CMake



CopepxaHue

1. MHorooGpa3sue cucrtem coOopkKu
2. CMake: cucrtema cbopkm, kKotopast HU4ero He cobupaet

3. CMake: a3bIk nporpaMmmMnpoBaHnsl, Ha KOTOPOM He XO4eTCH NucaTb



MHoroobpasue cuctem cbopku

b|2

GNU Make
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GNU Make

yHI/IBepCaJ'IbeII7I MHCTPYMEHT. HE MNMPUBA3aH K KOMMUIIALNN

He ckpbiBaeT getanen n xopowl ans n3ayvyeHus npouecca coopku
[MpocT ans 6a30BbLIX CLEHAPUEB

R

He aBnsetca kpoccnniatpopMeHHbIM
CrnioxeH B napameTtpusaunmn (koHdpurypauum Release/Debug, gon. onuun)

R

? CwmMelwumBaeT umnepaTmBHbLIN N geKnapaTuBHbIN CTUNK



Mupy Hy>XeH repou

KpoccnnatdopMeHHbIN
Pacwupsaembin
He HOBbIN KOHKYPUPYHOLLUA CTaHOapT

HOW STANDARDS PROLFERATE:
(65 A/C CHARGERS, CHARACTER ENCOOINGS, INSTANT MESSAGING, ETC)

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

M?! RiDlIcULoLS!

WE NEED To DEVELOP
ONE UNIVERSAL STANDARD
THAT COVERS EVERYONE'S
USE CASES. YERH!

\ O J

)

SITUATION:
THERE ARE
|5 COMPETING
STANDPRDS.




CopepxaHue

1. MHoroobpasue cuctem cbopku
2. CMake: cucrema coopku, KoTopasa HU4Yero He coobupaet

3. CMake: a3bIk nporpaMmmMnpoBaHnsl, Ha KOTOPOM He XO4eTCH NucaTb



MWHUMaNUCTUYHBIN NPOEKT

| -- CMakelLists.txt
"-- src
T-- main.cpp



OTan 1. KoHdurypauus

$ cmake -S . -B build/Debug \

I-- build -DCMAKE_BUILD_TYPE=Debug
| "-- Debug
| | -- CMakeCache.txt
| "-- Makefile
| -- CMakelLists.txt
"-- src

T-- main.cpp

CMake ne codupaem npoekm

Or reqepupyem gaino on% dpyrux cucmem clopku



JT1an 2: cbopka

$ cmake -S . -B build/Debug \

-- build -DCMAKE_BUILD_TYPE=Debug
“-- Debug
| -- CMakeFiles $ cmake --build build/Debug
"-- hello.dir
"-- src

| -- main.cpp.o
"-- main.cpp.o.d
-- CMakeCache. txt He fb/deb/fae/w make HANPAMYH
" -- Makefile
-- CMakelLists. txt
T-- src
T-- main.cpp



JT1an 2: cbopka

$ cmake -S . -B build/Debug \

I-- build -DCMAKE_BUILD_TYPE=Debug
| “-- Debug

| | -- CMakeFiles $ cmake --build build/Debug
| | "-- hello.dir

| | -- src $ ./build/Debug/hello

| | | -- main.cpp.o

| | -~ main.cpp.o.d Hello, World

| | -- CMakeCache. txt

| | -- hello

| "-- Makefile

| -- CMakelLists.txt

"-- src

T-- main.cpp
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OuuncTka

$ cmake -S . -B build/Debug \

I-- build -DCMAKE_BUILD_TYPE=Debug
| “-- Debug
| | -- CMakeCache.txt $ cmake --build build/Debug
| "-- Makefile
| -- CMakelLists.txt $ ./build/Debug/hello
"-- src

-~ main.cpp Hello, World

$ cmake --build build/Debug \
--target clean

Apmeghaxmul cdopru yoaneHuw

Creuepupoboartvie gainnr ocmanucs
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OuuncTka

| -- CMakelLists.txt
"-- src
T-- main.cpp

Imo — Qut-of-cource build
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$ cmake -S . -B build/Debug \
-DCMAKE_BUILD_TYPE=Debug

$ cmake --build build/Debug
$ ./build/Debug/hello
Hello, World

$ cmake --build build/Debug \
--target clean

$ rm -rf build

What is an "out-of-source" build?



https://gitlab.kitware.com/cmake/community/-/wikis/FAQ#what-is-an-out-of-source-build

In-source build X

$ cmake .
- - CMakeCache. txt _
-- CMakeFiles $ cmake --build .
| -- hello.dir
T-- 8src $ ./hello

|
I |-~ main.cpp.o Hello, World!

