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MeTaknacchl - YTO 3TO?

HoBas a3blkoBasi CyLLIHOCTb

YnpaBnset reHepaumen AST u koga
“MeTanporpammupoBaHue” B UMNepaTUBHOM CTUIE
[ToTeHUManbHasa 3aMmeHa Makpocam 1 HEKOTOPbIM wabnoHam
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MeTaknacchl - YTO 3TO?

OcHOBHOE Ha3HadyeHue:

e EwE ogHa cTeneHb 0606u1leHNa 1 abcTpakuun: “interface”, “value”,
‘property”

e “KoHuenTtbl Ha cTepounagax’

e Inplace-pacwumnpenmne komnunsaTopa (1 a3bika)
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MeTaknacchl - YTO 3TO?

1. OcHoBHOWM npono3arsn: p0707 (rev 3)
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0707r3.pdf

2. Code generation in C++
https://github.com/cor3ntin/CpplnjectionReflection/blob/master/doc.md

3. O MeTaknaccax no-pyccku
https://habr.com/ru/article/448466/
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MeTaknacchl - 0MeHb MPOCTOU NPUMEP

struct IEnumerator : public IUnknown

{

virtual ~/[Enumerator() {}

virtual HRESULT Reset() = 0;
virtual HRESULT MoveNext(BOOL* succeeded) = 0;
virtual HRESULT Current(lUnknown** item) = 0;

h
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MeTaknacchl - 0MeHb MPOCTOU NPUMEP

struct(interface) IEnumerator

{
void Reset();

BOOL MoveNext();
IUnknown* Current();

J»
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MeTaknacchl - 0MeHb MPOCTOU NPUMEP

constexpr void interface(meta::type target, const meta::type source) {
compiler.require(source.variables().empty(), "interfaces may not contain data");
for (auto f : source.functions()) {
compiler.require(!f.is_copy() && !f.is_move(),
"interfaces may not copy or move; consider a virtual clone() instead");

if (If.has_access())
f.make_public();

compiler.require(f.is_public(), "interface functions must be public");
f.make_pure_virtual();
f.parameters().add(f.return_type()$ *);
f.set_type(HRESULT);
->(target) f;
}
target.bases().push_front(IlUnknown);
->(target) {virtual ~(source.name()$)() noexcept {}};

h
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MeTaknacchl - 0MeHb MPOCTOU NPUMEP

constexpr void interface(meta::type target, const meta::type source) {

compiler.require(source.variables().empty(), "interfaces mam [leknapaums-npoToTun

for (auto f : source.functions()) {
compiler.require(!f.is_copy() && !f.is_move(),
"interfaces may not copy or move; consider a virtual clone() instead");

if (If.has_access())
f.make_public();

compiler.require(f.is_public(), "interface functions must be public");
f.make_pure_virtual();
f.parameters().add(f.return_type()$ *);
f.set_type(HRESULT);
->(target) f;
}
target.bases().push_front(IlUnknown);
->(target) {virtual ~(source.name()$)() noexcept {}};

h
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MeTaknacchl - 0MeHb MPOCTOU NPUMEP

constexpr void interface(meta::type target, const meta::type source) {

compiler.require(source.variables().empty(), "in Co3aaBaeMblil MIHCTaHC
for (auto f : source.functions()) {

compiler.require(!f.is_copy() && !f.is_move(),
"interfaces may not copy or move; consider a virtual clone() instead");

if (If.has_access())
f.make_public();

compiler.require(f.is_public(), "interface functions must be public");
f.make_pure_virtual();
f.parameters().add(f.return_type()$ *);
f.set_type(HRESULT);
->(target) f;
}
target.bases().push_front(IlUnknown);
->(target) {virtual ~(source.name()$)() noexcept {}};

h
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MeTaknacchl - 0MeHb MPOCTOU NPUMEP

constexpr void interface(meta::type target, const meta::type source) {

compiler.require(source.variables().empty(}— 2 i "
for (auto f : source.functions()) { [poBepka cBONCTB

compiler.require(!f.is_copy() && !f.is_move(),
"interfaces may not copy or move; consider a virtual clone() instead");

if ('f.has_access())
f.make_public();

compiler.require(f.is_public(), "interface functions must be public");
f.make_pure_virtual();
f.parameters().add(f.return_type()$ *);
f.set_type(HRESULT);
->(target) f;
}
target.bases().push_front(IlUnknown);
->(target) {virtual ~(source.name()$)() noexcept {}};

h
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MeTaknacchl - 0MeHb MPOCTOU NPUMEP

constexpr void interface(meta::type target, const meta::type source) {
compiler.require(source.variables().empty(), "interfaces may not contain data");
for (auto f : source.functions()) {
compiler.require(!f.is_copy() && !f.is_move(),
"interfaces may not copy or move; consider a virtual clone() instead");

if (If.has_access()) Z Moaudukaumns csoncts
f.make_public();

compiler.require(f.is_public(), "interface functions must be public");
f.make_pure_virtual();
f.parameters().add(f.return_type()$ *);
f.set_type(HRESULT);
->(target) f;

}

target.bases().push_front(lUnknown);

->(target) {virtual ~(source.name()$)() noexcept {}};

h
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MeTaknacchl - 0MeHb MPOCTOU NPUMEP

constexpr void interface(meta::type target, const meta::type source) {
compiler.require(source.variables().empty(), "interfaces may not contain data");
for (auto f : source.functions()) {
compiler.require(!f.is_copy() && !f.is_move(),
"interfaces may not copy or move; consider a virtual clone() instead");

if (If.has_access())
f.make_public();

compiler.require(f.is_public(), "interface functions must be public");
f.make_pure_virtual();

f.parameters().add(f.return_type()$ *);

f.set_type(HRESULT);

->(target) f;
}
target.bases().push_front(IlUnknown); Z Code injection
->(target) {virtual ~(source.name()$)() hoexcept {}};
2
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MeTaknacchl - 0MeHb MPOCTOU NPUMEP

constexpr void interface(meta::type target, const meta::type source) {

struct(interface) IEnumerator

{ for (auto f : source.functions()) {
void Reset(); compiler.require(!f.is_copy() && !f.is_move(),
"interfaces may not copy or move; consider a virtual clone()
BOOL MoveNext(); instead");
* .
[lUnknown* Current(); i (1 has_scoess()
}; f.make_public();

compiler.require(f.is_public(), "interface functions must be public");
f.make_pure_virtual();
f.parameters().add(f.return_type()$ *);
f.set_type(HRESULT);
->(target) f;
}

target.bases().push_front(lUnknown);
->(target) {virtual ~(source.name()$)() noexcept {}};

