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Kakue MMe@HHO Moaynnu?

OOHOIOHUTHbIE UMEeHOBaHHbIe MOA YN

1 He import <header/file.hpp>
2  He precompiled headers

3 He MynbTUIOHUTHbIE MOLY N



4TO TakKoe Moayaun?




OObIYHbIEe #include

#include <iostream>

int main() { std::cout << "Hello" << std::endl; }
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OObIYHbIEe #include

S clang++-19 -E main.cpp -o preprocessed.txt

S clang++-19 -M main.cpp -o includes.txt

S wc -1l includes.txt
180 includes.txt

S ls -lh preprocessed.txt
-rw-rw-r-- 1 antoshkka antoshkka 839K Jun 11 14:11 preprocessed. txt
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S clang++-19 -E main.cpp -o preprocessed.txt
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OObIYHbIEe #include

import std;

int main() { std::cout << "Hello" << std::endl; }
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OObIYHbIEe #include

S clang++-19 -M main.cpp -o includes.txt

S clang++-19 -E main.cpp -o preprocessed.txt

S wc -l includes.txt

1 includes. txt

S ls -lh preprocessed.txt
-rw-rw-r-- 1 antoshkka antoshkka 196 Jun 11 14:12 preprocessed. txt
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OObIYHbIEe #include

S clang++-19 -M main.cpp -o includes.txt

S clang++-19 -E main.cpp -o preprocessed.txt

S wc -l includes.txt

1 includes.txt

S ls -lh preprocessed.txt
-rw-rw-r-- 1 antoshkka antoshkka 196 Jun 11 14:12 preprocessed. txt

C++ Zero Cost Conf



OObIYHbIEe #include

S clang++-19 -M main.cpp -o includes.txt

S clang++-19 -E main.cpp -o preprocessed.txt

S wc -l includes.txt

1 includes. txt

S ls -lh preprocessed.txt
-rw-rw-r-- 1 antoshkka antoshkka 196 Jun 11 14:12 preprocessed. txt
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NI KaKoe Xe
yCKOpeHue?




Ha kKa>xabin #include HY>XHO
OTKPbITb dhann

[lpoYyecTb/MogMannTb €ro B
NaMATb

Pas3bunThb Ha TOKEeHbI

[lpenpoueccnpoBaTh

[TapcuHr, noctpoeHme AST

YCKopeHue

(B Teopumn)



COopka npoekTta 60e3 moaynen

100 *.cpp hannoB cobmnpaeTca Ha 5 aapax
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COopka npoekTta 60e3 moaynen

100 *.cpp hannoB cobmnpaeTca Ha 5 aapax

lostream codegen lostream codegen
lostream codegen lostream codegen
lostream codegen lostream codegen
lostream codegen lostream codegen
lostream codegen lostream codegen




COopka npoekTa 0e3 moaoynen

100 *.cpp dhannoB cobupaeTcda Ha 5 aapax
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COopka npoekTa ¢ MoayJiem

NeOar

code
gen

code
gen

code
gen

loStream

code
gen

code

code
gen

code
gen




COopka npoekKTa ¢ Moayiem

HNeObar + noBTopHasa cOopka

code code code
gen gen gen
code code
gen gen
code code
gen gen
code code
gen gen
code code
gen gen




COopka npoekKTa c MoayJiem

O Byxda3Hasa coopka moaynsa (04 3KCNepuMeHTaJIbHO)

codegen

codegen

codegen

codegen

codegen

codegen

codegen

codegen

codegen

codegen

codegen

codegen

codegen

codegen

loStream

codegen

codegen

codegen

codegen

codegen




YCKopeHue

(Ha npakKkTukKe)

#include Import import std | #include Import
needed headers | needed headers all headers | all headers
“Hello world” | 0.87s 0.32s 0.08s 3.43s 0.62s
(<iostream>)
“Mix” 2.20s 0.77s 0.44s 3.53s 0.99s
(9 headers)

He Ha CMHTeTnKe — yCcKopeHue x2-x3




Mopnvynb Ana HOBOIO
NnpoeKTa




export module my module;

namespace impl {

int get_42() { return 42; }
}

export int get the answer() { return impl::get 42(); }
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export module my module;

namespace impl {

int get_42() { return 42; }
}

export int get the answer() { return impl::get 42(); }




export module my module;

namespace impl {
int get 42() { return 42; } ~ module linkage

¥

_

export int get the answer() { return impl::get 42(); } external




export module my module;

namespace impl {

int get_42() { return 42; }
}

export int get the answer() { return impl::get 42(); }




export module my module;

namespace impl {

std::1nt32 t get 42() { return 42; }
}

export std::1nt32 t get the answer() { return impl::get 42(); }




OYEHDb NJOXO!!

