
Как заставить шаблоны 
компилироваться быстро и 

выглядеть опрятно



Десятое правило 
Гринспена

Любая достаточно сложная программа на Си или Фортране содержит заново 
написанную, неспецифицированную, глючную и медленную реализацию половины 

языка 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


О шаблонах С++
● Нечитаемые

● Долго компилируются

● Генерируют большие файлы

● Непонятные ошибки компиляции

● Вообще не разобрался и забил их не люблю… 



О шаблонах С++
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Нечитаемые
(Трудно читаемые шаблоны)
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template <typename... T> 

struct type_list {};

Список типов
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Одни и те же задачи можно решить 
разными способами!!
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Задача: смерджить два списка типов
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Смерджить два списка типов

...;

template <typename L, typename R>

using join = ...;
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Смерджить два списка типов

namespace 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...>;
};

template <template <typename...> class L1, template <typename...> class L2,
         typename... T1s, typename... T2s, typename... Ts>
struct append_impl<L1<T1s...>, L2<T2s...>, Ts...>
   : append_impl<L1<T1s..., T2s...>, Ts...> {};

} // namespace detail

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

https://github.com/edouarda/brigand
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Смерджить два списка типов

template <typename L, typename R> struct concat_type_seqs {};

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

struct concat_type_seqs<type_list<Ls...>, type_list<Rs...>> {

 using type = type_list<Ls..., Rs...>;

};

template <typename L, typename R>

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

https://github.com/beark/ftl/tree/master 
https://github.com/marzer/type_list/tree/main
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Смерджить два списка типов

template <typename L, typename R> struct concat_type_seqs {};

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

struct concat_type_seqs<type_list<Ls...>, type_list<Rs...>> {

 using type = type_list<Ls..., Rs...>;

};

template <typename L, typename R>

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

https://github.com/beark/ftl/tree/master 
https://github.com/marzer/type_list/tree/main
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struct concat_type_seqs<type_list<Ls...>, type_list<Rs...>> {

 using type = type_list<Ls..., Rs...>;

};



Смерджить два списка типов

template<typename... LHS, typename... RHS> 

auto join_f(type_list<LHS...>, type_list<RHS...>) 

   -> type_list<LHS..., RHS...>;

template<typename LHS, typename RHS> 

using join = decltype(join_f(LHS{}, RHS{}));

https://github.com/lefticus/tools
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Смерджить два списка типов

template<typename... LHS, typename... RHS> 

auto join_f(type_list<LHS...>, type_list<RHS...>) 

   -> type_list<LHS..., RHS...>;

template<typename LHS, typename RHS> 

using join = decltype(join_f(LHS{}, RHS{}));

https://github.com/lefticus/tools
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auto join_f(type_list<LHS...>, type_list<RHS...>) 

   -> type_list<LHS..., RHS...>;



Задача: получить N-й тип из списка
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получить N-й тип из списка

 ...;

template <std::size_t N, typename T> 
using nth_t = ...;
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получить N-й тип из списка
template <size_t N, typename T, typename... Ts>
struct get_nth : get_nth<N - 1, Ts...> {};

template <typename T, typename... Ts> 
struct get_nth<0, T, Ts...> {
 using type = T;
};

template <size_t N, typename T, typename... Ts>
struct get_nth<N, type_list<T, Ts...>> 

: get_nth<N - 1, type_list<Ts...>> 
{};

template <typename T, typename... Ts> 
struct get_nth<0, type_list<T, Ts...>> {
 using type = T;
};

template <std::size_t N, typename T> 
using nth_t = typename get_nth<N, T>::type;
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получить N-й тип из списка
template <size_t N, typename T, typename... Ts>
struct get_nth : get_nth<N - 1, Ts...> {};

template <typename T, typename... Ts> 
struct get_nth<0, T, Ts...> {
 using type = T;
};

template <size_t N, typename T, typename... Ts>
struct get_nth<N, type_list<T, Ts...>> 

: get_nth<N - 1, type_list<Ts...>> 
{};

template <typename T, typename... Ts> 
struct get_nth<0, type_list<T, Ts...>> {
 using type = T;
};

template <std::size_t N, typename T> 
using nth_t = typename get_nth<N, T>::type;

struct get_nth : get_nth<N - 1, Ts...> 

struct get_nth<0, T, Ts...>
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Embedded Template Library (ETL)
https://github.com/ETLCPP/etl/tree/master

 //***************************************************************************
 // For 5 types.
 //***************************************************************************
 template <typename T0,
           typename T1,
           typename T2,
           typename T3,
           typename T4>
 struct type_select<T0, T1, T2, T3, T4>
 {
 public:
   template <size_t ID>
   struct select
   {
     typedef typename etl::conditional<ID == 0, T0,
             typename etl::conditional<ID == 1, T1,
             typename etl::conditional<ID == 2, T2,
             typename etl::conditional<ID == 3, T3,
             typename etl::conditional<ID == 4, T4,
             etl::null_type<0> >
             ::type>::type>::type>::type>::type type;

     ETL_STATIC_ASSERT(ID < 5, "Invalid ID");
   };
 };

32



получить N-й тип из списка (с++20 edition)
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получить N-й тип из списка (с++20 edition)

template <std::size_t N, typename First, typename... T>

auto nth_type_helper(type_list<First, T...>) -> First

requires(N == 0);

template <std::size_t N, typename First, typename... T>

auto nth_type_helper(type_list<First, T...> list)

   -> decltype(nth_type_helper<N - 1>(type_list<T...>{}))

requires(N > 0);
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получить N-й тип из списка (с++20 edition)

template <std::size_t N, typename First, typename... T>

auto nth_type_helper(type_list<First, T...>) -> First

requires(N == 0);

template <std::size_t N, typename First, typename... T>

auto nth_type_helper(type_list<First, T...> list)

   -> decltype(nth_type_helper<N - 1>(type_list<T...>{}))

requires(N > 0);
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получить N-й тип из списка (с++26 edition)
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получить N-й тип из списка (с++26 edition)
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https://en.cppreference.com/w/cpp/language/pack_indexing



получить N-й тип из списка (с++26 edition)
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https://en.cppreference.com/w/cpp/language/pack_indexing



Задача: ForEach для всех типов
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Задача: ForEach для всех типов

40

template <typename TypesList, typename ForEachAction, 
size_t typeIndex = 0,
         size_t numTypesLeft = TypesList::count>
static constexpr void forEach(ForEachAction 
&&forEachAction) {
 if constexpr (numTypesLeft > 0) {
   forEachAction(std::integral_constant<std::size_t, 
typeIndex>());
   forEach<TypesList, ForEachAction, typeIndex + 1, 
numTypesLeft - 1>(
       std::forward<ForEachAction>(forEachAction));
 }
}

template <typename TypesList, typename Functor> 
Functor for_each(Functor &&f) {
 forEach<TypesList>([](auto typeIndex) {
   using TypeAtIndex = typename TypesList::template 
AtIndex<typeIndex>;
   f<TypeAtIndex>();
 });
}

https://github.com/jatinchowdhury18/types_list

template <class F, class... Ts> F for_each_args(F f, Ts &&...a) 
{
 (void)std::initializer_list<int>{
     ((void)std::ref(f)(static_cast<Ts &&>(a)), 0)...};
 return f;
} 

namespace detail
 {
   template<template<class...> class List, typename... Elements, 
typename Functor>
   Functor for_each_impl( type_<List<Elements...>>&&, Functor f 
)
   {
     return for_each_args( std::move(f), type_<Elements>()... );
   }
 }

 template<typename List, typename Functor> Functor for_each( 
Functor f )
 {
   return detail::for_each_impl( type_<List>{}, std::move(f) );
 }
}

https://github.com/edouarda/brigand



Задача: ForEach для всех типов
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Не библиотечное решение



Fold expression

42



Operator comma
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Operator comma
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ForEach (с++17/20 edition)

template <typename T> 
void f() {
     // ...
     // Do something
     // …
}
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ForEach (с++17/20 edition)

template <typename T> 
void f() {
     // ...
     // Do something
     // …
}

template <typename... T>
void for_each_impl(tools::type_list<T...>) {
 (f<T>(), ...);
}
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ForEach (с++17/20 edition)

template <typename T> 
void f() {
     // ...
     // Do something
     // …
}

template <typename... T>
void for_each_impl(tools::type_list<T...>) {
 (f<T>(), ...);
}
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ForEach (с++17/20 edition)

template <typename T> 
void f() {
     // ...
     // Do something
     // …
}

template <typename... T>
void for_each_impl(tools::type_list<T...>) {
 (f<T>(), ...);
}

template <typename List>
void for_each() {
 return for_each_impl(List{});
}
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ForEach (с++17/20 edition)

template <typename T> 
void f() {
     // ...
     // Do something
     // …
}

template <typename... T>
void for_each_impl(tools::type_list<T...>) {
 (f<T>(), ...);
}

template <typename List>
void for_each() {
 return for_each_impl(List{});
}
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ForEach (с++17/20 edition)

template <typename T> 
bool f() {
     // ...
     // Do something
     // …
}

template <typename... T>
void for_each_impl(tools::type_list<T...>) {
 (f<T>() || ...);
}

template <typename List>
void for_each() {
 return for_each_impl(List{});
}
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Небольшое отступление: тонкости запуска 
функций через fold в с++20 pack
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Запуск функций через fold

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}
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Запуск функций через fold

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}
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Запуск функций через fold: left fold vs right fold

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (f_helper<N, T>(counter) || ...);
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}
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left fold vs right fold
https://godbolt.org/z/1nzrWEPdh

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

 

