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Reflection in C++
The ability of software to expose its internal structure
Static reflection - compiler exposes structure at compile time
 
Disclaimers:

May be possible to "carry" the data into the runtime...
But may introduce performance, security, or other issues
This is out of scope for this talk (and for C++26, as of now)



This Talk
Part I: Intro to reflection:
1. A brief history of "Reflection" proposals in C++
2. Latest proposal: "P2996: Reflection for C++26"
3. Usage examples (reflection-based library) (*)

Part II: Impact on our code bases
1. Reflection as a Customization Point Mechanism
2. Pipeline integration
3. What's next?

(*) Examples from or derive from P2996, P3096, or EDG's implementation



2006
Template-based reflection

(Matúš Chochlik)
Mirror reflection library

2012
: Use Cases

for Compile-Time
Reflection

(Mike Spertus)

N3403

2014 - 2016
N3996: Static reflection

(Matúš Chochlik)
, , , 

(type traits, attributes, etc.)
N4113 N4239 N4027 N3984

Boost.Hana
(Louis Dionne)

Template  metaprog. lib

2015

A Brief History

https://kifri.fri.uniza.sk/~chochlik/mirror-lib/html/doxygen/mirror/html/index.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2012/n3403.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4113.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4239.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n4027.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2014/n3984.pdf


: What do we want to do
with reflection?

(Bjarne)

P0954

2018

2017
| : Static Reflection

(Matúš, Axel, David)
: A design for static reflection

(Andrew, Herb)
: Exploring the design space

(Daveed, Louis)

P0194 P0385

P0590

P0633

2018
: Reflection TS
(David)

N4747

: Value-based reflection
(Andrew, Herb)

: Scalable Reflection in C++
(Andrew, Faisal, Daveed)

P0993

P1240

2018

: constexpr reflexpr
(Matúš, Axel, David)

: User-friendly and
Evolution-friendly

Reflection: A Compromise
(David, Daveed)

P0953

P1733

2019

A Brief History

Typefull
vs.

Monotype

Type based
vs.

Value based

meta

objects

https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0954r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0194r3.html
http://wg21.link/P0385
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0590r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2017/p0633r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/n4747.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0993r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1240r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p0953r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2019/p1733r0.pdf


2020
: Reflection Naming:

fix reflexpr
(Mihail Naydenov)

: Reflection-based
lazy-evaluation

(Corentin)

P2087

P2040

: The Syntax of Static
Reflection

(Andrew, Wyatt, Daveed)
(+ implementation: lock3 meta)

P2320

2021

2022
: Comparing Value- and type-

based reflection
(Matus)

P2560

: Reflection for C++26
(Barry, Wyatt, Peter, Andrew,

Faisal, Daveed)

P2996

2023

2023
: Python Bindings (...)
(Adam, Jagrut)
: Using reflection (...)

JS Bindings
(Dan Katz)

P2911

P3010

A Brief History

(1.16 year later)

P2996R7

2024

https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p2087r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2020/p2040r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2021/p2320r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2022/p2560r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2996r0.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2911r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p3010r0.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p2996r0.html


// main.cpp1
#include <meta>2
#include "Lib.hpp"3
 4
int main()5
{6
   constexpr std::meta::info refexpr = ^^LibType;7
   auto res = std::meta::bases_of(refexpr);8
}9

// main.cpp
#include <meta>
#include "Lib.hpp"
 
int main()
{
   constexpr std::meta::info refexpr = ^^LibType;
   auto res = std::meta::bases_of(refexpr);
}

1
2
3
4
5
6
7
8
9

What do I mean by "Reflection"?
// Lib.hpp1
class LibType : public BaseOne, public BaseTwo2
{3
   int a;4
   double b;5
};6

// Lib.hpp
class LibType : public BaseOne, public BaseTwo
{
   int a;
   double b;
};

1
2
3
4
5
6

P2996

* Note: This is a pseudo-code, does not work as is



P2996: Reflection for C++26
1. Reflection Operator: ^^
2. Splicers: [:…:]
3. std::meta::info
4. Metafunctions

1. identifier_of
2. display_string_of
3. source_location_of

1. type_of
2. parent_of
3. dealias

 
4. Access modifiers: is_public,

is_protected, is_private
5. Inheritance: is_virtual,

is_pure_virtual, is_override, ...
6. Encapsulation: is_class_member,

is_namespace_member,
is_explicit, is_deleted, ...

