Build Systems: Combining CUDA and
Modern CMake

GTC, San Jose, CA
May, 2017

Robert Maynard
W(Kitware



Kitware, Inc.
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Business Model: Open Source
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Why CMake? Everyone Is using It
KDE 2006 1 First Tipping Point!
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Why CMake? Everyone Is using It
2016-171 Second Tipping Point!

A Introduction of CMake Server A
A QTCreator B
A VisualStudio 2017 cmake —E Vis?atlcs;z?izrlof
A C++ Package Managers server pes/ediors
A Conan.io i provides helper scripts e

A Microsoft.vckpg
A Native CUDA language support
A CMake 3.5, 3.6, 3.7, and 3.8 in the last 14 months
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Classic CMake

_ In reality most projects have a
very directory centric model
: Downard propagation
| l l i Include Directories
| C_ompile Definitions
I Find Packages

‘ Consumers have to know:
o b o I -B i Does the dependency

generate build tree files

Executablgu Library B Library A JEEENEERUETEELERTE:

any new external package
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Modern CMake

A Modern CMake uses new(er) APIs

A Modern CMake is target focused
i Include Directories
I Compile Options
I Compile Definitions

A Modern CMake introduces the concept of usage requirements
i PUBLIC
i PRIVATE
i INTERFACE

A Modern CMake is more declarative
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L et 0 s CMakeicdade
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cmake_minimum_required(VERSION 3.8)
project(Example CUDA CXX)

if(NOT DEFINED CMAKE_CXX_STANDARD)
SetLCMAKE_CXX_STANDARD lll
set (CMAKE_CXX_STANDARD_REQUIRED True)
endif()

if(NOT DEFINED CMAKE_CUDA_STANDARD)

set (CMAKE_CUDA_STANDARD 11)

set (CMAKE_CUDA_STANDARD_REQUIRED True)
endif()

The CUDA compiler identification is NVIDIA 8.0.61

The CXX compiler identification is AppleClang 7.3.0.7030029

Check for working CUDA compiler: /usr/local/cuda/bin/nvcc

Check for working CUDA compiler: /usr/local/cuda/bin/nvcc -— works
Detecting CUDA compiler ABI info

Detecting CUDA compiler ABI info - done



L et 0 s CMakeicdade

Search: | Grouped Advanced HP Add Entry Remove Entry
Name Value

CMAKE_AR Jusr/bin/ar

CMAKE_BUILD_TYPE Debug

CMAKE_COLOR_MAKEFILE v

CMAKE_CUDA_COMPILER Jusr/local/cuda/bin/nvce

CMAKE_CUDA_FLAGS -arch=sm_30

CMAKE_CUDA_FLAGS_DEBUG -g

CMAKE_CUDA_FLAGS_MINSIZEREL -01 -DNDEBUG

CMAKE_CUDA_FLAGS_RELEASE -03 -DNDEBUG

CMAKE_CUDA_FLAGS_RELWITHDEBINFO -02 -g -DNDEBUG

CMAKE_CUDA_HOST_COMPILER

CMAKE_CXX_COMPILER JApplications/Xcode.app/Contents/Developer/Toolchains/Xco...
CMAKE_CXX_FLAGS

CMAKF XX FI AGGS NFRLIG -n

Press Configure to update and display new values in red, then press Generate to generate selected build files.

Configure Generate Open Project Current Generator: Unix Makefiles
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Shared Library Mixed Languages

add_Tlibrary(black_scholes SHARED
black_scholes/Serial.cpp
black_scholes/Parallel.cu
)
target_include_directories(black_scholes
PRIVATE ${CMAKE_CURRENT_SOURCE_DIR}/black_scholes/
INTERFACE
S$<BUILD_INTERFACE:${CMAKE_CURRENT_SOURCE_DIR}/black_scholes/>
S$<INSTALL_INTERFACE:1include/example/black_scholes>
)
only the given target will use it
only consuming targets use it

used by consumers from this project or use the build directory
\\Y(( Kitware used by consumers after this target has been installed 10