2
struct IEnumerator : public [lUnknown

{

virtual ~/[Enumerator() {}

virtual HRESULT Resef() = 0;
virtual HRESULT MoveNext(BOOL* succeeded) = 0;
virtual HRESULT Current(lUnknown** item) = 0O;
2
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MeTaknaccsl - npobnemsbl

e basnpyetcsa Ha ellé He NPUHATBIX Npono3anax -> npeanaraemMbli CUHTaKCUC

MOXET MEHATbLCS
e HewunsBecCTHO, KOrga Bce 310 NpMMYyT. [10 HEKOTOPbLIM OLEHKaM - HE paHbLue

C++2z
e Bce ellé passmBaeTca U gopabaTtbiBaeTcs -> YTO MONYYNTCHA B UTOrE - HE

O4YeHb ACHO

C++ Russia 2019: Metaknaccel B C++17 KASPERIKY3
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MeTaknacchbl - a eCnm Xo4eTcHa paHbLue?

e XpaTb NPUHATMA B CTAHAAPT M NOAAEPKKM KOMNUNATOPaMMU
e lVcnonb3oBaTtb LWIABGNOHHYK Marmo U Makpoch!
e PeanunsoBaTb U UCNOSMb30BaTb CTOPOHHUE YTUMNUTI
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MeTaknacchbl - a eCnm Xo4eTcHa paHbLue?

e XpaTb NPUHATMA B CTAHAAPT M NOAAEPKKM KOMNUNATOPaMMU
e lVcnonb3oBaTtb LWIABGNOHHYK Marmo U Makpoch!
e PeanusoBaTb U UCNONMb30BaTb CTOPOHHME YTUITUTDI

C++ Russia 2019: MeTtaknaccbl B C++17

KASPERYKYS
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MeTaknacchl - CTOPOHHSAA YTUINTA

JlocTonHCTBA:

He Tpebyetca ocobon noaaep>Xkm co CTOPOHbI KOMMUSITOPOB
Peanusauma B paMmkax akTyarbHbIX CTaHOapToOB

MoxeT bbITb N1erko BCTpoeHa B COOPOYHbIN TYNYENH

MoxxeT caenaTb KoooByko 6a3y NPOEKTOB NPOLLE U YMPOCTUTL NOAAEPKKY

C++ Russia 2019: Metaknaccel B C++17 KASPERIKY3
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MeTaknacchl - CTOPOHHSAA YTUINTA

HepocTtaTtku:

e He cooTBeTcTBYET OHOM U3 Lenen co3gaHua meTtakrnaccos: “Eliminate the
need to invent non-C++ “side languages” and special compilers, such as Qt
moc, COM MIDL, and C++/CX”

e CoBCTBEHHbIN “NTNYMIN” A3bIK AN ONMcaHns crneymanbHbIX KOHCTPYKLUMA

e He Bcerga ygobHoe ncnonb3oBaHWe npeararaeMblX BO3MOXHOCTEN

e [loTeHumnanbHasi HECOBMECTUMOCTb C UTOMOBbIM BapuaHTOM npono3ana

C++ Russia 2019: Metaknaccel B C++17 KASPERIKY3
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MeTaknacchl - CTOPOHHSAA YTUINTA

OCHOBHbIe BO3MOXHOCTMW:

e [lo3BonsieT 06bABNATL MEeTaknacchl

e [lo3BonseTr 06bABNATL NPOTOTUMBI KOHKPETHbLIX METAKNACCOB

e B meTaknaccax no3BonsieT NpoBepsiTb CBONCTBA NPOTOTUMNOB U FEHEPUPOBATL
ONArHOCTUKY

e [lo3BonseT BHEAPATb B MHCTAHChl METaKNacCoB KOA4 U CYLLHOCTU
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Metaclasses processing tool - npumep

template<typename ... Types>
inline void CRTPVisitor(meta::ClassInfo dst, const meta::ClassInfo& src)

{

const auto& tplParam = dst.add_template_type param("Derived");

for (auto& f : src.functions())
$_inject_v(dst, public) f;

$_inject_v(dst, public) [name="operator()"](auto&& obj) -> void {
$_v("GetDerived")()->$_mem("Visit")(std::forward<$_str(T0)>(obj));
2

for (auto& t: t_$(Types ...))
$_inject_v(dst, public) [name="Visit"](const $_t(t)& obj) -> void {};

$_inject_v(dst, private) [name="GetDerived")() -> $_t(tplParam)* {
return static_cast<$_t(tplParam)*>($_str(this));
¥
}
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Metaclasses processing tool - npumep

template<typename ... Types> Z [obasnsem WabnoHHbIN NapamMeTp B

inline void CRTPVisitor(meta::ClassInfo dst, const meta::ClassInfo& src)
{ MHCTAHC

const auto& tplParam = dst.add_template _type param("Derived");

for (auto& f : src.functions())
$_inject_v(dst, public) f;

$_inject_v(dst, public) [name="operator()"](auto&& obj) -> void {
$_v("GetDerived")()->$_mem("Visit")(std::forward<$_str(T0)>(obj));
X

for (auto& t: t_$(Types ...))
$_inject_v(dst, public) [name="Visit"](const $_t(t)& obj) -> void {};

$_inject_v(dst, private) [name="GetDerived")() -> $_t(tplParam)* {
return static_cast<$_t(tplParam)*>($_str(this));
¥
}
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Metaclasses processing tool - npumep

template<typename ... Types>
inline void CRTPVisitor(meta::ClassInfo dst, const meta::ClassInfo& src)

{

const auto& tplParam = dst.add_template_type_param("Derived"); Ko|'||/|pyeM beHKLI,I/II/I M3 ncxogHoro
00BbSABNEHUsA B MHCTAHC

for (auto& f : src.functions())
$_inject_v(dst, public) f;

$_inject_v(dst, public) [name="operator()"](auto&& obj) -> void {
$_v("GetDerived")()->$_mem("Visit")(std::forward<$_str(T0)>(obj));
2

for (auto& t: t_$(Types ...))
$_inject_v(dst, public) [name="Visit"](const $_t(t)& obj) -> void {};

$_inject_v(dst, private) [name="GetDerived"]() -> $_t(tpIParam)* {
return static_cast<$_t(tplParam)*>($_str(this));
5
}
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Metaclasses processing tool - npumep

template<typename ... Types>
inline void CRTPVisitor(meta::ClassInfo dst, const meta::ClassInfo& src)

{

const auto& tplParam = dst.add_template_type_param("Derived");
for (auto& f : src.functions())
$_inject_v(dst, public) f; [obaBnsem onepaTtop BbI30Ba
dyHKUMN
$ _inject_v(dst, public) [name="operator()"](auto&& obj) -> void {

$ v("GetDerived")()->$_mem("Visit")(std::forward<$_str(T0)>(obj));

5

for (auto& t : t_$(Types ...))
$_inject_v(dst, public) [name="Visit"](const $_t(t)& obj) -> void {};