7. Advanced Type Queries:
is_complete_type, is_template,
is_special_member, ...

1. template_of
2. template_arguments_of

3. Template Queries:

1. members_of
2. bases_of
3. (non)static_data_members_of
4. accessible_members_of ( )
5. enumerators_of

P3293R2

 2. Type Queries:

1. Name & Location:

(+ Other Type Predicates)

 4. Member Queries:

5. substitute (template)
6. reflect Invoke (template)
7. extract<T>(info) (constexpr not required)

8. test_type(s) ("is_same")
9. reflect_value (template)
10. define_class (injection)

11. Data Layout:

12. (+) Type Traits...?

P2996

1. offset_of -> member_offsets
2. size_of
3. bit_size_of
4. alignment_of

https://wg21.link/p3293r2


auto rexpr = ^ int;1

The Reflection Operator (^^) (Lift)
P2996

AKA Unibrow

^



auto rexpr = ^^int;1

The Reflection Operator (^^) (Lift)

Shifts expressions into a "meta" - "reflection info" object
Object can then to be used as input to reflection utilities

error: meta type variables must be constexpr

constexpr auto rexpr = ^^int;1

P2996



Splicers

Splice extract the C++ expression back from "meta::info"...
...To be then used regularly to write the C++ program

constexpr auto rexpr = ^^int;1
typename[:rexpr:] a  = 42;2 typename[:rexpr:] a  = 42;
constexpr auto rexpr = ^^int;1

2

What are you?

rexpr meta::info obj, contains info on "int" type
typename[:rexpr:] int

P2996



1. Reflection Operator: ^^
2. Splicers: [:…:]
3. std::meta::info
4. Metafunctions

1. identifier_of
2. display_string_of
3. source_location_of

1. type_of
2. parent_of
3. dealias

 
4. Access modifiers: is_public,

is_protected, is_private
5. Inheritance: is_virtual,

is_pure_virtual, is_override, ...
6. Encapsulation: is_class_member,

is_namespace_member,
is_explicit, is_deleted, ...

7. Advanced Type Queries:
is_complete_type, is_template,
is_special_member, ...

1. template_of
2. template_arguments_of

3. Template Queries:

1. members_of
2. bases_of
3. (non)static_data_members_of
4. accessible_members_of ( )
5. enumerators_of

P3293R2

 2. Type Queries:

1. Name & Location:

(+ Other Type Predicates)

 4. Member Queries:

5. substitute (template)
6. reflect Invoke (template)
7. extract<T>(info) (constexpr not required)

8. test_type(s) ("is_same")
9. reflect_value (template)
10. define_class (injection)

11. Data Layout:

12. (+) Type Traits...?

1. offset_of -> member_offsets
2. size_of
3. bit_size_of
4. alignment_of

P2996: Reflection for C++26
P2996

https://wg21.link/p3293r2


std::meta::info

From: "Let's talk about abstraction layers"

P2996



std::meta::info
Represents:

Type and type alias
Function or member function
Variable, static data member, or structured binding
Non-static data member
Constant value
Constant expression
Template
Namespaces

int a = 42;1
constexpr auto b = ^^a;2
std::cout << [:b:] << "\n";       // OK3
std::cout << [:^^(a*2):] << "\n"; // Error4

constexpr auto b = ^^a;
int a = 42;1

2
std::cout << [:b:] << "\n";       // OK3
std::cout << [:^^(a*2):] << "\n"; // Error4
std::cout << [:b:] << "\n";       // OK

int a = 42;1
constexpr auto b = ^^a;2

3
std::cout << [:^^(a*2):] << "\n"; // Error4 std::cout << [:^^(a*2):] << "\n"; // Error

int a = 42;1
constexpr auto b = ^^a;2
std::cout << [:b:] << "\n";       // OK3

4

constexpr int a = 42;1
constexpr auto b = ^^a;2
std::cout << [:b:] << "\n";       // OK3
std::cout << [:^^(a*2):] << "\n"; // OK4 std::cout << [:^^(a*2):] << "\n"; // OK

constexpr int a = 42;1
constexpr auto b = ^^a;2
std::cout << [:b:] << "\n";       // OK3

