istdc++

real 0mO0.360s
user 0m0.310s
sys 0mO0.049s
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Komnunaumsa cnucka tunos: tuple

clang 0m0.431s

gcc 0mO0.360s

clang 0mO0.551s

gcc 0m0.441s

clang 0m1.280s

gcc 0m1.176s
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Komnunaumsa cnucka tunos: tuple

clang 0m0.431s gcc 0m0.360s
clang 0m0.551s gcc 0m0.441s
clang 0m1.280s gcc 0m1.176s
clang 0m3.280s gcc 0m4.023s
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Komnunaumsa cnucka tunos: tuple

clang 0m0.431s gcc 0m0.360s
clang 0m0.551s gcc 0m0.441s
clang 0m1.280s gcc 0m1.176s
clang 0m3.280s gcc 0m4.023s
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Komnunaumsa cnucka tunos: tuple

clang gcc
# | | - S

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02 g cpp_rus_2025$% time gcc init_variant_test.cpp -std=c++20 -02
-Istdc++ -Istdc++
In file included from init_variant_test.cpp:1: ||
In file included from ./include/types_helper.hpp:6: f /usr/include/c++/11/tuple:60:12: fatal error: template instantiation
{usr/bin/../lib/gcc/x86_64-linux-gnu/11/../../../../include/c++/11/tuple: depth exceeds maximum of 900 (use ‘-ftemplate-depth=" to
259:14: fatal error: recursive template instantiation exceeded increase the maximum)
maximum depth of 1024 | 60| struct__is_empty non_tuple :is_empty< Tp>{};

: public _Tuple_impl<_Idx + 1, Tail...>, m | A

A

.4 compilation terminated.
{usr/bin/../lib/gcc/x86_64-linux-gnu/11/../../../../include/c++/11/tuple:
259:14: note:

static constexpr size t N = 2000;
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Komnunaumsa cnucka tunos: tuple

gcc

‘ clang ‘
|

| [ 1

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

: cpp_rus_2025$% time gcc init_variant_test.cpp -std=c++20 -02

-Istdc++

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++ -ftemplate-depth=2050

clang: error: unable to execute command: Segmentation fault (core
dumped)

clang: error: clang frontend command failed due to signal (use -v to
see invocation)

Ubuntu clang version 14.0.0-1ubuntu1.1

Target: x86_64-pc-linux-gnu

| cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -02

-Istdc++ -ftemplate-depth=2050

H real 2m37.661s

user 2m33.539s
sys 0m4.048s
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Komnunaumsa cnucka tunos: tuple

clang 0m0.431s gcc 0m0.360s
clang 0m0.551s gcc 0m0.441s
clang 0m1.280s gcc 0m1.176s
clang 0m3.280s gcc 0m4.023s
clang 7?77 gcc 2m37.661s
128




Komnunaumsa cnucka tunos: tuple

int main () {
static constexpr size

using Tuple = helpers::SuperTuple<N>;
Tuple tl;

std::cout << utils::type name<Tuple>() << std::endl;

return O;

}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

real 0m0.431s
user 0m0.370s
sys 0mO0.060s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -0O2
-Istdc++

real 0mO0.360s
user 0m0.310s
sys 0mO0.049s
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Komnunaumsa cnucka tunos: tuple

int main () {
static constexpr size t N = 5;

template<typename... Elements>
class tuple

{
typedef Tuple impl<0, Elements...>

_Inherited;

template<bool Cond>
using TCC = TupleConstraints< Cond,
_Elements...>;

template<bool Dummy>

using ImplicitDefaultCtor =  enable if t<

public Tuple impl<0, Elements...

>

Tuple impl

@Qc Tail).

template<size t Idx, typename Head, tyr

Tail>
struct Tuple impl< Idx, Head,

public Tuple impl< Idx + 1,
e Head base< Idx, Head>

template<size t, typename...> friend
_Tuple impl;

typedef Tuple impl< Idx + 1, Tail..

Inherited;

Tail..
Tail...

ename. . .

»

>y

struct

»

typedef Head base< Idx, Head> Base;




Komnunaumsa cnucka tunos: tuple

size t N = 5;

< ... Elements>
tuple : _Tuple impl<0, Elements...> Tuple impl

_Tuple impl<0, Elements...> Tail) .

_Inherited;
<size t Idx, _Head,

< Cond>
using TCC = TupleConstraints< Cond,
_Elements...>;

Tuple impl< Idx, Head, Tail...
Tuple impl< Idx + 1, Tail...
_Head base< Idx, Head>

<size t, typename...>

< Dummy> _Tuple impl;

using ImplicitDefaultCtor =  enable if t<
_Tuple impl< Idx + 1, Tail...>

Inherited;
_Head base< Idx, Head> Base;




Komnunaumsa cnucka tunos: tuple

MHE HYXeH CaMbli NPOCTON U NONYNAPHbIN cnocob creHepMpoBaTb
Cnucok C++ TvnoB anna scex uenbix ot 1 ao N

B C++ MOXHO MCNONb30BaTh WabNoHbI ANA reHepauny cnucka Tunos. OANH U3 CaMbiX NPOCTbIX U
NonyaspHbIX cnocoboB — ¢ UCNONb30BaHNEM peKypcum WwabnoHos. MpuMep ANA reHepaumm

CMUCKa TUMOB C UCMO/Ib30BaHNeM LWabnoHa std: :tuple:

cpp (3 KonnposaTtb Kog

Ns>

{

type = std::tuple<std::integral_constant<




[eHepauna cnucka

< Seqg> TLHelper;

<size t... Is> TLHelper<std::index sequence<Is...>> {
using Type = tools::type 1list<TIndex<Is>...>;
bi

<size t N>
using SuperTL = TLHelper<std::make index sequence<N>>::Type;




[eHepauna cnucka

< Seqg> TLHelper;

<size t... Is> TLHelper<std::index sequence<Is...
using Type = tools::type 1list<TIndex<Is>...>;
b7

