[louyTn npuknagHasa pednekcus

OopMann3yeM natTepHbl NporpamMmupoBaHnsa Ha C++26

C++ Russia 2026
MockBa

AnekcaHgp PomaHoB



WHxeHep B "CuHTakop"

pynna KOMNWIsTOPOB M UHCTPYMEHTOB
pa3paboTku

KoHTpubyTop

c [eHepaTop TecToB llvm-snippy

o WHudpacTpykTypa LLVM

o  CumynaTtop riscv-isa-sim
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Yro penaer

Il Mporpamva npou3BoaMT WU3MeHeHWe Hap
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e SFINAE (cneumanusauuns)
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Il Nporpamva npousBoanT M3MeHeHWe Hap
# DanHbMM - 06bIYHOE MpOrpaMMUpoBaHue

# Tunamm - meTanporpammmpoBaHue

Yto penaert nporpamma?

SFINAE (cneunanu3auus)

# Nporpammamn

Makpochl?

Il Makpochl no3BonAlT BCTaBUTbL WabMAOHHYI
CTPOKY B MpOrpamMmy

1 # define ever (;;)

2

3 for ever {
4 hello();
5 5
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0 makpocax

. [eHepauusa kopa pag enum

1 #define SHAPES \
2 SHAPE DECL(CIRCLE, circle) \
3 SHAPE DECL(TRIANGLE, triangle) \
4 SHAPE DECL (RECTANGLE, rectangle)

5

6 #define SHAPE DECL(name, str) \
7 name,

8

9 enum ShapeKind {

10  SHAPES

11 };
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0 makpocax

. [eHepauusa kopa pag enum

1 #define SHAPES \ 1 // Somewhere else

2 SHAPE DECL(CIRCLE, circle) \ 2 # define SHAPE DECL(name, str) \
3 SHAPE DECL(TRIANGLE, triangle) \ 3 case ShapeKind::name: return #str;
4 SHAPE DECL (RECTANGLE, rectangle) 4

5 5 std::string to string(ShapeKind K) {
6 #define SHAPE DECL(name, str) \ 6 switch (K) {

7 name, 7 SHAPES

8 8 }

9 enum ShapeKind { 9 return "";

10  SHAPES 10 }

11 };
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0 makpocax

. [eHepauusa kopa pag enum

1 #define SHAPES \
2 SHAPE DECL(CIRCLE, circle) \
3 SHAPE DECL(TRIANGLE, triangle) \
4 SHAPE DECL (RECTANGLE, rectangle)

5

6 #define SHAPE DECL(name, str) \
7 name,

8

9 enum ShapeKind {

10  SHAPES

11 };

[l Hayunnuco KoHBEpTMpPOBaTL enum B CTPOKY

e Ho TonbKO Onf Hawux enum

=

CQUOVWoOoO~NOUEWNR

// Somewhere else

# define SHAPE DECL (name, str)

case ShapeKind::name:

return #str;

\

std::string to string(ShapeKind K) {

}

switch (K) {

SHAPES

}

return
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0 makpocax

* He ABAANTCA Y4aCTbl rpaMMaTUKK A3blKa

WexopHblii C/C++ Kopg

Komnunatop

Accembnep
JInHkep
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0 makpocax
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0 makpocax

He ABnANTCA 4acTbi rpaMMaTUKKU A3blKa

WexopHblii C/C++ Kopg

PaboTalT Hap TEKCTOM MporpaMMsl, a He Hap
nporpaMMmoi
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Pednekcus - BO3MOKHOCTb MaHMMyAMpOBaTb NMPOFpaMMoii, KOTOPYW Bbl nuwete

M Reflection for C++26 p2996 (https://isocpp.org/files/papers/P2996R13. html)
# Yxe B C++26

# Nonnepxka

e gcc-16 yxe Bblwen
* bloomberg/clang

GCC 16.1 released: C++26 reflection / contracts / safety hardening, C++20 by default, and more!
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B Asuk
e ~7 - onepaTtop KowWaybuX Yyuwek
e [::] - cnnanc onepaTop
* template for - expansion
.

[[=annotation]] - aHHOTauwuun

0 pednekcumu

B cv6nvoTeka

<meta> library
std: :meta namespace

19 / 104



boicTpaa pednekcus

B operator

OTobpaxaeT CYWHOCTU (Tunbl, GYHKLUUM, MPOCTPAHCTBA UMEH M T.[.) B E€OUHbI HEMNPO3pPaYHbLIN TUM
std::meta::info

#include <meta> :
struct S1 {}; C++26 Reflection

template <typename T> struct S2 {}; -

e |

std::meta::info int_info = ~"int;

std::meta::info stdns = ~"::std; [ doube k-_h
std::meta::info sl refl = ~7S1; ) e
std::meta::info s2int refl = ~"S2<int>; e —> | std::meta::info

std::meta::info s2 refl = ~"S2;

OCoOoONOULE WN -

)
struct Point { |

https: lt.org/z h68nE77 %ﬁx‘ «
int y;
1 1) !
P
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boicTpas pednekcusa

B splice onepatop

KoHBepTupyeT std::meta::info 06paTHO B MpPMBLIYHLIE A3LIKOBbIE KOHCTPYKLWK

1 #include <meta> .

