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Ecnun oyeHb XOoTUM reflection ceroaHs

[Tniem obpaboTyumk

AST nepesa Mogum KomnmnaTop
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KomnunnaTtop, KOTOpbIU CMOT

lock3’s clang
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Cepunanusauusa arperatoB



Cepuanunsauuna arperaTtoB

> XOTUM 4nTaTb U NUCaTb B MNOTOK
> 10'000 cTpyKTYyp
) std::is _aggregate v<T> || has io operator v<T>
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struct User {
std: :string name;
std: :string status;
uint64 t age;

};

16



User user = {"Ruslan", "I am okay.", 23, };

std: :cout <L user:;

17



User user = {"Ruslan", "I am okay.", 23, };

std: :cout << user;

$> {"Ruslan", "I am okay.", 23, }

18



template <typename Char,
typename Traits,
typename T>
auto& operator<<(
std: :basic ostream<Char, Traits>& out,
const T& value) {

19



auto& operator<<(/*code*/, const T& value) {

out << '{';

} 20



auto& operator<<(/*code*/, const T& value) {
out << '{';

auto tie = magic::tie as tuple(value);

A

é\ magic_get
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auto& operator<<(/*code*/, const T& value) {
out << '{';

auto tie = magic::tie as tuple(value);
detail::for each(tie, [&] (auto&& arg)
out <K arg < ", ",

})

A—_
@ magic_get
22




auto& operator<<(/*code*/, const T& value) {
out << '{';

auto tie = magic::tie as tuple(value);
detail::for each(tie, [&] (auto&& arg)
out <K arg < ", ",

})
out << '}/ ;

return out: ~

Z#% Y magic_get

23




template <typename T, typename Operator>
constexpr void for each(T&& t,
Operatoré&é& op) {
for each 1mpl (
std: : forward<T>(t) ,
std: : forward<Operator> (op),
std: :make index sequence<T::size v>{});

24



template <typename T,
typename Operator,
size t ... Is>
constexpr void for each impl (
T&& t, Operatoré&é& op,
std: :index sequence<Is...>) {
(..., op(magic: : :get<Is>(std::forward<T>(t)))

25



template <typename T,
typename Operator>

constexpr void for each impl (
T&& t, Operatoré&é& op,
std: :1index sequence<0,1,2>) {
op (magic: :get<0>(std: : forward<T>(t)) ;
op (magic: :get<l>(std: : forward<T>(t)) ;
op (magic: :get<2>(std: : forward<T>(t)) ;

26
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auto& operator<<(/*code*/, const T& value) {
out << '{';

auto tie = magic::tie as tuple(value);
detail::for each(tie, [&] (auto&& arg)
out <K arg < ", ",

})
out << '}';

return out: ~

Z#% Y magic_get

28




auto& operator<<(/*code*/, const T& value) {

out << '{';

out < '}';

return out:

} 29



auto& operator<<(/*code*/, const T& value) {
out << '{';

detail: :for each by members (value,

[&] (auto&é& arg)
out <K arg << ", ";

}) o,
out << '}';

return out:

} 30



template<typename T, typename Operator>
volid for each by members (T&& t,
Operatoré&é& op) {

\ 2



volid for each by members (T&& t,

)

32

{



volid for each by members (T&& t,
consteval {

)

33

{



volid for each by members (T&& t,
consteval {
meta::i1nfo info = reflexpr(T),;

)

34

{



void for each by members (T&& t, )
consteval {
meta::info info = reflexpr(T);
auto range =
meta::data member range (info);

{



void for each by members (T&& t, ) |
consteval {
auto range =
meta::data member range (reflexpr(T)):;



void for each by members (T&& t, )
consteval {
auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member;

\ .



void for each by members (T&& t, ) {
consteval {
auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member;
for (meta::i1nfo member : range)

\ .



void for each by members (T&& t, ) {
consteval {
auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member;
for (meta::i1nfo member : range)
->  fragment ({