<size t N>
using SuperTL = TLHelper<std::make index sequence<N>>

< Seq> TVariantHelper;
<size t... Is> TVariantHelper<std::index sequence<Is...>>
using Type = std::variant<TIndex<Is>...>;

2

<size t N>
using SuperVariant = TVariantHelper<std::make index sequence<N>>




[eHepauna cnucka

< Seqg> TLHelper;

<size t... Is> TLHelper<std::index sequence<Is...
using Type = tools::type 1ist<TIndex<Is>...>;
bi

<size t N>
using SuperTL = TLHelper<std::make index sequence<N>>

< Seq> TVariantHelper;
<size t... Is> TVariantHelper<std::index sequence<Is...>>
using Type = std::variant<TIndex<Is>...>;

2

<size t N>
using SuperVariant = TVariantHelper<std::make index sequence<N>>




KoMnunauua cnucka Tunos: variant

int main () {
static constexpr size

using Var = helpers::SuperVariant<N>;
Var var;

std::cout << utils::type name<Var> () << std::endl;

return O;

}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++

real O0mO0.511s
user 0m0.456s
sys 0mO0.055s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -0O2
-Istdc++

real O0m0.455s
user 0m0.395s
sys 0mO0.059s

136



KoMnunauua cnucka Tunos: variant

clang 0mO0.511s

gcc 0mO0.455s

clang 0m0.607s

gcc 0m0.488s

clang 0m1.208s

gcc 0m1.016s
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KoMnunauua cnucka Tunos: variant

clang 0mO0.511s

gcc 0mO0.455s

clang 0m0.607s

gcc 0m0.488s

clang 0m1.208s

gcc 0m1.016s
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KoMnunauua cnucka Tunos: variant

clang 0mO0.511s

gcc 0mO0.455s

clang 0m0.607s

gcc 0m0.488s

clang 0m1.208s

gcc 0m1.016s

gcc 0m2.144s
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KoMnunauua cnucka Tunos: variant

clang 0mO0.511s

gcc 0mO0.455s

c constexpr size t N = 50; clang 0m0.607s

gcc 0m0.488s

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 -Istdc++

Var var;
A

-fbracket-depth=N to increase maximum nesting level
(is_trivially_destructible_v<_Types> && ...);
A

1 error generated.

lusr/bin/../lib/gcc/x86_64-linux-gnu/11/../..1..I..[include/c++/11/variant:321:44: note: use
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KoMnunauua cnucka Tunos: variant

onstexpr size t N = 50;

clang 0mO0.511s

gcc 0mO0.455s

clang 0m0.607s

gcc 0m0.488s

Ane M (- 1 LT . PR 1 PR | V-V S R |

~

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 -Istdc++ -fbracket-depth=5050

real 0m1.547s
user 0m1.440s
sys 0mO0.107s
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KoMnunauua cnucka Tunos: variant

clang 0m0.511s gcc 0mO0.455s
clang 0m0.607s gcc 0m0.488s
clang 0m1.208s gcc 0m1.016s
clang 0m1.547s gcc 0m2.144s
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KoMnunauua cnucka Tunos: variant

clang 0m0.511s gcc 0mO0.455s
clang 0m0.607s gcc 0m0.488s
clang 0m1.208s gcc 0m1.016s
clang 0m1.547s gcc 0m2.144s

143



KoMnunauua cnucka Tunos: variant

gcc

‘ clang ‘
|

| [

1

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++ -fbracket-depth=5050

In file included from init_variant_test.cpp:1:
In file included from ./include/types_helper.hpp:8:
{usr/bin/../lib/gcc/x86_64-linux-gnu/11/../../../../include/c++/11/varia
nt:366:30: fatal error: recursive template instantiation exceeded
maximum depth of 1024

_Uninitialized<_First> M _first;

Fa

Fa

cpp_rus_2025$% time gcc init_variant_test.cpp -std=c++20 -02
-Istdc++

init_variant_test.cpp:16:7: required from here
lusr/include/c++/11/variant:366:30: fatal error: template
instantiation depth exceeds maximum of 900 (use
‘-ftemplate-depth="to increase the maximum)

366 | _Uninitialized<_First> M _first;

| A~

compilation terminated.
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KoMnunauua cnucka Tunos: variant

gcc

‘ clang ‘
|

| [ 1

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++ -fbracket-depth=5050

| cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2

-Istdc++

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -02
-Istdc++ -fbracket-depth=5050 -ftemplate-depth=2050

real Om7.744s
user 0m7.346s
sys 0m0.390s

| cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -02

-Istdc++ -ftemplate-depth=2050

H real O0m20.961s

user 0m20.160s
sys 0m0.787s
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KoMnunauua cnucka Tunos: variant

clang 0m0.511s gcc 0mO0.455s
clang 0m0.607s gcc 0m0.488s
clang 0m1.208s gcc 0m1.016s
clang 0m1.547s gcc 0m2.144s
clang O0m7.744s gcc 0m20.961s
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KomMnunaumsa cnmcka TUnoB

type_list

clang 0m0.478s

gcc 0mO0.393s

tuple

clang 0m1.280s

gcc 0m1.176s

variant

clang O0m1.208s

gcc 0m1.016s
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KoMnunaumsa cnmcka Tunos

type_list
clang 0m0.478s gcc 0m0.393s
clang 0m0.505s gcc 0mO0.395s
tuple
clang 0m1.280s gcc 0m1.176s
clang 0m3.280s gcc 0m4.023s
variant
clang O0m1.208s gcc 0m1.016s
clang O0m1.547s gcc 0m2.144s
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BbiBOAbI

Korga B PYKax MUKPOCKOIT - BCE BOKPYI Ka>KeTCA rso3gdamun
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tuplet: A Lightweight Tuple Library for Modern C++

https://github.com/codeinred/tuplet

tuplet is a one-header library that implements a fast and lightweight tuple type,
tuplet::tuple, that guarantees performance, fast compile times, and a sensible
and efficent data layout. A tuplet::tuple is implemented as an aggregate containing
it's elements, and this ensures that it's
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https://github.com/codeinred/tuplet