$_inject_v(dst, private) [name="GetDerived"]() -> $_t(tpIParam)* {
return static_cast<$_t(tpIParam)*>($_str(this));
¥
}
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Metaclasses processing tool - npumep

template<typename ... Types>
inline void CRTPVisitor(meta::ClassInfo dst, const meta::ClassInfo& src)

{

const auto& tplParam = dst.add_template_type_param("Derived");

for (auto& f : src.functions())
$_inject_v(dst, public) f;

$_inject_v(dst, public) [name="operator()"](auto&& obj) -> void {
$_v("GetDerived")()->$_mem("Visit")(std::forward<$_str(T0)>(obj));
2

[lo6asnsiem fallback-metogbl ons
for (auto& t : t_$(Types ...)) BCex TwnoB u3 Types

$ _inject_v(dst, public) [name="Visit"](const $_t(t)& obj) -> void {};

$_inject_v(dst, private) [name="GetDerived"]() -> $_t(tpIParam)* {
return static_cast<$_t(tplParam)*>($_str(this));
5
}
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Metaclasses processing tool - npumep

template<typename ... Types>
inline void CRTPVisitor(meta::ClassInfo dst, const meta::ClassInfo& src)

{

const auto& tplParam = dst.add_template_type param("Derived");

for (auto& f : src.functions())
$_inject_v(dst, public) f;

$_inject_v(dst, public) [name="operator()"](auto&& obj) -> void {
$_v("GetDerived")()->$_mem("Visit")(std::forward<$_str(T0)>(obj));
2

for (auto& t: t_$(Types ...))
$_inject_v(dst, public) [name="Visit"](const $_t(t)& obj) -> void {}; ,El,o6aan-|eM meTonq GetDrived()

$ _inject_v(dst, private) [name="GetDerived"]() -> $_t(tpIParam)* {
return static_cast<$_t(tpIParam)*>($_str(this));
};

}
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Metaclasses processing tool - npumep

$ class(SomeVisitor, CRTPVisitor<A, B, C>)

{
public:

void TestMethod1();
std::string TestMethod2(int param) const;

%
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Metaclasses processing tool - npumep

$_class(SomeVisitor, CRTPVisitor<A, B, C>)

{ HasBaHune OyayLiero MHCTaHca
public: MeTaknacca

void TestMethod1();
std::string TestMethod2(int param) const;

X
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Metaclasses processing tool - npumep
$ class(SomeVisitor, CRTPVisitor<A, B, C>)

- eTaknacca
public:

void TestMethod1();
std::string TestMethod2(int param) const;

X
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Metaclasses processing tool - npumep

$ class(SomeVisitor, CRTPVisitor<A, B, C>)

{

public: 2
_ Teno npoTtoTuna
void TestMethod1();

std::string TestMethod2(int param)
const;

&
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Metaclasses processing tool - npumep

template<typename ... Types>
inline void CRTPVisitor(meta::ClassInfo dst, const meta::ClassInfo& src)

$_class(SomeVisitor, CRTPVisitor<A, B, C>)

{ {
const auto& tplParam = dst.add_template_type_param("Derived");

public:
void TestMethod1();
std::string TestMethod2(int param) const;
%
template <typename Derived> class SomeVisitor {
public:
void TestMethod1();
std::string TestMethod?2(int param) const;
template <typename T0> void operator()(TO &&obj) {
GetDerived()->Visit(std::forward<T0>(obj));
}
void Visit(const A &obj) {}
void Visit(const B &obj) {}
void Visit(const C &obj) {}

protected:

private:
Derived *GetDerived() { static_cast<Derived *>(this); }

h
C++ Russia 2019: MeTtaknaccbl B C++17

for (auto& f : src.functions())
$_inject_v(dst, public) f;

$_inject_v(dst, public) [name="operator()"](auto&& obj) -> void {
$_v("GetDerived")()->$_mem("Visit")(std::forward<$_str(T0)>(obj));

I

for (auto& t : t_$(Types ...))
$_inject_v(dst, public) [name="Visit"](const $_t(t)& obj) -> void {};

$_inject_v(dst, private) [name="GetDerived"]() -> $_t(tplParam)* {
return static_cast<$_t(tplParam)*>($_str(this));
I3
}
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Metaclasses processing tool - npumep

template <typename Derived> class SomeVisitor {
public:

void TestMethod1();

std::string TestMethod2(int param) const;

template <typename TO> void operator()(TO &&obj) {

GetDerived()->Visit(std::forward<T0>(obj));

¥

void Visit(const A &obj) {}

void Visit(const B &obj) {}

void Visit(const C &obj) {}

protected:
private:
Derived *GetDerived() { static_cast<Derived *>(this); }

h
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Metaclasses processing tool - npumep

template <typename Derived-> class SomeVisitor {

public: [lo6aBneHHbIn WabnoHHbIN
void TestMethod1(); napamMmeTp

std::string TestMethod2(int param) const;

template <typename TO> void operator()(TO &&obj) {
GetDerived()->Visit(std::forward<T0>(obj));

}

void Visit(const A &obj) {}

void Visit(const B &obj) {}

void Visit(const C &obj) {}

protected:
private:
Derived *GetDerived() { static_cast<Derived *>(this); }

|3
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Metaclasses processing tool - npumep

template <typename Derived> class SomeVisitor {
public:

void TestMethod1(); Z O6bABMEHUs U3 Aeknapaunm
std::string TestMethod2(int param) const;

template <typename T0> void operator()(TO &&obj) {
GetDerived()->Visit(std::forward<T0>(obj));

}

void Visit(const A &obj) {}

void Visit(const B &obj) {}

void Visit(const C &obj) {}

protected:
private:
Derived *GetDerived() { static_cast<Derived *>(this); }

|#
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Metaclasses processing tool - npumep

template <typename Derived> class SomeVisitor {
public:

void TestMethod1(); OnepaTop Bbl30Ba (PYHKLIMM
std::string TestMethod2(int param) const;

template <typename T0> void operator()(T0 &&obj) {
GetDerived()->Visit(std::forward<T0>(obj));
}

void Visit(const A &obj) {}
void Visit(const B &obj) {}
void Visit(const C &obj) {}

protected:
private:
Derived *GetDerived() { static_cast<Derived *>(this); }

|3
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Metaclasses processing tool - npumep

template <typename Derived> class SomeVisitor {
public:
void TestMethod1();
std::string TestMethod2(int param) const;
template <typename TO> void operator()(TO &&obj) {
GetDerived()->Visit(std::forward<T0>(obj)); Fallback-meToapi

