o Orion
Innovation

REFLECTION TS

AnekcaHap aHHOXWUH
Orion Innovation



JIABA |
PE®JIEKCUSA



UTO TAKOE PE®JIEKCUA?

Pednekcus
opmMmynnpoBkKa, oxBaTbiBaloLLas LUMPOKNN KPYT ABNEHNN U
KOHLENUNW, Tak Uan nHade OTHOCALLMXCS K obpalleHnto
pasyma [...] Ha camoro cebs.
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JS

var person = {
fname: "Default",
lname: "Default",
getFullName: function () {
return this.fname + " " 4+ this.lname;

var john = {
fname: "John",
lname: "Doe"

john. proto = person;
//Reflection : Iterate over the members of an object

for (var prop in john) {
console.log(prop + " : " + john[propl]):
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var person = {
fname: "Default",
lname: "Default",
getFullName: function () {
return this.fname + " " + this.lname;

var john = {
fname: "John",
lname: "Doe"

john. proto = person;
//Reflection : Iterate over the members of an

for (var prop in john) {
console.log(prop + " : " + john[prop]);

JS

object

fname : John

lname : Doe

getFullName : function () {
return this.fname + "

mw

+ this.lname;



o O b W DN

PYTHON

class my class():
def foo(self) :
print ("my class.foo")

instance = globals() ["my class"] ()
instance.foo ()



o O b W DN

PYTHON

class my class():
def foo(self):
print ("my class.foo")

instance = globals() ["my class"] ()
instance.foo ()

my class.foo



PEDJIEKCUA C++

22?2



JIABA I
PE®JIEKCUA B C++
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28

~1991-2011

// from boost: boost/detail/is incrementable.hpp
template<bool C, typename T = void>

struct enable if { typedef T type; };
template<typename T>

struct enable if<false, T> {};

namespace 1is_inc {
typedef char (&yes) [1l]; typedef char (&no) [2];

struct tag {};
struct any { template <class T> any (T consté&); };
tag operator++ (any const &) ;

template<typename T>
static yes test (T const &);
static no test (tag);

template<typename T> struct IsInc
{
static T & type value;
static const bool value = sizeof (yes) == sizeof (test (++type value));
i
}
template<typename T>
struct IsInc : public is inc::IsInc<T> {};

template<class Ty>
typename enable if<IsInc<Ty>::value>::type sfinae increment (Ty & arg);



2011-2020

template<class, class = void t<>>
struct : false type {};

template<class T>
struct <T, void t<decltype( ++declval<T&>() )>>
true type {};

template<class Ty>
enable if t<IsInc<Ty>::value> sfinae increment (Ty & arg);



C 2020

1 void sfinae increment (auto & arg)

requires requires { t+arg;

g



PE®JIEKCUSA B C++ CENUYAC

ToNbKO 3aKpbIThie BOMPOCHI

Bo3MoxkHa nn HekoTopast onepaunsa Hag 06 beKTOM
HEKOTOPOro Tnuna?

KoHCcTpympyeTcs nn TUn N3 gaHHbIX apryMeHToB?



PE®JIEKCUA

"3aKpbiTble BONpocChbl"

"OTKpbITble BONpPoOChHI"

Boa3mo)kHa nn onepauuns
Hag oObekToM TUNa?

Kakune onepaunm
BO3MO>XHbl HAQ, TUMOM?

KOHCTpynpyeTcs nn Tun
N3 gaHHbIX aprymeHToB?

13 Kaknx aprymMeHToB
KOHCTPYUpyeTca Trn?



I JIABA I
NMEPBOE SHAKOMCTBO



NMEPBOE SHAKOMCTBO
& oo

Not completely up to the specs yet ... but we have a
reflection TS implementation:
compiler-explorer.com/z/TrYEYhgMK

github.com/matus-chochlik...
#exx #epp #Heplusplus

9:25 AM - Nov 22, 2021 - Twitter Web App



NMNEPBOE SHAKOMCTBO

using ms = reflexpr(std);
std::cout << get name v<ms> << std::endl; // std



CAMASA NEPBASA UOES...
... CEPUAJINIALNA!