4

P2996



std::meta::info
#include <iostream>
#include <experimental/meta>

1
2

 3
class R;4
 5
constexpr std::meta::info res1 = ^^R;6
constexpr auto print1 = std::meta::7
    is_complete_type(res1); // (1)8
 9
class R {10
    int a;11
};12
 13
constexpr std::meta::info res2 = ^^R;14

class R;

#include <iostream>1
#include <experimental/meta>2
 3

4
 5
constexpr std::meta::info res1 = ^^R;6
constexpr auto print1 = std::meta::7
    is_complete_type(res1); // (1)8
 9
class R {10
    int a;11
};12
 13
constexpr std::meta::info res2 = ^^R;14

constexpr std::meta::info res1 = ^^R;
constexpr auto print1 = std::meta::
    is_complete_type(res1); // (1)

#include <iostream>1
#include <experimental/meta>2
 3
class R;4
 5

6
7
8

 9
class R {10
    int a;11
};12
 13
constexpr std::meta::info res2 = ^^R;14

class R {
    int a;
};

#include <iostream>1
#include <experimental/meta>2
 3
class R;4
 5
constexpr std::meta::info res1 = ^^R;6
constexpr auto print1 = std::meta::7
    is_complete_type(res1); // (1)8
 9

10
11
12

 13
constexpr std::meta::info res2 = ^^R;14 constexpr std::meta::info res2 = ^^R;

#include <iostream>1
#include <experimental/meta>2
 3
class R;4
 5
constexpr std::meta::info res1 = ^^R;6
constexpr auto print1 = std::meta::7
    is_complete_type(res1); // (1)8
 9
class R {10
    int a;11
};12
 13

14

#include <iostream>1
#include <experimental/meta>2
 3
class R;4
 5
constexpr std::meta::info res1 = ^^R;6
constexpr auto print1 = std::meta::7
    is_complete_type(res1); // (1)8
 9
class R {10
    int a;11
};12
 13
constexpr std::meta::info res2 = ^^R;14

P2996

https://godbolt.org/z/sYs39bj5e



1. Reflection Operator: ^^
2. Splicers: [:…:]
3. std::meta::info
4. Metafunctions

1. identifier_of
2. display_string_of
3. source_location_of

1. type_of
2. parent_of
3. dealias

 
4. Access modifiers: is_public,

is_protected, is_private
5. Inheritance: is_virtual,

is_pure_virtual, is_override, ...
6. Encapsulation: is_class_member,

is_namespace_member,
is_explicit, is_deleted, ...

7. Advanced Type Queries:
is_complete_type, is_template,
is_special_member, ...

1. template_of
2. template_arguments_of

3. Template Queries:

1. members_of
2. bases_of
3. (non)static_data_members_of
4. accessible_members_of ( )
5. enumerators_of

P3293R2

 2. Type Queries:

1. Name & Location:

(+ Other Type Predicates)

 4. Member Queries:

5. substitute (template)
6. reflect Invoke (template)
7. extract<T>(info) (constexpr not required)

8. test_type(s) ("is_same")
9. reflect_value (template)
10. define_class (injection)

11. Data Layout:

12. (+) Type Traits...?

1. offset_of -> member_offsets
2. size_of
3. bit_size_of
4. alignment_of

P2996: Reflection for C++26
P2996

https://wg21.link/p3293r2


Metafunctions
constexpr auto a = 42;1
std::cout << meta::name_of(^^a) << "\n";2 std::cout << meta::name_of(^^a) << "\n";
constexpr auto a = 42;1

2

All* the metafunctions accept "info" and return:

1. string_view (e.g. identifier_of)
2. std::meta::info (e.g. type_of)
3. vector<std::meta::info> (e.g. bases_of)
4. bool (e.g. is_concept)
5. size_t (e.g. alignment_of)
6. T (e.g. extract(info))
7. source_location, member_offset (e.g. offset_of)

* Besides "reflect_value/object/function", which accepts type T

P2996

* Note: This is a pseudo-code, does not work as is



Type Traits
Two types of "Type Traits":

Query the type
Modify the type

P2996 proposes the first type (e.g. is_nothrow_swappable)
Interesting functionality available by the second type
...But this is more challenging, as it interferes with the
compiler's representation of the program

P2996



Reflection Logger

  // Verify type is a class/struct
  // Ignore usecase of unnamed members (union/struct etc.)

