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Introduction

CMake has become the de facto standard for managing the build process of C++ projects, and it is now widely

used across many other languages such as C, Fortran, and even Python. Its popularity stems from its ability to

abstract away the intricacies of platform specific build tools, allowing developers to write a single configuration file
that works on Windows, macOS, Linux, and embedded systems alike. Whether you are a hobbyist compiling a

small library or an enterprise architect managing thousands of modules, understanding how to harness CMake’s

power can dramatically improve productivity, maintainability, and portability.

What Is CMake?

CMake is an open source cross platform build system generator. Rather than writing Makefiles or Visual Studio
project files manually, you create a CMakelLists.txt file that describes the source files, compiler options,
dependencies, and build targets. CMake then translates this description into native build scripts for the chosen
generator (Make, Ninja, Xcode, Visual Studio, etc.). This separation of concerns means you can focus on the
logical structure of your project while letting CMake handle the low level details of invoking compilers, linking
libraries, and optimizing for each platform.

Why Use CMake?

There are several compelling reasons to adopt CMake in your development workflow:

¢ Cross Platform Consistency — Write once, build anywhere. CMake abstracts platform differences, so the same
source tree compiles on Windows, macOS, and Linux without modification.

e Modular Project Structure — CMake encourages splitting large projects into sub directories, each with its own
CMakelLists.txt, which promotes encapsulation and reuse.

« Extensibility — With its rich set of modules and the ability to write custom commands, you can integrate code
generation, testing frameworks, and packaging tools seamlessly.

e Community & Ecosystem — A vast number of libraries provide CMake configuration files out of the box,
making dependency management straightforward.

« Integration with IDEs — Most modern IDEs (CLion, VS Code, Eclipse, Xcode) have first class support for
CMake, offering code navigation, debugging, and refactoring tools.

Installing CMake

Installing CMake is usually as simple as downloading a pre built binary or using your platform’s package manager.
Below are the most common methods:

1. Windows — Download the installer from the official site and run it. Ensure you add CMake to the system
PATH during installation.

2. macOS — Use Homebrew: brew install cmake. Alternatively, download the DMG from the website.

3. Linux — Most distributions ship CMake in their repositories. For Ubuntu/Debian: sudo apt-get install cmake.
For Fedora: sudo dnf install cmake. If you need the latest version, consider building from source.

4. Building from Source — Clone the repository, run ./bootstrap, then make and sudo make install. This gives



you the newest features and bug fixes.

Basic CMake Workflow

A typical CMake project follows these steps:

1.
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Create a CMakelLists.txt file at the root of your source tree.

Define the minimum required CMake version and project name.

Specify source files and add executable or library targets.

Configure compiler flags and link dependencies.

Generate build files using cmake . -G &lt;generator&gt;.

Build the project with the generated build system (e.g., make or cmake --build .).

Below is a minimal example of a CMakelLists.txt that builds a simple executable:

cmake_minimum_required(VERSION 3.15)
project(SampleApp LANGUAGES CXX)

add_executable(sample main.cpp)
target_compile_features(sample PRIVATE cxx_std_17)

Defining the Project

The project() command sets the project name, language(s), and optionally a version number. It also defines a set
of variables that other commands can use. For instance, PROJECT_NAME becomes available for use in
target_include_directories() or install() commands.

Adding Targets

Targets represent the artifacts you want to produce — executables, static or shared libraries, or custom commands.
The add_executable() and add_library() commands create these targets. After a target is created, you can attach
properties to it using target_*() functions. This modular approach keeps configuration tidy and promotes reuse.

CMakelLists.txt Basics

A CMakelists.txt file is a script written in the CMake language, which is declarative and expressive. Below are the

most commonly used commands and concepts you should master:

cmake_minimum_required() — Sets the minimum CMake version required.
project() — Declares the project’s name, languages, and version.
add_executable() / add_library() — Creates build targets.
target_include_directories() — Adds include paths for a target.
target_link_libraries() — Links libraries to a target.
target_compile_definitions() — Adds preprocessor definitions.
target_compile_options() — Adds compiler flags.

set() — Defines variables for use throughout the script.

find_package() — Searches for external libraries or packages.
include_directories() — Adds include directories globally (less preferred).

Variables and Scopes



CMake variables are global by default, but you can limit their scope by using set(VAR value PARENT_SCOPE) or
by declaring them within a function or macro. Understanding scope helps prevent accidental name clashes in large
projects.

Conditionals and Loops

Control flow is expressed with if(), foreach(), and while(). These constructs allow you to tailor build configurations
based on platform, compiler, or user options.

Options and Cache Variables

Use option() to expose build options to the user, which are stored in CMake’s cache. For example:

option(BUILD_SHARED_LIBS "Build shared libraries" ON)

Cache variables can be edited by the user via ccmake or cmake-gui, providing a convenient interface for
configuration.

Advanced CMake Features

Once you are comfortable with the basics, you can unlock powerful features that make CMake a versatile tool for
complex projects.

e External Projects — ExternalProject_Add() allows you to download, configure, and build external
dependencies as part of your build.

e Custom Targets — Define add_custom_target() or add_custom_command() to run scripts, generate code, or
perform other pre/post build tasks.

« Build Types — CMake supports Debug, Release, RelWithDeblnfo, and MinSizeRel. Set them with -
DCMAKE_BUILD_TYPE=Release.

« Installation Rules — Use install(TARGETS) and install(FILES) to create distributable packages.

¢ Testing with CTest — enable_testing() and add_test() integrate unit tests and allow automated test execution.

¢ Packaging — CPack works with CMake to produce installers or archives.

¢ Toolchain Files — For cross compilation, supply a .cmake file that sets compiler paths and flags.

Example: ExternalProject_Add
include(ExternalProject)
ExternalProject_ Add(
fmt
GIT_REPOSITORY https://github.com/fmtlib/fmt.git
GIT_TAG 8.1.1
CMAKE_ARGS
-DCMAKE_INSTALL_PREFIX=${CMAKE_BINARY_DIR}/external

)
add_dependencies(my_app fmt)

CMake Modules & find_package

CMake ships with a rich set of modules that simplify locating and configuring third party libraries. The
find_package() command searches for installed packages and sets variables that you can use to link against them.



e Standard Modules — FindBoost, FindEigen3, FindOpenGL, etc.
* Config Files — Many libraries provide a PackageNameConfig.cmake that CMake can import directly.
e Custom Modules — Place your own Find*.cmake files in CMAKE_MODULE_PATH.

Typical usage:

find_package(Boost 1.75 REQUIRED COMPONENTS system filesystem)
target_link_libraries(my_app PRIVATE Boost::system Boost::filesystem)

Handling Optional Dependencies

Use find_package(... OPTIONAL_COMPONENTS ...) or if(Boost_ FOUND) to conditionally enable features based
on the presence of a library.

Custom Commands & Targets

Custom commands allow you to generate source files, run code formatters, or perform any arbitrary step before or
after the main build. They are declared with add_custom_command() and attached to a target or executed as a
standalone target.

add_custom_command(
OUTPUT generated.cpp
COMMAND ${CMAKE_COMMAND} -E echo "int main() { return 0; }" &gt; generated.cpp
DEPENDS ${CMAKE_CURRENT_SOURCE_DIR}/generator.py
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