export module my module;

#include <cstdint>

namespace impl {

std::1nt32 t get 42() { return 42; }
}

export std::1nt32 t get the answer() { return impl::get 42(); }
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OYEHDb NJOXO!!

export module my module;

#include <cstdint>

namespace impl {

std::int32 t get 42() { return 42; }
}

export std::int32 t get the answer() { return impl::get 42(); }
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(noyTHn) rnodanbHbLIN pbparMeHT

#include <cstdint>

export module my module;

namespace impl {

std::1nt32 t get 42() { return 42; }
}

export std::1nt32 t get the answer() { return impl::get 42(); }
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(noyTHn) rnodanbHbLIN pbparMeHT

#include <cstdint>

export module my module;

namespace impl {

std::int32 t get 42() { return 42; }
}

export std::int32 t get the answer() { return impl::get 42(); }
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FnobanbHbIK PparMeHT

module;

#include <cstdint>

export module my module;

namespace impl {

std::int32 t get 42() { return 42; }
}

export std::int32 t get the answer() { return impl::get 42(); }
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FnobanbHbIK PparMeHT

module;
#include <cstdint> - Global fragment

Primary Module
export module my module; R :T Interface unit
namespace impl { | (PMI)

std::int32 t get 42(); ~ Purview

}
export std::1nt32 t get the answer();
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Kak cobum
a
Moaoyn E? b




CMakelists.txt

add library(my module cmake)
target sources(my module cmake PUBLIC

FILE SET modules public TYPE CXX MODULES FILES my module.cppm
)

target compile features(my module cmake PUBLIC cxx std 20)
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CMakelists.txt

add library(my module cmake)
target sources(my module cmake PUBLIC

FILE SET modules public TYPE CXX MODULES FILES my module.cppm
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CMakelists.txt

add library(my module cmake)
target sources(my module cmake PUBLIC

FILE SET modules public TYPE CXX MODULES FILES my module.cppm
)

target compile features(my module cmake PUBLIC cxx std 20)
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KaK MCNoJ1b30BaTb
MOAVYb?




target Llink libraries(S{PROJECT NAME} PRIVATE my module cmake)




target link libraries(S{PROJECT NAME} PRIVATE my module cmake)




target Llink libraries(S{PROJECT NAME} PRIVATE my module cmake)




import my module;

int32_t main() { return get_the_answer(); }




A Tenepb, CaMaf
BKYCHATUHA...




iMeloLWLMnNCA
NPOEeKT KakK MoAaVyJib




libstdc++, libc++

module;
#include <bits/all.hpp>

export module std;

export namespace std {
using std::all of;
using std::any of;
using std::none_of;

/] ...
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[1nochl MUHYCBHI

1 Bce nsmeHeHunsd JJOKaZIN30BaHbI B
OAHOM haunne

2 ABIl coBmecTnmMo Cc #include

3 Jlerko peann3oBaThb




[1nochl MUHYCBHI

Bcé B rniobasibHOM hparMeHTe

1 Bce nsmeHeHunsd JJOKaZIN30BaHbI B
OAHOM haunne

2 ABIl coBmecTnmMo Cc #include

3 Jlerko peann3oBaThb




[1nochl MUHYCBHI

Bcé B rniobasibHOM hparMeHTe

1 Bce namMmeHeHuns J10KaJZIn30BaHbI B
OAHOM haunne
Jlerko «3abbITb» 3KCNOPTUPOBATHL
HOBbIN PYHKLIMOHAJ

2 ABIl coBmecTnmMo Cc #include

3 Jlerko peann3oBaThb




[1nochl MUHYCBHI

Bcé B rniobasibHOM hparMeHTe

1 Bce namMmeHeHuns J10KaJZIn30BaHbI B
OAHOM haunne
Jlerko «3abbITb» 3KCNOPTUPOBATHL
HOBbIN PYHKLIMOHAJ

Taxenaa Murpaunsa oas
NnoJsib30oBaTeNnen

2 ABIl coBmecTnmMo Cc #include

3 Jlerko peann3oBaThb




EamHbIN header ons
MoAyJsa U NN
InCclude




Boost.PFR (nonbiTka 1, header)

#pragma once
#include <type traits>
#include <boost/pfr/detail/fields count.hpp>

namespace boost::pfr {

BOOST PFR BEGIN MODULE EXPORT

template <class T> constexpr auto tuple size v = tuple size<T>::value;
BOOST_PFR_END MODULE_EXPORT

}} // namespace boost::pfr
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Boost.PFR (nonbiTka 1, header)

