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Overview

● What is reflection?

● Reflection in other languages

● Reflection before C++26

● Reflection in C++26

● Examining code with reflection

● Generating code with reflection



What is Reflection?

● Ability of a program to examine itself

● The program can be inspected or modified

● C++ has static reflection - compiler exposes structure at compile time

enum class Color { Red, Green, Blue };

int main()
{
   std::cout << std::meta::identifier_of(^^Color) << "\n"; // prints "Color"

   std::cout << identifier_of(enumerators_of(^^Color)[0]) << "\n"; // prints "Red"
}



Reflection in Java

class Foo {

  public void print() { System.out.println("Hello World!"); }

}

try {

  var obj = new Foo();

  var myClass = obj.getClass();

  System.out.println("Name: " + myClass.toString()); // Name: class Foo

  System.out.println("Methods: "

    + Arrays.toString(myClass.getDeclaredMethods())); // Methods: [public void Foo.print()]

} catch (Exception e) {

  e.printStackTrace();

}

godbolt.org/z/EPvecjTaE

https://godbolt.org/z/EPvecjTaE


Reflection in Java

try {

  var scanner = new Scanner(System.in);

  System.out.print("Enter method name to invoke: \n");

  String methodName = scanner.nextLine();

  var obj = new Foo();

  var cls = obj.getClass();

  Method method = cls.getMethod(methodName);

  method.invoke(obj);

} catch (Exception e) {

  e.printStackTrace();

}

godbolt.org/z/vsYcGvrE4

Hello World! or NoSuchMethodException: Order.boop()

https://godbolt.org/z/vsYcGvrE4


Reflection in Python

@dataclass

class Order:

   price: float

   qty: int

o = Order(100, 5)

print(dir(o))  # ['__annotate_func__', ..., 'price', 'qty']

setattr(o, "update_type", "new_order")

print("Updated object:")

print(vars(o)) # {'price': 100, 'qty': 5, 'update_type': 'new_order'}

print("Access via getattr:", getattr(o, "qty")) # Access via getattr: 5

godbolt.org/z/GhqW1TKax

https://godbolt.org/z/GhqW1TKax


Reflection in Python

# Reflect

fields = vars(Order(100, 5))

# Generate code based on reflection

code = f"""

def describe(self):

   print("Fields:", {list(fields.keys())})

"""

namespace = {}

exec(code, namespace)

setattr(Order, "describe", namespace["describe"])

o = Order()

o.describe()

godbolt.org/z/xnKKf1eWo

https://godbolt.org/z/xnKKf1eWo


Reflection before C++26

● Workarounds that generate code to achieve reflection-like behavior

● Not pure reflection

● Boost Describe: C++14 reflection library



Reflection before C++26
#define COLORS   \

   FUNC(Red)     \

   FUNC(Green)   \

   FUNC(Blue)

enum class Color {

#define FUNC(name) name,

   COLORS

#undef FUNC

};

enum class Color {

   Red, Green, Blue,

};



Reflection before C++26

std::string enumToString(Color c) {

   switch(c) {

#define FUNC(name) case Color::name: \

    return std::string(#name);

       COLORS

#undef FUNC

       default: return "Unknown";

   }

}

std::string enumToString(Color c) {

   switch(c) {

       case Color::Red: return std::string("Red");

       case Color::Green: return std::string("Green");

       case Color::Blue: return std::string("Blue");

       default: return "Unknown";

   }

}



Reflection before C++26

std::string enumToString(Color c) {

   switch(c) {

#define FUNC(name) case Color::name: return 

std::string(#name);

       COLORS

#undef FUNC

       default: return "Unknown";

   }

}

std::string enumToString(Color c) {

   switch(c) {

       case Color::Red: return std::string("Red");

       case Color::Green: return std::string("Green");

       case Color::Blue: return std::string("Blue");

       default: return "Unknown";

   }

}

for (auto color : allColors)

{

   std::cout << "Color: " << enumToString(color) << '\n';

}

godbolt.org/z/P3bjqvsvh
godbolt.org/z/oGxz56qs5

http://godbolt.org/z/P3bjqvsvh
https://godbolt.org/z/oGxz56qs5


Reflection before C++26

BOOST_DEFINE_ENUM_CLASS(E1, v1, v2, v3)

struct X
{};

BOOST_DESCRIBE_STRUCT(X, (), ())

struct Y: public X
{
    int m;
    static void f();
};

BOOST_DESCRIBE_STRUCT(Y, (X), (m, f))



Reflection in C++26



Reflection Operator ^^

● "Lifts" expression into reflection domain

● Entity being reflected can be a type, variable, function, namespace, 

enumerator, etc.

● Informally called the unibrow operator ^.^

constexpr auto r = ^^int;



Reflection Operator ^^

● "Lifts" expression into reflection domain

● Entity being reflected can be a type, variable, function, namespace, 

enumerator, etc.

● Informally called the unibrow operator ^.^

● Must be evaluated at compile time

constexpr auto r = ^^int;



Reflection Operator ^^

● "Lifts" expression into reflection domain

● Entity being reflected can be a type, variable, function, namespace, 

enumerator, etc.