¥
void Visit(const A &obj) {}

void Visit(const B &obj) {}
void Visit(const C &obj) {}

protected:
private:
Derived *GetDerived() { static_cast<Derived *>(this); }

|3
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Metaclasses processing tool - npumep

template <typename Derived> class SomeVisitor {
public:

void TestMethod1();

std::string TestMethod2(int param) const;

template <typename TO> void operator()(TO &&obj) {

GetDerived()->Visit(std::forward<T0>(obj));

¥

void Visit(const A &obj) {}

void Visit(const B &obj) {}

void Visit(const C &obj) {}

protected: % GetDerived-meTton
private:

Derived *GetDerived() { static_cast<Derived *>(this); }
¥
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Metaclasses processing tool - ocobeHHOCTH

OTaenbHaga oT KoMnunaTopa yTunuTa

IMynumpyert (a He NONHOUEHHO peanunayeT) code injection
Ncnonb3ayeT (1 byaeT ucnonb3oBaTh) ‘$’-CUHTaKCHC

[eHepupyeT ncxogHole pansnbl C HOBbIMUY AeKnapaunsamm, a He
moauduumpyet AST

(kak cnencteue) [JocTynHa oTnagka creHepMpoBaHHOro Koga

e API basunpyetca Ha ctaHgapTe C++14

e (B Oygywem) peanuayer static reflection Ha ocHoBe TS N4766
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/n4766.pdf
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Metaclasses processing tool - ppoHTEHA

e KoMMNekT MakpoCoOB U AN HanncaHns METAKNaccoB N UX MPOTOTUMNOB
($class, $constexpr n 1. n.)

e [leknapauwuu static reflection APl (Classinfo, Typelnfo u 1. n.)

e API cneunansHoro HasHavyeHuns (meta::compiler, meta::project n 1. n.)

C++ Russia 2019: Metaknaccel B C++17 KASPERIKY3
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Metaclasses processing tool - 6akaHA

MexaHn3mbl NOUCKa METaKNaccoB U UX NPOTOTUMOB B KoAe
Peanunsauns C++-uHtepnpertaropa Aans UCNonHeHnst Tena MeTtakracca
Peannsauns mexaHnamoB code injection

Peanusauus static reflection u npounx anemeHtoB API

[eHepauuna douHanbLHOro Koga arfid MHCTAaHCOB MEeTaKaccoB

C++ Russia 2019: Metaknaccel B C++17 KASPERIKY3
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Metaclasses processing tool - nog kanotom
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Metaclasses processing tool - nog kanotom
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Metaclasses processing tool - nog kanotom
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Metaclasses processing tool - nog kanotom

diagnostic
output
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Metaclasses processing tool - nog kanotom

diagnostic
output
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Metaclasses processing tool - nog kanotom

API
implementation
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Utility classes
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[ToncK NpOTOTUNOB METAKNACCOB

API
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Utility classes
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[ToncK NpOTOTUNOB METAKNACCOB

$ class(SomeVisitor, CRTPVisitor<A, B, C>)
{
public:

void TestMethod1();

std::string TestMethod2(int param) const;

%
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[ToncK NpOTOTUNOB METAKNACCOB

struct MetaClassinstance _SomeVisitor : public meta::detail::MetaClassImplBase

{

static constexpr std::initializer _list<meta::MetaclassMethodPtr> metaPtrList = {CRTPVisitor<A, B, C>};
class SomeVisitor;

X

class MetaClassinstance _SomeVisitor::SomeVisitor {
public:

void TestMethod1();

std::string TestMethod2(int param) const;

%
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[ToncK NpOTOTUNOB METAKNACCOB

struct MetaClasslnstance_SomeVisitor : public meta::detail::MetaClassimplBase
{

static con cxxRecordDecl(isDerivedFrom("meta::detail::MetaClassimplBase")) rList = {CRTPVisitor<A, B, C>};

class Sorrevrsnor,

X

class MetaClassinstance _SomeVisitor::SomeVisitor {
public:

void TestMethod1();

std::string TestMethod2(int param) const;

;
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[ToncK NpOTOTUNOB METAKNACCOB

struct MetaClassinstance _SomeVisitor : public meta::detail::MetaClassImplBase

{
static constexpr std::initializer_list<meta::MetaclassMethodPtr> metaPtrList_ = {CRTPVisitor<A,

B, C>}; 7

class SomeVisitor; Cnncok PyHKLIMIA-METaKNaccoB

X

class MetaClassinstance _SomeVisitor::SomeVisitor {
public:

void TestMethod1();

std::string TestMethod2(int param) const;

%
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[ToncK NpOTOTUNOB METAKNACCOB

struct MetaClassinstance _SomeVisitor : public meta::detail::MetaClassImplBase

{

static constexpr std::initializer _list<meta::MetaclassMethodPtr> metaPtrList = {CRTPVisitor<A, B, C>};
class SomeVisitor;

I3
class MetaClassinstance_SomeVisitor;:SomeVisitor {
public:

void TestMethod1();
std::string TestMethod2(int param) const;

&

Ob6bsiBNeHne NpoToTMNa MHCTaHca

C++ Russia 2019: Metaknaccekl B C++17 KASPERYKYS



Pabota MetaclassesGenerator

1.

ok~ W

clang AST matcher BbI3biBaeT callback Ha kaxgbln BCTpeYEeHHbIN Kacc-
HacnegHuk meta::detail::MetaClassimplBase

AHanmanpyetcsa Teno oobABNEHUA Knacca

Teno npototnna nponyckaetcs Yepe3 AST Reflector

[lns KaXxgoro MeTakriacca Bbl3blBAa€TCHA MHTEpPpeTaTop

Mo pe3ynbTaty paboTbl MHTEPNPETAaTOPa FrEHEPUPYETCS UTOFOBbIN MCXOOHbIN
koA,
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AST Reflector - 3auem?

e clang AST kpaunHe cnoXxHa v getanusnpoBaHa
e 0Oonee npocto otobpasunTtb Ha reflection API

e [poLle aHann3npoBaTb

® POCTO OTOOPAa3nTb BHYTPb TEKCTOBOrO LWabroHmnsartopa
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AST Reflector - 3auem?