};



void for each by members (T&& t, ) {
consteval {

auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member;

for (meta::i1nfo member : range)
->  fragment ({

op(t.*valueof (member)) ;

};



void for each by members (T&& t, ) {
consteval {

auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member;

for (meta::i1nfo member : range)
-> _f ragment { X+Constexpr

op(t.*valueof (member)) ;

};

\ n



volid for each by members (T&& t,

op(t.* (&User: :name)) ;
op(t.* (&User: :status)) ;
op(t.*(&User: :age));

)

42

{



constexpr auto fragment

};

consteval {
-> fragment;

consteval -> fragment;

~_fragment ({

43



Bonpocbi?



Cepuanusauusa Json



Cepuanunsauuna arperaTtoB

> XOTUM KacTuUTb B JSON 1 0bpaTHO

) He XoTum pykamum nucartb Kaxabin pas
npeobpa3oBaHme

> XOoTnM ucnonb3oBatb oubnmnoteky “JSON for
Modern C++" oT Niels Lohmann

46



User user = {"Ruslan", "I am okay.", 23, };

std: :cout << nlohmann: :json(user);

S> [{"name" :"Ruslan", "status":
"I am okay.","age":23}]

47



using nlohmann: :json;

volid to json(json& j, const Useré& u)
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using nlohmann: :json;

volid to json(json& j, const Useré& u)
J["name"] = u.name;
J["status'"] = u.status;
J["age"] = u.age;

49



using nlohmann: :json;

template <typename T>
void to json(jsoné& j, const T& t) {
detail::for each by members (t,
[&] (auto&& arg, auto name) {
Jj[name] = arg;

})

50



using nlohmann: :json;

volid from json(const jsoné& j, Useré& u) {

51



using nlohmann: :json;

volid from json(const jsoné& j, Useré& u) {
j.at("name") .get to(u.name);
j.at("status") .get to(u.status);
j.at("age") .get to(u.age);

52



using nlohmann: :json;

template <typename T>
void from json(const json& j, T& t) {
detail::for each by members (t,
[&] (auto&& arg, auto name) {
j.at (name) .get to(arqg);
}) ;

53



volid for each by members (T&& t,
consteval {

for (meta::info member : range)
->  fragment ({
op(t.*valueof (member)) ;
};

)

54

{



volid for each by members (T&& t,
consteval {

for (meta::info member : range)
->  fragment ({
op(t.*valueof (member),
meta: :name of (member));

};

)

55

{



volid for each by members (T&& t,

op(t.* (&User: :name), '"name");
op(t.*(&User::status), "status");
op(t.*(&User: :age), "age'");

)

56
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Cepunanusauusa Protobuf



HemHoro npo Protobuf

message User {
string name =
string status
uint64 age =

};

1;

3;

2;
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HemHoro npo Protobuf

message User {
string name = 1;
string status = 2;
uint64 age = 3;

};

S> name: "Ruslan"
status: "I am okay."
age: 23



HemHoro npo Protobuf

oJge

buf

Protocol Buffers
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HemHoro npo Protobuf

Dro

obuft

Protocol Buffers

lIbprotobuf
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HemHoro npo Protobuf

oJge

obuft

Protocol Buffers

lIbprotobuf
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Cepunanu3sauusa Protobuf

) XOTUM cepunanni3oBaTb U Aecepunanmn3oBaTtb B
protobuf

) XOTUM noagepXmBatb opurmHanbHbin AP
) XOTUM nogaepxmBaTtb C++ CTPYKTYpPbI
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struct User {
std: :string name;
std: :string status;
uint64 t age;

};

65



struct (proto) User {
std: :string name;
std: :string status;
uint64 t age;

};
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struct (proto) User {
[[1d(1)]] std::string name;
[[1d(2)]] std::string status;
[[1d(3)]] uinté4d t age;

};