CMGp,EI,)KI/ITb ABa CI1CKa TUMoB
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CMepmKUTb [1Ba Cnmncka TUnos

bace detail {
template <typename... Ts> struct append impl;

template <> struct append impl<> { using type = type list<>; };

template <template <typename...> class L, typename... T>
struct append impl<L<T...>> {

using type = L<T...>;

bi

template <template <typename...> class L1, template <typename...> class
typename... Tls, typename... T2s, typename... Ts>
struct append impl<L1<Tls...>, L2<T2s...>, Ts...>
append impl<L1<Tls..., T2s...>, Ts...> {};

template <typename... Ts>
using join = typename detail::append impl<Ts...>::type;




https://github.com/beark/ftl/tree/master

CMGp,EI)KMTb D'Ba C”MCKa TM”OB https://github.com/marzer/type_list/tree/main

template <typename L, typename R> struct concat type seqgs {};

template <typename... Ls, typename... Rs>

struct concat type segs<type list<Ls...>, type list<Rs...>> {
using type = type list<Ls..., Rs...>;

}i

template <typename L, typename R>

using join = typename concat type segs<L, R>::type;




CMepmKUTb [1Ba Cnmncka TUnos

template<typename... LHS, typename... RHS> auto join(type list<LHS...>, type list<RHS...>)
-> type 1ist<LHS..., RHS...>;

template<typename LHS, typename RHS> using join t = decltype(join (LHS{}, RHS{}));




CMepoXuUTb OBa Crmcka TUMOB: TECTKENC

size t N 1500;
size t M 1500;

using TLN helpers: :SuperTL<N>;
using TLM helpers: :SuperTL<M>;

std::cout << utils::type name<JoinedList> () << std::endl;

return O;

}




CMepoXuUTb OBa Crmcka TUMOB: TECTKENC

size t N 1500;
size t M 1500;

using TLN helpers: :SuperTL<N>;
using TLM helpers: :SuperTL<M>;

std::cout << utils::type name<JoinedList> () << std::endl;

return O;

}




CMepoXuUTb OBa Crmcka TUMOB: TECTKENC

clang 0mO0.416s gcc 0mO0.351s

using JoinedList =

tools::brigand style::join<TLN, TLM>;

using JoinedList =

:ftl style::join<TLN, TLM>;

using JoinedLi

tools::lefticu cyle::join<TLN, TLM>;
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CMepoXuUTb OBa Crmcka TUMOB: TECTKENC

clang 0mO0.416s gcc 0mO0.351s

using JoinedList = clang 0m0.504s gcc 0mo0.383s
tools::brigand style::join<TLN, TLM>;

using JoinedList = clang 0m0.514s gcc 0m0.400s
tools::ftl style::join<TLN, TLM>;

using JoinedList clang O0m0.515s gcc 0mO0.396s
tools::lefticus style::join<TLN, TLM>;
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CMGp,EI,)KI/ITb ABa CI1CKa TUMoB TS S S ) G R
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CmepoXuTb Ba crimcka TUnos

template <typename Listl, typename List2> struct MergeTypelists;

template <typename Head, typename... Tail, typename List2>
struct MergeTypelists<type list<Head, Tail...>, List2> {
using type = typename MergeTypelists<
type list<Tail...>, typename MergeTypelists<type list<Head>, List2>::type>::type;

b

template <typename SingleType, typename... Types2>

struct MergeTypelists<type list<SingleType>, type list<Types2...>> {
using type = type list<SingleType, Types2...>;

bi

template <typename... Types2>

struct MergeTypeLists<type list<>, type list<Types2...>>
using type = type list<Types2...>;

bi

template <typename... Typesl>

struct MergeTypelists<type list<Typesl...>, type list<>>
using type = type list<Typesl...>;

i




CMepoXuUTb OBa Crmcka TUMOB: TECTKENC

clang 0mO0.416s gcc 0mO0.351s

using JoinedList = clang 0m0.504s gcc 0m0.383s
tools::brigand style::join<TLN, TLM>;

using JoinedList = clang 0m0.514s gcc 0m0.400s
tools::ftl style::join<TLN, TLM>;

using clang 0m0.515s gcc 0m0.396s
, TLM>;

using = tools::ugly::join<TLN, clang O0m1.982s gcc 0m3.447s
TLM>;
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N-1 TMn + nocnegHun TN

162



N-1 TMn + nocnegHun TN

using nth t
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N-1 TMn + nocnegHun TN

<size t N, . Ts <std::size t N, First,

EEE nth type helper (type list<First, T...

< ... Ts (N == 0);
get nth<0,
= T;
<std::size t N, First,

<si . nth type helper (type list<First, T...> list)
slze € ’ I 500 - - *
get nth<N, type list<T, Ts... =3 (nth type helper<N - 1>(type 1ist<T...>{}))
get nth<N - 1, type 1list<Ts... 2 (N > 0);
< T,
get nth<0, type 1list<T, Ts...
= T;

<std::size t N, >
using nth t = get nth<N, T>::type;




N-1 TMn + nocnegHun TN

<std::size t N, First,
nth type helper (type list<First, T...>
(N == 0);

<std::size t N, First,

nth type helper(type list<First, T...> list)

-> (nth type helper<N - 1>(type 1list<T...>{}))

(N > 0);
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int main () {

int a = (0,

std::cout << a << std::endl;

return O;

}

???
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Operator comma

int main ()

int a

std::cout << a << std::endl;

return 0;

}

cpp_rus_2025$ ./a.out
3
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Fold expression

template <typename... Args> int sum(Args &&...args)

template <typename... Args>
int last (Args &&...args)
{

return (args, ...);

}
int main() {

std::cout << sum(l, 2, 3, 4) << std::endl;
std::cout << last(l, 2, 3, 4) << std::endl;

return O;

}

cpp_rus_2025$ ./a.out
10
4

{ return

(args +




[locnegHun TnnN

< ce. I>
last type(type list<T...>) ->
typename ((type 1ist<T>{}, ...))