#include <string>1
#include <experimental/meta>2
 3
consteval bool LogMembers(std::meta::info type) 4
{5

6
7

  std::__report_constexpr_value(name_of(type).data());8
 9
  for (auto r : nonstatic_data_members_of(type)) 10
  {11
      std::__report_constexpr_value("\n\tmember:");12
      std::__report_constexpr_value(name_of(r).data());13
  }14
  return true;15
}16
 17

consteval bool LogMembers(std::meta::info type) 
{
  // Verify type is a class/struct
  // Ignore usecase of unnamed members (union/struct etc.)
  std::__report_constexpr_value(name_of(type).data());
 
  for (auto r : nonstatic_data_members_of(type)) 
  {
      std::__report_constexpr_value("\n\tmember:");
      std::__report_constexpr_value(name_of(r).data());
  }
  return true;
}

#include <string>1
#include <experimental/meta>2
 3

4
5
6
7
8
9
10
11
12
13
14
15
16

 17

#include <string>1
#include <experimental/meta>2
 3
consteval bool LogMembers(std::meta::info type) 4
{5
  // Verify type is a class/struct6
  // Ignore usecase of unnamed members (union/struct etc.)7
  std::__report_constexpr_value(name_of(type).data());8
 9
  for (auto r : nonstatic_data_members_of(type)) 10
  {11
      std::__report_constexpr_value("\n\tmember:");12
      std::__report_constexpr_value(name_of(r).data());13
  }14
  return true;15
}16
 17

https://godbolt.org/z/oobfx9E7h

Reflection-Based Library

Based on example from EDG's CE implementation



Command Line Args
// Members represent Args (should be known at compile time)
using namespace clap;
struct Args : Clap 
{
  Option<std::string, Flags{.use_short=true, .use_long=true}> name = "";
  Option<int, Flags{.use_short=true, .use_long=true}> count = 0;
};

1
2
3
4
5
6
7

 8
int main(int argc, char** argv) 9
{10
  auto opts = Args{}.parse(argc, argv);   11
 12
  for (int i = 0; i < opts.count; ++i) 13
  {14
    std::cout << "Hello " << opts.name << "!\n";15
  }    16
}17

  auto opts = Args{}.parse(argc, argv);   

// Members represent Args (should be known at compile time)1
using namespace clap;2
struct Args : Clap 3
{4
  Option<std::string, Flags{.use_short=true, .use_long=true}> name = "";5
  Option<int, Flags{.use_short=true, .use_long=true}> count = 0;6
};7
 8
int main(int argc, char** argv) 9
{10

11
 12
  for (int i = 0; i < opts.count; ++i) 13
  {14
    std::cout << "Hello " << opts.name << "!\n";15
  }    16
}17

  for (int i = 0; i < opts.count; ++i) 
  {
    std::cout << "Hello " << opts.name << "!\n";
  }    

// Members represent Args (should be known at compile time)1
using namespace clap;2
struct Args : Clap 3
{4
  Option<std::string, Flags{.use_short=true, .use_long=true}> name = "";5
  Option<int, Flags{.use_short=true, .use_long=true}> count = 0;6
};7
 8
int main(int argc, char** argv) 9
{10
  auto opts = Args{}.parse(argc, argv);   11
 12

13
14
15
16

}17

https://godbolt.org/z/9GE3ePK71

Reflection-Based Library

Based on example from P2996



Function Param Names

consteval auto PrintParamK(std::meta::info r, size_t k) 
{
    return name_of(parameters_of(r)[k]);
}

#include <experimental/meta>1
#include <iostream>2
 3

4
5
6
7

 8
// Function Declaration9
void func(int first, int last);10
 11
void PrintFuncParamAfterDeclaration() 12
{13
    std::cout << "Param names: " 14
    << PrintParamK(^func, 0) << ", "15
    << PrintParamK(^func, 1) << "\n";16
}17

// Function Declaration
void func(int first, int last);

#include <experimental/meta>1
#include <iostream>2
 3
consteval auto PrintParamK(std::meta::info r, size_t k) 4
{5
    return name_of(parameters_of(r)[k]);6
}7
 8