ATpMOyTHE XOpOouWM, HO He paboTanT InoKa

67



User user,;
user.set name ("Ruslan");
user.set status ("I am okay.");
user.set age(23);

Std: :cout << user.DebugString() ;

S> name: "Ruslan"
status: "I am okay."
age: 23



consteval void proto(meta::info info) {

struct User {

69



consteval void proto(meta::info info) {

->  fragment struct {
};

struct User {

70



consteval void proto(meta::info info) {

->  fragment
struct {

} s

struct User {

/1



consteval void proto(meta::info info) {

->  fragment
struct {

consteval {

struct User {

consteval {

(2



consteval void proto(meta::info info) { struct User {
using protobuf: :Message; consteval {

->  fragment inject base (

struct { public Message) ;
consteval { }

inject base(public Message) ;



consteval void proto(meta::info info) {
using protobuf: :Message;
->  fragment
struct {
consteval {

inject base(public Message) ;

struct User

public Message {

4



consteval void proto(meta::info info) {

->  fragment
struct {

} s

struct User

public Message {
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consteval void proto(meta::info info) {

->  fragment
struct T {
};

struct User

public Message {
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consteval void proto(meta::info info) {

->  fragment
struct T : public Message {
};

struct User

public Message {

7



consteval void proto(meta::info info) {

->  fragment
struct T : public Message {
consteval {
auto r = meta::member range(info))
| meta::1s nonstatic data member;

for (auto member : r) {

struct User

public Message {

/8



consteval void proto(meta::info info) { struct User

public Message {

-> __fragment private:
struct T : public Message { std: :string name ;
consteval { public:
auto r = meta::member range(info)) void set_name (

] - const std::stringé& ar
| meta::is nonstatic data member; g& arg) {

name = arg;
for (auto member : r) { }
inject (member) ;
} const auto& name () const {

} return name ;



consteval void proto(meta::info info) { struct User

public Message {

-> __fragment private:
struct T : public Message { std: :string name ;
consteval { public:
auto r = meta::member range(info)) void set_name (

] - const std::stringé& ar
| meta::is nonstatic data member; g& arg) {

name = arg;
for (auto member : r) { }
inject (member) ;
} const auto& name () const {

} return name ;



consteval void inject (meta::info member) {

struct User

public Message {

31



consteval void inject (meta::info member) {

auto
auto
auto

auto

name = meta::name of (member);

field;pame

set name

get name

= concat(name, " ");
~_concat("set ", name);

name,

struct User

public Message {

82



consteval void inject(meta::info member){ struct User

auto
auto
auto

auto

name = meta::name of (member); public Message {
field name = concat(name, " ");

set name = concat("set ", name); std: :string name;
get name = name; std: :string status;

-> member;

uint64 t age;



consteval void inject(meta::info member){ struct User

auto name = meta::name of (member); public Message {

auto field name = concat(name, " ");

auto set name = concat("set ", name); std: :string name ;
auto get name = name; std: :string status ;

uint64 t age ;
meta::set new name (member,

field name);

-> member;



consteval void inject(meta::info member){ struct User

auto name = meta::name of (member); public Message {

auto field name = concat(name, " "); private:

auto set name = concat("set ", name); std: :string name ;
auto get name = name; std: :string status ;

uint64 t age ;
meta::set new name (member,
field name);
meta: :make private (member) ;

-> member;



consteval void inject(meta::info member){ struct User
public Message {
private:
std: :string name ;
std: :string status ;

uint64 t age ;



consteval void inject(meta::info member){ struct User
public Message {
meta::info type = meta::type of (member); private:
std: :string name ;
std: :string status ;

uint64 t age ;



consteval void inject(meta::info member){ struct User
public Message {
meta::info type = meta::type of (member);

public:
-S> _fragment void set name (
struct { const std::stringé& arg) {
name = arg;
void unqualid(set name) ( \ -
const typename (type) & arg) { void set status (
unqualid(field_name) = arg; const std::string& arg) {
} status = arg;
}
bi volid set age (

const uint64 t& arqg) {

age = arg;



consteval void inject (meta::info member) {

struct User

public Message {
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consteval void inject(meta::info member){ struct User

public Message {

->  fragment public:

struct { const auto& get name() {
return name ;