● Informally called the unibrow operator ^.^

● Must be evaluated at compile time

● Returns std::meta::info

constexpr std::meta::info r = ^^int;



Meta Functions

template for

   (constexpr auto c : std::define_static_array(std::meta::enumerators_of(^^Colors)))

{

   std::cout << identifier_of(c) << "\n";

}

godbolt.org/z/hnG7vaYPs

https://godbolt.org/z/hnG7vaYPs


Meta Functions

template for

   (constexpr auto c : std::define_static_array(std::meta::enumerators_of(^^Colors)))

{

   std::cout << identifier_of(c) << "\n";

}

reflect the enum



Meta Functions

template for

   (constexpr auto c : std::define_static_array(std::meta::enumerators_of(^^Colors)))

{

   std::cout << identifier_of(c) << "\n";

}

vector{^^Colors::Red, ^^Colors::Green, ^^Colors::Blue}



Meta Functions

template for

   (constexpr auto c : std::define_static_array(std::meta::enumerators_of(^^Colors)))

{

   std::cout << identifier_of(c) << "\n";

}

returns identifier of reflection (std::string_view)



Meta Functions

template for

   (constexpr auto c : std::define_static_array(std::meta::enumerators_of(^^Colors)))

{

   std::cout << identifier_of(c) << "\n";

}

runtime static lifetime for compile time meta list??



Meta Functions

template for

   (constexpr auto c : std::define_static_array(std::meta::enumerators_of(^^Colors)))

{

   std::cout << identifier_of(c) << "\n";

}

P1306: Expansion Statement

compile-time repetition of a statement

https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2025/p1306r5.html


Detour: Reflection representation in compilers

class R;

constexpr std::meta::info res1 = ^^R;

constexpr auto print1 = std::meta::is_complete_type(res1);  // (1) False

class R {

   int a;

};

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

constexpr auto print2 = std::meta::is_complete_type(res2);

constexpr auto print3 = std::meta::is_complete_type(res1);

godbolt.org/z/bsMze3Td4

https://godbolt.org/z/bsMze3Td4


godbolt.org/z/qrcK19cze

https://godbolt.org/z/qrcK19cze


Splicers [: ... :]

● [: r :] produce a C++ expression evaluating to the entity represented by r

● typename[: r :] produces a type specifier

● template[: r :] produces a template name

constexpr auto color = [:enumerators_of(^^Colors)[0]:] 

static_assert(color == Colors::Red);

constexpr auto r = ^^int;

typename[:r:] x = 42;



Examining Code with Reflection



Enum to String

template <typename E>

constexpr std::string_view enum_to_string(E e)

{

   template for (constexpr auto I : std::define_static_array(enumerators_of(^^E)))

       if (e == I)

           return identifier_of(I);

   return "unknown";

}

godbolt.org/z/h5bjoreYh

https://godbolt.org/z/h5bjoreYh


Enum to String

template <typename E>

constexpr std::string_view enum_to_string(E e)

{

   template for (constexpr auto I : std::define_static_array(enumerators_of(^^E)))

       if (e == [:I:])

           return identifier_of(I);

   return "unknown";

}

godbolt.org/z/Yj8vs54Ee

http://godbolt.org/z/Yj8vs54Ee


String to Enum

template <typename E>

constexpr std::optional<E> string_to_enum(std::string_view s)

{

   static constexpr auto enums = std::define_static_array(enumerators_of(^^E));

   template for (constexpr auto I : enums)

       if (s == I)

           return I;

   return std::nullopt;

}

godbolt.org/z/nE5jqzTYY

https://godbolt.org/z/nE5jqzTYY


String to Enum

template <typename E>

constexpr std::optional<E> string_to_enum(std::string_view s)

{

   static constexpr auto enums = std::define_static_array(enumerators_of(^^E));

   template for (constexpr auto I : enums)

       if (s == identifier_of(I))

           return [:I:];

   return std::nullopt;

}

godbolt.org/z/143PjWTK9

https://godbolt.org/z/143PjWTK9


Meta Functions (Contd.)

● identifier_of

● display_string_of

● source_location_of

● type_of

● parent_of

● template_of

● template_arguments_of

● members_of

● bases_of

● static_data_members_of

● nonstatic_data_members_of

● enumerators_of

● can_substitute

● substitute

● data_member_spec

● define_aggregate

// type predicates
● is_public

● is_private

● is_virtual

● is_enumerator

● is_const

● is_class_member

● is_complete_type

● ...