#pragma once
#include <type traits>
#include <boost/pfr/detail/fields _count.hpp>

namespace boost::pfr {

BOOST PFR BEGIN MODULE EXPORT

template <class T> constexpr auto tuple size v = tuple size<T>::value;
BOOST PFR END MODULE_EXPORT

}} // namespace boost::pfr
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Boost.PFR (nonbiTka 1, header)

#pragma once
#include <type traits>
#include <boost/pfr/detail/fields count.hpp>

namespace boost::pfr {

BOOST PFR BEGIN MODULE EXPORT

template <class T> constexpr auto tuple size v = tuple size<T>::value;
BOOST_PFR_END MODULE_EXPORT

}} // namespace boost::pfr
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Boost.PFR (nonbiTka 1, cppm daun)

module;

#include <type traits>

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }

export module boost.pfr;
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Boost.PFR (nonbiTKa 1, cppm daun)

module;

#include <type traits>

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }

export module boost.pfr;
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Boost.PFR (nonbiTka 1, cppm daun)

module;

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }
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Boost.PFR (nonbiTKa 1, cppm daun)

module;

#include <type traits>

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }

export module boost.pfr;
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Boost.PFR (nonbiTka 1, cppm daun)

export module boost.pfr;

#ifdef BOOST PFR ATTACH TO GLOBAL MODULE

extern "C++" {
#include <boost/pfr.hpp>

¥

#Helse
# 1include <boost/pfr.hpp>
#endif
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HaJIN4YMM Takoro TpeboBaHUA
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2  ABI coBmecTumo ¢ #include npwu
HaJIN4YMM Takoro TpeboBaHUA

3 Jlerko peann3oBaThb




[1nochl MUHYCBHI

1  CNnoXHO «3a0bITb» 3KCNOPTUPOBAThL [iBa ABI, nBe 61MbMoTeKN

HOBbIN OYHKLIMOHAN

2 ABIl coBmecTmmo ¢ #include npwu O4yeHb MHOI0 NPMEMOB «Ha FPaHn
HaJINYNN TaKoro TpeboBaHUA dona»

3 Jlerko peasimsoBaTb




[1nochl MUHYCBHI

1 Cno»Ho «3abblTb» 3KCMOPTUPOBATL
HOBbIN PYHKLIMOHaJ

[1Ba ABI, nBe bnbnmoTtekwu

2 ABIl coBmecTmmo ¢ #include npwu O4yeHb MHOI0 NPMEMOB «Ha FPaHn
HaJINYNN TaKoro TpeboBaHUA dona»

3 Jlerko peasnm3oBaThb TsHkénas Murpauns ons
NnoJsib30BaTeNen




EamHbIN header ons

MoAaynAa, u include ¢
aBTO Import




Boost.PFR (nonbiTka 1, header)

#pragma once
#include <type traits>
#include <boost/pfr/detail/fields count.hpp>

namespace boost::pfr {

BOOST PFR BEGIN MODULE EXPORT

template <class T> constexpr auto tuple size v = tuple size<T>::value;
BOOST_PFR_END MODULE_EXPORT

}} // namespace boost::pfr
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Boost.PFR (nonbiTka 2, header)

#pragma once

#1f defined(BOOST USE MODULES) 8&& !defined(BOOST PFR INTERFACE UNIT)

import boost.pfr;
#endif

#1f !defined(BOOST USE MODULES) || defined(BOOST PFR INTERFACE UNIT)
#include <boost/pfr/detail/fields count.hpp>

#1f !defined(BOOST PFR INTERFACE UNIT)

#include <type traitss>
#endif

namespace boost::pfr { /* ... */ }
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Boost.PFR (nonbiTKa 2, header)

#pragma once

#1f defined(BOOST USE MODULES) && !'defined(BOOST PFR INTERFACE UNIT)

import boost.pfr;
#endif

#1f !defined(BOOST USE MODULES) || defined(BOOST PFR INTERFACE UNIT)
#include <boost/pfr/detail/fields count.hpp>

#if !'defined(BOOST PFR INTERFACE UNIT)

#include <type traits>
#endif

namespace boost::pfr { /* ... */ }
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Boost.PFR (nonbiTKa 2, header)

#pragma once

#if defined(BOOST USE MODULES) && 'defined(BOOST PFR INTERFACE UNIT)

import boost.pfr;
#endif

#i1f !'defined(BOOST USE _MODULES) || defined(BOOST PFR INTERFACE UNIT)
#include <boost/pfr/detail/fields count.hpp>

#if !'defined(BOOST PFR INTERFACE UNIT)