2 C++26 Splice Operator
3 constexpr auto r = ~*int;

4 // Same as: int x = 42; S

5 typename[:r:] x = 42; | it fe—0

6 // Same as: char c = '*'; S

7 typename[:""char:] c = '*'; double ‘4\

https://godbolt.orqg/z/ajGbbnb3E

std::string

struct Point { ;‘/

T,
int y;
¥ |

€—— | std::meta::info
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WTepupyemca no std::tuple

I Victopua: boost::hana

#include <boost/hana.hpp>

namespace hana = boost::hana;

auto tup = hana::make tuple(0, 'a', 3.14);
hana::for_each(tup, [](auto elem) {

std::cout << elem << std::endl;

3

ONOUE WN P
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UTtepupyemca no std::tuple

I Victopua: boost::hana B oo PackpsiBaeTcs B:

1 #include <boost/hana.hpp> 1 auto tup = hana::make tuple(0, 'a', 3.14);
2 2 auto func = [](auto elem) {

3 namespace hana = boost::hana; 3 std::cout << elem << std::endl;

4 4},

5 auto tup = hana::make tuple(0, 'a', 3.14); 5 func(std::get<0>(tup));

6 hana::for _each(tup, [](auto elem) { 6 func(std::get<l>(tup));

7 std::cout << elem << std::endl; 7 func(std::get<2>(tup));

8 1);

B VucTanuvpyem dyHkumo mns kaxmoro snemeHTa std::tuple

https: Lt.org/z/aMGdYaPT
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WTepupyemca no std::tuple

I C++26 expansion statement

1 auto tup = std::make tuple(0, 'a', 3.14);
2 template for (auto elem : tup) {
3 std::cout << elem << std::endl;

4}
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UTtepupyemca no std::tuple

auto tup = std::make tuple(0, 'a', 3.14);
auto &&[e0, el, e2] = tup;

r:cout << e0 << std::endl;

i:cout << el << std::endl;

p:cout << e2 << std::endl;

I C++26 expansion statement B oo PackpsiBaeTcs B:
1 auto tup = std::make tuple(0, 'a', 3.14); 1
2 template for (auto elem : tup) { 2
3 std::cout << elem << std::endl; 3 {
4} 4 std
5%
6 {
7 std
8 }
9 {
10 std
11 }

M Mostopset (expand) Teno uukna [As Kaxporo 3ieMeHTa

https://godbolt.orqg/z/18qEravrP
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UTepupyemca no CTpykTtype

I C++26 expansion statement

struct Point {
int x, y;
std::string color;

I8

Point p = {1, 2, "red"};
template for (auto elem : p) {
std::cout << elem << std::endl;

}

OCoONOUTE WN -
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UTepupyemca no CTpykTtype

I C++26 expansion statement

struct Point {
int x, y;
std::string color;

Iig

Point p = {1, 2, "red"};
template for (auto elem : p) {
std::cout << elem << std::endl;

}

OCoONOUTE WN -

B oo PackpsiBaeTcs B:
Point p = {1, 2, "red"};

auto &&[e0, el, e2] = p;
{

std::cout << e0 << std::endl;
std::cout << el << std::endl;

std::cout << e2 << std::endl;

HFowWwoo~NouUu s, WNE
BT e e o

I

27 / 104



UTepupyemca no CTpykTtype

I C++26 expansion statement B oo PackpsiBaeTcs B:
1 struct Point { 1 Point p = {1, 2, "red"};
2 int x, y; 2 auto &&[e0, el, e2] = p;
3 std::string color; 3 {
4}, 4 std::cout << e0 << std::endl;
5 5}
6 Point p = {1, 2, "red"}; 6 {
7 template for (auto elem : p) { 7 std::cout << el << std::endl;
8 std::cout << elem << std::endl; 8 }
9} 9 {
10 std::cout << e2 << std::endl;
11 }

[l Pabotaer kak structured binding u nosTopfeT kop AAA Kak@oro sneMeHTa

https://godbolt.orqg/z/YdK5jqs7¢c
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boicTpas pednekcusi: expansion statement

. Pepnekcus BcTpeuvaetr template for

OCoONOUTS WN =

=
WN RO

struct Point {
int x, y;
std::string color;
}
Point p = {1, 2, 3};
constexpr auto ctx = std::meta::access context::current();
constexpr auto members = std::meta::nonstatic_data_members_of(~"Point, ctx);
template for (constexpr auto m : members) {
auto type name = std::meta::display string of(std::meta::type of(m));
auto name = std::meta::identifier of(m);
std::println("{} {} = {}", type name, name, s.[:m:]);
}
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boicTpas pednekcusi: expansion statement

. Pepnekcus BcTpeuvaetr template for

1 struct Point {
2 int x, y;
3 std::string color;
41
5
6 Point p = {1, 2, 3};
7 constexpr auto ctx = std::meta::access context::current();
8 constexpr auto members = std::meta::nonstatic _data members of (~"Point, ctx);
9 template for (constexpr auto m : members) {
10  auto type name = std::meta::display string of(std::meta::type of(m));
11  auto name = std::meta::identifier of(m);
12 std::println("{} {} = {}", type name, name, s.[:m:]);
13 }
1
<source>:12:34: error: could not compute size of expansion
12 | template for (constexpr auto m : members) {
A
https://godbolt.org/z/fnq7bEo4s
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boicTpas pednekcusi: expansion statement

B Coenaem KoHTeliHep 3apaHee M3BeCTHOrO pa3Mepa

OCoONOUTS WN =

R N e
P WNRFRO

struct Point {
int x, y;
std::string color;
}
Point p = {1, 2, 3};
constexpr auto ctx = std::meta::access context::current();
constexpr auto members = std::define static_array(
std::meta::nonstatic_data members of(~"Point, ctx));

template for (constexpr auto m : members) {

auto type name = std::meta::display string of(std::meta::type of(m));
auto name = std::meta::identifier of(m);
std::println("{} {} = {}", type name, name, s.[:m:]);

}

31 / 104



OCoONOUTS WN =

R N e
P WNRFRO

boicTpas pednekcusi: expansion statement

CnenaeM KOHTeWHep 3apaHee M3BECTHOrO pa3Mepa
struct Point {
int x, y;
std::string color;
}
Point p = {1, 2, 3};
constexpr auto ctx = std::meta::access context::current();
constexpr auto members = std::define static_array(
std::meta::nonstatic_data members of(~"Point, ctx));

template for (constexpr auto m : members) {

auto type name = std::meta::display string of(std::meta::type of(m));
auto name = std::meta::identifier of(m);
std::println("{} {} = {}", type name, name, s.[:m:]);

}

int x =1

inty =2

std::string color = 3

https: lt.org/z/Yjesfjobl
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boicTpasa pe¢nekcus: expansion statement

B Vicnonb3yem anuac Ha NpPOCTPAHCTBO MMEH

1 namespace meta = std::meta;
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boicTpas pednekcusi: expansion statement