}

const auto& get status() {

const autoé& unqualid(get name) ()
const {

return unqualid(field name) ; return status ;

} }

const autoé& get age() {

return age ;



consteval void proto(meta::info info) {

struct User

public Message {

91



consteval void proto(meta::info info) { struct User
public Message {

using Metadata = protobuf::internal::

InternalMetadataWithArena; Metadata meta ;
using Size = protobuf::internal:: mutable Size size ;
CachedSize;

->  fragment
struct T : public Message {
Metadata meta ;

mutable Size size ;

} s



consteval void proto(meta::info info) {

->  fragment

struct T : public Message {

T() : Message(), meta () {
Clear () ;

}

T(const T& from) : meta () {
~meta .MergeFrom(from. meta );

CopyFrom(from) ;

struct User

public Message {

User () : Message(),
~meta () {
Clear () ;
}
User (const Useré& from)
: meta ()
~meta .MergeFrom (
from. meta );

CopyFrom(from) ;



consteval void proto(meta::info info) { struct User
public Message {
->  fragment
struct T : public Message {

volid Clear () final { volid Clear () final {
for each proto(*this, name = {};
[] (auto&& member) { status = {};

member = {}; age = {};
}) }



void for each proto(T&& t, ) |
consteval {

auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member;

for (meta::i1nfo member : range)
->  fragment ({

op(t.*valueof (member)) ;

};



void for each proto(T&& t, ) |
consteval {
auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member | 1s proto;
for (meta::i1nfo member : range)
->  fragment ({
op(t.*valueof (member)) ;
};



consteval void proto(meta::info info) { struct User
public Message {
->  fragment
struct T : public Message {

volid MergeFrom(const T& from) { void MergeFrom (
~meta .MergeFrom(from. meta ); const Useré& from) {
for each pairwise ( name = from.name ;
*this, from, status =
[] (auto&& to, auto&& from) { from.status ;

to = from; age = from.age ;

}) }



void for each pairwise (T&& tl, T&& t2 ) {
consteval {
auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member | 1s proto;
for (meta::info m : range)
->  fragment ({
op(t.*valueof(m));

};



void for each pairwise (T&& tl, T&& t2 ) {
consteval {
auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member | 1s proto;
for (meta::info m : range)
->  fragment ({
op(t.*valueof(m), t.*valueof(m)),

};



consteval void proto(meta::info info) { struct User
public Message {
->  fragment

struct T : public Message { Metadata GetMetadata()
const final {

using protobuf::Metadata;
return GetMetadataStatic() ;

Metadata GetMetadata () const final {

return GetMetadataStatic () ;

} static Metadata

static Metadata GetMetadataStatic() { GetMetadataStatic() {

} }; 100



static Metadata GetMetadataStatic () {

} 101



static Metadata GetMetadataStatic () {
static const DescriptorTable dt = ({
.descriptor = static dt.c str(),
.0ffsets = offsets.data(),
};

} 102



static Metadata GetMetadataStatic () {
static const DescriptorTable dt = ({
.descriptor = static dt.c str(),
.0ffsets = offsets.data(),
};

} 103



static std::string static dt;

104



static std::string static dt;
constexpr auto message name =
meta: :name of (meta::definition of(i1nfo));
constexpr auto file name =
concat (message name, ".proto");

105



static std::string static dt;

1f (static descriptor table.empty()) {

106



static std::string static dt;

1f (static descriptor table.empty()) {
protobuf: :FileDescriptorProto file proto;

} 107



static std::string static dt;

1f (static descriptor table.empty()) {
protobuf: :FileDescriptorProto file proto;
file proto.set syntax("proto3"):;
file proto.set name(file name.data())
file proto.set package('"cpp generated");