"-- main.cpp.o.d
"-- Makefile.cmake

- - 1 . -- l
.- CMakeLists.txt $ cmake --build target clean
- hello_ $ git clean -df
-- Makefile
-- Src
“-- main.cpp

Apmegparmur cdopru § kopte npoekma

13



In-source build

X ApTedakTbl nexart BMecTe ¢ UCXOQHMKaMu

X HeB0o3MOXHO nogaepxmBaTb HeCcKonbKo KoHdurypauum (Release/Debug)

Hem npuayUt cofupama § pexume in-cource

Uenonspydme out-of-cource build

14



CMAKE_BUILD _TYPE

GCC
Debug: -9
Release: -03 -DNDEBUG
RelwWithDebInfo: -02 -g -DNDEBUG
MinSizeRel: -0s -DNDEBUG

MSVC
/Z1 /0boO /0d
/02 /0b2 /DNDEBUG
/Zi /02 /0b1l /DNDEBUG
/01 /0b1 /DNDEBUG

Ling kaxdoro komnungmopa. cboi Hadop onyui
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Modules/Compiler/GNU.cmake#L 101



https://github.com/Kitware/CMake/blob/master/Modules/Compiler/GNU.cmake#L101

MHoecTBO KOHourypaumm

| -- Debug
| | -- CMakeCache. txt
| | -- hello
| "-- Makefile
"-- Release
| -- CMakeCache. txt
| -- hello
"-- Makefile
-- CMakelLists. txt
T-- src
T-- main.cpp
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cmake -S . -B build/Debug \
-DCMAKE_BUILD_TYPE=Debug

cmake --build build/Debug

cmake -S . -B build/Release
-DCMAKE_BUILD TYPE=Release

cmake --build build/Release



3anyck CMake

cmake -S . -B build/Debug -DCMAKE_BUILD_TYPE=Debug

cmake --build build/Debug

- 370 yXe CMLLKOM MHOIOCMOBHO
- MoryT ObITb €elle napameTpsbl

- Bblbop kaTanora genernpyetcs nonb3oBaTero
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CMakePresets.json

| -- CMakelLists.txt
| -- CMakePresets.json
"-- src

T-- main.cpp

18

cmake

cmake

cmake

cmake

--preset Debug

--build --preset Debug

--preset Release

--build --preset Release



CMakePresets.json

"configurePresets": [ $ cmake --preset Debug
{ "name": "Base" $ cmake --build --preset Debug
"generator": "Ninja",
"binaryDir":

"${sourceDir}/build/${presetName}" $ cmake --preset Release
$ cmake --build --preset Release

"name": "Debug",

"inherits": "Base",

"cachevariables": {
"CMAKE_BUILD_TYPE": "Debug"

19 cmake-presets(7)



https://cmake.org/cmake/help/latest/manual/cmake-presets.7.html

Hactponku 3anycka CMake

- CMakePresets.json — obwue

- (CMakeUserPresets.json — nuyHble, gobaeneHbl B . gitignore

Imu padnnl pacnognaromes IDE

20 cmake-presets(7)



https://cmake.org/cmake/help/latest/manual/cmake-presets.7.html

CopepxaHue

1. MHoroobpasue cuctem cbopku
2. CMake: cucrtema cbopkm, kKotopast HU4ero He cobupaet

3. CMake: a3bIKk nporpamMmmMmmMpoBaHnsA, Ha KOTOPOM He XO4YeTCH nucaTb
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Make ~> CMake

CXXFLAGS=-std=c++17 -03 -Wall
LDLIBS=-1m

hello: main.cpp
$(CXX) $(CXXFLAGS) -0 $@ $* $(LDLIBS)
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Make ~> CMake

CXXFLAGS=-std=c++17 -03 -Wall
LDLIBS=-1m

hello: main.cpp
$(CXX) $(CXXFLAGS) -o $@ $N $(LDLIBS)

YUmo makoe target?