B Vicnonb3yem anuac Ha NpPOCTPAHCTBO MMEH
1 namespace meta = std::meta;

1 constexpr auto ctx = meta::access context::current();

2 constexpr auto members = std::define static array(

3 meta::nonstatic data members of (~"S, ctx));
4 template for (constexpr auto m : members) {

5 auto type name = meta::display string of(meta::type of(m));

6 auto name = meta::identifier of(m);

7 std::println("{} {} = {}", type name, name, s.[:m:]);

8 }
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boicTpaa pednekcus

Il Onepaunn: std::meta::substitute
MopcTtasnseM wabfnoHHble napaMeTpbl B pednekcuio wabnoHa

namespace std::meta {
template<reflection range R>
consteval info substitute(info templ, R&& arguments);

}

35 / 104



boicTpasa pednekcus

Il Onepaunn: std::meta::substitute
MopcTaBnsemM wabnoHHble napameTpsl B pednekcuio wabnoHa

namespace std::meta {
template<reflection range R>
consteval info substitute(info templ, R&& arguments);

}

# Ncnonbsyem ana std::array

constexpr auto arr_refl = ~"std::array;

constexpr auto size = meta::reflect constant(5);

constexpr auto instantiated = meta::substitute(arr refl, {""int, size});
static assert(std::is same v<typename[:instantiated:], std::array<int, 5>>);

https://godbolt.orqg/z/noxchf3ré
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boicTpasa pe¢nekcus: expansion statement

Il PacneuataeM Bce 3nemeHTh enum

enum ShapeKind {
CIRCLE,
TRIANGLE,
RECTANGLE,

I3

template for(constexpr auto e: meta::enumerators of (~"ShapeKind)) {
std::println("{}", meta::identifier of(e));

1
2
3
4
5
6
7
8
9}
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boicTpas pednekcusi: expansion statement

Il PacneuataeM Bce 3nemeHTh enum

enum ShapeKind {
CIRCLE,
TRIANGLE,
RECTANGLE,

I3

1
2
3
4
5
6
7 template for(constexpr auto e: meta::enumerators of (~"ShapeKind)) {
8 std::println("{}", meta::identifier of(e));

9}

|

MpobnemMa. CHOBa HeW3BECTHbII pasMep

<source>:6:34: error: could not compute size of expansion
6 | template for(constexpr auto e: enumerators_of(AAShapeKind)) {
AN

https://godbolt.orq/z/41T77ehah
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boicTpas pednekcusi: expansion statement

I CHosa ncnonbsyem std::define_static_array

enum ShapeKind {
CIRCLE,
TRIANGLE,
RECTANGLE,

I3

1
2
3
4
5
6
7 template for(constexpr auto e: std::define static array(

8 meta: :enumerators of (~"ShapeKind))) {
9 std::println("{}", meta::identifier of(e));

0

10 }

CIRCLE
TRIANGLE
| RECTANGLE

https: Lt.org/z/dbMP14M
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Mpumep: enum to string

. Hanuwem to_string 6e3 npenpoueccopa

1 template<typename E>
2 constexpr std::string view to string(E value) {
template for (constexpr auto e :
std::define static array(meta::enumerators of(~"E)))
if (value == [:e:])
return meta::identifier of(e);
return "<unknown>";

b

oONO UL W
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Mpumep: enum to string

[l Hanvuwem to_string 6e3 npenpoueccopa

1
2

template<typename E>
constexpr std::string view to string(E value) {

3 template for (constexpr auto e :

4 std::define static array(meta::enumerators of(~"E)))
5 if (value == [:e:])

6 return meta::identifier of(e);

7 return "<unknown>";

8 }

1 std::println("{}", to_string(ShapeKind::CIRCLE));

2 std::println("{}", to_string(ShapeKind::TRIANGLE));
3 std::println("{}", to_string(ShapeKind::RECTANGLE));
| CIRCLE

| TRIANGLE

| RECTANGLE

https: Lt.org/z/4rn X
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Pednekcus - npocto nporpamma

I Mo Moxem npopenaTh nibbie Npeobpa3oBaHMA Haf MMEHaMM

1 template<typename E>
2 constexpr std::string view to string lowercase(E value) {

3 template for (constexpr auto e :

4 std::define static array(meta::enumerators of("~"E)))
5 if (value == [:e:])

6 return to_lowercase(meta::identifier_of(e));

7 return "<unknown>";

8 }
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Pednekcusa - npocTto nporpamma

I Mo Moxem npopenaTh nibbie Npeobpa3oBaHMA Haf MMEHaMM

ONOUE WN P

template<typename E>
constexpr std::string view to string lowercase(E value) {
template for (constexpr auto e :
std::define static array(meta::enumerators of("~"E)))
if (value == [:e:])
return to lowercase(meta::identifier of(e));
return "<unknown>";

}

1 std::println("{}", to _string lowercase(ShapeKind::CIRCLE));
2 std::println("{}", to string lowercase(ShapeKind::TRIANGLE));
3 std::println("{}", to_string lowercase(ShapeKind::RECTANGLE));
circle
triangle
| rectangle
https: Lt.org/z/rhvTY7T
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ApXMTeKTypHas Momesib NPOrpammsbl

I CornacHo GOF "Design Patterns"

S

Vma nattepHa DGSlg]l P&tt@fﬂs

Elements of Reusable
Object-Orient

Pelwaemasn npo6nema

LLla6noH peluenuns

z
p
z
Z
e
z
Z
z
z
2
2
b

word by Grady Booch

OrpaHuyeHuns
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ApXMTeKTypHas Momesib NPOrpammsbl

I CornacHo GOF "Design Patterns"

Nms nattepHa

Pelwwaemas npobnema

LLla6bnoH peLueHns

s

OrpaHunyeHus
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NaTtTepHas yrapauka

[l Y7o takoe Bu3MTOP?

OnucbiBaeT onepawuuio, BbIMOSHAEMYI0 C KaXObM
06BEKTOM M3 HEKOTOPOW CTPYKTypbl. MaTTepH
noceTUTeNnb MO3BONSET ONPEAesuTb HOBYIO
onepauuio, He W3MEeHSf KNaccbl 3TUX 06LEKTOB.