J SpecializationDecl |

clang::EmptyDecl
clang::ExportDecl
/ clang::ExternCContextDecl

clang::LabelDecl

I clang::NamespaceAliasDecl |

clang::NamespaceDec|
clang::FriendDecl
\ |clang::ObjCCompatibIeAliasDecl |

/
clang::Decl clang::FriendTemplateDecl| | \
\ \
clang::ImportDec| “

clang::FileScopeAsmDecl

clang::ObjCContainerDec|

I clang::ObjCMethodDecl
__ l clang::RedeclarableTemplateDec| I
(g aneiol
—~

clang:: TemplateDecl F—' clang::TemplateTemplateParmDecl| |

I clang::ObjCPropertylmplDec| |

clang::TypeDec| |
N
clang::UsingDec|

I clang::OMPThreadPrivateDec| I "
f

C++ Russia 2019: MeTtaknaccbl B C++17

clang::TagDec|

I clang::TemplateTypeParmDec| I

reflection::Typelnfo
reflection::Memberinfo
reflection::Methodinfo
reflection::Classinfo
reflection::Enuminfo
reflection::Namespacelnfo

KASPERYKYS
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[ eHepauuna Kkoga
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[eHepauna Koga

BbinonHAeTcs TONbKO eCnu UCMOSTHEHME METaKNaccoB NpoLuno 6e3 owmnbok
Pesynbrat oTobpaXaeTcs B ABUMXXOK TEKCTOBLIX LWAabnoHoB Ha 6a3e Jinja2
[py3nTca WwabnoH pesyneTupytowero ganna

1o 3arpy>xeHHOMY LuabroHy doopmupyeTcs onHarnbHbIN TEKCT

[Mony4eHHbIM TEKCT dbopmaTmpyeTcs ¢ nomoLlbto clang format n coxpaHsietcs
Ha OUCK

ok owbd-~
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[eHepauua Koga - LabnoH

{% for class in classes | sort(attribute="name") %}
{% macro Decls(class, access) %)}

{% for member in class.members | selectattr('accessType', 'in', access) %}
{{'static ' if member.isStatic}}{{member.type.printedName}} {{ member.name }};

{% endfor %}

{% endmacro %}

{% if class.isTemplate %}template< {{class.tplParams | map(attribute="tpIDecIName') | join(’, ') }} >{% endif %}
class {{ class.name }}
{
public:
{{ Decls(class, ['Public') }}
protected:
{{ Decls(class, ['Protected]) }}
private:
{{ Decls(class, [Private’, 'Undefined’]) }}

3

{% endfor %]}
{% endblock %]}
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VIHTepnpeTaTtop

API
implementation

Expression
Evaluator

Utility classes

AS AN J
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VIHTepnpeTaTop

PeanunsoBaH Ha ocHoBe switch/case no tuny yana AST

HeTtanbHo aHanuanpyet AST pyHKUMKM-METaKnacca

daKTMYECKN UCMONHSAET KOL4 METaKIacca ornepartop 3a ornepaTtopom
Co3gaéT MHCTaHC MeTakracca B COOTBETCTBUM C MPONMMCAaHHOM JT0MMKOU
NOCPEeACTBOM MHXEKTa B HEMO (pparMeHTOB Koda M CYLLIHOCTEN

5. Bbi3biBaeT B npouecce nHTepnpeTtaunm intrinsic-metoabl

BN~
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VIHTepnpeTaTop

for (auto& t : t_$(Types ...))
{ $_inject_v(dst, public) [name="Visit"](const $_t(t)& obj) -> void

{ $_v("GetDerived")()->$_mem("Visit")(std::forward<$_str(T0)>(obj));
} 3
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VIHTepnpeTaTop

for (auto& t : meta::reflect_type<Types ...>())

{
[[gsl::suppress("inject", "$target=dst", "public")]]
[name="Visit"](const decltype(meta::project_type(t))& obj) -> void
{
meta::project("GetDerived")()->
$ project_member("Visit")(std::forward<meta::project("T0")>(obj));
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VIHTepnpeTaTop

for (auto& t : meta::reflect_type<Tvpes ...>()

{ intrinsic-vieTonpbl
[[gsl::suppress("inject", "$target=dst™; il

.:project_ ())& obj) -> void

[name="Visit"](const decltype

meta::project('GetDerived")()->
$_project_member("Visit")(std::forward<meta::project('10")>(obj));

C++ Russia 2019: MeTtaknaccbl B C++17
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VIHTepnpeTaTop

for (auto& t : meta::reflect_type<Types ...>()) ARSI, G Ee eadls Tifsston
{ )

[[gsl::suppress(“inject”, "$target=dst", "public”)]]
[name="Visit"](const decltype(meta::project_type(t))& obj) -> void
{

meta::project("GetDerived")()->
$_project_member("Visit")(std::forward<meta::project("T0")>(obj));
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VIHTepnpeTaTop

OnepaTtopbl NCNOMHAKTCA B COOTBETCTBUN CO CBOEN CEMAHTUKOW
BbipaXkeHnsi BbIMUCNAOTCA B COOTBETCTBUM C NOCTPOEHHbLIM AST

Ocobast obpaboTka intrinsic-meTo40B B 3@aBMCMMOCTU OT KOHTEKCTa
Onepartopbl, NOMeYEHHbIE crieumanbHbIM aTpUOYyTOM, UHTEPNPETUPYIOTCS B
3aBMUCUMMOCTU OT KOHTEKCTa

[leknapaumn nepemMeHHbIX Co34al0T NepeMeHHbIe

e [lomevyeHHOEe OAng UHXeKTa B 3aBUCMMOCTU OT CBOEro Buaa AobaBnsieTca Kak:

o [Ieknapauus
o  ®parmeHT KOga
o Peanusauusa metoaa
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NHTepnpeTtaTop - oTnn4uns ot constexpr

bonee TecHasa nHTerpauusa ¢ MHPPAaCTPYKTYPON npoLeccopa MeTaknaccos
HeT HeobxoamMMoCTK B TOMYHOM NMpeacTaBneHnn Bbl4UCNSiEMbIX TUMOB
Pesynbrart - HOBasi Aeknapauus, a He constexpr-gHadeHne

[pyron Habop orpaHN4YeHN Ha UCMONb3YEMbIE KOHCTPYKLUN

Hanwnyme code injection
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Bbluncnurenbs BblpaXeHun

API
implementation

Expression
Evaluator

Bbluncnenwue
BblpaXXeHu1 / BbI30OB

AS AN J
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Bbluncnurenbs BblpaXeHun

e PeanunsosaH Ha 6a3e clang::ConstStmtVisitor<...>

e KOppPEKTHOCTb BblpaXXeHUs1 C TOHMKM 3PEHUSI TUMOB rapaHTUpyeTcs clang
frontend

e Bbluncnurtenb ncnonb3yeT yHMBepcarnbHbIn value-Tun Ha 6ase boost::variant

e lmeHHO 30eck obpabaTbiBatoTca intrinsic-meToab!

e [Ipn HeobxoaMMOCTM MAOET obpaLLeHME K CYLLHOCTSM OTpednekcmMpoBaHHOM
AST
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Bbluncnutenbs BblpaxeHuu - Value
ReflectedObiject:

Value:

Empty

Void

Bool

Int

Float

String
RelfectedObject
Reference
Pointer

C++ Russia 2019: MeTtaknaccbl B C++17

Compiler
Classinfo
MethodInfo
Memberlinfo
Typelnfo
RangeT
lteratorT
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BblumncnuTenbs BblpaXXeHuu - intrinsic-metoabl

void ExpressionEvaluator::VisitCallExpr(const CallExpr* expr) {
std::string fnName = expr->getDirectCallee()->getQualifiedNameAsString();