9
10

 11
void PrintFuncParamAfterDeclaration() 12
{13
    std::cout << "Param names: " 14
    << PrintParamK(^func, 0) << ", "15
    << PrintParamK(^func, 1) << "\n";16
}17

#include <experimental/meta>1
#include <iostream>2
 3
consteval auto PrintParamK(std::meta::info r, size_t k) 4
{5
    return name_of(parameters_of(r)[k]);6
}7
 8
// Function Declaration9
void func(int first, int last);10
 11
void PrintFuncParamAfterDeclaration() 12
{13
    std::cout << "Param names: " 14
    << PrintParamK(^func, 0) << ", "15
    << PrintParamK(^func, 1) << "\n";16
}17

void PrintFuncParamAfterDeclaration() 
{
    std::cout << "Param names: " 
    << PrintParamK(^func, 0) << ", "
    << PrintParamK(^func, 1) << "\n";
}

#include <experimental/meta>1
#include <iostream>2
 3
consteval auto PrintParamK(std::meta::info r, size_t k) 4
{5
    return name_of(parameters_of(r)[k]);6
}7
 8
// Function Declaration9
void func(int first, int last);10
 11

12
13
14
15
16
17

#include <experimental/meta>1
#include <iostream>2
 3
consteval auto PrintParamK(std::meta::info r, size_t k) 4
{5
    return name_of(parameters_of(r)[k]);6
}7
 8
// Function Declaration9
void func(int first, int last);10
 11
void PrintFuncParamAfterDeclaration() 12
{13
    std::cout << "Param names: " 14
    << PrintParamK(^func, 0) << ", "15
    << PrintParamK(^func, 1) << "\n";16
}17

#include <experimental/meta>1
#include <iostream>2
 3
consteval auto PrintParamK(std::meta::info r, size_t k) 4
{5
    return name_of(parameters_of(r)[k]);6
}7
 8
// Function Declaration9
void func(int first, int last);10
 11
void PrintFuncParamAfterDeclaration() 12
{13
    std::cout << "Param names: " 14
    << PrintParamK(^func, 0) << ", "15
    << PrintParamK(^func, 1) << "\n";16
}17

Reflection-Based Library

https://godbolt.org/z/M84Ea6P88

Based on example from P3096



Reflection Based Library

void PrintFuncParams() 
{
  std::cout << "Param names: " 
  << PrintParamK(^func, 0) << ", "
  << PrintParamK(^func, 1) << "\n";
}

1
2
3
4
5
6

Interaction between library code and user(*) code

void func(int first, int last);
// PrintParamsLocation1() { ... }
void func(int a, int b) { ... }
// PrintParamsLocation2() { ... }
 
int main() 
{
  PrintFuncParamsLocation1();
  PrintFuncParamsLocation2();
}

1
2
3
4
5
6
7
8
9

10

Library Code User(*) Code

" : Function Parameter Reflection in Reflection for C++26"
 (Adam Lach, Walter Genovese)
P3096

Reflection-Based Library

http://wg21.link/P3096


Function Param Names
P3096 Introduces the following options:
1. Compile, No Guarantees

(Different compilers' output may be inconsistent)
2. Enforce Consistent Naming

(Don't compile if more than one option exists)
3. Mark by attribute (e.g. [[canonical]])

(Explicitly mark, otherwise ill-formed)

Reflection-Based Library



Function Param Names
Forward competability

void PrintFuncParams() 
{
  std::cout << "Param names: " 
  << PrintParamK(^^func, 0) << ", "
  << PrintParamK(^^func, 1) << "\n";
}

1
2
3
4
5
6

void func(int first, int last);
// PrintParamsLocation1() { ... }
void func(int first, int last) 
{ ... }
// PrintParamsLocation2() { ... }
 
int main() 
{
  PrintFuncParamsLocation1();
  PrintFuncParamsLocation2();
}

1
2
3
4
5
6
7
8
9

10
11

Library Code New User Code
void func(int first, int last);
// PrintParamsLocation1() { ... }
void func(int a, int b) 
{ ... }
// PrintParamsLocation2() { ... }
 
int main() 
{
  PrintFuncParamsLocation1();
  PrintFuncParamsLocation2();
}

1
2
3
4
5
6
7
8
9

10
11

" : Function Parameter Reflection in Reflection for C++26"
 (Adam Lach, Walter Genovese)
P3096