VISITOR Object Behavioral

Intent

ion to be per don the el f an object structure. Vis-
itor lets you define a new operation without changing the classes of the elements
on which it operates.

B PykonucHas nepapxus

struct VisitorInterface;

struct NodeInterface {

Iie

struct IntNode

Iie

virtual ~NodeInterface() =

virtual void accept(VisitorInterface&);

public NodeInterface {

void accept(VisitorInterface& v) override {

v.visit(*this);

}

struct VisitorInterface {

Iie

virtual ~VisitorInterface() =
virtual void visit(IntNode&)
virtual void visit(FloatNode&

)

0
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NaTtTepHas yrapauka

[l Y7o takoe Bu3MTOP?

OnucbiBaeT onepawuuio, BbIMOSHAEMYI0 C KaXObM
06LEKTOM M3 HEKOTOPOW CTPYKTypbl. MaTTepH
noceTuTeslb No3BONISET ONPEAesUTb HOBYIO

onepauut, He U3MeHAA KJacCbl 3TUX 06bEKTOB.

Object Behavioral

VISITOR bject Beh 1
Intent

tobep don the el f an object structure. Vis-
itor lets you define a new operatmn without changing the classes of the elements
on which it operates.

B Vcronbsyem std::visit

struct DrawVisitor {
void operator() (Circle &);
void operator()(Triangle &);

Iie

std::variant<Circle, Triangle> Shape = f();
DrawVisitor Draw;
std::visit(Draw, Shape);
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NaTtTepHas yrapauka

[l Y7o takoe Bu3MTOP?

OnucbiBaeT onepawuuio, BbIMOSHAEMYI0 C KaXObM
06LEKTOM M3 HEKOTOPOW CTPYKTypbl. MaTTepH
noceTuTeslb No3BONISET ONPEAesUTb HOBYIO

onepauut, He U3MeHAA KJacCbl 3TUX 06bEKTOB.

Object Behavioral

VISITOR bject Beh 1
Intent

tobep don the el f an object structure. Vis-
itor lets you define a new operatmn without changing the classes of the elements
on which it operates.

# 06a ynosnetsopswT onpepenexmio Visitor

B Vcronbsyem std::visit

struct DrawVisitor {
void operator() (Circle &);
void operator()(Triangle &);

Iie

std::variant<Circle, Triangle> Shape = f();
DrawVisitor Draw;
std::visit(Draw, Shape);
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Npobnema Nepeuncnonb3oBaHus

. factory pna uepapxuu Shapes

struct ShapeFactory {
std::unique ptr<Shape>
create(std::string view name) {
if (name == "Circle") {
do something();
return new Circle();
}
if (name == "Triangle") {
do something();
return new Triangle();
}
return nullptr;
}
b3

NaTTepHoB
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Npobnema Nepeucnonb3osaHus MNatrtepHoB

. factory pna uepapxuu Shapes . factory pns wnepapxun ASTNode
struct ShapeFactory { struct NodeFactory {
std::unique ptr<Shape> std::unique ptr<BaseNode>
create(std::string view name) { create(std::string view name) {
if (name == "Circle") { if (name == "IntNode") {
do something(); do something();
return new Circle(); return new IntNode();
} }
if (name == "Triangle") { if (name == "AddNode") {
do something(); do something();
return new Triangle(); return new AddNode();
} }
return nullptr; return nullptr;
} }
}; };
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Npobnema Nepeucnonb3osaHus MNatrtepHoB

. factory pna uepapxuu Shapes . factory pns wnepapxun ASTNode
struct ShapeFactory { struct NodeFactory {
std::unique ptr<Shape> std::unique ptr<BaseNode>
create(std::string view name) { create(std::string view name) {
if (name == "Circle") { if (name == "IntNode") {
do something(); do something();
return new Circle(); return new IntNode();
} }
if (name == "Triangle") { if (name == "AddNode") {
do something(); do something();
return new Triangle(); return new AddNode();
} }
return nullptr; return nullptr;
} }
}; };

# DynnuuvpyeMm opMH M TOT Xe KOO ANA Pas3HbX Mepapxui
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I 'Modern C++ Design" A. Alexandrescu (2001)

Il Boost
e Boost.Signals2
* Boost.TypeErasure
e Boost.Factory

Boost.Flyweight

PeweHus

Modern C++ Design

Generic Programming
and Design Patterns Applied

Andrei Alexandrescu
Foreword by Scott Meyers
Foreword by John Vlissides

C++ In-Depth Series + Bjarne Stroustrup
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PeweHus

I 'Modern C++ Design" A. Alexandrescu (2001)

Il Boost
e Boost.Signals2
* Boost.TypeErasure
e Boost.Factory

Boost.Flyweight

Bl Pednexcus C++26

Modern C++ Design

Generic Programming
and Design Patterns Applied

Andrei Alexandrescu
Foreword by Scott Meyers
Foreword by John Vlissides

C++ In-Depth Series + Bjarne Stroustrup
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Factory
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Factory

B Tvnuunas peanusaunsa

1 struct NodeFactory {

2 std::unique ptr<BaseNode> create(std::string view name) {
3 if (name == "IntNode") {

4 do_something();

5 return std::make unique<IntNode>();

6 }

7 if (name == "FloatNode") {

8 do_something();

return std::make unique<FloatNode>();

}

9

10

11 BO0 o
12 return nullptr;
13 }

14 };

15

16 NodeFactory f;

17 auto nodel f.create("IntNode");
18 auto node2 f.create("FloatNode");
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Factory

Il 0606waem peuwerve

XOTWM nepeuncnosib30BaHUa Mexay uepapxuamu. [ng 3toro cpenaem Factory wabnoHoM,
napaMeTpusyem 6a30BbIM KJIACCOM M MaykoW HACNEOHUKOB.

1 template <typename BaseT, typename ...Derived>

2 struct Factory {

3 std::unique ptr<BaseT> create (str::string view name) {
4 // Kak bypeM uckaTb HYXHbIA Tun?