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

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

 (((((f<Tr<0>>() && f<Tr<1>>()) && f<Tr<2>>()) && f<Tr<3>>()) && f<Tr<4>>() );
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left fold vs right fold
https://godbolt.org/z/1nzrWEPdh

 (f<Tr<0>>() && f<Tr<1>>() 

   && f<Tr<2>>() && f<Tr<3>>() 

   && f<Tr<4>>() && f<Tr<5>>() 

   && f<Tr<6>>());

 std::cout << std::endl;

 std::cout << " -- " << std::endl;

 std::cout << std::endl;

 (f<Tr<0>>() &&

  (f<Tr<1>>() &&

   (f<Tr<2>>() &&

    (f<Tr<3>>() && 

     (f<Tr<4>>() && 

      (f<Tr<5>>() && f<Tr<6>>()))))));

https://godbolt.org/z/8Mrh7rTbK
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left fold vs right fold

 (f<Tr<0>>() && f<Tr<1>>() 

   && f<Tr<2>>() && f<Tr<3>>() 

   && f<Tr<4>>() && f<Tr<5>>() 

   && f<Tr<6>>());

 std::cout << std::endl;

 std::cout << " -- " << std::endl;

 std::cout << std::endl;

 (f<Tr<0>>() &&

  (f<Tr<1>>() &&

   (f<Tr<2>>() &&

    (f<Tr<3>>() && 

     (f<Tr<4>>() && 

      (f<Tr<5>>() && f<Tr<6>>()))))));

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

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

Evaluating 0
Evaluating 1
Evaluating 2
Evaluating 3

 -- 

Evaluating 0
Evaluating 1
Evaluating 2
Evaluating 3
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Запуск функций через fold
template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}

template <size_t N, typename List> void to_n()
{ to_n_impl<N>(List{}); }

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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Запуск функций через fold
template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}

template <size_t N, typename List> void to_n()
{ to_n_impl<N>(List{}); }

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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Запуск функций через fold
template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}

template <size_t N, typename List> void to_n()
{ to_n_impl<N>(List{}); }

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.

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.

Since C++11

60



Запуск функций через fold
template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}

template <size_t N, typename List> void to_n()
{ to_n_impl<N>(List{}); }

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.

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.

Since C++17?

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.
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left fold vs right fold

 

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

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

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

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

https://godbolt.org/z/8Mrh7rTbK
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left fold vs right fold

 

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

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

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

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

https://godbolt.org/z/8Mrh7rTbK
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Запуск функций через fold: left fold vs right fold

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (f_helper<N, T>(counter) || ...);
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}
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Как зафиксировать порядок выполнение fold-expression
для других операторов?
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Как зафиксировать порядок выполнение fold-expression
для других операторов?

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


Полезная статья

67

template <typename T, typename F>
std::size_t tuple_find(const T& t, F&& f) {
   return std::apply(
       [&f](const auto&... e) {
           std::size_t r = 0;
           ((std::forward<F>(f)(e) || (++r, false)) || ...);
           return r;
       },
       t
   );
}

void(t.insert(std::forward<E>(e))), ...; // error: bad fold
t.insert(std::forward<E>(e))...; // error: bad expansion context

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

David Mazières: C++20 idioms for parameter packs



Концепты для запуска функций через fold в 
с++20 pack
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Концепты и ограниченные (constrained) шаблоны

template <typename T>
concept Optional = requires {
 typename T::value_type;
 requires std::same_as<T, std::optional<typename T::value_type>>;
};

69



Концепты и ограниченные (constrained) шаблоны

template <Optional T>
void f(size_t& val) {
 val++;
}

template <typename T> 
void f(size_t&) {}
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Концепты и ограниченные (constrained) шаблоны

template <Optional T>
void f(size_t& val) {
 val++;
}

template <typename T> 
void f(size_t&) {}
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Посчитать количество optional в списке типов

template <Optional T>
void f(size_t& val) {
 val++;
}

template <typename T> 
void f(size_t&) {}

template <typename... T>
size_t for_each_so_impl(tools::type_list<T...>) {
 size_t res = 0;
 (..., f<T>(res));
 return res;
}
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Посчитать количество optional в списке типов

template <Optional T>
constexpr void f(size_t& val) {
 val++;
}

template <typename T>
constexpr void f(size_t& val) {}

template <typename... T>
consteval size_t for_each_res_impl(tools::type_list<T...>) {
 size_t res = 0;
 (..., f<T>(res));
 return res;
}
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Параметры для разных типов
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Параметры для разных типов
   if (registry.all_of<A, B, C, D>())
   {
       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
       // ...
   }
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Currying
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Currying
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Currying stackoverflow

namespace _dtl {

   template <typename FUNCTION> struct
   _curry;

   // specialization for functions with a single argument
   template <typename R,typename T> struct
   _curry<std::function<R(T)>> {
       using
       type = std::function<R(T)>;

       const type
       result;

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

   };

   // recursive specialization for functions with more 
arguments
   template <typename R,typename T,typename...Ts> struct
   _curry<std::function<R(T,Ts...)>> {
       using
       remaining_type = typename _curry<std::function<R(Ts...)> 
>::type;

       using
       type = std::function<remaining_type(T)>;

       const type
       result;

       _curry(std::function<R(T,Ts...)> fun)
       : result (
           [=](const T& t) {
               return _curry<std::function<R(Ts...)>>(
                   [=](const Ts&...ts){
                       return fun(t, ts...);
                   }
               ).result;
           }
       ) {}
   };
}

template <typename R,typename...Ts> auto
curry(const std::function<R(Ts...)> fun)
-> typename _dtl::_curry<std::function<R(Ts...)>>::type
{
   return _dtl::_curry<std::function<R(Ts...)>>(fun).result;
}

template <typename R,typename...Ts> auto
curry(R(* const fun)(Ts...))
-> typename _dtl::_curry<std::function<R(Ts...)>>::type
{
   return _dtl::_curry<std::function<R(Ts...)>>(fun).result;
}
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https://stackoverflow.com/questions/152005/how-can-currying-be-done-in-c


Currying stackoverflow

template< class, class = std::void_t<> > struct
needs_unapply : std::true_type { };
template< class T > struct
needs_unapply<T, std::void_t<decltype(std::declval<T>()())>> : std::false_type { };

template <typename F> auto
curry(F&& f) {
 /// Check if f() is a valid function call. If not we need
 /// to curry at least one argument:
 if constexpr (needs_unapply<decltype(f)>::value) {
      return [=](auto&& x) {
           return curry(
               [=](auto&&...xs) -> decltype(f(x,xs...)) {
                   return f(x,xs...);
               }
           );
       };   
 }
 else { 
   /// If 'f()' is a valid call, just call it, we are done.
   return f();
 }
}
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https://stackoverflow.com/questions/152005/how-can-currying-be-done-in-c


Currying

constexpr decltype(auto) curry(auto f, auto... ps)

{

 if constexpr (requires { std::invoke(f, ps...); }) {

   return std::invoke(f, ps...);

 } else {

   return [f, ps...](auto... qs) -> decltype(auto) { return curry(f, ps..., qs...); };

 }

}

https://github.com/lefticus/tools
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Нечитаемые шаблоны С++
Нормально делай - нормально будет



Шаблоны С++ медленно 
компилируются



Loading…



Loading…



Loading…



Loading…



Loading…



Loading…



Loading…



Loading…



Loading…



Loading…



Loading…



Loading…



Loading…



Тестовая среда

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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Компиляция дефолтной программы

#include <iostream>

int main() {
 std::cout << "HW" << std::endl;
 return 0;
}
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Компиляция дефолтной программы

#include <iostream>

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

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                   
                                                                                                                                                                                                
real    0m0.386s                                                                                                                                                                                 
user    0m0.326s                                                                                                                                                                                 
sys     0m0.059s    

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                     
                                                                                                                                                                                                
real    0m0.315s                                                                                                                                                                                 
user    0m0.265s                                                                                                                                                                                 
sys     0m0.050s
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Компиляция дефолтной программы

#include <iostream>

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

     __ostream_type&
     operator<<(long __n)
     { return _M_insert(__n); }

     __ostream_type&
     operator<<(unsigned long __n)
     { return _M_insert(__n); }

     __ostream_type&
     operator<<(bool __n)
     { return _M_insert(__n); }

     __ostream_type&
     operator<<(short __n);

 template<typename _CharT, typename _Traits>
   basic_ostream<_CharT, _Traits>&
   __ostream_insert(basic_ostream<_CharT, _Traits>& __out,
        const _CharT* __s, streamsize __n)
   {
     typedef basic_ostream<_CharT, _Traits>       
__ostream_type;
     typedef typename __ostream_type::ios_base    
__ios_base;

     typename __ostream_type::sentry __cerb(__out);
     if (__cerb)
 {
   __try
     {
       const streamsize __w = __out.width();
       if (__w > __n)
   {
     const bool __left = ((__out.flags()
         & __ios_base::adjustfield)
              == __ios_base::left);
     if (!__left)
       __ostream_fill(__out, __w - __n);
     if (__out.good())
       __ostream_write(__out, __s, __n);
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Компиляция дефолтной программы

#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 -O2 
-lstdc++                                                                                                   
                                                                                                                                                                                                
real    0m0.991s
user    0m0.920s
sys     0m0.071s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                     
                                                                                                                                                                                                
real    0m0.978s
user    0m0.887s
sys     0m0.091s
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Компиляция дефолтной программы

#include <iostream>

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

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                   
                                                                                                                                                                                                
real    0m0.386s                                                                                                                                                                                 
user    0m0.326s                                                                                                                                                                                 
sys     0m0.059s    

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                     
                                                                                                                                                                                                
real    0m0.315s                                                                                                                                                                                 
user    0m0.265s                                                                                                                                                                                 
sys     0m0.050s