Reflection-Based Library

http://wg21.link/P3096


Guarantees and requirements provided by the library
can be expressed as "Customization Points"

Reflection as CP

Detour: Customization Points

C++Now 2022, Cpp India 2022, CoreC++ 2022, CppCon 2023
"Customization Methods: Connecting User and C++ Library Code"



Detour: Customization Points
Reflection as CP

Interaction between library code and user (*) code:
Virtual functions:

Library side: declaration of virtual functions
User side: overriding virtual functions 

Template instantiation:
Library side: declare a template
User side: instantiate template for their types

Provide functionality to be detected by ADL:
Library side: allows/expects functions by name
User side: declares a function within their type to be
detected by ADL

And now - Reflection?

C++Now 2022, Cpp India 2022, CoreC++ 2022, CppCon 2023
"Customization Methods: Connecting User and C++ Library Code"



Reflection as Customization
template<class_type T, structural_subtype_of<T> U> 
void LibFunc(const T& src, U& dst)
{   
  constexpr auto members = meta::data_members_of(reflexpr(src));   
  template for (constexpr meta::info a : members)
  {
    constexpr meta::info b = meta::lookup(dst, meta::name_of(a));
    dst.|b| = src.|a|;   
  }
}   // `structural_copy`

1
2
3
4
5
6
7
8
9
10

Example from "P2237: Metaprogramming" (Andrew Sutton)

C++Now 2022, Cpp India 2022, CoreC++ 2022, CppCon 2023
"Customization Methods: Connecting User and C++ Library Code"

Reflection as CP



Interaction between library code and user(*) code

int main()
{
    type.[:get_member_i(0):] = 1;
    type.[:get_member_i(1):] = 1;
 
    type.[:member_named("pub"):] = 2;
    type.[:member_named("prv"):] = 2;
}
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Library Code User(*) Code

ReflectionLibraryDemo

Reflection as Customization

class LibType {
public:
    int pub;
private:
    int prv;
public:
    void Print();
};
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Reflection as CP