Shared Library Mixed Languages

target_compile_definitions(black_scholes
PRIVATE KW_EXPORTS
INTERFACE KW_IMPORTS

)

target_link_Llibraries(black_scholes
PUBLIC compiler_info

)

given target and consuming targets will use it
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Interface Library

add_library(compiler_info INTERFACE)

target_include_directories(compiler_info INTERFACE
$<BUILD_INTERFACE:${CMAKE_CURRENT_SOURCE_DIR}/compiler_info>
$<INSTALL_INTERFACE:include/example/compiler_info>

)

set(cxx_lang

set(cuda_lang

set(debug_cxx_lang

set(debug_cuda_lang
target_compile_options(compiler_info INTERFACE

$<${cxx_lang}:$<BUILD_INTERFACE:-Wall>>

$<${cuda_lang}:$<BUILD_INTERFACE:-Xcompiler=-wall>>
$<${debug_cxx_lang}:$<BUILD_INTERFACE:-Wshadow;-Wunused-parameter>>

$<${debug_cuda_lang}:$<BUILD_INTERFACE:-Xcompiler=-Wshadow, -Wunused-parameter>>
)




Lets Run CMake

[ 25%] Building CXX object CMakeFiles/black_scholes.dir/black_scholes/Serial.cpp.o
/Applications/Xcode.app/Contents/Developer/Toolchains/XcodeDefault.xctoolchain/usr/bin/c++ -DKW_EXPORTS -Dblack_scholes
_EXPORTS -I/Users/robert/Work/cmake_tutorial/cuda_src/producer/black_scholes -I/Users/robert/Work/cmake_tutorial/cuda_sr
c/producer/compiler_info -g -fPIC -Wall -Wshadow -Wunused-parameter -std=gnu++11 -o CMakeFiles/black_scholes.dir/blac
k_scholes/Serial.cpp.o —-c /Users/robert/Work/cmake_tutorial/cuda_src/producer/black_scholes/Serial.cpp

[ 58%] Building CUDA object CMakeFiles/black_scholes.dir/black_scholes/Parallel.cu.o

/usr/local/cuda/bin/nvcc -DKW_EXPORTS -Dblack_scholes_EXPORTS -I/Users/robert/Work/cmake_tutorial/cuda_src/producer/bla
ck_scholes -I/Users/robert/Work/cmake_tutorial/cuda_src/producer/compiler_info -arch=sm_30 -g -Xcompiler=—fPIC -Xcomp
iler=-Wall -Xcom?iler=-Wshadow, -Wunused-parameter —std=c++11 —x cu -c /Users/robert/Work/cmake_tutor’4 ‘cuda_src/produce
r/black_scholes;| mallel.cu -o CMakeFiles/black_sc'# 2s.dir/black_scholes/Parallel.cu.o

[ 75%] Linking (M)A device code/Users/robert/Work/¢M ke_tutorial/cuda_build/CMakeFiles/black_scholes. |l r/cmake_device 1li
nk.o

/Applications/Ch| (e.app/Contents/bin/cmake -E cmake |.ink_script CMakeFiles/black_scholes.dir/dlink.tx| --verbose=1
/usr/local/cuda, (n/nvcc -arch=sm_3@ -g —Xcompiler fPIC -shared -dlink CMakeFiles/black_scholes.dir 1lack_scholes/Seri
al.cpp.o CMakeF: :s/black_scholes.dir/black_scholes ‘'arallel.cu.o -0 CMakeFiles/black_scholes.dir/cma  _device_link.o -
L/usr/local/cudi .ib

[10@%] Linking (M { shared library libblack_scholes.@ lib
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Separable Compilation

A Separable compilation allows CUDA
code to call device functions
Implemented in other translation units

A CMake 3.8 is capable of separable
compilation and device linking (= e

i device linking of static libraries occurs ™™
when they are consumed by a shared
Iibrary or executable a_dlink.0/ a_dlink.obj

Host Linker

executable / library
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Separable Compilation
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