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

cpp_rus_2025$ gcc -E init_variant_test.cpp  | wc -l                                                                                                                      
32266                  101



Компиляция дефолтной программы

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

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

#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 -O2 
-lstdc++                                                                                                   
                                                                                                                                                                                                
real    0m0.991s
user    0m0.920s
sys     0m0.071s

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                     
                                                                                                                                                                                                
real    0m0.978s
user    0m0.887s
sys     0m0.091s
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Компиляция стартовой программы

#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 -O2 
-lstdc++                                                                                                   
                                                                                                                                                                                                
real    0m0.416s
user    0m0.358s
sys     0m0.058s
 

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                     
                                                                                                                                                                                                
real    0m0.334s
user    0m0.285s
sys     0m0.048s
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Список типов
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Список типов
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template <typename... T> 

struct type_list {};



Список типов
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template <typename... T> 

struct type_list {};



Список типов: Пример типа
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template <size_t I> 
struct TIndex { size_t val = I; };



Список типов: Пример типа

template <size_t I> 
struct TIndex { size_t val = I; };

/*
tools::type_list<
 helpers::TIndex<0>,
 helpers::TIndex<1>,
 helpers::TIndex<2>,
 helpers::TIndex<3>,
 helpers::TIndex<4>
>
*/
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Генерация списка 

template <size_t I> struct TIndex { size_t val = I; };
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Генерация списка 

template <size_t I> struct TIndex { size_t val = I; };

template <size_t... Is>

auto make_super_tl(std::index_sequence<Is...>) -> tools::type_list<TIndex<Is>...>;

template <size_t N>

using FD_TL = decltype(make_super_tl(std::make_index_sequence<N>{}));
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Генерация списка 

template <size_t I> struct TIndex { size_t val = I; };

template <size_t... Is>

auto make_super_tl(std::index_sequence<Is...>) -> tools::type_list<TIndex<Is>...>;

template <size_t N>

using FD_TL = decltype(make_super_tl(std::make_index_sequence<N>{}));

template <typename Seq> struct TLHelper;
template <size_t... Is> struct TLHelper<std::index_sequence<Is...>> {
 using Type = tools::type_list<TIndex<Is>...>;
};

template <size_t N>
using SuperTL = typename TLHelper<std::make_index_sequence<N>>::Type;
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Компиляция списка типов
#include "include/types_helper.hpp"
#include "include/utils.hpp"

#include <iostream>

int main() {
 static constexpr size_t N = 5;

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

 return 0;
}
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Компиляция списка типов
#include "include/types_helper.hpp"
#include "include/utils.hpp"

#include <iostream>

int main() {
 static constexpr size_t N = 5;

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

 return 0;
}
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Компиляция списка типов
int main() {
 static constexpr size_t N = 5;

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

 return 0;
}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                   
                                                                                                                                                                                                
real    0m0.416s                                                                                                                                                                                 
user    0m0.361s                                                                                                                                                                                 
sys     0m0.055s 

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                     
                                                                                                                                                                                                
real    0m0.351s                                                                                                                                                                                 
user    0m0.299s                                                                                                                                                                                 
sys     0m0.051s
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Компиляция списка типов

 static constexpr size_t N = 5; clang   0m0.416s                                                                                                                                                                                 gcc   0m0.351s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.456s                                                                                                                                                                                 gcc  0m0.376s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m0.478s                                                                                                                                                                                 gcc   0m0.393s                                                                                                                                                                                 
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Компиляция списка типов

 static constexpr size_t N = 5; clang   0m0.416s                                                                                                                                                                                 gcc   0m0.351s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.456s                                                                                                                                                                                 gcc  0m0.376s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m0.478s                                                                                                                                                                                 gcc   0m0.393s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m0.505s                                                                                                                                                                                 gcc   0m0.395s                                                                                                                                                                                 
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Компиляция списка типов

 static constexpr size_t N = 5; clang   0m0.416s                                                                                                                                                                                 gcc   0m0.351s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.456s                                                                                                                                                                                 gcc  0m0.376s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m0.478s                                                                                                                                                                                 gcc   0m0.393s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m0.505s                                                                                                                                                                                 gcc   0m0.395s                                                                                                                                                                                 

 static constexpr size_t N = 5000;
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Компиляция списка типов

 static constexpr size_t N = 5; clang   0m0.416s                                                                                                                                                                                 gcc   0m0.351s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.456s                                                                                                                                                                                 gcc  0m0.376s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m0.478s                                                                                                                                                                                 gcc   0m0.393s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m0.505s                                                                                                                                                                                 gcc   0m0.395s                                                                                                                                                                                 

 static constexpr size_t N = 5000; clang   0m0.959s                                                                                                                                                                                 gcc   0m0.849s                                                                                                                                                                                 
118



Генерация списка

template <typename Seq> struct TLHelper;
template <size_t... Is> struct TLHelper<std::index_sequence<Is...>> {
 using Type = tools::type_list<TIndex<Is>...>;
};

template <size_t N>
using SuperTL = typename TLHelper<std::make_index_sequence<N>>::Type;
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Генерация списка

template <typename Seq> struct TLHelper;
template <size_t... Is> struct TLHelper<std::index_sequence<Is...>> {
 using Type = tools::type_list<TIndex<Is>...>;
};

template <size_t N>
using SuperTL = typename TLHelper<std::make_index_sequence<N>>::Type;

template <typename Seq> struct TupleHelper;
template <size_t... Is> struct TupleHelper<std::index_sequence<Is...>> {
 using Type = std::tuple<TIndex<Is>...>;
};

template <size_t N>
using SuperTuple = typename TupleHelper<std::make_index_sequence<N>>::Type;
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Генерация списка

template <typename Seq> struct TLHelper;
template <size_t... Is> struct TLHelper<std::index_sequence<Is...>> {
 using Type = tools::type_list<TIndex<Is>...>;
};

template <size_t N>
using SuperTL = typename TLHelper<std::make_index_sequence<N>>::Type;

template <typename Seq> struct TupleHelper;
template <size_t... Is> struct TupleHelper<std::index_sequence<Is...>> {
 using Type = std::tuple<TIndex<Is>...>;
};

template <size_t N>
using SuperTuple = typename TupleHelper<std::make_index_sequence<N>>::Type;
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Компиляция списка типов: tuple
int main() {
 static constexpr size_t N = 5;

 using Tuple = helpers::SuperTuple<N>;
 Tuple tl;
 std::cout << utils::type_name<Tuple>() << std::endl;

 return 0;
}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                   
                                                                                                                                                                                                
real    0m0.431s                                                                                                                                                                                 
user    0m0.370s                                                                                                                                                                                 
sys     0m0.060s      

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                     
                                                                                                                                                                                                
real    0m0.360s                                                                                                                                                                                 
user    0m0.310s                                                                                                                                                                                 
sys     0m0.049s  
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Компиляция списка типов: tuple

 static constexpr size_t N = 5; clang   0m0.431s                                                                                                                                                                                 gcc   0m0.360s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.551s                                                                                                                                                                                 gcc  0m0.441s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.280s                                                                                                                                                                                 gcc   0m1.176s                                                                                                                                                                                 

 static constexpr size_t N = 500;
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Компиляция списка типов: tuple

 static constexpr size_t N = 5; clang   0m0.431s                                                                                                                                                                                 gcc   0m0.360s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.551s                                                                                                                                                                                 gcc  0m0.441s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.280s                                                                                                                                                                                 gcc   0m1.176s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m3.280s                                                                                                                                                                                 gcc   0m4.023s                                                                                                                                                                                 
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Компиляция списка типов: tuple

 static constexpr size_t N = 5; clang   0m0.431s                                                                                                                                                                                 gcc   0m0.360s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.551s                                                                                                                                                                                 gcc  0m0.441s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.280s                                                                                                                                                                                 gcc   0m1.176s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m3.280s                                                                                                                                                                                 gcc   0m4.023s                                                                                                                                                                                 

 static constexpr size_t N = 2000;
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Компиляция списка типов: tuple

 static constexpr size_t N = 5; clang   0m0.431s                                                                                                                                                                                 gcc   0m0.360s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.551s                                                                                                                                                                                 gcc  0m0.441s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.280s                                                                                                                                                                                 gcc   0m1.176s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m3.280s                                                                                                                                                                                 gcc   0m4.023s                                                                                                                                                                                 

 static constexpr size_t N = 2000;

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

In file included from init_variant_test.cpp:1:
In file included from ./include/types_helper.hpp:6:
/usr/bin/../lib/gcc/x86_64-linux-gnu/11/../../../../include/c++/11/tuple:
259:14: fatal error: recursive template instantiation exceeded 
maximum depth of 1024
    : public _Tuple_impl<_Idx + 1, _Tail...>,
             ^
/usr/bin/../lib/gcc/x86_64-linux-gnu/11/../../../../include/c++/11/tuple:
259:14: note: 
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clang                                                                                                                                                              

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

/usr/include/c++/11/tuple:60:12: fatal error: template instantiation 
depth exceeds maximum of 900 (use ‘-ftemplate-depth=’ to 
increase the maximum)                                              
  60 |     struct __is_empty_non_tuple : is_empty<_Tp> { };                                                                                                                                     
     |            ^~~~~~~~~~~~~~~~~~~~                                                                                                                                                          
compilation terminated.   

gcc                                                                                                                                                              



Компиляция списка типов: tuple

 static constexpr size_t N = 5; clang   0m0.431s                                                                                                                                                                                 gcc   0m0.360s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.551s                                                                                                                                                                                 gcc  0m0.441s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.280s                                                                                                                                                                                 gcc   0m1.176s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m3.280s                                                                                                                                                                                 gcc   0m4.023s                                                                                                                                                                                 

 static constexpr size_t N = 2000;