12
13

10 MUHYT CNYCTAL...

print (My object{});
// value 1="'1000"' value 2='FOO' PI='3.1415"
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PEAJINSALUAL...

using namespace std::experimental::reflect;
template<typename TPublicMethodMeta, typename TOb7j>
auto do_call impl(TObj const & o)
{

auto const fx ptr = get pointer v<TPublicMethodMeta>;

return (o.*fx ptr) ();
}
template<typename TPublicMethodMeta, typename TObject>
void invoke if getter and print (TObject const & obj, std::ostream & out)
{

constexpr std::string view full method name { get name v<TPublicMethodMeta> };

if constexpr (full method name.starts with("get "))

{

out << full method name.substr(4) << "=\'"
<< do_call impl<TPublicMethodMeta> (obj) << "\' ";

}

template<size t ... I, typename T>
void print impl( T const & val, std::index sequence<I...>)
{
using public members = get public member functions t<reflexpr (T)>;

(invoke if getter and print<get element t<I, public_members>>(val, std::cout) ,...

}
template<typename T>
void print (T const & val)
{
using mo = reflexpr(T);
using public members = get public member functions t<mo>;

print impl(val, std::make index sequence<get size v<public members>>{});



BMNEYATJIEHNA 3A 10 MUHYT

[Toxoxke Ha To, 4To ecTb B C#/Python/gpyrux All
BO3MOXXHOCTU KaXKYTCA HEBEPOATHbLIMU
Be3yMHO MHTEPECHO, HY>KHO n3y4aTb

ITO CTOUT OTAEeNbHOro goknaanal



JIABA IV
REFLECTION TS



reflexpr( xxx )

roe, XxXx

type-id

namespace—name
id—-expression
(expression)
function—-call-expression

functional-type—-conv—-expression



META-OBBEKT

using meta object = reflexpr( /* ... */ );

A meta-object type is an unnamed, incomplete
namespace-scope class type.

A meta-object type allows inspection of some properties
of the operand to reflexpr through type traits or type
transformations on it.



B CTUJIE type_traits

NonHasa dbopma

KpaTkas
chopma

™n

trait<mo>: :type

trait_t<mo>

3HavueHMe trait<mo>::value trait_v<mo>



KAK BCE YCTPOEHO

13 // type (sequence)
14 using mo_ sequence = get enumerators t<meta object>;
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1

constexpr int x = 123;

int main() {
using meta object

static assert( is_

-U WWAT

= reflexpr (x);

constexpr v<meta object> );

using type meta object = get type t<meta object>;

using type of x =

static assert( 1s

get reflected type t<type meta object>;
same v<int const, type of x> );

static assert( *get pointer v<meta object> == 123 );



11

NMNPUBET, MUP!

using meta object = reflexpr (Foo);
Jl BREE

// Hello, CppRussiaz022!



NMNPUBET, MUP!

using enumerators_mo

get_enumerators_t<meta_object>;



NMPUBET, MUP!

using enumerators mo = get enumerators t<meta object>;

static assert( get size v<enumerators mo> == ) ;



10
11

NMNPUBET, MUP!

using enumerators mo = get enumerators t<meta object>;

cout << get name v<get element t<O0,
<< get name v<get element t<1,

"

enumerators mo>> << ",
enumerators mo>> << "!I";



12

NMPUBET, MUP!

enum class {

Hello,
CppRussi1a2022
} i
int () A
using meta object = reflexpr (Foo);
using enumerators mo = get enumerators t<meta object>;

cout << get name v<get element t<0, enumerators mo>> <<
<< get name v<get element t<l, enumerators mo>> <<
// Hello, CppRussia2022!



JIABA V
BO3SMO>XHOCTM



to_string(Enum)



to_string(Enum)

string to string(my_ enum val) {
switch (val) {
case my enum::one: { return "one";
case my enum: :two: { return "two";

R O W O J1 Oy Ul

=

case my enum::three: { return "three';

}
}
}



to_string(Enum)

1 DECLARE ENUMERATION (my enum, one,

two,

three) ;



to_string(Enum)

assert ("three"sv == to string(my enum::three));



to_string(Enum)

using enumeration mo = get allased t<reflexpr(T)>;



to_string(Enum)

using enumeration mo = get aliased t<reflexpr (T)>;



to_string(Enum)

template<Enumeration T>
string to string(T val) {
using enumeration mo = get allased t<reflexpr(T)>;



to_string(Enum)

using enumerators os = get enumerators t<enumeration mo>;



to_string(Enum)

return [&val]l<size t ... I>( index sequence<I...> )