< T>

using back = (last_type (T{}));

::first type;




[locnegHun TnnN

< ce. I>
last type(type list<T...>) ->
typename ((type 1list<I>{}jp ...))

< T>

using back = (last_type (T{}));

::first type;




N-1 TMn + nocnegHun TN

B First,
nth type helper (type list<First, T
(N == 0);

T>

..>) —> First

<std::size t N,

First,
nth type helper (type list<First,

T...> list)

(nth type helper<N - 1>(type 1list<T...>{}))
(N > 0);

->
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N-n tmn +

nocnegHun TUnM

B First, ol T>
nth type helper (type list<First, T...>) -> First
(N

<std::size t N, First,
nth type helper (type list<First, T...> list)
-> (nth type helper<N - 1>(type 1ist<T...>{}))
(N > 0 N != (T))

<std::size t N, ce. T>

nth type helper (type 1ist<T...> list)

-> (last type (list))
(N > O N ==
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(N-5)-1 n nocnegHUn TUN: TECTKENC

main () {
5000;

using TL = helpers::SuperTL<N>;

using LastType = tools::ftl style::back<TL>;

std::cout << utils::type name<LastType> () << std::endl;

return O;

}




(N-5)-1 n nocnegHUn TUN: TECTKENC

back (4epe3 pekypcuio)

back (4epe3 ¢yHKUMIO C ONTUMM3aLMEN)

(n-5) (uepe3 pekypcuto)

(n-5) (yepe3 hyHKUMIO C ONTUMU3aLNEN)
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(N-5)-1 n nocnegHUn TUN: TECTKENC

back (4epe3 pekypcuio)

???

gcc 0m7.030s

back (4epe3 ¢yHKUMIO C ONTUMM3aLMEN)

(n-5) (uepe3 pekypcuto)

(n-5) (yepe3 hyHKUMIO C ONTUMU3aLNEN)
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(N-5)-1 n nocnegHUn TUN: TECTKENC

| back (4epe3 pekvpcuio) |

cpp_rus_2025$ time clang back_test.cpp -std=c++20 -O2 -Istdc++ -ftemplate-depth=5050
-fbracket-depth=5050

In file included from back_test.cpp:1:

In file included from ./include/types_helper.hpp:3:

Jinclude/type_list.hpp:79:18: warning: stack nearly exhausted; compilation time may suffer, and crashes due to
stack overflow are likely [-Wstack-exhausted]
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(N-5)-1 n nocnegHUn TUN: TECTKENC

| back (4epe3 pekvpcuio) |

r. Y. V.V _¥. W 1 1 1 e e | Vo Vo WV - W | £1 11 1 11 [ TV _Fal

cpp_rus_2025$ time clang back_test.cpp -std=c++20 -O2 -Istdc++ -ftemplate-depth=5050
-fbracket-depth=5050 -Wno-stack-exhausted

real 0m2.909s
user 0m2.615s
sys 0m0.292s
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(N-5)-1 n nocnegHUn TUN: TECTKENC

back (4epe3 pekypcuio)

clang 0m2.949s

gcc 0m7.030s

back (4epe3 ¢yHKUMIO C ONTUMM3aLMEN)

(n-5) (uepe3 pekypcuto)

(n-5) (yepe3 hyHKUMIO C ONTUMU3aLNEN)
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(N-5)-1 n nocnegHUn TUN: TECTKENC

back (4epe3 pekypcuio)

clang 0m2.949s

gcc 0m7.030s

back (4epe3 ¢yHKUMIO C ONTUMM3aLMEN)

clang 0mO0.398s

gcc 0mO0.362s

(n-5) (uepe3 pekypcuto)

(n-5) (yepe3 hyHKUMIO C ONTUMU3aLNEN)
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(N-5)-1 n nocnegHUn TUN: TECTKENC

back (4epe3 pekypcuio)

clang 0m2.949s

gcc 0m7.030s

back (4epe3 ¢yHKUMIO C ONTUMM3aLMEN)

clang 0mO0.398s

gcc 0mO0.362s

(n-5) (uepe3 pekypcuto)

clang 0m6.476s

gcc 0m9.423s

(n-5) (yepe3 hyHKUMIO C ONTUMU3aLNEN)
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(N-5)-1 n nocnegHUn TUN: TECTKENC

back (4epe3 pekypcuio)

clang 0m2.949s gcc 0m7.030s
back (4epe3 ¢yHKUMIO C ONTUMM3aLMEN)
clang 0mO0.398s gcc 0m0.362s
(n-5) (uepe3 pekypcuto)
clang 0m6.476s gcc 0m9.423s
(n-5) (yepe3 hyHKUMIO C ONTUMU3aLNEN)
clang ??? gcc 0m15.457s
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(N-5)-1 n nocnegHUn TUN: TECTKENC

back (4epe3 pekypcuio)

§t§ cpp_rus_2025$ time clang back_test.cpp -std=c++20 -O2 -Istdc++ -ftemplate-depth=5050

-fbracket-depth=5050 -\Wno-stack-exhausted

PLEASE submit a bug report to https://github.com/llvm/llvm-project/issues/ and include the crash backtrace,
preprocessed source, and associated run script.