https://godbolt.org/#z:OYLghAFBqd5QCxAYwPYBMCmBRdBLAF1QCcAaPECAMzwBtMA7AQwFtMQDMBnAgOgQAOA0lVQMCAZWRN6IAIwAWEWIIBVLpgAKADxAByAAx7SAKxAAmUrSYNQyAKTmAQo6ekBNzADlW7PA2RaAFcsAHpMbVYBegB9WjwAI34hUg16ZAI8MUpGdABhVGCWBhAAZlJcgBl/byCWBMxieQN3VC5CLIYCopK5VvbMsWqGWvrGstTMdMGGCQImYgJuupLytMwMzrmFgmHRhqa5Fp4d5eL5VPnFva86g7KASlTUIOJkdj1Q0IBqABUATwEmG%2B/xexG%2BaCw3wQjUwpG%2BJG%2BtFQTHQ3xs3wiUXovHsBgAgnj8YEmFwuN9qgkAUDvvYAOwuAkCIIJeLIEBE75c77%2BAjfZkJeylRn4gTEPAANyYnA5BO5PPE/OIEqFIoFbNl%2BPlEtQeDRmnF4ggD1VRPpABFVXonrR9ABWYwlPRyYyoED%2BQIhTDhSIsaKYOKJZLCAj6IxPCBISE4fBEMgUah0Ri%2BfQu5TiKQydiKdNqDQ6MPGMxKay2FAsJgAazhHhGPjYIDyAFkq5hqjwuLwCNoCJNpp0cgx8oUVhZLFUarcxk0ABz9DpiM4lcyWARtBcMG53cZz9abMTbRZLsd9jYzQ%2B7Sfb2eXU4j84r2/XK/TkAzp5cMHvfTICvVmIsP4eAsHUMTEJgACOQR4OB6AQAAatgABKEgAJIAPJeN8pS8HaJoEkSYqoCYZ4QJwPD4YSBKougMQRBsQTzKymAQBW/icty8QJD62IBlxvDIEIHFch6wRhFifqxPxggCMJmK%2Bv6oRsQwAlCA81pWPajqFqQbrNq27YEJ23a9qGhgaZGKAYDGhAkOQlA0PQzANs6xiiBm0iyDm7l5loujmaYEylnYriuO4nj1uwXE8ZJfFBoJwh7jMg7Dj0FgVEOW6vgAnPOMzHqu64zFl9y5UlWxXEs97Lqe%2B6zJVJXjGVlUFU%2Bl51teIDZR%2BX4fF8fyAsCoKvBC1nQrC8KIsiqLogw8m8biBHmKUolerSK68LwoSreJClSUGMmOOYZpLStARicCQp5FkPDgawQrYCd%2BI6nqFKJNS7AgAavLGmaDJyTw6AgFZjG0qUeRXet5jfYqVBBAEID8iyiNHWDEPg0jCRo5DqNihKKMrtjGN40TeRQ/Ydp5AwR2mgRdLmhptp6A6pBOkYukgNFEn%2BoGSQJaQZnhqQlnRrgtnxg5SbOewymqcIPmZl5c4%2Beofk6WYfTBSgoXOOFdYptz9BKUw/hy7VyUQLkx52gAbBl6CNU0pQtGuAydMefSuxujsWHa5sVXeaW2/7B4NS%2B9zO21HttT75h4c8rzfnojhnZ6UJXTdBB3SwD1mstO2XeDERAuKbDiDISmYPMucEadBdQ5t23nV6MU89JQkrk9/UABJTCX3zgVQ/ZiN8cMBDM5KsUEPDfA0o0MDwmBSrQlFoAvnDL%2BijGoN8wBVwBmDTjEeAQLyPKUfSIryuBBCvHNgPA2w8yP4fBxcDEqBUBAFPYJSH0mnaJweAKaWmFH9S0tdiRiEXpvJg29vhsCPtLOCD8QC3X8MAGIEo8CYAAO7fGlg8Wk/05Sj0RBAVBT8mDA38KIUeODaBokRgwaB8xMjIBiOgaUTAD7Tnfp/b%2Bdpf7vUGg8Ihl85J4CoN8SMpJj5YHEFInBxBExTHQOI8wNtHA2x5AozINBGgfy/gYxh4jSigPNAQ3wlF5RchvnfehajaZamIRAlx9jiBzR/qghgQRaC0AEFnGIBBnEWiemfZSv06ZX25KgtAoMro4xXAaYiZ5vjkT5HgckCRoKMIplTGmYDSFcj/oNdJg1QnFPKUCXEgCQB7wILwg4x8IAGAeByO0lihSWLkKqWxXJ%2BpOH%2BAqLA2hMZyQIINWpTh6n70Qc0k%2Bch2kgLBj0vp/TBnDP8KMpUKoqmTJqTDAgv0ilURcVyA5mBpkgHmYY5B38VwCiOsszpqzvjHWFPKTZVi2DjP2VMimMzbnEBiPco6eNnkdK6eY956yBk/CGT84EEL/mHMNMck0py5L9TyPQBYtB/jwgIAgLJ3xcF0FoAQ1AfI56u3aMxTUXyfiXN4CTbpsLTnygBgQIGIM%2BSJIxkdc0ME0lMGQO8MkiMBQE3MKTapVyBRypppTamndOXcn6nEl4/LwZJPMMK8CGR0Tiu4FwKVyoZVypZWy3VgrO4qsKU4LkT15RaoSbasmR0kKYCHmeToxqJVmsxpagVZMWWApua/O5vg4LgpZJClZobyYOrVTErkbqdXo09Sub1vq6oBtNea/GUMrUArqcC0FMaHnmAhSuF50Ks3JoKamrlVS5IeLmgYUJ9MiSMy0qzHSbpDbellvzQW1oniVhADbAwvA6SlE0TOBQChzB0gUDOAwpRNb6AUNpAKbo9DGDNeUcdEYYBQHPZZLOmA4QJl/K2fExBgBmsPaQNAfokzEEqDYYAQQmB71QkDBwzgwrIGnkQFg6FGLMgIAAMSlimZSIgkxmtgJgWMJBAMXEcpgLDfQcPSxAMO42pt%2BagFfVk1CzcsBAwClkls/gJC9VTMYLJ6EgRs2MMFLDh6IzofFlhywOHBPIacimAurd9pJBkqQcj/UPogjBKNKEMJwKTXBNNNEGJh2LXxGfLgUEFgsTPr4lg4iSHnIHlXBxpnvgACoCF1G7QzcgXAqNp3QzpejJtZjMdcq59jjAdLcdoxZfjcYsPlGE0DKLCGGxcz2nFPmKQ5M/AU8NcE0ZxpqYRBplEWm5o6aJPpwz4FT6KlM%2BZtNVnb6eMcywez9XnOsbc9RzzdGuAMd84nD4aY2MceCz%2BnjYWMPECw0oaLIAJtxfYPpashljI9lk/oIiJEMhkW4AQJZT173/kAgwYCoFwJQRFXBRCKEMJYRwnhJ6NE6LaAYkxegrEfMAzeKEDJcg5ZveQB9zbX3DpVNHWpFr7mLq0fZt5xjfnIdcEC5xqwQ3QtiNc3NrQxBUkZHVhcEYuD4P0Cw/HJmLMEcHt%2BOBS6y00ynsnRYBQvAbYzhtnaOQdoFA2zkOYJdpRmeaT0Lu0gLAyh0l4BuukdoZyKBtuL5aM5yik/0EekALRT3C0vUgeiYG4z2QgAsZ9mhPC0AkAgVAuCnRpnfQIOg0pOgG5GEbk3ZudKW8/SgYKMQEgJBiAIcw2Vsp2xd/QYgkVFdvtQB%2BoPUHJCO4R5rx9z7Q%2Ba7mPgJ0bkVCK2zBNlQqsCwBQ1ojsswGXC6y4qh40ulAmdBfa6CUjRxRYDL08Yg8NMhsF%2BKgQojfLgp7t1MY3pvzfGGvdmUguDiBMAECxm0/aFd6GwA9rXiJtBM4ALQ2wUBCYKMji6NGAoweYlLNC%2B/90QiAEMQO6z%2BBT9aW71IC0LCjmEqJxjl6ZgLoXNtzC8DkNlcwCg5Azh2gLoKB0gc50gDr7qh5moq4P606lDZS8CaLzqs52h0hxw/5oF86lB7rswHpD6wF87mDGBC5HAtCz74HmQo617EDtDZAKBAA