23

add_executable(hello main.cpp)



Make ~> CMake

CXXFLAGS=-std=c++17 -03 -Wall add_executable(hello main.cpp)
LDLIBS=-1m

hello: main.cpp
$(CXX) $(CXXFLAGS) -o $@ $N $(LDLIBS)

Make: target == paiin (kpome .PHONY)

mo makoe target?
g g CMake: target — odvexm
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Make ~> CMake

CXXFLAGS=-std=c++17 -03 -Wall
LDLIBS=-1m

hello: main.cpp
$(CXX) $(CXXFLAGS) -o $@ $N $(LDLIBS)

Hawa ga0040:
— Cogdams target

— 3anontums ero cloidemba

25

add_executable(hello main.cpp)

hello = {
NAME = hello
TYPE = EXECUTABLE
SOURCES = main.cpp
BINARY_DIR = ./build/



Make ~> CMake

CXXFLAGS=-std=c++17 -03 -wall
LDLIBS=-1m

hello: main.cpp
$(CXX) $(CXXFLAGS) -0 $@ $" $(LDLIBS)

CXX_EXTENSIONS ON => —ctc/—“gnu++’/?
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add_executable(hello main.cpp)

set_target_properties(hello
PROPERTIES
CXX_STANDARD 17
CXX_STANDARD_REQUIRED ON
CXX_EXTENSIONS OFF)



Make ~> CMake

CXXFLAGS=-std=c++17 -03 -Wwall add_executable(hello main.cpp)
LDLIBS=-1m
set_target_properties(hello
hello: main.cpp PROPERTIES
$(CXX) $(CXXFLAGS) -0 $@ $~ $(LDLIBS) CXX_STANDARD 17

CXX_STANDARD_REQUIRED ON
CXX_EXTENSIONS OFF)

target_compile_options(
hello PRIVATE -Wall)

27



Make ~> CMake

CXXFLAGS=-std=c++17 -03 -Wall
LDLIBS=-1m

hello: main.cpp
$(CXX) $(CXXFLAGS) -0 $@ $" $(LDLIBS)
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add_executable(hello main.cpp)

set_target_properties(hello
PROPERTIES
CXX_STANDARD 17
CXX_STANDARD_REQUIRED ON
CXX_EXTENSIONS OFF)

target_compile_options(
hello PRIVATE -Wall)

target_link_libraries(
hello PRIVATE m)



Make ~> CMake

CXXFLAGS=-std=c++17 -03 -Wall
LDLIBS=-1m

hello: main.cpp
$(CXX) $(CXXFLAGS) -0 $@ $" $(LDLIBS)

CMAKE_BUILD_ TYPE=Release
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add_executable(hello main.cpp)

set_target_properties(hello
PROPERTIES
CXX_STANDARD 17
CXX_STANDARD_REQUIRED ON
CXX_EXTENSIONS OFF)

target_compile_options(
hello PRIVATE -Wall)

target_link_libraries(
hello PRIVATE m)



CMakelLists.txt

cmake_minimum_required(VERSION 3.22)
project(Hello)

add_executable(hello main.cpp)
. Bee s3mo moxro ceumams cogonHuem
set_target_properties(
hello odsekma u 3anonteruem ero clodemtb
PROPERTIES
CXX_STANDARD 17
CXX_STANDARD_REQUIRED ON
CXX_EXTENSIONS OFF)

target_compile_options(hello PRIVATE -Wall)
target_link_libraries(hello PRIVATE m)
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CMakelLists.txt

cmake_minimum_required(VERSION 3.22)
project(Hello)

add_executable(hello main.cpp)

set_target_properties( Hbroe YKAZOAHUE ONYUU KOMNUNGIMmOpa
hello

PROPERTIES
CXX_STANDARD 17
CXX_STANDARD_REQUIRED ON
CXX_EXTENSIONS OFF)

target_compile_options(hello PRIVATE -Wall)
target_link_libraries(hello PRIVATE m)