Stack dump:

g 0. Program arguments: <...full argument list...>

1.  back test.cpp:17:43: at annotation token
2.  back_test.cpp:7:12: parsing function body 'main’
3. back_test.cpp:7:12: in compound statement ('{}')
#0 0x000071194783fd01 llvm::sys::PrintStackTrace(llvm::raw_ostream&, int)
(Nlib/x86_64-linux-gnu/libLLVM-14.s0.1+0xe3fd01)
e #1 0x000071194783da3e llvm::sys::RunSignalHandlers() (/lib/x86_64-linux-gnu/libLLVM-14.s0.1+0xe3da3e)
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(N-5)-1 n nocnegHUn TUN: TECTKENC

back (4epe3 pekypcuio)

clang 0m2.949s gcc 0m7.030s
back (4epe3 ¢yHKUMIO C ONTUMM3aLMEN)
clang 0mO0.398s gcc 0m0.362s
(n-5) (uepe3 pekypcuto)
clang 0m6.476s gcc 0m9.423s
(n-5) (yepe3 hyHKUMIO C ONTUMU3aLNEN)
clang ??? gcc 0m15.457s
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Syntax

N m TM I_I C+ +2 6 ed iti O n id-expression ...[ expression ] (1)
typedef-name ...[ expression ] (2)
https://len.cppreference.com/w/cpp/language/pack_indexing
Indexing a pack with non-constant expression index I is not allowed.
int runtime_idx();
void bar(auto... args)
{
auto a = args...[0];
const int n = 1;
auto b = args...[n];
int m = 2;
auto c = args...[m]; // error: 'm' is not a constant expression
auto d = args...[runtime_idx()]; // error: 'runtime idx()' is not a constant expression
}
Indexing a pack of template template parameters is not possible.
template <template <typename...> typename... Temps>
using A = Temps...[0]<; // error: 'Temps' is a pack of template template parameters
template <template <typename...> typename... Temps>
using B = Temps<>...[0]; // error: 'Temps<>' doesn't denote pack name
// although it is a simple-template-id
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N-1 Tnn c++26 edition

Syntax

ion ] (1)

id-expression . ..[ expres.

n

typedef-name ...[ expression ] (2)

{
auto a = args...
const int n = 1;
auto b = args...
int m = 2;
auto c args...[m]; // error Qg
auto d args...[runtime_idx()];

Indexing a pack of template template parameters is not possib™®

template <template <typename...> typename... Temps>
using A = Temps...[0]<; // error: 'Temps' is a pack o

template <template <typename...> typename... Temps>
using B = Temps<>...[0]; / error: 'T s<>' doesn't

185



For Each

186



For Each

<
£0) |

std::cout << utils::type name<T>() << std::endl;

}




For Each

std::cout << utils::type name<T>() << std::endl;

}

< c.. T>
for each impl (tools::type 1ist<T...>) {
(E<T>(), -..);:
}

< List>
for each () {
return for each impl (List{});

}




For Each

for_each

clang 0m0.935s

gcc 0mO0.559s

clang 0m2.157s

gcc 0m1.716s

clang 0m6.561s

gcc 0m26.009s
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For Each

for_each

clang 0m0.935s

gcc 0mO0.559s

clang 0m2.157s

gcc 0m1.716s

clang 0m6.561s

gcc 0m26.009s
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For Each left fold vs right fold

< ce. I>
for each impl (tools::type 1list<T...>) {
(£E<T>(), ...);
}

< ... IT>
for each so impl (tools::type 1ist<T...>) {
.., £<T>0));

< List>
for each so()

< List>
for each () {
return for each impl (List{});

}

{
return for each so impl (List{});

}
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For Each left fold vs right fold

< ce. I>
for each impl (tools::type 1ist<T...>) {
(£<T>(), ...);

< ... IT>
for each so impl (tools::type 1ist<T...>) {
R ST ORI

}

< List>
for each so()

< List>
for each () {
return for each impl (List{});

}

{
return for each so impl (List{});

}
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For Each left fold vs right fold

template <typename...

void for each impl (tools::

plate <typename... T>
(£E<T>(), ...);

void for each so impl (tools::
(oo, E<T>());
}

}

template <typename List>
>id for each() {
return for each impl (List{});

mplate <typename List>
void for each so()

{
}

return for each so impl (List{});

}

gcc 0m1.716s

gcc 0m1.132s

clang 0m6.561s

gcc 0m26.009s

clang 0m6.430s

gcc 0m3.375s
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For Each - cnoxHaa pyHkumna type name

< T>
£(0) |
if (T{}.val % 200 == 0) {
std::cout << utils::type name<T> ()
<< std::endl;

}
}
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Peanusauunga type name

wrapped_ type name ()

::source location::current().function name();

urn _ PRETTY FUNCTION ;

wrapped type name prefix length()

urn wrapped type name<

"yoid") ;

> () .find(

std::size t wrapped type name suffix length()

urn wrapped type name< >() .length() -
wrapped type name prefix length ()
5tu::3i*iwu77 ew ("void") .length () ;

}

>
std::string view type name ()

wrapped name = details::wrapped type name<T>();
prefix length =
:wrapped type name prefix length () ;
suffix length =
::wrapped type name suffix length();
type name length =
wrapped name.length() - prefix length - suffix length;

return wrapped name.substr (prefix length, type name length);




For Each - type name vs string literal

< T> < T>
£(0) | £0) |
if (T{}.val % 200 == 0) { if (T{}.val % 200 == 0) {
std::cout << utils::type name<T> () std::cout << "HW" << std::endl;
<< std::endl; }

}
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For Each - type name vs string literal

< T> < T>
£(0) | £0) |
if (T{}.val % 200 == 0) { if (T{}.val % 200 == 0) {
std::cout << utils::type name<T> () std::cout << "HW" << std::endl;
<< std::endl; }

}
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For Each - type name vs string literal

< T> < T>
£(0) | £0) |
if (T{}.val % 200 == 0) { if (T{}.val % 200 == 0) {
std::cout << utils::type name<T> () std::cout << "HW" << std::endl;
<< std::endl; }
}

clang 0m2.195s gcc 0m1.132s

clang 0m6.430s gcc 0m3.375s
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For Each - type name vs string literal

template <typename T> template <typename T>
void f () { void f () {
if (T{}.val % 200 == 0) { if (T{}.val % 200 == 0) {
std::cout << utils::type name<T> () std::cout << "HW" << std::endl;
<< std::endl; }
}

clang 0m2.195s gcc 0m1.132s clang 0m0.506s gcc 0mo0.491s

clang 0m6.430s gcc 0m3.375s clang 0m0.941s gcc 0m1.273s
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For each ¢ compile-time ycnosuem