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

In file included from init_variant_test.cpp:1:
In file included from ./include/types_helper.hpp:6:
/usr/bin/../lib/gcc/x86_64-linux-gnu/11/../../../../include/c++/11/tuple:
259:14: fatal error: recursive template instantiation exceeded 
maximum depth of 1024
    : public _Tuple_impl<_Idx + 1, _Tail...>,
             ^
/usr/bin/../lib/gcc/x86_64-linux-gnu/11/../../../../include/c++/11/tuple:
259:14: note: 
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clang                                                                                                                                                              

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

/usr/include/c++/11/tuple:60:12: fatal error: template instantiation 
depth exceeds maximum of 900 (use ‘-ftemplate-depth=’ to 
increase the maximum)                                              
  60 |     struct __is_empty_non_tuple : is_empty<_Tp> { };                                                                                                                                     
     |            ^~~~~~~~~~~~~~~~~~~~                                                                                                                                                          
compilation terminated.   

gcc                                                                                                                                                              

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 
-lstdc++ -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 -O2 
-lstdc++ -ftemplate-depth=2050                                                                               
                                                                                                                                                                                                
                                                                                                                                                                                                
                                                                                                                                                                                             
real    2m37.661s                                                                                                                                                                                
user    2m33.539s                                                                                                                                                                                
sys     0m4.048s               



Компиляция списка типов: tuple

 static constexpr size_t N = 5; clang   0m0.431s                                                                                                                                                                                 gcc   0m0.360s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.551s                                                                                                                                                                                 gcc  0m0.441s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.280s                                                                                                                                                                                 gcc   0m1.176s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m3.280s                                                                                                                                                                                 gcc   0m4.023s                                                                                                                                                                                 

 static constexpr size_t N = 2000; clang    ???                                                                                                                                                                                 gcc   2m37.661s                                                                                                                                                                                 
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Компиляция списка типов: tuple
int main() {
 static constexpr size_t N = 5;

 using Tuple = helpers::SuperTuple<N>;
 Tuple tl;
 std::cout << utils::type_name<Tuple>() << std::endl;

 return 0;
}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                   
                                                                                                                                                                                                
real    0m0.431s                                                                                                                                                                                 
user    0m0.370s                                                                                                                                                                                 
sys     0m0.060s      

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                     
                                                                                                                                                                                                
real    0m0.360s                                                                                                                                                                                 
user    0m0.310s                                                                                                                                                                                 
sys     0m0.049s  
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Компиляция списка типов: tuple
int main() {
 static constexpr size_t N = 5;

 using Tuple = helpers::SuperTuple<N>;
 Tuple tl;
 std::cout << utils::type_name<Tuple>() << std::endl;

 return 0;
}

 /// Primary class template, tuple
 template<typename... _Elements>
   class tuple : public _Tuple_impl<0, _Elements...>
   {
     typedef _Tuple_impl<0, _Elements...> 
_Inherited;

     template<bool _Cond>
 using _TCC = _TupleConstraints<_Cond, 
_Elements...>;

     // Constraint for non-explicit default 
constructor
     template<bool _Dummy>
 using _ImplicitDefaultCtor = __enable_if_t<

 /**
  * Recursive tuple implementation. Here we store 
the @c Head element
  * and derive from a @c Tuple_impl containing the 
remaining elements
  * (which contains the @c Tail).
  */
 template<size_t _Idx, typename _Head, typename... 
_Tail>
   struct _Tuple_impl<_Idx, _Head, _Tail...>
   : public _Tuple_impl<_Idx + 1, _Tail...>,
     private _Head_base<_Idx, _Head>
   {
     template<size_t, typename...> friend struct 
_Tuple_impl;

     typedef _Tuple_impl<_Idx + 1, _Tail...> 
_Inherited;
     typedef _Head_base<_Idx, _Head> _Base;
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Компиляция списка типов: tuple
int main() {
 static constexpr size_t N = 5;

 using Tuple = helpers::SuperTuple<N>;
 Tuple tl;
 std::cout << utils::type_name<Tuple>() << std::endl;

 return 0;
}

 /// Primary class template, tuple
 template<typename... _Elements>
   class tuple : public _Tuple_impl<0, _Elements...>
   {
     typedef _Tuple_impl<0, _Elements...> 
_Inherited;

     template<bool _Cond>
 using _TCC = _TupleConstraints<_Cond, 
_Elements...>;

     // Constraint for non-explicit default 
constructor
     template<bool _Dummy>
 using _ImplicitDefaultCtor = __enable_if_t<

 /**
  * Recursive tuple implementation. Here we store 
the @c Head element
  * and derive from a @c Tuple_impl containing the 
remaining elements
  * (which contains the @c Tail).
  */
 template<size_t _Idx, typename _Head, typename... 
_Tail>
   struct _Tuple_impl<_Idx, _Head, _Tail...>
   : public _Tuple_impl<_Idx + 1, _Tail...>,
     private _Head_base<_Idx, _Head>
   {
     template<size_t, typename...> friend struct 
_Tuple_impl;

     typedef _Tuple_impl<_Idx + 1, _Tail...> 
_Inherited;
     typedef _Head_base<_Idx, _Head> _Base;
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Компиляция списка типов: tuple

132



Генерация списка

template <typename Seq> struct TLHelper;
template <size_t... Is> struct TLHelper<std::index_sequence<Is...>> {
 using Type = tools::type_list<TIndex<Is>...>;
};

template <size_t N>
using SuperTL = typename TLHelper<std::make_index_sequence<N>>::Type;
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Генерация списка

template <typename Seq> struct TLHelper;
template <size_t... Is> struct TLHelper<std::index_sequence<Is...>> {
 using Type = tools::type_list<TIndex<Is>...>;
};

template <size_t N>
using SuperTL = typename TLHelper<std::make_index_sequence<N>>::Type;

template <typename Seq> struct TVariantHelper;
template <size_t... Is> struct TVariantHelper<std::index_sequence<Is...>> {
 using Type = std::variant<TIndex<Is>...>;
};

template <size_t N>
using SuperVariant = typename TVariantHelper<std::make_index_sequence<N>>::Type;
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Генерация списка

template <typename Seq> struct TLHelper;
template <size_t... Is> struct TLHelper<std::index_sequence<Is...>> {
 using Type = tools::type_list<TIndex<Is>...>;
};

template <size_t N>
using SuperTL = typename TLHelper<std::make_index_sequence<N>>::Type;

template <typename Seq> struct TVariantHelper;
template <size_t... Is> struct TVariantHelper<std::index_sequence<Is...>> {
 using Type = std::variant<TIndex<Is>...>;
};

template <size_t N>
using SuperVariant = typename TVariantHelper<std::make_index_sequence<N>>::Type;
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Компиляция списка типов: variant
int main() {
 static constexpr size_t N = 5;

 using Var = helpers::SuperVariant<N>;
 Var var;
 std::cout << utils::type_name<Var>() << std::endl;

 return 0;
}

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                   
                                                                                                                                                                                                
real    0m0.511s                                                                                                                                                                                 
user    0m0.456s                                                                                                                                                                                 
sys     0m0.055s 

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++                                                                                                     
                                                                                                                                                                                                
real    0m0.455s                                                                                                                                                                                 
user    0m0.395s                                                                                                                                                                                 
sys     0m0.059s   

136



Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 
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Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 

 static constexpr size_t N = 500;
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Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 

 static constexpr size_t N = 500; gcc   0m2.144s                                                                                                                                                                                 
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Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 

 static constexpr size_t N = 500; gcc   0m2.144s                                                                                                                                                                                 clang   0m1.834s                                                                                                                                                                                 

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

Var var;                                                                                                                                                                                       
     ^                                                                                                                                                                                          
/usr/bin/../lib/gcc/x86_64-linux-gnu/11/../../../../include/c++/11/variant:321:44: note: use 
-fbracket-depth=N to increase maximum nesting level                                                 
         (is_trivially_destructible_v<_Types> && ...);                                                                                                                                          
                                                 ^                                                                                                                                              
1 error generated.   
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Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 

 static constexpr size_t N = 500; gcc   0m2.144s                                                                                                                                                                                 clang   0m1.834s                                                                                                                                                                                 

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

Var var;                                                                                                                                                                                       
     ^                                                                                                                                                                                          
/usr/bin/../lib/gcc/x86_64-linux-gnu/11/../../../../include/c++/11/variant:321:44: note: use 
-fbracket-depth=N to increase maximum nesting level                                                 
         (is_trivially_destructible_v<_Types> && ...);                                                                                                                                          
                                                 ^                                                                                                                                              
1 error generated.   