Class Formatter

template <typename T>

void format(T const& t)

{

   std::cout << identifier_of(^^T) << "{";

   template for (constexpr auto mem :

                 define_static_array(nonstatic_data_members_of(^^T))) {

     std::cout << std::format("{} = {}, ", identifier_of(mem), t.[:mem:]);

   }

   std::cout << "}";

}



Class Formatter

template <typename T>

void format(T const& t)

{

   std::cout << identifier_of(^^T) << "{";

   template for (constexpr auto mem :

                 define_static_array(nonstatic_data_members_of(^^T))) {

     std::cout << std::format("{} = {}, ", identifier_of(mem), t.[:mem:]);

   }

   std::cout << "}";

}



Class Formatter

template <typename T>

void format(T const& t)

{

   std::cout << identifier_of(^^T) << "{";

   template for (constexpr auto mem :

                 define_static_array(nonstatic_data_members_of(^^T))) {

     std::cout << std::format("{} = {}, ", identifier_of(mem), t.[:mem:]);

   }

   std::cout << "}";

}



Class Formatter

template <typename T>

void format(T const& t)

{

   std::cout << identifier_of(^^T) << "{";

   template for (constexpr auto mem :

                 define_static_array(nonstatic_data_members_of(^^T))) {

     std::cout << std::format("{} = {}, ", identifier_of(mem), t.mem);

   }

   std::cout << "}";

}



Class Formatter

template <typename T>

void format(T const& t)

{

   std::cout << identifier_of(^^T) << "{";

   template for (constexpr auto mem :

                 define_static_array(nonstatic_data_members_of(^^T))) {

     std::cout << std::format("{} = {}, ", identifier_of(mem), t.[:mem:]);

   }

   std::cout << "}";

}



Class Formatter

template <typename T>

void format(T const& t)

{

   std::cout << identifier_of(^^T) << "{";

   constexpr auto access_ctx = std::meta::access_context::unchecked();

   template for (constexpr auto mem :

                 define_static_array(nonstatic_data_members_of(^^T, access_ctx))) {

     std::cout << std::format("{} = {}, ", identifier_of(mem), t.[:mem:]);

   }

   std::cout << "}";

}

godbolt.org/z/7nEW41d7e

http://godbolt.org/z/7nEW41d7e


Generating Code with Reflection



define_aggregate

template <reflection_range R = initializer_list<meta::info>>
consteval auto define_aggregate(info type_class, R&&) -> meta::info;

● define_aggregate takes the reflection of an incomplete class/struct/union type and a range of reflections of data 

member descriptions and completes the given class type with data members as described (in the given order)

● data_member_spec returns a reflection of a data member description for a data member of given type. Optional 

alignment, bit-field-width, and name can be provided as well

consteval auto data_member_spec(info type, data_member_options options) -> info;



struct Person;

consteval {

   define_aggregate(^^Person, {

       data_member_spec(^^std::string, {.name="name"}),

       data_member_spec(^^int, {.name="age"}),

       data_member_spec(^^double, {.name="weight"}),

   });

}

godbolt.org/z/PhjW71r6P

https://godbolt.org/z/PhjW71r6P


Simple tuple - without reflection

template <typename... Ts>

struct Tuple;

template <typename T, typename... Ts>

struct Tuple<T, Ts...>

{

   constexpr Tuple() {}

   constexpr Tuple(T const& t, Ts const&... ts)

   : head(t), tail(ts...) {}

  

   T head;

   Tuple<Ts...> tail;

};

template <typename T>

struct Tuple<T>

{

   constexpr Tuple(): head(T()) {}

   constexpr Tuple(T const& t) : head(t) {}

   T head;

};

godbolt.org/z/zM3E3hWfP

https://godbolt.org/z/zM3E3hWfP


Simple tuple - without reflection

template <std::size_t I, typename T>

struct tuple_element;

godbolt.org/z/zM3E3hWfP

template<std::size_t I, typename Head, typename... Tail>

struct tuple_element<I, Tuple<Head, Tail...>>

{

   using type = typename tuple_element<I-1, Tuple<Tail...>>::type;

};

template<typename Head, typename... Tail>

struct tuple_element<0, Tuple<Head, Tail...>>

{

   using type = Head;

};

https://godbolt.org/z/zM3E3hWfP


Simple tuple - with reflection

template<typename... Ts>

struct Tuple {

  struct storage;

  consteval {

    define_aggregate(^^storage,

      {data_member_spec(^^Ts)...});

  }

  storage data;

  Tuple(): data{} {}

  Tuple(Ts const& ...vs): data{ vs... } {}

};

template <std::size_t I, typename T>

struct tuple_element;

template<std::size_t I, typename... Ts>

struct tuple_element<I, Tuple<Ts...>> {

   static constexpr std::array types = {^^Ts...};

   using type = [: types[I] :];

};

godbolt.org/z/jW1srdss7

http://godbolt.org/z/jW1srdss7


Recap

● Ability of a program to examine itself

● Reflection operator ^^ - "lifts" expression into reflection domain

● Meta functions - used to operate on reflection

● Splicer - [: r :] produce a C++ expression evaluating to the entity represented by 

r

● Superpower in C++26 - examining and generating code!



Resources

● An Introduction to C++26 Reflection - CppCon 2025 - Inbal Levi

● Reflections on C++ Reflection - David Vandevoorde

● Practical Reflection with C++26 - CppCon 2025 - Barry Revzin

● P2996: Reflections for C++26

https://www.youtube.com/watch?v=HBkG5DpLYo0
https://www.youtube.com/watch?v=eSJsURVV-Zk
https://www.youtube.com/watch?v=ZX_z6wzEOG0
https://isocpp.org/files/papers/P2996R13.html