200



KoHuenTbl 1 orpaHn4veHHble (constrained) WwabnoHbl

< T>
Optional =
T::value type;
: :same as<T,
std::optional< T::value type>>;

< T>

£() |
std::cout << utils::type name<T>() << std::endl;
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KoHuenTbl 1 orpaHn4veHHble (constrained) WwabnoHbl

< T>
Optional =
T::value type;
: :same as<T,
std::optional< T::value type>>;

< T>

£() |
std::cout << utils::type name<T>() << std::endl;
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KoHuenTbl 1 orpaHn4veHHble (constrained) WwabnoHbl

< T>

Optional =
T::value type;
std: :same as<T,

std: :optional< g

< T>

£0 A
std::cout << utils::type name<T> ()

:value type>>;

<< std::endl;

< T>
ValidType =
std: :same as<T, helpers::TIndex<1200>>;

< T>

£ |
std::cout << utils::type name<T>() << std::endl;




For Each vs For each with compile-time check

ypename T>

<< utils

<<

1200) {

std::endl;

clang 0m6.430s

::type name<T> ()

gcc 0m1.132s

gcc 0m3.375s

template <typename T>
e pt Optional

ame T::value type;

:same as<T,

template <typename T> voOI

d £()

{}
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For Each vs For each with compile-time check

late <typename T>
void f() { SOMCES '
if (T{}.val == 1200) { T alue type;
std::cout << utils::type name<T> () i es :same as<T,
<< std::endl; std::optional<typename T::value type>>;

plate <Optional T>
d £() |
d::cout << utils::type name<T> () << std:

template <typename T> void f() {}

clang 0m2.195s gcc 0m1.132s clang 0m0.462s gcc 0m0.392s

clang 0m6.430s gcc 0m3.375s clang 0m0.686s gcc 0m0.848s 205




[TocunTtaTtb KONM4ecTBO optional B cnnucke TUMNOB

T>
f(size t& val) {

< soo I
size t for each res impl (tools::type 1list<T...>) {
size t res = 0;
(..., £<T>(res)):;
return res;

}




[TocunTtaTtb KONM4ecTBO optional B cnnucke TUMNOB

clang 0m0.462s gcc 0m0.392s

size t

for each res impl (tools::type 1ist<T...>) {

size t res = 0;
(..., £<T>(res)):;
return res;

}

clang 0m0.815s gcc 0m1.123s
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Boss fight

208




[TpMeHnTbL PYHKUUIO ONS N-0ro Tuna B CNUCKe

209



[TpMeHnTbL PYHKUUIO ONS N-0ro Tuna B CNUCKe

<size t N, TL>
to n staight() {
using DesiredType = tools::ftl style::nth t<N, TL>;
f<DesiredType> () ;
}




[TpMeHnTbL PYHKUUIO ONS N-0ro Tuna B CNUCKe

<size t N, TL> <size t N, >

to n staight () { f helper(size t& counter) {
using DesiredType = tools::ftl style::nth t<N, TL>; if (counter == N) {
f<DesiredType > () ; £<T> () ;

} return
}
counter++;
return

}




[TpMeHnTbL PYHKUUIO ONS N-0ro Tuna B CNUCKe

<size t N, TL> <size t N, >

to n staight () { f helper(size t& counter) {
using DesiredType = tools::ftl style::nth t<N, TL>; if (counter == N) {
f<DesiredType > () ; £<T> () ;

} return
}
counter++;
return

}




[TpMeHnTbL PYHKUUIO ONS N-0ro Tuna B CNUCKe

<size t N, TL> <size t N, >

to n staight () { f helper(size t& counter) {
using DesiredType = tools::ftl style::nth t<N, TL>; if (counter == N) {
f<DesiredType > () ; £<T> () ;

J return
}
counter++;
return

}

<size t N, ce. IT>
to n impl (tools::type 1ist<T...>) {
size t counter = 0;
(... || £ helper<N, T>(counter)):;
}




[TpMeHnTbL PYHKUUIO ONS N-0ro Tuna B CNUCKe

<size t N, TL> <size t N, >

to n staight () { f helper(size t& counter) {
using DesiredType = tools::ftl style::nth t<N, TL>; if (counter == N) {
f<DesiredType > () ; £<T> () ;

J return
}
counter++;
return

}

<size t N, ce. IT>
to n impl (tools::type 1ist<T...>) {
size t counter = 0;
(... || £ helper<N, T>(counter)):;
}




[TpMeHnTbL PYHKUUIO ONS N-0ro Tuna B CNUCKe

<size t N, TL> <size t N, >

to n staight () { f helper(size t& counter) {
using DesiredType = tools::ftl style::nth t<N, TL>; if (counter == N) {
f<DesiredType > () ; £<T> () ;

} return
}
counter++;
return

}

<size t N, ce. IT>
to n impl (tools::type 1ist<T...>)
size t counter = 0;
(... || £ helper<N, T>(counter)):;
}

<size t N,
{ to n impl<N>(List{}); }




binary optimization

<size t N, TL> <size t N, >
size t to n staight () { f helper(size t &counter, size t& res) {
DesiredType = nth t<N, TL>; (counter == N) {
get val<DesiredType>(); res = get val<T>();

}

counter++;

<size t N,
to n impl (type list<T...>)
size t counter = 0;
size t res;
(... || £ helper<N, T>(counter, res)):;
res;




binary optimization

<size
size t to n st]| Executor x86- 17.01 2 x86-64 clang 17.0.1 (assertions) (Editor #1) ¢ X
Desired

get va x86-64 clang 17.0.1 (assertions) 2 -02 -std=c++20 -Wall -Wextra -pedantic

A~ Qoutput..~ Fiter..v [Libraries 4 Overrides =+ Addnew..~ ” Addtool...~

20

I to n impl (type 1list<T...>) {
~ o~ o~ ~an N .