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 -lstdc++ -fbracket-depth=5050                                                                              
                                                                                                                                                                                                
real    0m1.547s                                                                                                                                                                                 
user    0m1.440s                                                                                                                                                                                 
sys     0m0.107s                          

141



Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 

 static constexpr size_t N = 500; gcc   0m2.144s                                                                                                                                                                                 clang   0m1.547s                                                                                                                                                                                 
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Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 

 static constexpr size_t N = 500; gcc   0m2.144s                                                                                                                                                                                 clang   0m1.547s                                                                                                                                                                                 

 static constexpr size_t N = 2000;
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Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 

 static constexpr size_t N = 500; gcc   0m2.144s                                                                                                                                                                                 clang   0m1.547s                                                                                                                                                                                 

 static constexpr size_t N = 5000;

144

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

clang                                                                                                                                                              

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

init_variant_test.cpp:16:7:   required from here                                                                                                                                                 
/usr/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;                                                                                                                                                   
     |                              ^~~~~~~~                                                                                                                                                    
compilation terminated.  

gcc                                                                                                                                                              



Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 

 static constexpr size_t N = 500; gcc   0m2.144s                                                                                                                                                                                 clang   0m1.547s                                                                                                                                                                                 

 static constexpr size_t N = 5000;

145

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

clang                                                                                                                                                              

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

init_variant_test.cpp:16:7:   required from here                                                                                                                                                 
/usr/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;                                                                                                                                                   
     |                              ^~~~~~~~                                                                                                                                                    
compilation terminated.  

gcc                                                                                                                                                              

cpp_rus_2025$ time clang init_variant_test.cpp -std=c++20 -O2 
-lstdc++ -fbracket-depth=5050 -ftemplate-depth=2050                                                        
                                                                                                                                                                                                
                                                                                                                                                                                                
real    0m7.744s                                                                                                                                                                                 
user    0m7.346s                                                                                                                                                                                 
sys     0m0.390s     

cpp_rus_2025$ time gcc init_variant_test.cpp -std=c++20 -O2 
-lstdc++ -ftemplate-depth=2050                                                                               
                                                                                                                                                                                                
                                                                                                                                                                                                
                                                                                                                                                                                                
real    0m20.961s                                                                                                                                                                                
user    0m20.160s                                                                                                                                                                                
sys     0m0.787s 



Компиляция списка типов: variant

 static constexpr size_t N = 5; clang   0m0.511s                                                                                                                                                                                 gcc   0m0.455s                                                                                                                                                                               

 static constexpr size_t N = 50; clang   0m0.607s                                                                                                                                                                                 gcc  0m0.488s                                                                                                                                                                                

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 

 static constexpr size_t N = 500; gcc   0m2.144s                                                                                                                                                                                 clang   0m1.547s                                                                                                                                                                                 

 static constexpr size_t N = 2000; gcc   0m20.961s                                                                                                                                                                                 clang   0m7.744s                                                                                                                                                                                 
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Компиляция списка типов
type_list

tuple

variant

 static constexpr size_t N = 250; clang   0m0.478s                                                                                                                                                                                 gcc   0m0.393s                                                                                                                                                                                 

 static constexpr size_t N = 250; clang   0m1.280s                                                                                                                                                                                 gcc   0m1.176s                                                                                                                                                                                 

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 
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Компиляция списка типов

 static constexpr size_t N = 500;

type_list

tuple

variant

clang   0m0.505s                                                                                                                                                                                 gcc   0m0.395s                                                                                                                                                                                 

 static constexpr size_t N = 250; clang   0m0.478s                                                                                                                                                                                 gcc   0m0.393s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m3.280s                                                                                                                                                                                 gcc   0m4.023s                                                                                                                                                                                 

 static constexpr size_t N = 250; clang   0m1.280s                                                                                                                                                                                 gcc   0m1.176s                                                                                                                                                                                 

 static constexpr size_t N = 500; clang   0m1.547s                                                                                                                                                                                 gcc   0m2.144s                                                                                                                                                                                 

 static constexpr size_t N = 250; clang   0m1.208s                                                                                                                                                                                 gcc   0m1.016s                                                                                                                                                                                 
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Выводы

Когда в руках микроскоп - все вокруг кажется гвоздями
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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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Смерджить два списка типов
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Смерджить два списка типов

namespace 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...>;
};

template <template <typename...> class L1, template <typename...> class L2,
         typename... T1s, typename... T2s, typename... Ts>
struct append_impl<L1<T1s...>, L2<T2s...>, Ts...>
   : append_impl<L1<T1s..., T2s...>, Ts...> {};

} // namespace detail

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

https://github.com/edouarda/brigand
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Смерджить два списка типов

template <typename L, typename R> struct concat_type_seqs {};

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

struct concat_type_seqs<type_list<Ls...>, type_list<Rs...>> {

 using type = type_list<Ls..., Rs...>;

};

template <typename L, typename R>

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

https://github.com/beark/ftl/tree/master 
https://github.com/marzer/type_list/tree/main
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Смерджить два списка типов

template<typename... LHS, typename... RHS> auto join(type_list<LHS...>, type_list<RHS...>) 

-> type_list<LHS..., RHS...>;

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

https://github.com/lefticus/tools
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Смерджить два списка типов: тесткейс

int main() {

 static constexpr size_t N = 1500;
 static constexpr size_t M = 1500;

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

 // using JoinedList = tools::brigand_style::join<TLN, TLM>;
 // using JoinedList = tools::ftl_style::join<TLN, TLM>;
 // using JoinedList = tools::lefticus_style::join_t<TLN, TLM>;

 std::cout << utils::type_name<JoinedList>() << std::endl;

 return 0;
}
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Смерджить два списка типов: тесткейс

int main() {

 static constexpr size_t N = 1500;
 static constexpr size_t M = 1500;

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

 // using JoinedList = tools::brigand_style::join<TLN, TLM>;
 // using JoinedList = tools::ftl_style::join<TLN, TLM>;
 // using JoinedList = tools::lefticus_style::join_t<TLN, TLM>;

 std::cout << utils::type_name<JoinedList>() << std::endl;

 return 0;
}
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Смерджить два списка типов: тесткейс

 using JoinedList = 
tools::brigand_style::join<TLN, TLM>;

 using JoinedList = 
tools::ftl_style::join<TLN, TLM>;

 using JoinedList = 
tools::lefticus_style::join<TLN, TLM>;

clang   0m0.416s                                                                                                                                                                                 gcc   0m0.351s                                                                                                                                                                               
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Смерджить два списка типов: тесткейс

 using JoinedList = 
tools::brigand_style::join<TLN, TLM>;

 using JoinedList = 
tools::ftl_style::join<TLN, TLM>;

 using JoinedList = 
tools::lefticus_style::join<TLN, TLM>;

clang   0m0.504s                                                                                                                                                                                 gcc   0m0.383s                                                                                                                                                                                 

gcc  0m0.396s                                                                                                                                                                                 clang   0m0.515s                                                                                                                                                                                 

clang   0m0.514s                                                                                                                                                                                 gcc  0m0.400s                                                                                                                                                                                 

clang   0m0.416s                                                                                                                                                                                 gcc   0m0.351s                                                                                                                                                                               
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Смерджить два списка типов Отвратительный сценарий
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Смерджить два списка типов
template <typename List1, 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;
};

template <typename SingleType, typename... Types2>
struct MergeTypeLists<type_list<SingleType>, type_list<Types2...>> {
 using type = type_list<SingleType, Types2...>;
};

template <typename... Types2>
struct MergeTypeLists<type_list<>, type_list<Types2...>> {
 using type = type_list<Types2...>;
};

template <typename... Types1>
struct MergeTypeLists<type_list<Types1...>, type_list<>> {
 using type = type_list<Types1...>;
};

Отвратительный сценарий
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Смерджить два списка типов: тесткейс

 using JoinedList = 
tools::brigand_style::join<TLN, TLM>;

 using JoinedList = 
tools::ftl_style::join<TLN, TLM>;

 using JoinedList = 
tools::lefticus_style::join<TLN, TLM>;

clang   0m0.504s                                                                                                                                                                                 gcc   0m0.383s                                                                                                                                                                                 

gcc  0m0.396s                                                                                                                                                                                 clang   0m0.515s                                                                                                                                                                                 

clang   0m0.514s                                                                                                                                                                                 gcc  0m0.400s                                                                                                                                                                                 

clang   0m0.416s                                                                                                                                                                                 gcc   0m0.351s                                                                                                                                                                               

 using JoinedList = tools::ugly::join<TLN, 
TLM>;

gcc  0m3.447s                                                                                                                                                                                 clang   0m1.982s                                                                                                                                                                                 
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N-й тип + последний тип

162



template <size_t N, typename T, typename... Ts>
struct get_nth : get_nth<N - 1, Ts...> {};

template <typename T, typename... Ts> 
struct get_nth<0, T, Ts...> {
 using type = T;
};

template <size_t N, typename T, typename... Ts>
struct get_nth<N, type_list<T, Ts...>> 

: get_nth<N - 1, type_list<Ts...>> {};

template <typename T, typename... Ts> 
struct get_nth<0, type_list<T, Ts...>> {
 using type = T;
};

template <std::size_t N, typename T> 
using nth_t = typename get_nth<N, T>::type;

N-й тип + последний тип

163



template <size_t N, typename T, typename... Ts>
struct get_nth : get_nth<N - 1, Ts...> {};

template <typename T, typename... Ts> 
struct get_nth<0, T, Ts...> {
 using type = T;
};

template <size_t N, typename T, typename... Ts>
struct get_nth<N, type_list<T, Ts...>> 

: get_nth<N - 1, type_list<Ts...>> {};

template <typename T, typename... Ts> 
struct get_nth<0, type_list<T, Ts...>> {
 using type = T;
};

template <std::size_t N, typename T> 
using nth_t = typename get_nth<N, T>::type;

N-й тип + последний тип

template <std::size_t N, typename First, typename... T>

auto nth_type_helper(type_list<First, T...>) -> First

requires(N == 0);

template <std::size_t N, typename First, typename... T>

auto nth_type_helper(type_list<First, T...> list)

   -> decltype(nth_type_helper<N - 1>(type_list<T...>{}))

requires(N > 0);
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N-й тип + последний тип
template <std::size_t N, typename First, typename... T>

auto nth_type_helper(type_list<First, T...>) -> First

requires(N == 0);

template <std::size_t N, typename First, typename... T>

auto nth_type_helper(type_list<First, T...> list)

   -> decltype(nth_type_helper<N - 1>(type_list<T...>{}))

requires(N > 0);
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???

int main() {

 int a = (0, 1, 2, 3);

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

 return 0;
}

???
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Operator comma

int main() {

 int a = (0, 1, 2, 3);