} ( make index sequence<get size v<enumerators os>>{}

{

)7



(00)

to_string(Enum)

template<Enumeration T>

string (T val) {
using enumeration mo = get aliased t<reflexpr (T)>;
using enumerators os = get enumerators t<enumeration mo>;
return [&val]<size t ... I>( index sequence<I...> ) {
(cout << ... << get name v<get element t<I, enumerators o0s>>);

// onetwothree
} ( make index sequence<get size v<enumerators os>>{} );



14

to_string(Enum)

template<Enumeration T>
string to string (T val)
using enumeration mo

using enumerators os

{

= get alilased t<reflexpr (T)>;
= get enumerators t<enumeration mo>;

return [&val]<size t I>( index sequence<I...> ) {
string ret {};
ignore = ( ... ||
(
get constant v<get element t<I, enumerators os>> == val
? (ret = get_name_v<get_element_t<I, enumerators os>>,
false

)

) || (throw std::out of range { "No enum" }, true) ;

return ret;

} ( make index sequence<get size v<enumerators os>>{} );

Tri



to_string(Enum)

template<Enumeration T>
string to string (T val) {

using enumeration mo = get aliased t<reflexpr (T)>;
using enumerators os = get enumerators t<enumeration mo>;
return [&val]<size t ... I>( index sequence<I...> ) {

} ( make index sequence<get size v<enumerators os>>{} );

11 enum class my enum { one, two, three };

int main () {
assert ("one'"sv == to_string(my_enum::one));
assert ("two"sv == to string(my enum::two));

assert ("three'"sv == to_string(my_enum::three));



10

to_string(Enum)

return all enumerators.at( static cast<underlying type t<T>>(val)

)£



11
12

to_string(Enum)

} else

return to string common (val);
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CEPUAJINIALNA
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CEPUAJINIALNA

template<typename T>
void print (T val);

struct My object
{

int get value 1() const { return 1000; }

std::string get value 2() const { return "FOO";

float get PI() const { return 3.1415f; }
Iy

int main () {
print (My object{});
// value 1="'1000"' value 2='FOO' PI='3.1415"

}



CEPUAJINSALANA

using public methods os

get public member functions t<type mo>;



CEPUAJINSALNA

[&vall<size t ... I>( index sequence<I...> ) {
// 2272

} ( make index sequence<get size v<public methods os>>{}

b



12

CEPUAJINIALNA

template<typename method mo, typename T>
void process method (T val) {

( process method<get element t<I, public methods os>>(val),



CEPUAJINSALNA

template<typename method mo,

volid process method (T val) {
constexpr string view full method name

constexpr auto

1f constexpr

typename T>

method ptr

( full method name.starts

cout << full method name.substr (4)

<<

}
template<typename T>

void print (T wval) {
using type mo =
using public methods os

[&val]<size t

(val.*method ptr) ()

<<

n\l

= get name v<method mo>;

= get pointer v<method mo>;

with("get ") ) {
<< n:\ rmw

L L S
14

get aliased t<reflexpr(T)>;

get public member functions t<type mo>;

I>( index sequence<I...> ) {

( process method<get element t<I, public methods os>>(val),

} ( make index sequence<get size v<public methods os>>{} );



ObbIYHAA CEPUAJTIN3ALNA

3TO CKYYHO



HEOBbIYHAA CEPUAJIN3ALUA



SELF UML
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SELF UML

struct interface {

virtual void do something a (int)

int x;
[

struct implementation : interface {

&

void do something a (int) & override;

float y;
I

int main() {
generate uml<implementation>();

//

->

@ interface

oint x

@ char do_something alint) &

?