Executor x86-64 gcc 13.2 ¢ x86-64 gcc 13.2 ¢ X

x86-64 gcc 13.2 24 -02 -std=c++20 -Wall -Wextra -Wpedantic

A~ QOutput..~ YFiter..~ [Libraries J Overrides = Addnew..~ ¢ Addtool...~

0




[TpMeHnTbL PYHKUUIO ONS N-0ro Tuna B CNUCKe

<size t N, TL> <size t N, >

to n staight () { f helper(size t& counter) {
using DesiredType = tools::ftl style::nth t<N, TL>; if (counter == N) {
f<DesiredType > () ; £<T> () ;

} return
}
counter++;
return

}

<size t N, ce. IT>
to n impl (tools::type 1ist<T...>)
size t counter = 0;
(... || £ helper<N, T>(counter)):;
}

<size t N,
{ to n impl<N>(List{}); }




[TpMeHnTbL PYHKUUIO ONS N-0ro Tuna B CNUCKe

template <size t N, typename
id to n staight () {
using DesiredType
f<DesiredType> () ;
}

clang Om5.731s

TL>

::ftl style::nth t<N, TL>;

gcc 0m8.460s

template <size t N, tyj

ename

T>

bool f helper (size t& counter) {

if (counter
£<T> () ;
return true;

N) |

}
counter++;
return false;

}

template <size t N, tyj

ename . . .

T>

void to n impl (tools::type 1list<T...>) {

size t counter = 0;

(... |l £ helper<N, T>(counter));

}

template <size t N, tyj
{ to n impl<N>(List{});

clang 0m9.571s

ename

}

List> void to_n ()

gcc 0m2.194s




BbiBOAbI
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BbiBOAbI
e [3beratb HeHYXHbIX include-oB

e W3beraTb pekypCuBHbIX LWWABNOHOB (CamMoe MeasfieHHOoE)
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BbiBOAbI
e [3beratb HeHYXHbIX include-oB
e W3beraTb pekypCuBHbIX LWWABNOHOB (CamMoe MeasfieHHOoE)

e He ncnonb3oBaTb OUONMOTEKUN He 10 Has3Ha4YeHUr™

e JOTO HOpMmasibHO - HanucaTb JIErKOBECHbIN BENOCUNEAMNK

222



BbiBOAbI
e [3beratb HeHYXHbIX include-oB
e W3beraTb pekypCuBHbIX LWWABNOHOB (CamMoe MeasfieHHOoE)

e He ncnonb3oBaTb OUONMOTEKUN He 10 Has3Ha4YeHUr™

e JOTO HOpMmasibHO - HanucaTb JIErKOBECHbIN BENOCUNEAMNK

e [lymaTtb ronosom

223



MepneHHO Komnunmpyemble
LabnoHbl C++

HopmanbHO genamn - HopmMmanbHO oyaet




Toro: wwadnoHbl

HopmanbHO genamn - HopmMmanbHO oyaet




Bonus: HacToAlme coBeTbl MO YMEHbLLUEHUKO BPpEMEHU KOMMUITALNN
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Loading...




Loading...




Loading...




Loading...

®QF




Loading...

*HOXE




Loading...

XA




Loading...

®HOHNARO




Loading...

OO




Loading...

N> a




Loading...

®HOHNAROXNB®




Loading...

HOHAXOFNADO |




Loading...

®OHNBHOHA®OH) |




Loading...

(O30 163 » [0 13 [0 JE  +)




Bonus: HacToAlme coBeTbl MO YMEHbLLUEHUKO BPpEMEHU KOMMUITALNN

Ybepute Bce (UYTO MOXETE)
N3 3arofloBOYHbIX pannos!!
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Forward Declaration

#pragma once #include "ctc.hpp"

#include <ctime>
tm;

{

. ) I 1 before impl (const tm &1, cons
my namespace { tn 1 copy = 1;

1 before (const tm &1, tm r copy = r;

time t 1 time = mktime (&1 copy) ;
time t r time mktime (&r copy) ;

return 1 time r time;

bool before (const tm &1,
return beforeiimpl(l, r);




Forward Declaration

#pragma once #include "ctc.hpp"

#include <ctime>
tm;

{

. ) I 1 before impl (const tm &1, cons
my namespace { tn 1 copy = 1;

1 before (const tm &1, tm r copy = r;

time t 1 time = mktime (&1 copy) ;
time t r time mktime (&r copy) ;

return 1 time r time;

bool before (const tm &1,
return beforeiimpl(l, r);




AHTunarrtepH: Forward Declaration

#pragma once #include "all fwd.hpp"

> my namespace 1 {
my fuction 1 (const tm &
my fuction 2 (const
my fuction 3 (const
my_fuction_4(_a:p»

my fuction_ 5 (const

ce my namespace 2
s MyClassl;
ss MyClass2;
ss MyClass3;
s MyClass4;




#pragma once #include "ctc.hpp"
#include <ctime>
#include <memory>
ace my namespace {

TimeRange: :Impl {
ace my namespace {
&1,
ass TimeRange { copy = 1;

public: copy = r;
TimeRange (const tm ¢ const & ; = mktime (&1 copy) ;

= mktime (&r copy) ;
bool wvalid()
size t seconds ()
valid() const { return 1 <=
: seconds () const { return r
Impl;
::unique ptr<Impl> pImpl;

TimeRange::valid() const { pImpl->valid(); }
size t TimeRange::seconds() const { pImpl->seconds(); }

TimeRange: :TimeRange (const tm &1, const tm &r)
pImpl{std::make unique<Impl>(l, r)} {}




#pragma once #include "ctc.hpp"

#include <ctime>
#include <memory>

ace my namespace {

TimeRange: :Impl {
ace my namespace {

&1,
ass TimeRange { copy = 1;

blic: copy = r;
TimeRange (cons ons § = mktime (&1 copy) ;
= mktime (&r copy) ;
bool wvalid()
size t seconds ()
valid() const { return 1 <=
: t seconds() const { return r
Impl; private:

::unique ptr<Impl> pImpl; t
t

TimeRange::valid() const { pImpl->valid(); }
size t TimeRange::seconds() const { pImpl->seconds(); }