31



[lnarHoCTunKu

if(MSVC)
target_compile_options(hello PRIVATE /W4 /WX)
else()
target_compile_options(
hello
PRIVATE

-wWall
-Wextra Cnequqéwmb/x ONUUU CAUWKOM MHOTO, 4MOdbl NONHGCMbHO

“Werror ademparupobomeca om KoHkpemHoro KoMnurIm.opa
-pedantic)

endif ()
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CMake language

foreach(word Hello World) function(foo argl arg2)
message("- ${word}") <commands>
endforeach() endfunction()
if("/a//b/c" PATH_EQUAL "/a/b/c'") macro(<name> [<argl> ...])
. <commands>
endif() endmacro()

33 cmake-language(7)



https://cmake.org/cmake/help/latest/manual/cmake-language.7.html

MoaynbHOCTb

1. CTpyKkTypa npoekrta

2. bubnuotekn

34



Moaynu

-  C++20 Modules Bce eLlle He nogaepxuatotca CMake
https://qitlab.kitware.com/cmake/cmake/-/issues/18355

- byoem cTpykTypupoBaTtb MPOEKT MO CTapUHKe
- Canonical Project Structure
- The Pitchfork Layout (PFL)

Pa;ie,bem MONbKO

CPS

35


https://gitlab.kitware.com/cmake/cmake/-/issues/18355
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1204r0.html
https://api.csswg.org/bikeshed/?force=1&url=https://raw.githubusercontent.com/vector-of-bool/pitchfork/develop/data/spec.bs

Canonical Project Structure

. 1. hpp v cpp pannbl BMecTe
| -- CMakelLists.txt
"-- src
| -- CMakelLists.txt
"-- libsolver
| -- CMakelLists.txt
"-- libsolver

| -- sqrt.cpp
T-- sqrt.hpp

36



Canonical Project Structure

. 1. hpp v cpp pannbl BMecTe
|-- CMakeLists.txt 2. g++ -I src/libsolver

T-- 8rc
| -- CMakelLists.txt 4‘_____—”/////,,//,——————___
"-- libsolver

| -- CMakelLists.txt
"-- libsolver

|-- sqrt.cpp
T-- sqrt.hpp

37



Canonical Project Structure

. 1. hpp v cpp pannbl BMecTe
| -- CMakelLists.txt 2.
-- Ssrc
| -- CMakelLists.txt
"-- libsolver
| -- CMakelLists.txt
"-- libsolver

|-- sqrt.cpp
T-- sqrt.hpp

g++ -I src/libsolver

3. #include <libsolver/sqrt.hpp>

38



src/libsolver/CMakeLists.txt

set(target_name solver)

add_library(${target_name} STATIC
libsolver/sqrt.hpp libsolver/sqrt.cpp)

include(CompileOptions)
set_compile_options(${target_name})

target_include_directories(${target_name}
PUBLIC
${CMAKE_CURRENT_LIST_DIR})

target_link_libraries(${target_name} PRIVATE m)

39



PRIVATE, INTERFACE, PUBLIC

PRIVATE — anemMeHT 1UCrnosb3yeTcs TONIbKO TapreTom
INTERFACE — anemeHT ncnonb3yeTcs TONbKO KNneHTamn Tapreta

PUBLIC — anemeHT 1Ucnosnb3yeTcs n Tapretom, 1 ero KnneHtamm

40



[Mpnmep: PUBLIC

target_include_directories(solver PUBLIC src/libsolver)
target_link_libraries(app PRIVATE solver)

g++ -0 libsolver.so -I src/libsolver

g++ -0 app -I src/libsolver

41



Mpumep: INTERFACE X

target_include_directories(solver INTERFACE src/libsolver)
target_link_libraries(app PRIVATE solver)

g++ -0 libsolver.so ...

g++ -0 app -I src/libsolver ...