 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) { return (args + ...); }

template <typename... Args>
int last(Args &&...args)
{
 return (args, ...);
}

int main() {

 std::cout << sum(1, 2, 3, 4) << std::endl;
 std::cout << last(1, 2, 3, 4) << std::endl;

 return 0;
}

cpp_rus_2025$ ./a.out                                                                                                                                                    
10 
4                
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Последний тип

template <typename... T>

auto last_type(type_list<T...>) ->

   typename decltype((type_list<T>{}, ...))::first_type;

template <typename T> 

using back = decltype(last_type(T{}));
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Последний тип

template <typename... T>

auto last_type(type_list<T...>) ->

   typename decltype((type_list<T>{}, ...))::first_type;

template <typename T> 

using back = decltype(last_type(T{}));
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N-й тип + последний тип
template <std::size_t N, typename First, typename... T>

auto nth_type_helper (type_list<First, T...>) -> First

requires(N == 0);

template <std::size_t N, typename First, typename... T>

auto nth_type_helper (type_list<First, T...> list)

   -> decltype(nth_type_helper <N - 1>(type_list<T...>{}))

requires(N > 0);
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N-й тип + последний тип
template <std::size_t N, typename First, typename... T>

auto nth_type_helper (type_list<First, T...>) -> First

requires(N == 0);

template <std::size_t N, typename First, typename... T>

auto nth_type_helper (type_list<First, T...> list)

   -> decltype(nth_type_helper <N - 1>(type_list<T...>{}))

requires(N > 0 && N != sizeof...(T));

template <std::size_t N, typename... T>

auto nth_type_helper (type_list<T...> list)

   -> decltype(last_type(list)) 

requires(N > 0 && N == sizeof...(T) - 1);
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(N-5)-й и последний тип: тесткейс

int main() {
 static constexpr size_t N = 5000;

 using TL = helpers::SuperTL<N>;

 using LastType = tools::ftl_style::back<TL>;
 // using SomeType = tools::ftl_style::nth_t<N - 5, TL>;

 // using LastType = tools::lefticus_style::back<TL>;
 // using SomeType = tools::lefticus_style::nth_t<N-5, TL>;

 std::cout << utils::type_name<LastType>() << std::endl;
 // std::cout << utils::type_name<SomeType>() << std::endl;

 return 0;
}
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(N-5)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000;
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(N-5)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000; ??? gcc    0m7.030s

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000;
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(N-5)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000; ??? gcc    0m7.030s

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000;

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

In file included from back_test.cpp:1:
In file included from ./include/types_helper.hpp:3:
./include/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)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000; ??? gcc    0m7.030s

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000;

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

In file included from back_test.cpp:1:
In file included from ./include/types_helper.hpp:3:
./include/type_list.hpp:79:18: warning: stack nearly exhausted; compilation time may suffer, and crashes due to 
stack overflow are likely [-Wstack-exhausted]

cpp_rus_2025$ time clang back_test.cpp -std=c++20 -O2 -lstdc++ -ftemplate-depth=5050 
-fbracket-depth=5050 -Wno-stack-exhausted                                   
                                                                                                                                                                                        
real    0m2.909s                                                                                                                                                                         
user    0m2.615s                                                                                                                                                                         
sys     0m0.292s 
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(N-5)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000; clang     0m2.949s gcc    0m7.030s

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000;
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(N-5)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000; clang     0m0.398s gcc    0m0.362s

 static constexpr size_t N = 5000; clang     0m2.949s gcc    0m7.030s

 static constexpr size_t N = 5000;

 static constexpr size_t N = 5000;
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(N-5)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000; clang     0m0.398s gcc    0m0.362s

 static constexpr size_t N = 5000; clang     0m2.949s gcc    0m7.030s

 static constexpr size_t N = 5000; clang     0m6.476s gcc    0m9.423s

 static constexpr size_t N = 5000;
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(N-5)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000; clang     0m0.398s gcc    0m0.362s

 static constexpr size_t N = 5000; clang     0m2.949s gcc    0m7.030s

 static constexpr size_t N = 5000; clang     0m6.476s gcc    0m9.423s

 static constexpr size_t N = 5000; clang     ??? gcc    0m15.457s
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(N-5)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000; clang     0m0.398s gcc    0m0.362s

 static constexpr size_t N = 5000; clang     0m2.949s gcc    0m7.030s

 static constexpr size_t N = 5000; clang     0m6.476s gcc    0m9.423s

 static constexpr size_t N = 5000; clang     ??? gcc    0m15.457s

cpp_rus_2025$ time clang back_test.cpp -std=c++20 -O2 -lstdc++ -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:
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) 
(/lib/x86_64-linux-gnu/libLLVM-14.so.1+0xe3fd01)
  #1 0x000071194783da3e llvm::sys::RunSignalHandlers() (/lib/x86_64-linux-gnu/libLLVM-14.so.1+0xe3da3e)
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(N-5)-й и последний тип: тесткейс

back (через рекурсию)

back (через функцию с оптимизацией)

(n-5) (через рекурсию)

(n-5) (через функцию с оптимизацией)

 static constexpr size_t N = 5000; ??? gcc   0m6.791s                                                                                                                                                                                 

 static constexpr size_t N = 5000; clang     0m0.398s gcc    0m0.362s

 static constexpr size_t N = 5000; clang     0m2.949s gcc    0m7.030s

 static constexpr size_t N = 5000; clang     0m6.476s gcc    0m9.423s

 static constexpr size_t N = 5000; clang     ??? gcc    0m15.457s
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N-й тип с++26 edition
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https://en.cppreference.com/w/cpp/language/pack_indexing



N-й тип с++26 edition
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https://en.cppreference.com/w/cpp/language/pack_indexing

Не в это  раз



For Each
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For Each

template <typename T>

void f() {

 std::cout << utils::type_name<T>() << std::endl;

}
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For Each

template <typename T>

void f() {

 std::cout << utils::type_name<T>() << std::endl;

}

template <typename... T>
void for_each_impl(tools::type_list<T...>) {
 (f<T>(), ...);
}

template <typename List>
void for_each() {
 return for_each_impl(List{});
}
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For Each

for_each

 static constexpr size_t N = 500; clang   0m0.935s                                                                                                                                                                                gcc   0m0.559s                                                                                                                                                                                

 static constexpr size_t N = 1500; clang   0m2.157s                                                                                                                                                                                gcc   0m1.716s                                                                                                                                                                                

 static constexpr size_t N = 5000; clang   0m6.561s                                                                                                                                                                                gcc   0m26.009s                                                                                                                                                                                
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For Each

for_each

 static constexpr size_t N = 500; clang   0m0.935s                                                                                                                                                                                gcc   0m0.559s                                                                                                                                                                                

 static constexpr size_t N = 1500; clang   0m2.157s                                                                                                                                                                                gcc   0m1.716s                                                                                                                                                                                

 static constexpr size_t N = 5000; clang   0m6.561s                                                                                                                                                                                gcc   0m26.009s                                                                                                                                                                                
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For Each left fold vs right fold 
template <typename... T>
void for_each_impl(tools::type_list<T...>) {
 (f<T>(), ...);
}

template <typename List>
void for_each() {
 return for_each_impl(List{});
}

template <typename... T>
void for_each_so_impl(tools::type_list<T...>) {
 (..., f<T>());
}

template <typename List> 
void for_each_so()
{
 return for_each_so_impl(List{});
}
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For Each left fold vs right fold 
template <typename... T>
void for_each_impl(tools::type_list<T...>) {
 (f<T>(), ...);
}

template <typename List>
void for_each() {
 return for_each_impl(List{});
}

template <typename... T>
void for_each_so_impl(tools::type_list<T...>) {
 (..., f<T>());
}

template <typename List> 
void for_each_so()
{
 return for_each_so_impl(List{});
}
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For Each left fold vs right fold 
template <typename... T>
void for_each_impl(tools::type_list<T...>) {
 (f<T>(), ...);
}

template <typename List>
void for_each() {
 return for_each_impl(List{});
}

template <typename... T>
void for_each_so_impl(tools::type_list<T...>) {
 (..., f<T>());
}

template <typename List> 
void for_each_so()
{
 return for_each_so_impl(List{});
}

 size_t N = 1500;

clang   0m2.157s                                                                                                                                                                                gcc   0m1.716s                                                                                                                                                                                

 size_t N = 5000;

clang   0m6.561s                                                                                                                                                                                gcc   0m26.009s                                                                                                                                                                                

 size_t N = 1500;

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

 size_t N = 5000;

clang   0m6.430s                                                                                                                                                                                gcc   0m3.375s                                                                                                                                                                                
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For Each - сложная функция type_name
template <typename T>
void f() {
 if (T{}.val % 200 == 0) {
   std::cout << utils::type_name<T>() 

  << std::endl;
 }
}

194



Реализация type_name

namespace utils
{
 namespace details
 {
   template <typename T>
   constexpr std::string_view wrapped_type_name()
   {
#ifdef __cpp_lib_source_location
     return std::source_location::current().function_name();
#else
     return __PRETTY_FUNCTION__;
#endif
   }

   constexpr std::size_t wrapped_type_name_prefix_length()
   {
     return wrapped_type_name<void>().find(
         "void");
   }

   constexpr std::size_t wrapped_type_name_suffix_length()
   {
     return wrapped_type_name<void>().length() -
            wrapped_type_name_prefix_length() -
            std::string_view("void").length();
   }
 }

 template <typename T>
 constexpr std::string_view type_name()
 {
   constexpr auto wrapped_name = details::wrapped_type_name<T>();
   constexpr auto prefix_length = 
details::wrapped_type_name_prefix_length();
   constexpr auto suffix_length = 
details::wrapped_type_name_suffix_length();
   constexpr auto type_name_length =
       wrapped_name.length() - prefix_length - suffix_length;

   return wrapped_name.substr(prefix_length, type_name_length);
 }

} // utils
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For Each - type name vs string literal
template <typename T>
void f() {
 if (T{}.val % 200 == 0) {
   std::cout << utils::type_name<T>() 