} 108



static std::string static dt;

1f (static descriptor table.empty()) {
protobuf: :FileDescriptorProto file proto;
file proto.set syntax("proto3"):;
file proto.set name(file name.data())
file proto.set package('"cpp generated");
auto& message descriptor =
file proto.add message type();

} 109



static std::string static dt;

auto& message descriptor =
file proto.add message type()

110



static std::string static dt;

auto& message descriptor =
file proto.add message type()
for each by proto 1nfo<T>(
[&] (auto name, auto number, auto type) {

})

111



static std::string static dt;

auto& message descriptor =
file proto.add message type()
for each by proto 1nfo<T>(
[&] (auto name, auto number, auto type) {
auto& field descriptor =
*message descriptor.add field();

})

112



static std::string static dt;

[&] (auto name, auto number, auto type) {
auto& field descriptor =
*message descriptor.add field();

113

})



static std::string static dt;

[&] (auto name, auto number, auto type) {
auto& field descriptor =
*message descriptor.add field();
field descriptor.set name (name) ;
field descriptor.set number (number);
field descriptor.set type(type);
field descriptor.set type (OPTIONAL) ;

})



static std::string static dt;

file proto.SerializeToString(&static dt);

115



for each by proto Info

116



static Metadata GetMetadataStatic () {
static const DescriptorTable dt = ({
.descriptor = static dt.c str(),
.0ffsets = offsets.data(),
};

} 117



static Metadata GetMetadataStatic () {
static const DescriptorTable dt = ({
.descriptor = static dt.c str(),
.0ffsets = offsets.data(),
};

} 118



static std: :vector<uint32_t> offsets;

119



static std::vector<uint32_t> offsets;
1f (offsets.empty()) {

120



static std::vector<uint32 t> offsets;

1f (offsets.empty()) {
offsets.emplace back (~0u) ;
offsets.emplace back (

PROTOBUF FIELD OFFSET (T, meta ));

offsets.emplace back (~0u) ;
offsets.emplace back (~0u) ;
offsets.emplace back (~0u) ;

} 121



static std::vector<uint32 t> offsets;
1f (offsets.empty()) {
offsets.emplace back (~0u) ;
offsets.emplace back (
PROTOBUF FIELD OFFSET (T, meta ));
offsets.emplace back (~0u) ;
offsets.emplace back (~0u) ;

offsets.emplace back (~0u) ;
fill offsets<T>(offsets);

} 122



void fill offsets ( offsets) {
consteval {
auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member;
for (meta::info m : range)
->  fragment ({

};

} 123



void fill offsets ( offsets) {
consteval {
auto range =
meta::data member range (reflexpr(T)) |
meta::1s nonstatic data member;
for (meta::info m : range)
->  fragment ({
offsets.push back (offset of(valueof(m)));
};

} 124



template <typename T, typename U>
size t offset of (U T::*member) {
return (char*)&((T*)nullptr->*member) -
(char*)nullptr;

125



User

user.
user.
user.

Std:

user,

set name ("Ruslan'") ;

set status ("I am okay.");

set age (23);

S> name:

status:

age:

23

:cout << user.DebugString() ;

"Ruslan"
"I am okay."

126



source: https://knowyourmeme.com/memes/blinking-white-guy

Mbl TONbKO 4YTO nony4yunun padodmm dynamic reflection
nna nonen nportobadpa BoCcnonb3oBaBLUUCH static
reflection'om n metaclass'mu


https://knowyourmeme.com/memes/blinking-white-guy
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3ameHa GMock



HemHoro npo GMock

struct Browser ({
void AddTab (Tab* t);

};

struct Tab {
void Init() ;

};

130



HemHoro npo GMock

struct Browser ({
void AddTab (Tab* t);