#include <type traits>
#endif

namespace boost::pfr { /* ... */ }
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Boost.PFR (nonbiTKa 2, header)

#pragma once

#if defined(BOOST USE MODULES) && !defined(BOOST PFR INTERFACE UNIT)

import boost.pfr;
#endif

#1f !defined(BOOST USE MODULES) || defined(BOOST PFR INTERFACE UNIT)
#include <boost/pfr/detail/fields count.hpp>

#1f 'defined(BOOST PFR INTERFACE UNIT)

#include <type traits>
#endif

namespace boost::pfr { /* ... */ }
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Boost.PFR (nonbiTka 2, header)

#pragma once

#1f defined(BOOST USE MODULES) 8&& !defined(BOOST PFR INTERFACE UNIT)

import boost.pfr;
#endif

#1f !defined(BOOST USE MODULES) || defined(BOOST PFR INTERFACE UNIT)
#include <boost/pfr/detail/fields count.hpp>

#1f !defined(BOOST PFR INTERFACE UNIT)

#include <type traitss>
#endif

namespace boost::pfr { /* ... */ }
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Boost.PFR (nonbiTKa 2, header)

#pragma once

#1f defined(BOOST USE MODULES) && !'defined(BOOST PFR INTERFACE UNIT)

import boost.pfr;
#endif

#1f !defined(BOOST USE MODULES) || defined(BOOST PFR INTERFACE UNIT)
#include <boost/pfr/detail/fields count.hpp>

#if !'defined(BOOST PFR INTERFACE UNIT)

#include <type traits>
#endif

namespace boost::pfr { /* ... */ }
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Boost.PFR (nonbiTKka 2, header)

#include <boost/pfr/detail/config.hpp>

#1f !defined(BOOST USE MODULES) || defined(BOOST PFR INTERFACE UNIT)
#include <boost/pfr/detail/fields count.hpp>

#if !'defined(BOOST PFR INTERFACE UNIT)

#include <type traits>
#endif

namespace boost::pfr { /* ... */ }
#endif // defined(BOOST USE MODULES) && !'defined(BOOST PFR INTERFACE UNIT)
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Boost.PFR (nonbiTka 2, cppm gaun)

module;

#include <type traits>

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }

#define BOOST PFR INTERFACE UNIT

export module boost.pfr;

#include <boost/pfr.hpp>
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Boost.PFR (nonbiTka 2, cppm gaun)

module;

#include <type traits>

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }

#define BOOST PFR INTERFACE UNIT

export module boost.pfr;

#include <boost/pfr.hpp>
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Boost.PFR (nonbiTka 2, cppm gaun)

module;

#include <type traits>

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }

#define BOOST PFR INTERFACE UNIT

export module boost.pfr;

#include <boost/pfr.hpp>
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1 Cno»Ho «3abblTb» 3KCMOPTUPOBATL
HOBbIN PYHKLIMOHaJ

2 ABIl coBMmecTmo ¢ #include nipwu
HaJIn4YnUM Takoro TpeboBaHnA B
paMKaX O4HOWN HAaCTPOUKN cOOpKU




[1nochl MUHYCBHI

1 Cno»Ho «3abblTb» 3KCMOPTUPOBATL
HOBbIN PYHKLIMOHaJ

2 ABIl coBMmecTmo ¢ #include nipwu
HaJIn4YnUM Takoro TpeboBaHnA B
paMKaX O4HOWN HAaCTPOUKN cOOpKU

3 [lpocTenwasa Mmurpaung ons
NnoJsib30BaTesien




[1nochl MUHYCBHI

1 Cno»XHo «3abbITb» IKCMOPTUPOBATL O4yeHb MYTOPHO NPaBUTb KOoA

HOBbIN OYHKLIMOHAN

2 ABIl coBMmecTmo ¢ #include nipwu
HaJIn4YnUM Takoro TpeboBaHnA B
paMKaX O4HOWN HAaCTPOUKN cOOpKU

3 [lpocTenwasa Mmurpaung ons
NnoJsib30BaTesien




boOJiblLle NpuMepoBs




iImport std;

module;

#include <type traits>

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }

#define BOOST PFR INTERFACE UNIT

export module boost.pfr;

#include <boost/pfr.hpp>
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iImport std;

module;

#include <type traits>

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }

#define BOOST PFR INTERFACE UNIT

export module boost.pfr;

#include <boost/pfr.hpp>
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module;

#include
#include
#include
#include
#include
#include
#include
#include

#include

<any>
<array>
<limits>
<string>
<string view>
<type tratits>
<tuple>
<utility>

<variant>
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Import std;




iImport std;

module;