Value result;
if (fnName == "meta::reflect_type") {
const clang::TemplateArgumentList® tplArgs = function->getTemplateSpecializationArgs();
if (tplArgs == nullptr) {
return;

}

std::vector<reflection:: TypelnfoPtr> types;
ExtractTemplate TypeArgs(tplArgs->asArray(), types, m_interpreter->m_astContext);

auto range = MakeStdCollectionRefRange(std::move(types));
result = Value(ReflectedObject(range));

m_evalResult = true;

vScope.Submit(std::move(result));

}
)
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Boiuncnutenes BoipaxeHun - static reflection

API
implementation

Peannsauus static
reflection API n
special API

AS AN J
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Boluncnutens BeipaxeHuu - static reflection

bool ReflectedMethods::Classinfo_variables(Interpreterlmpl* interpreter, reflection::ClassIinfoPtr obj, Value& result)

{

auto rangePtr = MakeStdCollectionRefRange(obj->members);
result = Value(ReflectedObject(rangePtr));

return true;

}

bool ReflectedMethods::Classinfo_functions(Interpreterlmpl* interpreter, reflection::ClassIinfoPtr obj, Value& result)

{

auto methods = obj->methods;
auto rangePtr = MakeStdCollectionRefRange(std::move(methods));
result = Value(ReflectedObject(rangePtr));

return true;

}
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Boluncnutens BeipaxeHuu - static reflection

bool CallMember(Interpreterimpl* interpreter, Value& obj, const clang::CXXMethodDecl* method, const std::vector<Value>& args,
Value& result) {

static std::unordered_map<std::string, Thunklnvoker> fns = {

{"meta::Compilerlmpl::message/void message(const char *msg)"s, thunkMaker(&ReflectedMethods::Compiler_message)},

{"meta::Compilerimpl::require/void require(bool, const char *message)"s, thunkMaker(&ReflectedMethods::Compiler_require)},

{"meta::ClasslInfo::variables/Range<meta::Memberinfo> &variables() const"s,
thunkMaker(&ReflectedMethods::ClassiInfo_variables)},

{"meta::ClasslInfo::functions/Range<meta::MethodInfo> &functions() const"s,
thunkMaker(&ReflectedMethods::Classinfo_functions)},

{"meta::Classinfo::add/template<> void add<meta::MethodInfo>(meta::MethodInfo entity, meta::AccessType access =

AccessType::Unspecified)"s, thunkMaker(&ReflectedMethods::Classinfo_addMethod)},
I3
auto p = fns.find(methodName);

return p->second(thunk, interpreter, obj, args, result);

}
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Boluncnutens BeipaxeHuu - static reflection

void ExpressionEvaluator::VisitCXXMemberCallExpr(const clang::CXXMemberCallExpr* expr)

{
VisitorScope vScope(this, "VisitCXXMemberCallExpr"),

const clang::CXXRecordDecl* rec = expr->getRecordDecl();
const clang::CXXMethodDecl* method = expr->getMethodDecl();

std::string recName = rec->getQualifiedNameAsString();
dbg() << "[ExpressionEvaluator] Call method "™ << method->getNameAsString() << ™ from "™ << recName << "" << std::endl;

Value object;

std::vector<Value> args;

Value result;

if (EvalSubexpr(expr->getimplicitObjectArgument(), object) && CalculateCallArgs(expr->getArgs(), expr->getNumArgs(), args))

{
m_evalResult = value_ops::CallMember(m_interpreter, object, method, args, resulit);

}

vScope.Submit(std::move(result));
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Code injection

API
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Code injection - ocHOBHbIE NMpobremsbl

e OnucaHne MHXEKTUPYEMOro Koda LOSMKHO KOMMUNMPOBATLCA 0ObIYHbIM
KOMMUIATOPOM

e HyxeH cnocob onncaHus pasHoro poga geknapauum (B TOM 4Yucrne ¢
reHeppyemMbiM COLEPXKNUMbIM)

e Code injection n compile-time-BbluncrneHna MoryT ObITb NepemMeLLaHbl

e HyxXeH cnocob amynsaunm gocTtyna K “HoBbIM” (MHXEKTUPOBaHHbLIM)
aexknapauyusim
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Code injection

for (auto& t : meta::reflect_type<Types ...>())

{
[[gsl::suppress("inject", "$target=dst", "public")]]
[name="Visit"](const decltype(meta::project_type(t))& obj) -> void
{
meta::project("GetDerived")()->
$ project_member("Visit")(std::forward<meta::project("T0")>(obj));
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Code injection

for (auto& t : meta::reflect_type<Types

{

ATpunbyT, oTmMevatowmmn code injection

[[gsl::suppress(“inject”, "$target=dst", "public”)]]
[name="Visit"](const decltype(meta::project_type(t))& obj) -> void
{

meta::project("GetDerived")()->
$_project_member("Visit")(std::forward<meta::project("T0")>(obj));
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Code injection

for (auto& t : meta::reflect_type<Types ...>())

{
[[gsl::suppress("inject", "$target=dst", "public")]]

[name="Visit"](const decltype(meta::project_type(t))& obj) -> void
{

meta::project("GetDerived")()->
$_project_member("Visit")(std::forward<meta::project("T0")>(obj));

NHxekTpoBaHue HOBOro Metoaa
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Code injection

for (auto& t : meta::reflect_type<Types ...>())

{ o _ MNpeobpasoBaHne MeTadaHHbIX B
[[gsl::suppress(“inject”, "$target=dst", "public” COOTBETCTBYHOLLMI THM
[name="Visit"](const decltype(meta::project_type(t))& obj) -> void
{

meta::project("GetDerived")()->
$_project_member("Visit")(std::forward<meta::project("T0")>(obj));
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Code injection

for (auto& t : meta::reflect_type<Types ...>())

{
[[gsl::suppress("inject", "$target=dst", "public")]]

[name="Visit"](const decltype(l QocTyn k MHxekTUpOBaHHOV
{ CYLLIHOCTHM
meta::project("GetDerived")(->
$ _project_member("Visit")(std::forward<meta::project("T0")>(obj));
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Code injection

for (auto& t : meta::reflect_type<Types ...>())

{
[[gsl::suppress("inject", "$target=dst", "public")]]
[name="Visit"](const decltype(meta::project type(t))& obj) -> void
{ [ocTyn K MeTony UHXEeKTUPOBaHHOW

meta::project("GetD{ CYLLHOCTH.