@ implementation

o float y

@ char do_something_alint) &




SELF UML

using class mo = get aliased t<reflexpr (T)>;



SELF UML

template<typename T>

void ) |
using class mo = get aliased t<reflexpr (T)>;
using bc os = get base classes t<class mo>;
[I]<size t ... I>( index sequence<I...> ) {

(..., generate uml<get reflected type t<get class t<get element t<I, bc o0os>>>>());
} (make index sequence<get size v<bc os>>{});



10

SELF UML

template<typename T>
void generate uml () {

using class mo

get aliased t<reflexpr(T)>;

using bc os = get base classes t<class mo>;
[]<size t

(..., generate uml<get reflected type t<get class t<get element t<I, bc 0s>>>>());
(cver

cout << get name v<get class t<get element t<I, base classes o0s>>>
<< " <|]-- " << get name v<class mo> << "\n"

I>( index sequence<I...> ) {

)) s

} (make index sequence<get size v<bc os>>{});
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SELF UML

template<typename
void (

using class mo

using bc os

cout <<

cout <<

T>
) |

get aliased t<reflexpr(T)>;

get base classes t<class mo>;

<< get name v<class mo> <<
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11
12
13

SELF UML

using public methods os = get public member functions t<class mo>;

[I<size t ... I>( std::index sequence<I...> ) {

( ..., dump method<get element t<I, public methods os>>( )

} ( std::make index sequence<get size v<public methods os>>{}

) ;

) ;



10
11

SELF UML

template<typename T>

void 0 {
using class mo = get aliased t<reflexpr (T)>;
using bc os = get base classes t<class mo>;
cout << << get name v<class mo> << g
using public methods os = get public member functions t<class mo>;

/* dump method for public methods os */

cout << H



13
14
15
16

temp
void

SELF UML

late<typename T>
() {
using class mo = get aliased t<reflexpr(T)>;
using bc os = get base classes t<class mo>;
cout << << get name v<class mo> << g
using public methods os = get public member functions t<class mo>;
using public data os = get public data members t<class mo>;
[I<size t ... I>( std::index sequence<I...> ) {

( ..., dump field<get element t<I, public data os>>( )
} ( std::make index sequence<get size v<public data os>>{}

cout << 2

I

) :
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11

SELF UML

template<typename T>

void () A
using class mo = get aliased t<reflexpr (T)>;
using bc os = get base classes t<class mo>;
cout << << get name v<class mo> << 5
using public methods os = get public member functions t<class mo>;

/* dump method for public methods os */

using public data os = get public data members t<class mo>;

cout << g



SELF UML

template<typename T>

void generate uml () {
using public methods os = get public member functions t<class mo>;

/* dump method for public methods os */

template<typename mo>

void dump method( ) {
using parameters os = get parameters t<mo>;
cout << " 4" << get name v<get type t<mo>> << " " << get name v<mo> << " (";
[I<size t ... I>( std::index sequence<I...> ) {

( ..., (cout << get name v<get type t<get element t<I, parameters o0s>>>)

} ( std::make index sequence<get size v<parameters os>>{} );
COUt << ll) ll;
if ( has lvalueref qualifier v<mo> ) { cout << " &"; }

21 cout << "\n";
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14

SELF UML

template<typename T>

void () A
using class mo = get aliased t<reflexpr (T)>;
using bc os = get base classes t<class mo>;
cout << << get name v<class mo> << 5
using public methods os = get public member functions t<class mo>;
using public data os = get public data members t<class mo>;

/* dump field for public data os */

cout << g



cout <<

w

SELF UML

+" << get name v<get type t<mo>> << " " << get name v<mo> << "\n";
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SELF UML

struct interface {
virtual void do something a (int) & =

int x;
I
struct i1mplementation : interface {
void do_something a (int) & override;
float vy;
b
int main () {
generate uml<implementation>(); // ->



SELF UML

struct interface {

virtual void do something a (int) & = 0O; ,
ot — - class 1interface {
TR +void do something a(int)
I . - -
: . , +1nt x
struct i1mplementation : interface { |
void do something a (int) & override; , , ,
float - - interface <|-- implementation
oa ; . .
. | class 1mplementation {
’ +void do something a(int)
: . +float vy
int main () {

generate uml<implementation>(); // -> }



SELF UML

class interface {

+void do_ something a(int)
+int x

}

interface <|-- implementation

class implementation {
+void do something a(int)
+float vy

&

&

@ interface

2 int x

@ char do_something_alint) &

?