5 }

6 1};
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Factory

Il 0606waem peuwerve

XOTWM nepeuncnosib30BaHUa Mexay uepapxuamu. [ng 3toro cpenaem Factory wabnoHoM,
napaMeTpusyem 6a30BbIM KJIACCOM M MaykoW HACNEOHUKOB.

1 template <typename BaseT, typename ...Derived>

2 struct Factory {

3 std::unique ptr<BaseT> create (str::string view name) {
4 // Kak byneM uckaTb HYXHbIM Tun?

5 }

6 1};

Il Nonyunm mma Tuna npu noMown pedrekcuu

struct MyClass;

static_assert(meta::identifier of(”"MyClass) == "MyClass");
static _assert(meta::identifier of(~"std::string) == "string");

https://godbolt.orqg/z/dzqYacKoT
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Factory

Il Virepupyemcsa: expansion
MpoaéMca Mo BCeM HacnefAHWKaM M3 nayku npu nomouy template for

1 template <typename BaseT, typename ...Derived>
2 struct Factory {

3 std::unique ptr<BaseT> create (str::string view name) {
4 template for(constexpr auto d: {~"Derived...}) {

5

6 }

7}

8 };
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Factory

Il Novck HyxHOoro Tuna no ero MMeHn
CHoBa ucnonb3yeMm meta::identifier_of
1 template <typename BaseT, typename ...Derived>

2 struct Factory {
3 std::unique ptr<BaseT> create (str::string view name) {

4 template for(constexpr auto d: {""Derived...}) {
5 if (name == meta::identifier of(d)) {

6

7 }

8 }

9 }

10 };
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Factory

B KoncTtpynposaHue

C

1

03[aéM 00bEKT no HampeHHoMy Tuny. Wcnonb3yem splice operator.

1 template <typename BaseT, typename ...Derived>
2 struct Factory {
3 std::unique ptr<BaseT> create (str::string view name) {

4 template for(constexpr auto d: {""Derived...}) {
5 if (name == meta::identifier of(d)) {

6 return std::make unique<[:d:]>();

7 }

8 }

9 }

0 };
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Factory

B KoncTtpynposaHue
Co3naéM 06LeKT no HaiipeHHoMmy Tumy. Wcnonb3yeM splice operator.

1 template <typename BaseT, typename ...Derived>

2 struct Factory {

3 std::unique ptr<BaseT> create (str::string view name) {
template for(constexpr auto d: {""Derived...}) {

if (name == meta::identifier of(d)) {

return std::make unique<[:d:]1>();

}
¥

4
5

6

7 }
8

9

0 };

1

<source>:8:38: error: unparenthesized splice expression cannot be used as a template argument
8 | return std::make_unique<[:d:]>();
N

https: Lt.org/z/9cMzvonzr
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Factory

Bl Vicnpasnaem ownbku
MNonpobyeM 06epHYyTb B CKOOKM, Kak M MpoOCWMI KOMMNUAIATOP
1 template <typename BaseT, typename ...Derived>

2 struct Factory {
3 std::unique ptr<BaseT> create (str::string view name) {

4 template for(constexpr auto d: {""Derived...}) {
5 if (name == meta::identifier of(d)) {

6 return std::make unique<([:d:])>();

7 }

8 }

9 }

10 };
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Factory

Bl Vicnpasnaem ownbku
MNonpobyeM 06epHYyTb B CKOOKM, Kak M MpoOCWMI KOMMNUAIATOP
1 template <typename BaseT, typename ...Derived>

2 struct Factory {
3 std::unique ptr<BaseT> create (str::string view name) {

4 template for(constexpr auto d: {""Derived...}) {
5 if (name == meta::identifier of(d)) {
6 return std::make unique<([:d:])>();
7 }
8 }
9 }
10 };
<source>:8:34: error: reflection not usable in a splice expression
8 | return std::make_unique<([:d:])>();
| N~
https: Lt.org/z/x60z445Kh
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Factory

Bl Vicnpasnaem ownbku

Ha camoM pene np06neMa 3aKJiw4anacb B TOM, 4TO KOMMOUIATOP BOCMNPUHAN Hall cnnanc Kak o6bekT,
a He Tun. PewaeMm kak u B nwboM wabnoHHOM Koge - BCTaBMfieM C/IOBO typename.

1 template <typename BaseT, typename ...Derived>
2 struct Factory {

3 std::unique ptr<BaseT> create (str::string view name) {
4 template for(constexpr auto d: {""Derived...}) {

5 if (name == meta::identifier of(d)) {

6 return std::make unique<typename[:d:]>();

7 }

8 }

9 }

10 };

[l Pabotaer! 4

64 / 104



Factory

Il Nonesnas pabota

Ckopee Bcero Mbl fenanu factory He npocTo Tak. [loGaBfisieM MonesHyl Harpysky.

1 template <typename BaseT, typename ...Derived>
2 struct Factory {

3

4
5
6
7
8

std::unique ptr<BaseT> create (str::string view name) {
template for(constexpr auto d: {""Derived...}) {
if (name == meta::identifier of(d)) {
auto res = std::make unique<typename[:d:]>();
log created(res.get());
return std::move(res);
}
}

return nullptr;
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Factory

Il Nonnbiit npuvep

1 template <typename BaseT, typename ...Derived>

2 struct Factory {

3 Factory(logger 1) : log(std::move(l)) {}

4  std::unique ptr<BaseT> create (str::string view name) {
5 template for(constexpr auto d: {""Derived...}) {
6 if (name == meta::identifier of(d)) {

7 auto res = std::make unique<typename[:d:]>();
8 log created(res.get());

9 return std::move(res);

10 }

11 }

12 return nullptr;

16 Factory<app::BaseNode, app::IntNode, app::FloatNode> f(logger{});
17 auto nodel f.create("IntNode");
18 auto node2 f.create("FloatNode");

https: lt.org/z zcn
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Factory

Il Nepencnonbsyemoe peweHune

Tenepb pns Hanucauus factory pns Opyrom mepapxum He HYXHO MPOU3BOAUTbL HUKaKowW paboTbl. Mbl
ycnewHo cpenanu obobuunu factory.