  << std::endl;
 }
}

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

  << std::endl;
 }
}

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

  << std::endl;
 }
}

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

 size_t N = 1500;

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

 size_t N = 5000;

clang   0m6.430s                                                                                                                                                                                gcc   0m3.375s                                                                                                                                                                                
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For Each - type name vs string literal
template <typename T>
void f() {
 if (T{}.val % 200 == 0) {
   std::cout << utils::type_name<T>() 

  << std::endl;
 }
}

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

 size_t N = 1500;

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

 size_t N = 5000;

clang   0m6.430s                                                                                                                                                                                gcc   0m3.375s                                                                                                                                                                                

 size_t N = 1500;

clang   0m0.506s                                                                                                                                                                                gcc   0m0.491s                                                                                                                                                                                

 size_t N = 5000;

clang   0m0.941s                                                                                                                                                                                gcc   0m1.273s                                                                                                                                                                                
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For each с compile-time условием
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Концепты и ограниченные (constrained) шаблоны
template <typename T>
concept Optional = requires {
 typename T::value_type;
 requires std::same_as<T, 

     std::optional<typename T::value_type>>;
};

template <Optional T>
void f() {
 std::cout << utils::type_name<T>() << std::endl;
}

template <typename T> 
void f() {}
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Концепты и ограниченные (constrained) шаблоны
template <typename T>
concept Optional = requires {
 typename T::value_type;
 requires std::same_as<T, 

     std::optional<typename T::value_type>>;
};

template <Optional T>
void f() {
 std::cout << utils::type_name<T>() << std::endl;
}

template <typename T> 
void f() {}
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Концепты и ограниченные (constrained) шаблоны
template <typename T>
concept Optional = requires {
 typename T::value_type;
 requires std::same_as<T, 

     std::optional<typename T::value_type>>;
};

template <Optional T>
void f() {
 std::cout << utils::type_name<T>() << std::endl;
}

template <typename T> 
void f() {}

template <typename T>
concept ValidType = 

std::same_as<T, helpers::TIndex<1200>>;

template <ValidType T> 
void f() {
 std::cout << utils::type_name<T>() << std::endl;
}

template <typename T> 
void f() {}
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For Each vs For each with compile-time check 
template <typename T> 
void f() {
 if (T{}.val == 1200) {
   std::cout << utils::type_name<T>() 

  << std::endl;
 }
}

template <typename T>
concept Optional = requires {
 typename T::value_type;
 requires std::same_as<T, 
           std::optional<typename T::value_type>>;
};

template <Optional T> 
void f() {
 std::cout << utils::type_name<T>() << std::endl;
}

template <typename T> void f() {}

 size_t N = 1500;

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

 size_t N = 5000;

clang   0m6.430s                                                                                                                                                                                gcc   0m3.375s                                                                                                                                                                                204



For Each vs For each with compile-time check 
template <typename T> 
void f() {
 if (T{}.val == 1200) {
   std::cout << utils::type_name<T>() 

  << std::endl;
 }
}

template <typename T>
concept Optional = requires {
 typename T::value_type;
 requires std::same_as<T, 
           std::optional<typename T::value_type>>;
};

template <Optional T> 
void f() {
 std::cout << utils::type_name<T>() << std::endl;
}

template <typename T> void f() {}

 size_t N = 1500;

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

 size_t N = 5000;

clang   0m6.430s                                                                                                                                                                                gcc   0m3.375s                                                                                                                                                                                

 size_t N = 1500;

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

 size_t N = 5000;

clang   0m0.686s                                                                                                                                                                                gcc   0m0.848s                                                                                                                                                                                205



Посчитать количество optional в списке типов
template <Optional T>
constexpr void f(size_t& val) {
 val++;
}

template <typename T>
constexpr void f(size_t&) {}

template <typename... T>
consteval size_t for_each_res_impl(tools::type_list<T...>) {
 size_t res = 0;
 (..., f<T>(res));
 return res;
}
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Посчитать количество optional в списке типов
template <Optional T>
constexpr void f(size_t& val) {
 val++;
}

template <typename T>
constexpr void f(size_t&) {}

template <typename... T>
consteval size_t 
for_each_res_impl(tools::type_list<T...>) {
 size_t res = 0;
 (..., f<T>(res));
 return res;
}

 size_t N = 1500;

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

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

 size_t N = 5000;
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Boss fight

208



Применить функцию для n-ого типа в списке
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Применить функцию для n-ого типа в списке
template <size_t N, typename TL>
void to_n_staight() {
 using DesiredType = tools::ftl_style::nth_t<N, TL>;
 f<DesiredType>();
}
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Применить функцию для n-ого типа в списке
template <size_t N, typename TL>
void to_n_staight () {
 using DesiredType = tools::ftl_style::nth_t<N, TL>;
 f<DesiredType>();
}

template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}
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Применить функцию для n-ого типа в списке
template <size_t N, typename TL>
void to_n_staight () {
 using DesiredType = tools::ftl_style::nth_t<N, TL>;
 f<DesiredType>();
}

template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}
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Применить функцию для n-ого типа в списке
template <size_t N, typename TL>
void to_n_staight () {
 using DesiredType = tools::ftl_style::nth_t<N, TL>;
 f<DesiredType>();
}

template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}
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Применить функцию для n-ого типа в списке
template <size_t N, typename TL>
void to_n_staight () {
 using DesiredType = tools::ftl_style::nth_t<N, TL>;
 f<DesiredType>();
}

template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}
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Применить функцию для n-ого типа в списке
template <size_t N, typename TL>
void to_n_staight () {
 using DesiredType = tools::ftl_style::nth_t<N, TL>;
 f<DesiredType>();
}

template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}

template <size_t N, typename List> void to_n()
{ to_n_impl<N>(List{}); }
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binary optimization
template <size_t N, typename TL>
size_t to_n_staight() {
 using DesiredType = nth_t<N, TL>;
 return get_val<DesiredType>();
}

template <size_t N, typename T>
bool f_helper(size_t &counter, size_t& res) {
 if (counter == N) {
   res = get_val<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T> size_t 
to_n_impl(type_list<T...>) {
 size_t counter = 0;
 size_t res;
 (... || f_helper<N, T>(counter, res));
 return res;
}

https://godbolt.org/z/rfz9ca98G
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binary optimization
template <size_t N, typename TL>
size_t to_n_staight() {
 using DesiredType = nth_t<N, TL>;
 return get_val<DesiredType>();
}

template <size_t N, typename T>
bool f_helper(size_t &counter, size_t& res) {
 if (counter == N) {
   res = get_val<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T> size_t 
to_n_impl(type_list<T...>) {
 size_t counter = 0;
 size_t res;
 (... || f_helper<N, T>(counter, res));
 return res;
}

https://godbolt.org/z/rfz9ca98G
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Применить функцию для n-ого типа в списке
template <size_t N, typename TL>
void to_n_staight () {
 using DesiredType = tools::ftl_style::nth_t<N, TL>;
 f<DesiredType>();
}

template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}

template <size_t N, typename List> void to_n()
{ to_n_impl<N>(List{}); }
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Применить функцию для n-ого типа в списке
template <size_t N, typename TL>
void to_n_staight () {
 using DesiredType = tools::ftl_style::nth_t<N, TL>;
 f<DesiredType>();
}

template <size_t N, typename T>
bool f_helper(size_t& counter) {
 if (counter == N) {
   f<T>();
   return true;
 }
 counter++;
 return false;
}

template <size_t N, typename... T>
void to_n_impl(tools::type_list<T...>) {
 size_t counter = 0;
 (... || f_helper<N, T>(counter));
}

template <size_t N, typename List> void to_n()
{ to_n_impl<N>(List{}); }

clang   0m5.731s                                                                                                                                                                                gcc   0m8.460s                                                                                                                                                                                

 size_t N = 5000;

clang   0m9.571s                                                                                                                                                                                gcc   0m2.194s                                                                                                                                                                                

 size_t N = 5000;
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Выводы
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Выводы

● Избегать ненужных include-ов

● Избегать рекурсивных шаблонов (самое медленное)
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Выводы

● Избегать ненужных include-ов

● Избегать рекурсивных шаблонов (самое медленное)

● Не использовать библиотеки не по назначению*

● Это нормально - написать легковесный велосипедик
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Выводы

● Избегать ненужных include-ов

● Избегать рекурсивных шаблонов (самое медленное)

● Не использовать библиотеки не по назначению*

● Это нормально - написать легковесный велосипедик

● Думать головой
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Медленно компилируемые 
шаблоны С++

Нормально делай - нормально будет



Итого: шаблоны
Нормально делай - нормально будет



Bonus: настоящие советы по уменьшению времени компиляции
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Loading…



Bonus: настоящие советы по уменьшению времени компиляции

Уберите все (что можете) 
из заголовочных файлов!!
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Forward Declaration

#pragma once

struct tm;

namespace my_namespace {

bool before(const tm &l, const tm &r);

} // namespace my_namespace

#include "ctc.hpp"

#include <ctime>

namespace {
bool before_impl(const tm &l, const tm &r) {
 tm l_copy = l;
 tm r_copy = r;

 time_t l_time = mktime(&l_copy);
 time_t r_time = mktime(&r_copy);

 return l_time < r_time;
}
} // namespace

namespace my_namespace {
bool before(const tm &l, const tm &r) {
 return before_impl(l, r);
}
} // namespace my_namespace

hpp cpp
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Forward Declaration

#pragma once

struct tm;

namespace my_namespace {

bool before(const tm &l, const tm &r);