$ project_member("Visit")(std::forward<meta::project("T0")>(obj));
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Code injection

for (auto& t : meta::reflect_type<Types ...>())

{
[[gsl::suppress("inject", "$target=dst", "public")]]
[name="Visit"](const decltype(meta::project_type(t))& obj) -> void

{ NHaekTupoBaHue npomsBosibHOMO
meta::project("GetDerived")()-> TekcTa

$_project_member("Visit")(std::forward<meta::project(" T0")>(obj));
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Code injection

e clang::Rewriter ona 3ameHbl 0OOHMX doparMeHTOB Koda ApYrMMin
e CTeK MHXEKTMPOBAHUA
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Code injection - atpndytupoBaHme

[[gsl::suppress("inject", "$target=dst", "public")]]
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Code injection - atpndytupoBaHme

[[gsl .:suppress(“inject", "$target=dst", "public")]]
S~

CneuuanbHbi atpmbyT 13 Habopa
clang
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Code injection - atpndytupoBaHme

Mhdst", "public")]]

Tun gencteus (inject, constexpr)

[[gsl::suppress(
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Code injection - atpndytupoBaHme

[[gsl::suppress(“inject”, "$target=dst”, "public™)]]

[MapameTpbl
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Code injection - cTek

inline void BoostSerializable(meta::ClassiInfo dst, const meta::ClassInfo& src)

{

for (auto& v : src.variables())
$_inject_v(dst, public) v;

$_inject_v(dst, public) [&, name="serialize"](auto& ar, unsigned int ver) -> void

{

$ constexpr for (auto& v : src.variables())
$_inject( ) ar & $_v(v.name());
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Code injection - cTek

class TestStruct {
public:
template <typename TO> void serialize(TO &ar, const unsigned int ver) {
ar & a;
ar & b;
}
int a;
std::string b;
3
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Code injection - cTek

inline void BoostSerializable(meta::ClassiInfo dst, const meta::ClassInfo& src)

{

for (auto& v : src.variables())
$_inject_v(dst, public) v;

$_inject_v(dst, public) [&, name="serialize"](auto& ar, unsigned int ver) ->
void ~

{ _ NHxxekTupyeTtca B dst B Buae metoaa
$_constexpr for (auto& v : src.variables())

$_inject( ) ar & $_v(v.name());
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Code injection - cTek

inline void BoostSerializable(meta::ClassiInfo dst, const meta::ClassInfo& src)

{

for (auto& v : src.variables())
$_inject_v(dst, public) v;

$_inject_v(dst, public) [&, name="serialize"](auto& ar, unsigned int ver) -> void

{
$_constexpr for (auto& v : src.variables())

$_inject(_) ar & $_v(v.name()); k

b WHTepnpeTupyetcs
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Code injection - cTek

inline void BoostSerializable(meta::ClassInfo dst, const meta::ClassInfo& src)

{

for (auto& v : src.variables())
$_inject_v(dst, public) v;

$_inject_v(dst, public) [&, name="serialize"](auto& ar, unsigned int ver) -> void

{

$_constexpr for (auto& v : src.variables())
$_inject( ) ar & $_v(v.name());
}; e

g NHxekTupyeTcs B Teno metoaa
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Ewe npumep

// Declare template metaclass for visitors across "Types' list
template<typename R, typename ... Types>
inline void Visitor(meta::ClassInfo dst, const meta::ClassInfo& src)
{
/I Insert all methods form src to dst
for (auto& f : src.functions())
$_inject_v(dst, public) f;

/I Add extra 'Visit' methods to dst dependent on specific type from "Types'

for (auto& t: t_$(Types ...))
$_inject_v(dst, public) { R Visit(const $_t(t)& obj); }
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Ewe npumep

$_class(SomeVisitor, Visitor<bool, A, B, C>)

{
public:

void TestMethod1();
std::string TestMethod2(int param) const;

%
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Ewe npumep

class SomeVisitor {
public:
void TestMethod1();
std::string TestMethodZ2(int param) const;
bool Visit(const A &obj);
bool Visit(const B &obj);
bool Visit(const C &obj);

protected:
private:

%

C++ Russia 2019: MeTtaknaccbl B C++17

KASPERJKY?2

97



Ewe npumep

inline void Interface(meta::Classinfo dst, const meta::ClassInfo& src) {
using meta::compiler;
compiler.require(src.variables().empty(), "Interface may not contain data members");

Sinject_v(dst, public) {
enum {Interfaceld = 123456},
}

for (auto& f : src.functions()) {
compiler.require(f.is_implicit() || (/f.is_copy_ctor() && !f.is_move_ctor()),
"Interface can't contain copy or move constructor");

if ('f.is_implicit()) {
f.make_public();
compiler.require(f.is_public(), "Inteface function must be public");
f.make_pure_virtual();
$_inject(dst) f;

}

}
}
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Ewe npumep

$ class(SomeVisitor, Visitor<bool, A, B, C>, Interface)

{
public:

void TestMethod1();
std::string TestMethod2(int param) const;

%
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Ewe npumep

class SomeVisitor {
public:
virtual void TestMethod1() = 0;
virtual std::string TestMethod2(int param) const = 0;
virtual bool Visit(const A &obj) = 0;
virtual bool Visit(const B &obj) = 0;
virtual bool Visit(const C &obj) = 0;

protected:
private:

%
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Ewe npumep

class SomeVisitor {
public:
void TestMethod1();
std::string TestMethodZ2(int param) const;
bool Visit(const A &obj);
bool Visit(const B &obj);
bool Visit(const C &obj);

protected:
private:

%
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[Tones3Hble cCblfku

e Cneundurkaums METaKIaccoB:
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p0707r3.pdf

e (CcbIfika Ha 3TKU cnanasbl:
https://docs.google.com/presentation/d/1bWQXc1L51tMoK94AJFvpnQ7jVEipinLR1Y _E
Lfzr4AY/edit?usp=sharing

e Penosntopuin c KOOQOM NpoLieccopa MeTaknacCcos:
https://github.com/flexferrum/autoprogrammer/

e [lopt Jinja2 Ha C++:
https://qgithub.com/flexferrum/Jinja2Cpp
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https://github.com/flexferrum/autoprogrammer/
https://github.com/flexferrum/Jinja2Cpp

Cnacunb6o!

telegram: @flexferrum E-mail: flexferrum@amail.com
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Metaclasses processing tool - ppoHTEHA

$ class(Name, MetaclassName...) - makpoc, ¢ NOMOLLbIO KOTOPOro 0ObABNSAETCS MHCTAHC
MeTaknacca

$_inject_v(Target, Visibility) - makpoc-npedukc, KOTopbIi NPUBOANT K BCTaBKe CrieaytLero
3a HUM DOrioka B TENO MHCTaAHCa MeTaknacca

$ constexpr() - makpoc-npedurkc, NoMeyarL i CreayLmMii 3a HUM onepaTop Kak
BblYNCNSEMbIN Ha 3Tane KoMNUIauum