std::vector<std::unique ptr<BaseNode>> Nodes;
Factory<BaseNode, IntNode, FloatNode, AddNode> NodeFactory;
Nodes.emplace back(NodeFactory.create("IntNode"));
Nodes.emplace back(NodeFactory.create("FloatNode"));
Nodes.emplace back(NodeFactory.create("AddNode"));

std::vector<std::unique ptr<Shape>> Shapes;
Factory<Shape, Circle, Triangle, Rectangle> ShapeFactory;
Shapes.emplace back(ShapeFactory.create("Circle"));
Shapes.emplace back(ShapeFactory.create("Rectangle"));
Shapes.emplace back(ShapeFactory.create("Triangle"));
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Observer

Il 06uiunas peanusauns
Muuem npocTyio 06EPTKy, NOrUpylWyld Ha MPUCBaUBAHWM CBOUX MOMEl.

struct Widget {

unsigned x = 0;
unsigned y = 0;
std::string message = "Hello";

observable widget ow (Widget{});
ow.subscribe(
9 [1(auto event) {

1
2
3
4
5 be
6
7
8

10 std::println("'{}' changed", event.name);
11 });

12 ow.message = "Hello, friends!";

13 ow.x = 3;
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MuweM npocTyi 06EPTKY, NOrMpylWwylw Ha MPUCBAUBAHWU CBOUX MOJIEN .

1
2
3
4
5
6
7
8

Observer

06bl4Has peanu3auus

struct Widget {
unsigned x = 0;
unsigned y = 0;
std::string message = "Hello";

I3

observable widget ow (Widget{});
ow.subscribe(

[1(auto event) {
std::println("'{}' changed", event.name);
F)3
ow.message = "Hello, friends!";
ow.X = 3;

'message' changed
'x' changed
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Observer

Il 06uiunas peanusauns

1 using observer func = std::function<void(std::string view)>;
2 using observer list = std::vector<observer func>;

3 template <typename T> struct observable field final {

4 T impl{};

5 std::string view name{};

6  observer list *observers = nullptr;

7 observable field &operator=(const T &v) {

8

9

impl = v;
for (auto &o : *observers)
10 o(event{name});
11 return *this;
12 }
13 operator const T &() const { return impl; }
14 };
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Observer

Il 06uiunas peanusauns

1 class observable widget {

2  observer list observers;

3 public:

4 observable field<int> x;

5 observable field<int> y;

6  observable field<std::string> message;
7

8 observable widget(const Widget &w);
9

10  template <typename F>

11 void subscribe(F f) {

12 observers.emplace_back(f);

13}

14 };

72 / 104



Observer

Il 06uiunas peanusauns

1 class observable widget {

2  observer list observers;

3 public:

4 observable field<int> x;

5 observable field<int> y;

6  observable field<std::string> message;
7

8 observable widget(const Widget &w);
9

10  template <typename F>

11 void subscribe(F f) {

12 observers.emplace_back(f);

13}

14 };

B Vcnonb3yem

1
2
3
4
5
6

observable widget ow (Widget{});
ow.subscribe(
[1(auto name) {

std::println("'{}' changed", name);

1)

ow.message = "Hello, friends!";
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Observer

Il 06uiunas peanusauns

1 class observable widget {

2  observer list observers;

3 public:

4 observable field<int> x;

5 observable field<int> y;

6  observable field<std::string> message;
7

8 observable widget(const Widget &w);
9

10  template <typename F>

11 void subscribe(F f) {

12 observers.emplace_back(f);

13}

14 };

| 'message' changed

B Vcnonb3yem

1
2
3
4
5
6

observable widget ow (Widget{});
ow.subscribe(
[1(auto name) {

std::println("'{}' changed", name);

1)

ow.message = "Hello, friends!";
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Il 06uiunas peanusauns

1
2
3
4
5
6
7
8

O

10
11 }

x.impl = w.x;
Xx.observers = &observers;
X.name = "x";

y.impl = w.y;

y.observers = &observers;

.name = "y";

message.impl = w.message;
message.observers = &observers;
message.name = "message";

<

# MHoro pyuHoit paboThl

Observer

observable widget::observable widget(const Widget &w) {

#¥ Kaxpelin Tun npuxopmTca obopaumMBaTb 3aHOBO
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Observer

. Ncnonb3yeMm pedpnekcuio ons co3gaHus ob6obwéHHoro observable

leHepupyeM cneunanusauuio observable_impl npu nomowmn pednexkcum

C++26 no3ponseT onpepensiTb arperartsl.

1 template <typename T> struct observable impl;

§ consteval meta::info make class observable(meta::info tp) {

4 return meta::define aggregate(meta::substitute(”~"observable impl, {tp}),
‘

get members spec(tp));

b

3TOT KOp reHepupyeT HaM cneuuanu3sauuio observable_impl ons Tuna cBoero aprymeHta. Y
cneunanusaunn b6ynoyT Takue nons, KoTopble Mbl 3axoTuM B get_members_spec.
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Observer

Il Onpepensem unensl knacca

1
2
3
4
5
6
7
8

9
10
11 }

consteval auto get members spec(meta::info type) { // type == ""Widget

std::vector<meta::info> members;
auto ctx = meta::access context::unchecked();
for (auto m : meta::nonstatic data members of(type, ctx)) {
// NMonyuunu observable field<int> pna “int x°
auto field = meta::substitute(”"observable field, {meta::type of(m)});
auto name = meta::identifier of(m);
members.push back(meta::data member spec(field, {.name = name}));
¥

return members;
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Observer

Il Onpepensem unensl knacca

1 consteval auto get members spec(meta::info type) { // type == ""Widget

2 std::vector<meta::info> members;

3 auto ctx = meta::access context::unchecked();

4  for (auto m : meta::nonstatic data members of(type, ctx)) {

5 // NMonyuunu observable field<int> pna “int x°

6 auto field = meta::substitute(”"observable field, {meta::type of(m)});
7 auto name = meta::identifier of(m);

8 members.push back(meta::data member spec(field, {.name = name}));

9 }

10 return members;