@ implementation

o float v

@ char do_something_alint) &




OABPUKA
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OABPUKA

struct { A() {
struct { B(A) {
struct { C() {
struct { D(B, C) {

template<typename T>
T create();

int () |
create<D> () ;

printf
printf
printf

o~ o~ o~ o~

printf



OABPUKA

using type mo = get aliased t<reflexpr (T)>;



OABPUKA

1f constexpr (get size v<get constructors t<type mo>> == 0) {
return T{};



template<typename T>
T () |

OABPUKA

using type mo = get aliased t<reflexpr (T)>;

if (get

return T{};

} else {
using c_tor mo
using cp os =

size v<get constructors t<type mo>> == 0)

= get element t<0, get constructors t<type mo>>;
get parameters t<c tor mo>;



15
16
17
18
19

OABPUKA

template<typename T>

T

() A

using type mo = get aliased t<reflexpr (T)>;
if (get size v<get constructors t<type mo>> == 0) {
return T{};
} else {
using c_tor mo = get element t<0, get constructors t<type mo>>;
using cp os = get parameters t<c tor mo>;
if (get _size v<cp os> == 0) {
return T {};
} else {
return []<size t I>( index sequence<I...> ) {
return T ( create<

get reflected type t<

get type t<get element t<I,
>
>() ... )

} ( make index sequence<get size v<cp os>>{}

cp_os>>

) &



CO3JAHUE OBBEKTOB INO
CTPOKE



CO3JAHUVUE OBBEKTOB INO
CTPOKE



CO3JAHUVUE OBBEKTOB INO
CTPOKE

14 auto t3 = create from struct namespace<Dummy, "Type3">();
15 static assert( is same v<decltype(t3), Dummy::Type3> );



CO3JAHUVUE OBBEKTOB INO
CTPOKE

template<size t N>
struct str literal {
constexpr str literal (const char (&a str) [N]) {
copy n(a str, N, str);
}
char str[N];

~ o U s W N

i

9 template<typename T, str literal name>

15 auto tl = create from struct namespace<Dummy, "Typel">();



3
4

12

CO3JAHUVUE OBBEKTOB INO
CTPOKE

template<str literal name, typename type mo, typename ... Rest>
auto create value();

return create value<name, get element t<I, public types os>...>();



CO3JAHUVUE OBBEKTOB INO
CTPOKE



CO3JAHUVUE OBBEKTOB MO
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CTPOKE

template<size t N> struct str literal { char str[N]; };

template<typename T, str literal name>
auto create from struct namespace();

struct Dummy {
struct Typel { };
struct Type2 { };
struct Type3 { };
i

int main () {
auto tl = create from struct namespace<Dummy, "Typel">();
static assert( is_same v<decltype (tl), Dummy::Typel> );

auto tl = create from struct namespace<Dummy, "Type2">();
static assert( is same v<decltype(tl), Dummy::Type2> );



CO3JAHUVUE OBBEKTOB INO
CTPOKE-2



CO3JAHUVUE OBBEKTOB INO
CTPOKE-2



CO30AHUE OBBEKTOB INO
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CO3JAHUVUE OBBEKTOB INO
CTPOKE-2

struct Dummy {
struct Typel { };
struct Type2 { };
struct Type3 { };
i

int main() {

std::string s = get object name from network(); // returns "Type2"
auto dump type = [] (auto x){ cout << get name v<reflexpr (decltype (x))>;
create from struct namespace<Dummy> (s, dump type); // Type2

g



I JIABA VI
OrPAHUYEHUA



OrPAHNYEHUA

Read-only pednekcus

HeBO3MOXXHO nccnegosaTth Tena QyHKUUn
HeBO3MOXXHO nccniegoBaTb NPOCTPaHCTBA MEH
HeBO3MOXXHO nccnegosaTtb aTTPUbYThI

HeBO3MOXXHO nccnegoBaTh LWABNOHDI



PEOJIEKCUA OJ1A ATTPNBYTOB
pP1887



PEDJIEKCUSA ONA ATTPUBYTOB U
NMPOCTPAHCTB UMEH



N©)

CONSTEXPR REFLEXPR
00953

// 0953
constexpr auto meta object
constexpr auto public members

reflexpr ( some type );
meta object.get public member functior



N©)

OMNMEPATOP PEOQOJIEKCUUN
p2320

// p2320

constexpr reflect::Type meta object “some type;

using type t :meta object:;



MIRROR

cout << get name (mirror (int))

<< endl;



PE®JIEKCUA B C++

Pednekcuna B C++ - MOLHO
Mbl orpaHnyeHbl N1b BOOOPaXkKeEHNEM

OTO TOJIbKO Hayaso



CINACUNBO!