$_inject_xxx(Target, Name, Visibility), rne XXX - ato enum, struct, class nnu union -
MaKpoc-npeduKc, KOTOPbIA NPUBOAUT K BCTaBKE CreayloLero 3a HUM brioka B Teno
MHCTaHCa MeTaknacca B Buae OTAeNbHOU CTPYKTYPLI, enum’a, Knacca nnm oobeanHeHus
$_n(expr) - makpoc, KOTOPbLIN 3aMeHSIETCA 3HAYEHMEM BblpaXXeHUs1 eXPr, BbIMUCIEHHOIO Ha
aTarne KomMnunaumm

$_t(expr) - Makpoc, KOTOPbIN 3aMEHAETCHA TUNOM BbIPaXXEHUS eXpr, BbIMMCNEHHOro Ha 3Tane
KOoMAnnaumm

t_$(expr) - makpoc, KOTOpbIli 3aMeHsIeTCst MeTauHdOpPMaLUMeE o TUne expr

$_str(expr) - makpoc, KOTOpbIli 3aMEHSIETCS Ha expr
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Metaclasses processing tool - ppoHTEHA

meta::compiler - aksemnnap knacca meta::Compilerlmpl, npegocrasnstowmmn OCTynN K
rmobarnbHblM METO4aM Tuna require, error, message u T. n.

meta::Typelnfo - knacc, npegoctaBnsowmn pasnnyHyo MHOPMaLUUO O KOHKPETHOM TUMNE
meta::Memberinfo - knacc, npegocraBnsaoWMN pasnNYHyo MHGHOPMALMIO O KOHKPETHOM
YyrieHe Krnacca

meta::MethodInfo - knacc, npegocraBnsarOWNK Pa3NINYHYO MHPOPMALINIO O KOHKPETHOM
MeToAe Krnacca

meta::ClassiInfo - knacc, npegoctaBnalOLWLNM pasnUYHy0 MHPOPMaLIMIO O KOHKPETHOM
Kracce.
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AST Reflector

Cospgaéet ynpoweHHyto mogenb AST ¢ arpermpoBaHHoON MHOPMaLVEN O:

Knaccax/ctpyktypax (reflection::Classinfo)

BrnoxeHHbIx B knacc geknapauusix (reflection::Classinfo::InnerDecl)
Metogax un nx napametpax (reflection::Methodinfo)

[MepeuncneHnn (reflection::Enuminfo)

Tunax (reflection::Typelnfo)
built-in/template/enum/record/alias/array/...
cv-qualifiers

pointing levels

name

(@)

O
O
O
O
e [IpocTpaHcTBax MMEH (reflection::Namespacelnfo)
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AST Reflector - npumep

struct MethodInfo : public NamedDeclinfo

{
SourcelLocation declLocation;
SourcelLocation defLocation;
std::vector<MethodParamInfo> params;
std::vector<TemplateParaminfo> tplParams;
std::string fullPrototype;
TypelnfoPtr returnType;
std::string returnTypeAsString;
AccessType accessType = AccessType::Undefined;
std::string body;

bool isTemplate() const {return !tpIParams.empty();}

const clang::FunctionDecl* decl;
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bool isConst = false;

bool isVirtual = false;

bool isPure = false;

bool isNoExcept = false;

bool isRVRef = false;

bool isCtor = false;

bool isDtor = false;

bool isOperator = false;

bool isimplicit = false;

bool isDeleted = false;

bool isStatic = false;

bool isExplicitCtor = false;

bool isInlined = false;

bool isClassScopelnlined = false;
bool isDefined = false;
AssignmentOperType assignmentOperType =

AssignmentOperType::None;

ConstructorType constructorType = ConstructorType::None;

KASPERYKYS

107



VIHTepnpeTaTtop - npumep

case Stmt::IfStmtClass:
{ auto condVarStmt = ifStmt->getConditionVariable();

const IfStmt *ifStmt = cast<IfStmt>(stmt); if (condVarStmt && |ExecuteVarDecl(condVarStmt))
return ESR_Failed;
BlockScopeRAIl scope(m_scopes);
if (const Stmt *initStmt = ifStmt->getInit()) if (\ExecuteAsBooleanCondition(ifStmt->getCond(), cond))
{ return ESR_Failed;
auto result = ExecuteStatement(initStmt, nullptr);
if (const Stmt *subStmt = cond ? ifStmt->getThen() :

if (result = ESR_Succeeded) ifStmt->getElse())
return result; {
} auto result = ExecuteStatement(subStmt, nullptr);
bool cond = false; if (result '= ESR_Succeeded)
return result;
}
return ESR_Succeeded;

}
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Boluncnutens BeipaxeHuu - static reflection

static auto thunk = [J(auto fnPtr, Interpreterimpl* interpreter, Value& obj, const std::vector<Value>& args, Value& result) {
return ApplyCallMemberVisitor(fnPtr, obj, interpreter, args, result);

|3

using ThunkType = decltype(thunk);

using Thunklnvoker = std::function<bool (const ThunkType&, Interpreterlmpl*, Value&, const std::vector<Value>&, Value&)>;

static auto thunkMaker = [J(auto fnPtr) -> ThunkInvoker {

return [fnPtr](const ThunkType& thunk, Interpreterlmpl* interpreter, Value& obj, const std::vector<Value>& args, Value& result) ->
bool {

return thunk(fnPtr, interpreter, obj, args, result);
|3
h
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Boluncnutens BeipaxeHuu - static reflection

template<typename Fn>
struct CallMemberVisitor : boost::static_visitor<bool> {

template<typename U, typename T, typename ... Args, size_t ... ldxs>
bool Invoke(bool (*fn)(Interpreterimpl®, T, Value&, Args...), U&& val, const std::index_sequence<ldxs...>&) const {
return fn(interpreter, std::forward<U>(val), result, ConvertValue<std::decay_t<Args>>(args[ldxs])...);

}

template<typename U, typename T, typename ... Args>
auto Call(bool (*fn)(Interpreterimpl*, T, Value&, Args...), U&& val) const -> decltype(fn(interpreter, std::forward<U>(val), result,
std::declval<Args>()...)) {
return Invoke(fn, std::forward<U>(val), std::make_index_sequence<sizeof ... (Args)>());

}

template<typename U>
auto operator()(U&& val) const -> decltype(Call(fn, std::forward<U>(val))) {
return Call(fn, std::forward<U>(val));
}
3
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Code injection - 0bpaboTka BbipaxeHum

template<typename T>
struct Projector : public ProjectorBase
{

using type = T;

template<typename ... Args>
Projector<T> operator()(Args&& ... args);

template<typename R>
operator R();

template<typename U>
Projector<T> $_project_member(U&&);

Projector<T>* operator ->();

C++ Russia 2019: Metaknacchl B C++17 KASPER§KY2 111