TimeRange: :TimeRange (const tm &1, const tm &r)
pImpl{std::make unique<Impl>(l, r)} {}




Fast Pimpl

Fast Pimpl ocHOBbI

struct Value {

W eco
private:

using JsonNative = third_party::Json;

std::unique_ptr<JsonNative> data_;

13
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dabpunyHas pyHKUMSA

#pragma once #include "ctc.hpp"
#include <ctime>
#include <memory>

namespace my namespace {

class TimeRange final : public ITimeRange
ace my namespace { public:
TimeRange (const tm &1,
ITimeRange { tm copy = 1;
bool valid () const 9 tm copy = r;
size t seconds () cons 9 = mktime (&1 copy) ;
~ITimeRange () = defa mktime (&r copy) ;

~TimeRange () final = default;
std::shared ptr<ITimeRange> make time range (
const tm &1, const & ; bool valid() const final { return 1 <= r ; }
size t seconds () const final { return r - 1 ; }

std::shared ptr<ITimeRange> make time range (
const tm &1,
return std::make shared<TimeRange> (1, r);

}




dabpunyHas pyHKUMSA

#pragma once #include "ctc.hpp"
#include <ctime>
#include <memory>

namespace my namespace {

class TimeRange final : public ITimeRange
ace my namespace { public:
TimeRange (const tm &1,
ITimeRange { tm copy = 1;
bool valid () const 9 tm copy = r;
size t seconds () cons 9 = mktime (&1 copy) ;
~ITimeRange () = defa mktime (&r copy) ;

~TimeRange () final = default;
std::shared ptr<ITimeRange> make time range (
const tm &1, const & ; bool valid() const final { return 1 <= r ; }
size t seconds () const final { return r - 1 ; }

std::shared ptr<ITimeRange> make time range (
const tm &1,
return std::make shared<TimeRange> (1, r);

}




#pragma once #include "ctc.hpp"
#include <ctime>
#include <memory>

tm;
ct TimeRange
ace my namespace { oublic:
TimeRange (const tm &1,
TimeRange; tm 1 copy = 1;

tm r copy = r;
std::shared ptr<TimeRange> make time range ( = mktime (&1 copy) ;

onst tm &1, const & 9 = mktime(&ricopy);

is valid(const std::shared ptr<TimeRange>&) ;
size t seconds (const std::shared ptr<TimeRange>é&) ;

shared ptr<TimeRange> make time range (
const tm &1,
return std::make shared<TimeRange> (1, r);

is valid(const std::shared ptr<TimeRange> &tr)
{ return tr->1 <= tr->r ; }

t seconds (const std::shared ptr<TimeRange> &tr)
{ return tr->1 - tr->r ; }




Parametrized template

#fpragma once #include "ctc.hpp"
#include <ctime>

template <intl6 t Begin, intl6 t End>
class Any : public ISequence {7 template <intl6 t Begin, intl6 t End>
def Any<Begin, End> self t; Any<Begin, End>::operator bool () const {
return current <= End;
}
intlé t current;
R template <intl6 t Begin, intl6 t End>
public: intl6 t Any<Begin, End>::operator* () const {
Any () ; return current;

}

bid init(const Unit current) override final; template <intl6é t Begin, intl6 t End>
void reset () override final;
operator bool () const override final;
intl6 t operator*() const override final;
self t& operator++() override;
i

typename Any<Begin, End>::self t& Any<Begin,
End>: :operator++ () {

++ current;

return *this;

}

template class Any<2000, 2100>;
template clc Any<l, 12>;
template class Any<l, 31>;

using AnyYear = Any<2000, 2100>;
using AnyMonth = Any<l, 12>;
using AnyDay = Any<l, 31>;




Parametrized template

#pragma once
template <intl6 t Begin, intl6_ t End>
c 5 Any : public ISequence {

def Any<Begin, End> self t;
intl6é t current;

public:
Any () ;

override fi

vold reset() override final;

operator bool () const override final;
intl6 t operator*() .

self t& operator++()

b

using AnyYear = Any<2000, 2100>;
using AnyMonth = Any<l, 12>;
using AnyDay = Any<l, 31>;

#include "ctc.hpp"
#include <ctime>

template <intl6 t Begin, intl6 t End>
Any<Begin, End>::operator bool () const {
return current <= End;

}

template <intl6 t Begin, intl6 t End>
intl6 t Any<Begin, End>::operator* () cons
return current;

}

template <intl6 t Begin, intl6 t End>
typename Any<Begin, End>::self t& Any<Begin,
End>: :operator++ () {

++ current;

return *this;

}

template class Any<2000, 2100>;
template clc Any<l, 12>;
template class Any<l, 31>;
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Cratbna

https://lwww.scs.stanford.edu/~dm/blog/param-pack.pdf

cppreference

https://en.cppreference.com/w/cpp/language/pack _indexing

https://len.cppreference.com/w/cpp/language/eval_order

Penosutopum

Mpumepsbl Stackoverflow

https://github.com/edouarda/brigand
https://github.com/beark/ftl/tree/master
https://github.com/marzer/type list/tree/main
https://github.com/lefticus/tools
https://github.com/ETLCPP/etl/tree/master
https://github.com/jatinchowdhury18/types list
https://github.com/codeinred/tuplet

https://godbolt.org/z/1nzrWEPdh stackoverflow

https://godbolt.org/z/8Mrh7rTbK

https://godbolt.org/z/rfz9ca98G

JleHuBbIN fold

Lazily evaluated folds in C++
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https:/lyoutu.be/mkPTreWiqglk?t=552
https://youtu.be/ekVyaCp c9k

Reduce proposal
Reduce library
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https://stackoverflow.com/questions/152005/how-can-currying-be-done-in-c
https://youtu.be/mkPTreWiglk?t=552
https://youtu.be/ekVyaCp_c9k
https://www.scs.stanford.edu/~dm/blog/param-pack.pdf
https://en.cppreference.com/w/cpp/language/pack_indexing
https://en.cppreference.com/w/cpp/language/eval_order