Junuur i cyeHopud ons INTE. RFACE — Sudnuomeku walbnorof
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[Tpumep: PRIVATE

target_include_directories(solver PRIVATE src/libsolver)
target_link_libraries(app PRIVATE solver)

g++ -0 libsolver.so -I src/libsolver

g++ -0 app ...

43



Tunbl OnbnmnoTtek

1. Shared Library (Dynamic Library, Shared Object)
2. Static Library
3. Obiject Library (CMake-specific)

4. Header-only Library (C++-specific)

44



CpaBHeHMe TUnoB bnbnmortek

Shared Static
CMake-tun SHARED STATIC
NmeHoBaHue lib*.so lib*.a
dopmar ELF ar-apxuB

Object

OBJECT

Cnuncok pannos B
CMake

https://wiki.debian.org/StaticLinking

45

Header-only

INTERFACE

*.hpp

Kog C++


https://wiki.debian.org/StaticLinking

NB: Shared vs Static deps
add_library(solver SHARED ..)
target_link_libraries(solver PRIVATE m)
target_link_libraries(app PRIVATE solver)

g++ -0 libsolver.so -1m
g++ -0 app -1lsolver
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NB: Shared vs Static deps
add_library(solver STATIC ..)
target_link_libraries(solver PRIVATE m)
target_link_libraries(app PRIVATE solver)

ar cr libsolver.a *.o
g++ -0 app -lsolver -1m

47



icnonb3oBaHWe CTOPOHHUX BMONMOTEK

. add_subdirectory(cxxopts)
"-- external
| -- CMakeLists. txt

T-- cxxopts
- 27?7
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icnonb3oBaHWe CTOPOHHUX BMONMOTEK

' ??7?:

"-- external ]
| -- CMakeLists.txt - WcXoAHUKM CTOPOHHENn 6UBGNOTEKM
-~ cxxopts - Git submodule

<. 999 - CMakelLists.txt
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BeHOOpWHI NCXOOHNKOB

HapexHo. Remember the left-pad!

X YTaxeneHue penosntopus
X  CRnoXHOCTb OOHOBNEHUa bndbnmoTek
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Git Submodules

v Penosntopun octaetca nerkoBeCHbIM
v/ TlpocTtoe obHOBNEHNE

? CybbeKkTnBHO HeyaobHO

Git Tools - Submodules

51


https://git-scm.com/book/en/v2/Git-Tools-Submodules

FetchContent
include(FetchContent)

FetchContent_Declare(
cxXXopts
GIT_REPOSITORY https://github.com/jarro2783/cxxopts.qgit
GIT_TAG v2.2.1
GIT_SHALLOW TRUE
PREFIX ${CMAKE_CURRENT_BINARY_DIR})

FetchContent_MakeAvailable(cxxopts)

52


https://github.com/jarro2783/cxxopts.git

NCTOYHUNKHU

- [pumepsl: cpp/cpp-examples/01-cmake
- CMake:

- CMake Tutorial
- Modern CMake

- CTpyKkTypa npoekra:

- Canonical Project Structure
- The Pitchfork Layout (PFL) K camocmosmensromy UgyueHuto

- GoogleTest Quickstart /
- ctest(1)

- https://wiki.debian.org/StaticLinking
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https://git.csc.sibsutis.ru/cpp/cpp-examples/-/tree/main/01-cmake
https://cmake.org/cmake/help/latest/guide/tutorial/index.html
https://cliutils.gitlab.io/modern-cmake/
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2018/p1204r0.html
https://api.csswg.org/bikeshed/?force=1&url=https://raw.githubusercontent.com/vector-of-bool/pitchfork/develop/data/spec.bs
https://google.github.io/googletest/quickstart-cmake.html
https://cmake.org/cmake/help/latest/manual/ctest.1.html
https://wiki.debian.org/StaticLinking