} // namespace my_namespace

#include "ctc.hpp"

#include <ctime>

namespace {
bool before_impl(const tm &l, const tm &r) {
 tm l_copy = l;
 tm r_copy = r;

 time_t l_time = mktime(&l_copy);
 time_t r_time = mktime(&r_copy);

 return l_time < r_time;
}
} // namespace

namespace my_namespace {
bool before(const tm &l, const tm &r) {
 return before_impl(l, r);
}
} // namespace my_namespace

hpp cpp
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Антипаттерн: Forward Declaration

#pragma once

struct tm;

namespace my_namespace_1 {

bool my_fuction_1(const tm &l, const tm &r);

bool my_fuction_2(const tm &l, const tm &r);

bool my_fuction_3(const tm &l, const tm &r);

bool my_fuction_4(const tm &l, const tm &r);

bool my_fuction_5(const tm &l, const tm &r);

} // namespace my_namespace_1

namespace my_namespace_2 {

class MyClass1;

class MyClass2;

class MyClass3;

class MyClass4;

} // namespace my_namespace_2

#include "all_fwd.hpp"

hpp cpp
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Pimpl

#pragma once

#include <memory>

struct tm;

namespace my_namespace {

class TimeRange {
public:
 TimeRange(const tm &l, const tm &r);

 bool valid() const;
 size_t seconds() const;

private:
 class Impl;
 std::unique_ptr<Impl> pImpl;
};

} // namespace my_namespace

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

namespace my_namespace {

class TimeRange::Impl {
public:
 Impl(const tm &l, const tm &r) {
   tm l_copy = l;
   tm r_copy = r;
   l_ = mktime(&l_copy);
   r_ = mktime(&r_copy);
 }

 bool valid() const { return l_ <= r_; }
 size_t seconds() const { return r_ - l_; }
private:
 time_t l_;
 time_t r_;
};

bool TimeRange::valid() const { pImpl->valid(); }
size_t TimeRange::seconds() const { pImpl->seconds(); }

TimeRange::TimeRange(const tm &l, const tm &r)
   : pImpl{std::make_unique<Impl>(l, r)} {}
} // namespace my_namespace

hpp cpp
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Pimpl

#pragma once

#include <memory>

struct tm;

namespace my_namespace {

class TimeRange {
public:
 TimeRange(const tm &l, const tm &r);

 bool valid() const;
 size_t seconds() const;

private:
 class Impl;
 std::unique_ptr<Impl> pImpl;
};

} // namespace my_namespace

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

namespace my_namespace {

class TimeRange::Impl {
public:
 Impl(const tm &l, const tm &r) {
   tm l_copy = l;
   tm r_copy = r;
   l_ = mktime(&l_copy);
   r_ = mktime(&r_copy);
 }

 bool valid() const { return l_ <= r_; }
 size_t seconds() const { return r_ - l_; }
private:
 time_t l_;
 time_t r_;
};

bool TimeRange::valid() const { pImpl->valid(); }
size_t TimeRange::seconds() const { pImpl->seconds(); }

TimeRange::TimeRange(const tm &l, const tm &r)
   : pImpl{std::make_unique<Impl>(l, r)} {}
} // namespace my_namespace

hpp cpp
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Fast Pimpl
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Фабричная функция

#pragma once

#include <memory>

struct tm;

namespace my_namespace {

struct ITimeRange {
 virtual bool valid() const = 0;
 virtual size_t seconds() const = 0;
 virtual ~ITimeRange() = default;
};

std::shared_ptr<ITimeRange> make_time_range(
     const tm &l, const tm &r);

} // namespace my_namespace

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

namespace my_namespace {

class TimeRange final : public ITimeRange {
public:
 TimeRange(const tm &l, const tm &r) {
   tm l_copy = l;
   tm r_copy = r;
   l_ = mktime(&l_copy);
   r_ = mktime(&r_copy);
 }
 ~TimeRange() final = default;

 bool valid() const final { return l_ <= r_; }
 size_t seconds() const final { return r_ - l_; }
private:
 time_t l_;
 time_t r_;
};

std::shared_ptr<ITimeRange> make_time_range(
     const tm &l, const tm &r){

 return std::make_shared<TimeRange>(l, r);
}

} // namespace my_namespace

hpp cpp
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Фабричная функция

#pragma once

#include <memory>

struct tm;

namespace my_namespace {

struct ITimeRange {
 virtual bool valid() const = 0;
 virtual size_t seconds() const = 0;
 virtual ~ITimeRange() = default;
};

std::shared_ptr<ITimeRange> make_time_range(
     const tm &l, const tm &r);

} // namespace my_namespace

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

namespace my_namespace {

class TimeRange final : public ITimeRange {
public:
 TimeRange(const tm &l, const tm &r) {
   tm l_copy = l;
   tm r_copy = r;
   l_ = mktime(&l_copy);
   r_ = mktime(&r_copy);
 }
 ~TimeRange() final = default;

 bool valid() const final { return l_ <= r_; }
 size_t seconds() const final { return r_ - l_; }
private:
 time_t l_;
 time_t r_;
};

std::shared_ptr<ITimeRange> make_time_range(
     const tm &l, const tm &r){

 return std::make_shared<TimeRange>(l, r);
}

} // namespace my_namespace

hpp cpp
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С-style

#pragma once

#include <memory>

struct tm;

namespace my_namespace {

struct TimeRange;

std::shared_ptr<TimeRange> make_time_range(
                             const tm &l, const tm &r);

bool is_valid(const std::shared_ptr<TimeRange>&);
size_t seconds(const std::shared_ptr<TimeRange>&);

} // namespace my_namespace

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

namespace my_namespace {

struct TimeRange {
public:
 TimeRange(const tm &l, const tm &r) {
   tm l_copy = l;
   tm r_copy = r;
   l_ = mktime(&l_copy);
   r_ = mktime(&r_copy);
 }

 time_t l_;
 time_t r_;
};

std::shared_ptr<TimeRange> make_time_range(
                             const tm &l, const tm &r) {
 return std::make_shared<TimeRange>(l, r);
}

bool is_valid(const std::shared_ptr<TimeRange> &tr) 
     { return tr->l_ <= tr->r_; }
size_t seconds(const std::shared_ptr<TimeRange> &tr) 
     { return tr->l_ - tr->r_; }
} // namespace my_namespace

hpp cpp
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Parametrized template

#pragma once

template <int16_t Begin, int16_t End>
class Any : public ISequence {
 typedef Any<Begin, End> self_t;

protected:
 int16_t _current;

public:
 Any();

 /*overrides*/
 void init(const Unit current) override final;
 void reset() override final;
 operator bool() const override final;
 int16_t operator*() const override final;
 self_t& operator++() override;
};

using AnyYear = Any<2000, 2100>;
using AnyMonth = Any<1, 12>;
using AnyDay = Any<1, 31>;

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

template <int16_t Begin, int16_t End>
Any<Begin, End>::operator bool() const {
 return _current <= End;
}

template <int16_t Begin, int16_t End>
int16_t Any<Begin, End>::operator*() const {
 return _current;
}

template <int16_t Begin, int16_t End>
typename Any<Begin, End>::self_t& Any<Begin, 
End>::operator++() {
 ++_current;
 return *this;
}

template class Any<2000, 2100>;
template class Any<1, 12>;
template class Any<1, 31>;

hpp cpp
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Parametrized template

#pragma once

template <int16_t Begin, int16_t End>
class Any : public ISequence {
 typedef Any<Begin, End> self_t;

protected:
 int16_t _current;

public:
 Any();

 /*overrides*/
 void init(const Unit current) override final;
 void reset() override final;
 operator bool() const override final;
 int16_t operator*() const override final;
 self_t& operator++() override;
};

using AnyYear = Any<2000, 2100>;
using AnyMonth = Any<1, 12>;
using AnyDay = Any<1, 31>;

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

template <int16_t Begin, int16_t End>
Any<Begin, End>::operator bool() const {
 return _current <= End;
}

template <int16_t Begin, int16_t End>
int16_t Any<Begin, End>::operator*() const {
 return _current;
}

template <int16_t Begin, int16_t End>
typename Any<Begin, End>::self_t& Any<Begin, 
End>::operator++() {
 ++_current;
 return *this;
}

template class Any<2000, 2100>;
template class Any<1, 12>;
template class Any<1, 31>;

hpp cpp
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Как заставить шаблоны 
компилироваться быстро и 

выглядеть опрятно



Как заставить шаблоны 
компилироваться быстро и 

выглядеть опрятно



Как заставить шаблоны 
компилироваться быстро и 

выглядеть опрятно



Носите костюм



Финальный слайд

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
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https://godbolt.org/z/1nzrWEPdh
https://godbolt.org/z/8Mrh7rTbK
https://godbolt.org/z/rfz9ca98G

Lazily evaluated folds in C++
Reduce proposal

Reduce library

stackoverflow

Репозитории Примеры Stackoverflow

Ленивый fold

https://youtu.be/mkPTreWiglk?t=552
https://youtu.be/ekVyaCp_c9k

Доклады

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

Статья

https://en.cppreference.com/w/cpp/language/pack_indexing
https://en.cppreference.com/w/cpp/language/eval_order

cppreference

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
https://godbolt.org/z/8Mrh7rTbK
https://godbolt.org/z/rfz9ca98G
https://ngathanasiou.wordpress.com/2016/03/22/lazily-evaluated-folds-in-c/
https://picanumber.github.io/reduce/
https://github.com/picanumber/reduce/tree/master
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

