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1.1 INocTaHOBKA 3a4a4u

e XOTWMM OTNPaBAATb NaKeT AAHHbIX C
33[1aHHbIMN CTPYKTYPaMM, B KAKOM-TO
nopaake, C NOBTOPEHMAMM

e CTpYyKTypbl NpeoCTaB/ieHbl BEHAOPOM

e XoTnM NpobH0oBaTb pa3Hble TUMbI
OTMNPaB/IAEMbIX NAKETOB, NU3MEHSAA KO/, B

HanMeHbLleM KoJinyecTtese MecCT

struct AddOrder {
char side;
int64_t price;

uint32_t amount;

s

struct Message {
AddOrder voO;
AddOrder vi;
CancelOrder v2;

+

class Sender {

public:

void send() {
fill(message.v0);
fill(message.vl);
fill(message.v2);

send(message);

private:

void fill(AddOrder&);

void fill(CancelOrder&);

template <typename T> void send(const T&);

+




1.2 Ncnonb3yem std::tuple!

#include <tuple>

using Message = std::tuple<AddOrder, AddOrder, CancelOrders;

Message message;
std::apply(
[1(auto&...x) {
(FLLL(X), ...);
¥
message
);

send(message);

https://acc.godbolt.org/z/rFGvMFzW9



https://gcc.godbolt.org/z/rfGvMfzW9

1.2 OTNpaBnM No CeTU N BbIACHNM

struct A { BbiBOA :
. 4

int num; 0
b

template <size_t pos>
size_t offset_of(const std::tuple<A, A>& t) {

return reinterpret_cast<const uint8_t*>(&std::get<pos>(t)) -

https://gcc.godbolt.org/z/5eaoEoKdj

reinterpret_cast<const uint8 t*>(&t);

int main() {

std::tuple<A, A> t;

std::cout << offset_of<0>(t) << '"\n' << offset_of<i>(t) << '"\n';
}



https://gcc.godbolt.org/z/5eaoEoKdj

1.3 YTO MOXHO caenaTb? #include "boost/pfr.hpp"

#include <tuple>

e [lepeBepHyTb tuple

e libc++ / microsoft STL struct Message {
e 3rd-party tuple Addorder vo;

e He ncnonb3osatb std::tuple Addorder v1;

® bOOSt::pfr CancelOrder v2;
e Hanwncatb cBoM tuple! };

int main() {
Message message;
boost: :pfr::for_each_field(
message,
[1(auto& field) { fill(field); }
);
}

https://acc.godbolt.org/z/5xn9zM6c4



https://gcc.godbolt.org/z/5xn9zM6c4

1.4 YTO Mbl XOTUM

C++ Reflection

NTepauna no Bcem nonam obvekTa
KonnyectBo nosien y CTPYKTYpbI
NMoHATHbIM memory layout
BO3MOXHOCTb NMMCaTb 0606LLEHHDBIN KOA
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2.1. Parameter pack

A template parameter pack is a template parameter that accepts zero or more
template arguments (non-types, types, or templates). A function parameter pack is a
function parameter that accepts zero or more function arguments.

https://en.cppreference.com/w/cpp/language/parameter_pack

template<class...

void f(Types...

Types>

args);

template<class... Types>
struct Tuple {};
template<typename U, typename... Ts>

struct valid {};

template <class... Ts>

vold g(Ts... args) {
f(&args...);

}

template <class... Mixins> struct X : public Mixins... {

X(const Mixins&...mixins) : Mixins(mixins)... {}

};

template <class... Args> void f(Args... args) {
auto lm = [&, args...] { return g(args...); };
n();

}

template<class T, T... Ints>

class integer_sequence;

template <class... Types>
struct count {
inline static constexpr std::size_t value = sizeof

1

...(Types);

11


https://en.cppreference.com/w/cpp/language/parameter_pack

2.2. Fold expressions

CnHTaKCKnc

( pack op ... ) - unary right

( ... op pack ) - unary left

( pack op ... op init ) - binary

( init op ... op pack ) - binary
Onepauus:

+ - * [ %N& | =< > << > +=
-= %= /: %: N= &: |= <<= >>= ==
I= <= >= 8&& || , .* ->*

right
left

template <typename... Args>

constexpr bool all(Args...
return (... && args);

}

args) {

12



2.3 index_sequence

template<class T, T... Ints>

class integer_sequence;

template<class T, T N>

using make_1integer_sequence = std::integer_sequence<T, /* a sequence 0, 1, 2,

template<std::size t... Ints>

using index_sequence = std::integer_sequence<std::size_t, Ints...>;

template<std::size_t N>

using make index_sequence = std::make_integer_sequence<std::size t, N>;

template<class... T>

using index_sequence_for = std::make_1index_sequence<sizeof...(T)>;

o N-1 %/ >

13



3. HaunHaem
nucaTtb Tuple
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3.1 Nopen nMmnnemeHTaunmn

PekypcnBHasa nMmnaemeHTauma (C oTKyCbiBAHMEM roJ10Bbl)
MHoXecTBeHHOe Hac/ie0BaHne

Py4yHoOe ynpaB/ieHne namaTbio - char(]

KomMbunHauusa BbillenepeymncieHHbIX

15



3.2 MHOXecCTBeHHOe Hac/1eA0BaHMe - YTO He Tak?

template <typename... Types>

class Tuple : public Types...{};

16



3.2 He BCce Tunbl 0OANHAKOBDI

template <typename... Types>

class Tuple : public Types...{};

Tuple<int> t;

error: base specifier must name a class
class Tuple : public Types...{};

17



3.3 HaYHEM XpPaHUTb 3J/IEMEHTbI B KOHTENHepe

template <typename Type>
struct Item {

Type value;

}s

template <typename... Types>

class Tuple : public Item<Types>..

/] ctor
}s

A

A 3pnecb?

18



3.3 Tunbl MOryT NOBTOPATLCA!

template <typename Type>
struct Item {
Type value;

};

template <typename... Types>
class Tuple : public Item<Types>...{
// ctor

};

Tuple<int, int> t;

error: base class 'Item<int>' specified more than once as a direct base class
class Tuple : public Item<Types>...{



3.4 NobaBM nHAEKC B KOHMeUHep

template <std::size_t /* Index */, typename Type>
struct IndexedItem {

Type value;

};

template <typename... Types>
class Tuple : public ?? {
s

20



3.5 index_sequence + TupleBase

template <typename... Types>
class Tuple
: public impl::TupleBase<
std::index_sequence_for<Types...>,
Types...
> {
public:

using TB = impl::TupleBase<std::index_sequence_for<Types...>, Types...

using TB::TB;
}

template <std::size_t... Is, typename... Types>
struct TupleBase<std::index_sequence<Is...>, Types...>
: public IndexedItem<Is, Types>... {

template <typename... Us>

TupleBase(Us&&...us) : IndexedItem<Is, Types>{std::forward<Us>(us)}...

};

{}

21



_. 3&
e 4. [Twem metobl tuple
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4.1 Y10 HY>XXHO, YTOD 3aMeHUTb std?

e Tuple

e std::tuple_size<Tuple>

e std::tuple_element<Tuple>
e get<Index>, get<Type>

e Deduction guides

e std::swap

® operator==, operator<=>

e std::uses_allocator<Tuple>

std: :make_tuple
std::tie
std::forward_as_tuple
std::tuple_cat
std::apply
std::make_from_tuple

23



4.2 tuple size + tuple_element

template <class... Types> template <std::size_t I, typename T, typename... Us>
struct std::tuple_size<Tuple<Types...>> { struct std::tuple_element<I, tuple<T, Us...>> {
static constexpr auto value = sizeof...(Types); static_assert(I < sizeof...(Us) + 1, "Index out of bounds.");
}; using type = tuple_element<I - 1, tuple<Us...>>::type;
};

template <typename T, typename... Us>

struct std::tuple_element<0®, tuple<T, Us...>> {
using type = T;