#define BOOST PFR BEGIN MODULE EXPORT export {
#define BOOST PFR END MODULE EXPORT }
#define BOOST PFR INTERFACE UNIT

export module boost.pfr;
import std;

#include <boost/pfr.hpp>
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iImport std;

module;

#ifndef BOOST_PFR_USE_STD_MODULE
#include <type traits>

#endif

export module boost.pfr;
#ifdef BOOST_PFR_USE_STD_MODULE
import std;

#endif
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CBA3aHHbIE@ MOAYN




Boost.Any (header)

#include <boost/any/detail/config.hpp>

#1f 'defined(BOOST USE_MODULES) || defined(BOOST ANY INTERFACE UNIT)

#1f 'defined(BOOST ANY INTERFACE UNIT)
#include <boost/type index.hpp>

#include <type traitss>
#endif
namespace boost::anys { /* ... */ }

#endif // defined(BOOST USE MODULES) && 'defined(BOOST ANY INTERFACE UNIT)
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Boost.Any (header)

#include <boost/any/detail/config.hpp>

#if !defined(BOOST USE MODULES) || defined(BOOST ANY INTERFACE UNIT)

#1f !defined(BOOST ANY INTERFACE UNIT)
#include <boost/type_index.hpp>

#include <type traits>
#endif
namespace boost::anys { /* ... */ }

#endif // defined(BOOST USE MODULES) && !'defined(BOOST ANY INTERFACE UNIT)
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Boost.Any (header)

#include <boost/any/detail/config.hpp>

#1f 'defined(BOOST USE_MODULES) || defined(BOOST ANY INTERFACE UNIT)

#1f 'defined(BOOST ANY INTERFACE UNIT)
#include <boost/type index.hpp>

#include <type traitss>
#endif
namespace boost::anys { /* ... */ }

#endif // defined(BOOST USE MODULES) && 'defined(BOOST ANY INTERFACE UNIT)
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Boost.Any (cppm daun)

module;

#include <boost/type index.hpp>

#include <type traits>

#define BOOST ANY BEGIN MODULE EXPORT export {
#define BOOST ANY END MODULE EXPORT }

#define BOOST ANY INTERFACE UNIT

export module boost.any;
#include <boost/any.hpp>
#include <boost/any/basic any.hpp>
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Boost.Any (cppm daun)
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#define BOOST ANY BEGIN MODULE EXPORT export {
#define BOOST ANY END MODULE EXPORT }

#define BOOST ANY INTERFACE UNIT

export module boost.any;
#include <boost/any.hpp>
#include <boost/any/basic any.hpp>
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HOBbIN OYHKLIMOHAN

2 ABIl coBMmecTmo ¢ #include nipwu
HaJIn4YnUM Takoro TpeboBaHnA B
paMKaX O4HOWN HAaCTPOUKN cOOpKU

3 [lpocTenwasa Mmurpaung ons
NnoJsib30BaTesien

4  Opy>xentbHo K 3aBUCALLUM
MOoOyNSM, He TpebyeT
CUHXPOHU3aLUNN YCUITNIA
Pa3pPaboOTYNKOB
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NMpobnemMbl C MOAYNAMM

(ana paspaboTyMkKoB npoekTa)

1 Cno)xHo npoTtecTtupoBaTb Impl
2 Hapo TecTmnpoBaTb MOA4Y/b

3 MaKpocChbl He 3KCMOPTUPYIOTCA

4 ADL He paboTaeT AJ19 SBHO HE 3KCMOPTUPOBAHHbIX YaCTeWu:

namespace impl {
struct foo;
std::ostream& operator<<(std::ostreamé&, const foo&);

}

export impl::foo bar();

-s.t.d::cout << bar();
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NMpobnemMbl C MOAYNAMM

(ana paspaboTyMkKoB npoekTa)

Cno>XHo npoTecTtupoBaTb impl
Hano TectnpoBaTb MOAY/Jb

MaKpoChl He 3KCMOPTUPYHTCH
ADL He paboTaeT a4 ABHO He
SKCMNOPTUPOBAHHbLIX YacTewu

KOMMNMUNATOPbI YYyTb ChIPOBAaTHI

Cuctembl COOPKM YYyTb CbIPOBATHI

?? MaHr nIMHr meHaeTcq 77



[TonpobyuTte B
CBOEeM npoekKrTe!




Cnacnbo



[ lonyXnH AHTOH

JKcnepT-pa3paboTumk C++

g antoshkka@gmail.com
g antoshkka@yandex-team.ru

o https://github.com/apolukhin
C#+ https://stdcpp.ru/

CCCCCCCCCCCCC

https://github.com/userver-framework
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