Reflection Libraries

What will be the guarantees for "reflection libraries"?

: Generative Extensions for Reflection 
(Andrei Alexandrescu, Bryce Lelbach, Michael Garland)
P3157R0

: ABI comparison with reflection
(Saksham Sharma)
P3095R0

: should minimize standard library dependency
(Jonathan Muller)
P4329R0

More interesting papers:

Scheduled next week for LEWG, the discussion is ongoing
 
We would love your input!

Reflection as CP

https://wg21.link/P3157R0
http://wg21.link/P3095R0
https://wg21.link/P4329R0


Pipeline Integration
Pipeline Integration

AppCode

LoggerLib

Compiler

LoggerLib.o

AppCode.o

Linker

version / macros

The compiler provides:
Standard version flag and implementation macros

The library can then "ifdef" based on it to figure out
Standard version
Avaliable features

main.out



Pipeline Integration
Pipeline Integration

main.out

Linker

main.oAppCode

LoggerLib

Compiler

version / macros

Linker

OldAppCode

LoggerLib

Compiler

version / macros

Backward
Compatibility



What should we expect from
"reflection libraries"?

What's Next?

Which guarantees do we need to provide?

1. No compatibility between standard versions
2. No backward compatibility for source code
3. No guarantees for existing code?

What should be the outcome of "breaking the contract"
1. The outcome of failures:

1. Program is ill-formed (fails to compile)
2. Program contains UB (undefined behavior)

2. Errors at compile time:
Should indicate to "reflection" stage (NOT "old" compilation)
Throw exceptions(?)

3. Warnings: Which level of feedback is given to correct mistakes?



C++ 26 Reflection
How will Reflection impact our code bases?

Summary

?
From: https://isocpp.org/std/status (by Herb Sutter)



Thank you!

Inbal Levi
sinbal2lextra@gmail.com
linkedin.com/in/inballevi/

Thank you!

Stay in touch!
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