};




4.3 get<index> (using tuple _element)

template <size t Index, typename... Types>
requires(Index < sizeof...(Types))
constexpr auto& get(Tuple<Types...>& t) {
using ResultT = tuple_element_t<Index, Tuple<Types...>>;

return static_cast<IndexedItem<Index, ResultT>&>(t).value;

}

25



4.4 get<Type>

template <typename Type> struct GetterByType {
template <size_t Index>
static constexpr Type& get reference(IndexedItem<Index, Type>& itm) {

return itm.value;

}
};

template <typename Type, typename... Types>
constexpr auto& get(Tuple<Types...>& t) {
return GetterByType<Type>::get reference(t);

}

26



4.5 Deduction guides (CTAD)

Tuple deducted_t(5, 3.5);

std::cout << get<int>(deducted t) <<

' << get<double>(deducted_t) << "\n';

template <typename... Types>
Tuple(Types...) -> Tuple<Types...>;

27



Cnacmnbo 3a BHMMaHue!

Bonpocbl?



5. Corner cases

29



5.1 EBO B libstdc++ (Empty base optimization)

template<size_t _Idx, typename _Head, bool = is_empty<_Head>::value>

struct Head base;

template<size t _Idx, typename _Head>
struct Head base< Idx, Head, true>
: public _Head
{};

template<size_t _Idx, typename _Head>

struct Head base< Idx, Head, false>

{
_Head _M_head_impl;

};

30



5.1 EBO B libstdc++

template<size_t _Idx, typename _Head, bool =

struct Head base;

template<size t _Idx, typename _Head>
struct Head base< Idx, Head, true>
: public _Head
{};

template<size_t _Idx, typename _Head>
struct Head base< Idx, Head, false>
{
_Head _M_head_impl;
};

__empty_not_final<_Head>::value>

31



5.2 std::tuple B libstdc++

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>

{};

32



5.3 EBO B C++20

template <std::size_t/* Index */, typename Type>
struct IndexedItem {

[[no_unique_address]] Type value;

s

33



5.3 Default constructor

constexpr tuple();

Default constructor. Value-initializes all elements, if any. The default constructor is trivial if

sizeof...(Types) == 0

TupleBase: :TupleBase() = default;

34


https://en.cppreference.com/w/cpp/language/value_initialization

5.3 Default constructor C++20

template <std::size_t /* Index */, typename Type>
struct IndexedItem {

[[no_unique_address]] Type value{};
3

https://quuxplusone.github.io/blog/2022/06/03/aggregate-parens-init-considered-kinda-bad/

35


https://quuxplusone.github.io/blog/2022/06/03/aggregate-parens-init-considered-kinda-bad/

5.4 std::tuple<T&>

#include <iostream>

#include <tuple>

int main() {

int x = 10;

int y = 20;

std::tuple<int&> x_t(x);

std::tuple<int&> vy t(y);

x_t =y t;

std::cout << std::get<int>(x_t) << '
X = 30;

std::cout << std::get<int>(x_t) <<

''<< x << "\n';

''<< x << "\n';

CKOMMUAMpPYeTCa /I NporpaMmma
M YTO BbiBeAeT Ha dKPaH?

36



5.4 std::tuple<T&>

#include <iostream>

#include <tuple>

int main() {
int x = 10;
int y = 20;
std::tuple<int&> x_t(x);
std::tuple<int&> y_t(y);
x_t =y t;
std::cout << std::get<int&(x_t) <<
x = 30;
std::cout << std::get<int&(x_t) <<

<< X << "\n';

<< X << "\n';

Program returned: 0
20 20
30 30

https://gcc.godbolt.org/z/xsWWFsEFP

37


https://gcc.godbolt.org/z/xsWWfsEfP

5.4 Tuple<T&> (Indexedltem<T&>)

template <std::size_t Index, typename Type>
struct IndexedItem<Index, Type&> {
Type& value;

constexpr IndexedItem(Type& val) : value(val) {}

constexpr IndexedItem(const IndexedItem&) = default;

constexpr IndexedItem& operator=(const IndexedItem& rhs) {

value = rhs.value;

return *this;