};

struct Tab { TEST (Test, Test) {
void Init () ; Browser browser;
} Tab tab;

browser .AddTab (&tab) ;
}

131



HemHoro npo GMock

struct ITab { struct Browser {
virtual void Init() = O; void AddTab (ITab* t);

}; };

struct Tab : public ITab { TEST (Test, Test) {
void Init() final; Browser browser;

} s Tab tab;

browser .AddTab (&tab) ;
}

132



HemHoro npo GMock

struct ITab { struct Browser {
virtual void Init() = O; void AddTab (ITab* t);

}; };

struct Tab : public ITab { TEST (Test, Test) {
void Init() final; Browser browser;

} s MockTab tab;

struct MockTab : public ITab
browser .AddTab (&tab) ;

}; }

133



HemHoro npo GMock

struct ITab { struct Browser {
virtual void Init() = O; void AddTab (ITab* t);

}; };

struct Tab : public ITab { TEST (Test, Test) {
void Init() final; Browser browser;

} s MockTab tab;

struct MockTab : public ITab
MOCK METHOD (void, Init, browser.AddTab (&tab) ;
(), (override)); }

};
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HemHoro npo GMock

struct ITab { struct Browser {
virtual void Init() = O; void AddTab (ITab* t) ;
}; };
struct Tab : public ITab { TEST (Test, Test) {
void Init() final; Browser browser;
} ; MockTab tab;
EXPECT CALL(tab, Init())
struct MockTab : public ITab .Times (AtLeast (1)) ;
MOCK METHOD (void, Init, browser .AddTab (&tab) ;

(), (override)) }

};

135



3ameHa GMock

> XOTUM n36aBUTLCS OT BUPTYaNlbHOCTU U
yKasaTtenewu

> XOTUM n306aBUTbLCS OT MaKpOCOB
> XOTUM YNPOCTUTb KoA
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struct ITab {
virtual void Init() = O;

} s

struct Tab public ITab ({
void Init() final;

};

struct MockTab public ITab
MOCK METHOD (void, Init,
(), (override)) ;

};

struct Browser ({
void AddTab (ITab* t);

};

TEST (Test, Test) {
Browser browser,;
MockTab tab;

EXPECT CALL(tab, Init())
.Times (AtLeast (1)) ;
browser .AddTab (&tab) ;

}

137



struct Tab {

};

void Init() ;

struct Browser ({
void AddTab (ITab* t);

};

TEST (Test, Test) {
Browser browser,;
MockTab tab;

EXPECT CALL(tab, Init())
.Times (AtLeast (1)) ;
browser .AddTab (&tab) ;

}

138



struct Browser {
void AddTab (Tab t) ;

};

struct Tab { TEST (Test, Test) {
void Init () ; Browser browser;
} MockTab tab;

EXPECT CALL(tab, Init())
.Times (AtLeast (1)) ;
browser .AddTab (&tab) ;

}
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struct Browser ({
Tab& AddTab (Tab t) ;

};

struct Tab { TEST (Test, Test) {
void Init () ; Browser browser;
} MockTab tab;

EXPECT CALL(tab, Init())
.Times (AtLeast (1)) ;
browser .AddTab (&tab) ;

}
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struct Browser ({
Tab& AddTab (Tab t) ;

};

struct (mockable) Tab { TEST (Test, Test) {
void Init () ; Browser browser;
} Tab tab;

EXPECT CALL(tab, Init())
.Times (AtLeast (1)) ;
browser .AddTab (&tab) ;

}
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struct Browser ({
Tab& AddTab (Tab t) ;

};

struct (mockable) Tab { TEST (Test, Test) {
void Init () ; Browser browser;
}; Tab tab (InitAsMock) ;

tab.ExpectCall (&Tab: :Init
.Times (AtLeast (1)) ;
browser .AddTab (&tab) ;

}
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consteval void mockable (meta::i1nfo info){ struct Tab {

auto range = meta::member range (info);

for (meta::info member : ) {

}

} : 143



TODO
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