11 }

# buino # crano

struct Widget { template<> struct observable impl<Widget> {
int x = 0; observable field<int> x;
inty = 0; observable field<int> y;
std::string message = "Hello"; observable field<std::string> message;

}i }i
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Observer

Il Nvuem nnTepdelichbii observable

1 template <is class T>

2 struct observable final : public observable impl<T> {
3 private:

4  observer list observers;

5 public:

6  observable(T v) {

7 H sce

8 }

9 BE
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Observer

Il [enaem observable wabnoHom

1 template <is class T>
2 struct observable final : public observable impl<T> {

3 private:

4  observer list observers;

5 public:

6 observable(T v) {

7 constexpr auto ctx = meta::access context::unchecked();

8 template for (constexpr auto dm :

9 std::define static array(

10 meta::nonstatic data members of (*"T, ctx))) {
11 auto member name = meta::identifier of(dm);

12 auto &member = this->[:member named(”~~observable impl<T>, member name):];
13 member.impl = v.[:dm:];

14 member.observers = &observers;

15 member.name = meta::identifier of(dm);

16 }

17}

18 };
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Observer

Bl Novck uneHa knacca no uMeHn

1 consteval meta::info member named(meta::info obj, std::string view name) {
2 auto ctx = meta::access context::unchecked();

3 for (auto m : meta::nonstatic data members of(obj, ctx)) {

4 if (meta::identifier of(m) == name) {

5 return m;

6 }

7}

8 }

Ecnun He Hawnu, TO 6yneT ownbkKa KOMNUAALMMU, T.K. Mbl HAYErO He BEPHYNN U3 d)yHKLI,VIVI.
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Observer

Bl Novck uneHa knacca no uMeHn

1 consteval meta::info member named(meta::info obj, std::string view name) {
2 auto ctx = meta::access context::unchecked();

3 for (auto m : meta::nonstatic data members of(obj, ctx)) {

4 if (meta::identifier of(m) == name) {

5 return m;

6 }

7}

8 }

Ecnun He Hawnu, TO 6yneT ownbkKa KOMNUAALMMU, T.K. Mbl HAYErO He BEPHYNN U3 d)yHKLI,VIVI.

Il Y7o 3710 33 anroputm?
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Observer

Bl Novck uneHa knacca no uMeHn

1 consteval meta::info member named(meta::info obj, std::string view name) {
2 auto ctx = meta::access context::unchecked();

3 for (auto m : meta::nonstatic data members of(obj, ctx)) {

4 if (meta::identifier of(m) == name) {

5 return m;

6 }

7}

8 }

Ecnn He Hawnu, To 6ymeT ownbka KOMAWASUMM, T.K. Mbl HUUETrO He BEPHYAN M3 QYHKLWN.
Il Y7o 3710 33 anroputm?

KoneuHo xe 370 find_if
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Observer

Bl Novck uneHa knacca no uMeHn
#8 Ncnonb3yeM npuBbIYHbIE @nrOPUTMBI

1 consteval meta::info member named(meta::info obj, std::string view name) {
2 auto ctx = meta::access context::unchecked();

3 auto members = meta::nonstatic data members of(obj, ctx);

4 auto found = ranges::find if(members, [&](auto m) {

5 return meta::identifier of(m) == name;

6 1);

7 if (found != members.end()) return *found;

8

}
https://godbolt.org/z/063jvbWMyY
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Observer

Il Nepencnonbsyemoe peweHune

auto w = observable<Widget>(Widget{});
w.subscribe(
[1(auto event) {
std::println("field \"{}\" changed", event.field_name);
1)
w.x = 42; // prints 'field "x" changed'
w.message = "hello"; // prints 'field "message" changed'

1

2

3

4

5

6

7

8

9 auto p = observable<std::pair<int, int>>({0, 0});

10 p.subscribe(

11 [1(auto event) {

12 std::println("field \"{}\" changed", event.field name);
13 1)

14
15
16

p.first = -1; // prints 'field "first" changed'
p.second = 3; // prints 'field "second" changed'

https: Lt.org/z/Y1TMehErh
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CTupaHue Tunos
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CTupaHue Tunos

B Tvnuunas peanusaunsa B 3apava

struct Circle { XOTUM C/IOXUTb HECBS3Hble KiacCbl B OOQWH
Point center; KOHTelHep, ecnu Ans HUX cyuwecTByeT print
unsigned radius;

void print() const;

I3

struct Triangle {
Point a, b, c;

void print() const;
10 };

OCoONOUTS WN =

13 std::vector<Widget> Document;

14 Document.emplace back(Circle{});
15 Document.emplace back(Triangle{});
16 for (auto &w: Document)

17  w.print();
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CTupaHue Tunos

B Tvnuunas peanusaunsa

1 class Widget { https://godbolt.org/z/hePo459vq
2 struct Concept {

3 virtual ~Concept() = default;

4 virtual void print() const = 0;

5 b3

6

7 template <typename T>

8 struct Model : public Concept {

9 T impl;

10 void print() const override { impl.print(); }
11}

12

13 // wnu npocto std::unique ptr<Concept>
14 std::polymorphic<Concept> Impl;

15 public:

16 template<typename T>

17  Widget(T val) : Impl(Model<T>(val)) {}
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CTupaHue Tunos

[l Henb3a nepencnonbsosaTth

Ecnm xoTum 0606wuTh He no print, a no ApyroMy npusHaky, To BCE NpuAETCs NMcaTb 3aHOBO
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CTupaHue Tunos

[l Henb3a nepencnonbsosaTth

Ecnm xoTuMm 0606wuTh He no print, a no ApyroMy npusHaky, TO BCE NpuAETCS NMcaTb 3aHOBO
. Ncnonb3yeM pepnekcuw pna co3paHua Concept n Model<T>

#8 Npobnema: HeBO3MOXHO CO3[aBaTb MeTOMbI

template<typename T>

struct Model : public Concept {
T val;

void print() const override {....} // C++ 26 He nossonsetr pob6aBNATb MeTOMAbl

b
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Il Lanbda All The Things!