// + for move

};

38



6. BbiBOAbI
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6.1 Otanumsa ot std::tuple

Allocator

operator=(const tuple& other)
OnepaTopbl CpaBHEHMUA

Swap

Conditionally explicit
noexcept

tuple(pair)

std::get

40



6.2 BbiBOAbI

e HanucaTtb cBon Tuple MOXHO

e HanucaTtb std::tuple cnoxHo

e HekoTopble Bewn MOryT OblTb Jiydue CTaHAApTa - Hanpumep,
KOJIMYECTBO CO3/aBaeMblX TWUMOB MEHblE

e KosanyecTtBo corner cases 6biBaeT BeJIMKO

® lIMnnemeHTaumm cTaHoBATCA npoue (M ObbicTpee) C BbIXOAOM HOBbIX
CTaHAapTOB

41



6.3 UTo nocMoTpeTb

C++ Siberia 2019: Oner ®daTtxues, 9B0oOUMS METANPOrPaMMUPOBaHUS: CIUCKU TUMOB

>

»l

2. Cnnckn TMNOB: Kak He Haao

<) 10:39/5845

https://www.voutube.com/watch?v=IF51Gsu3Cec

How C++20 Can Simplify std::tuple - Alisdair Meredith [ACCU 2019] o ~»

How CH20 Can SimpliFy std:tuple - Alisdair Meredith

Simplifying Extension
Could be an array or a pair

template <typename T, typename U

(- Xpr
auto operator==(T const & a, U const & b) -> bool {
return imp::are_equal(a,
ma e<tuple_size_v

confFerence.accu.org CacculCornF

P Bl ) 22:47/1:23:18 - Basic Implementation > e @ £ ] 3

https://www.voutube.com/watch?v=SvxBvSK4i4k

42


https://www.youtube.com/watch?v=IF51Gsu3Cec
https://www.youtube.com/watch?v=SvxBvSK4i4k

Cnacmnbo 3a BHMMaHue!

Bonpocbl?

https://qithub.com/mathbunnyru
https://t.me/mathbunnyru
https://t.me/bun life

43
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7.1 Mnwem make index _sequence

template<size_t... Ints>
struct index_sequence {
using type = index_sequence;

b

template <class Sequencel, class Sequence2>

struct merge_and_renumber;

template <size_t... I1, size_t... I2>

struct merge_and_renumber<index_sequence<Il...>, index_sequence<I2..

: index_sequence<Il..., (sizeof...(I1) + I2)...>

{3

template <size_t N>

struct make_index_sequence: merge_and_renumber<
typename make_index_sequence<N /[ 2>::type,
typename make_index_sequence<N - N / 2>::type

>{};

template<> struct make_index_sequence<0> : index_sequence<> { };

template<> struct make_index_sequence<l> : index_sequence<0> { };

S>>

46



7.2 NpoBepaAeM make

ndex_sequence

template<size_t... Ints>
vold f(index_sequence<Ints...> s) {

((std::cout << Ints << ' '), ...);
};

int main() {
index_sequence<1, 2, 3> t;

f(make_1index_sequence<5>{});

https://acc.godbolt.org/z/dWrb5ccEG

47


https://gcc.godbolt.org/z/dWrb5ccEG

7.3 Muwem for_each

namespace impl {

template <typename Tuplelike, typename Func, size t... Idx>

vold for_each(TuplelLike&& t, Func&& f, std::index_sequence<Idx...>) {
(f(get<Idx>(t)), ...);

}

} // namespace impl

template <typename TuplelLike, typename Func>
vold for_each(TuplelLike&& t, Func&& f) {
constexpr size_t TupleSize =
std::tuple_size_v<std::remove_reference_t<TuplelLike>>;
impl::for_each(std::forward<TupleLike>(t), std::forward<Func>(f),

std::make_1index_sequence<TupleSize>{});

48