1 struct Model {
2 T val;

3 std::function<void(void)> print = [&vall() { ns::print(val); };
4 %};

Lambda All The Things

Braden Ganetsky
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CTupaHue Tunos

. CHoBa meta::define_aggregate

1 template <typename T> struct erased impl;
2
3 consteval meta::info make class erasable(meta::info tp) {
return meta::define aggregate(meta::substitute(”~"erased impl, {tp}),
get members spec(tp));
}

4
5

6

7

8 consteval auto get members spec(meta::info type) {

9 std::vector<meta::info> members;

10 for (auto m : get member functions(type)) {

11 auto name = meta::identifier of(m);

12 auto inst = meta::substitute(~”std::function, {meta::type of(m)});
13 // “void print()® => “std::function<void(void)>"

14 members.push back(meta::data member spec(inst, {.name = name}));
15 }

16

return members;
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CTupaHue Tunos

B Kak xpaHuTb camo 3HaueHue?
# std::any
struct erased impl {
std::any val;
std::function<void(void)> print = [&val]() { val.print(); }; // lNcesnokop
I}5

CtupaeM Tun npu nomowu std::any u penerupyeMm npasuibHbIM MeTOgaM
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CTupaHue Tunos

B Kak xpaHuTb camo 3HaueHue?

# std::any

1 consteval auto get members spec(meta::info type) {

2 std::vector<meta::info> members;

3 members.push back(meta::data member spec(”"std::any, {.name = "impl"}));
4  for (auto m : get member functions(type)) {

5 auto tp = meta::type of(m);

6 auto name = meta::identifier of(m);

7 auto inst = meta::substitute(~"std::function, {tp});

8 members.push back(meta::data member spec(inst, {.name = name}));
9 }

10 return members;

11 }
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CTupaHue Tunos

B Kak xpaHuTb camo 3HaueHue?

# std::any

1 consteval auto get members spec(meta::info type) {

2 std::vector<meta::info> members;

3 members.push back(meta::data member spec(~”std::any, {.name = "impl"}));

4  for (auto m : get member functions(type)) {

5 auto tp = meta::type of(m);

6 auto name = meta::identifier of(m);

7 auto inst = meta::substitute(~"std::function, {tp});

8 members.push back(meta::data member spec(inst, {.name = name}));

9 }

10 return members;

11 }

M 50 B crano

struct Circle { template<> struct erased impl<Printable> {
void print() const; std::any impl;

}; std::function<void(void)> print;
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CTupaHue Tunos

B Vvvunanuzaums

1 template <typename ConceptType>
2 struct type erased : public erased impl<ConceptType> {
using base t = erased impl<ConceptType>;

3
4
5 template <typename T>

6  type erased(T t) : base t{t} {
7 // ...

8 1}

9 };

Il Hau koHuent
struct PrintableConcept {

void print() const; // OnpepeneHve He HYXHO

b

96 / 104



CTupaHue Tunos

B Vvvunanuzaums

MpuceaueaeM std::function pgenerwupynowne nambabl

1
2
3
4
5
6
7
8

using base t = erased impl<ConceptType>;

template <typename T>
type erased(T t) : base t{t} {

T *value = std::any cast<T>(&this->impl);
constexpr auto methods = get member functions(”~"ConceptType);
template for (constexpr auto m : methods) {

constexpr auto name = meta::identifier of(m); // wanpumep "print"

// Touck std::function c umeHeM "print"

constexpr auto member = member named(~“base t, name);

this->[:member:] = [value] (auto&...ts) {
// TIoNCK HacTofWwero MeToda B KOHKPETHOM Kriacce
constexpr auto func = member named(”~"T, name);
return value->[:func:](ts...);

b3
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CTupaHue Tunos

I Vicronbsyem

OCoONOUTS WN =

struct Circle {
void print() const { std::println("Circle");}
iE:
struct Triangle {
void print() const { std::println("Triangle"); }
};
struct PrintableInterface {
void print() const; // no definition required
iE:
std::vector<type erased<PrintablelInterface>> document;

document.push back(Circle{});

document.push back(Triangle{});

for (auto &w: document)
w.print()
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CTupaHue Tunos

I Vicronbsyem

1 struct Circle {

2 void print() const { std::println("Circle");}

3 Be

4 struct Triangle {

5 void print() const { std::println("Triangle"); }
6 };

7 struct PrintablelInterface {

8 void print() const; // no definition required

9 Be

10

11 std::vector<type erased<PrintableInterface>> document;
12 document.push _back(Circle{});

13 document.push back(Triangle{});

14 for (auto &w: document)

15  w.print()

| Circle
| Triangle

https: Lt.org/z/6W8TjxbK
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OCoONOUTS WN =

CTupaHue Tunos

Mepencnosnb3yeMoe peweHue

struct logger interface {
bool log(std::string view);
iE:

struct stdout logger {

bool log(std::string view) { ... }
iE:
struct file logger {
bool log(std::string view) { ... }
g

std::vector<type erased<logger interface>> loggers;
loggers.push back(stdout logger{});
loggers.push back(file logger{"filel.log"});
loggers.push _back(somelib::file logger{"file2.log"});

for (auto &e: Vec)
e.empty()
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BoiBObI

Il NatTepHbl NpoeKTMpPOBaHMA TAXENO Nepencrnonb30BaTh
Il Nepeucnonbsosanmne - BeyHas npobrema

* AHppen AnekcaHppecky, boost u ppyrue neiTanucb eé pewuTb
Bl Pednekcna C++ nossonser HanucaTb 06OBWEHHYIO MMMNEMeHTaumio

* f nokasan Masnyko [0 BO3MOXHOCTEW
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BoiBObI

B craryc
# bloomberg/clang-p2996

e Bepértca paborta mo BAMBY B OCHOBHOW clang

# gcc-16

e Yxe BKnw4aeT B cebs mopmepxky pedrnexcum
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BoiBObI

B craryc
# bloomberg/clang-p2996

+ Bepétca paboTa no BAMBY B OCHOBHOM clang
# gcc-16

+  Yxe BKwuYaeT B cebs nommepxky pednexkcuu

B onumn

e -std=c++26 -freflection
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