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Author’s Introduction

As a continuation of the series dedicated to build systems that assist in developing C and
C++ programs—as well as software in other languages—this book focuses on Meson, one
of the most modern build systems, first introduced in 2011. Over the years, Meson has
risen to prominence alongside CMake, becoming one of the most widely used tools in
contemporary software development, especially in projects where speed and efficiency are
key.

In parallel with this effort, I have previously published a separate book on using native
compilers to build programs without relying on build systems like CMake or Meson. The
goal is to keep the options open, giving programmers the freedom to choose the tools that
best fit their workflow and preferences.

Some developers prefer the versatility and widespread adoption of CMake, while others
are drawn to Meson’s simplicity and speed. Meanwhile, professional developers often
choose to work directly with native compilers for the fine-grained control they offer over
the build process.

I hope this series fulfills its intended purpose—providing practical benefit and empowering

programmers to make informed decisions about the tools they use to build their software.

Stay Connected

For more discussions and valuable content about Mastering Meson: A Practical Guide

to Modern Build Systems, I invite you to follow me on LinkedIn:
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https://linkedin.com/in/aymanalheraki
You can also visit my personal website:

https://simplifycpp.org

Ayman Alheraki


https://linkedin.com/in/aymanalheraki
https://simplifycpp.org

Part I

Introduction to Build Systems and
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Chapter 1

Introduction to Build Systems

1.1 Why Do We Need Build Systems?

In the early days of computing, compiling a program was a relatively straightforward task.
Software projects consisted of a few source files, and developers could compile them
manually using a compiler command line. However, as software has grown exponentially
in complexity, involving thousands—or even millions—of lines of code, the limitations of
manual compilation have become more apparent. This evolution has necessitated the
development of build systems, which have become indispensable tools for managing

modern software projects.

1.1.1 Managing Complexity and Dependencies

A build system automates the process of compiling source code into executable programs
or libraries. It handles source file dependencies, header inclusion relationships, and
build order. In large-scale projects, files often depend on other files, sometimes indirectly.

Manually tracking which files need to be recompiled after a change is not only inefficient

22
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but error-prone. Build systems solve this by analyzing the dependency graph and
determining precisely what needs to be rebuilt, ensuring correctness and improving
development speed.

Furthermore, modern software projects often depend on multiple third-party libraries.
Build systems help to manage these dependencies, whether they are external (e.g., a
system-wide library) or internal (e.g., modules of a large monorepo). Advanced systems

can even fetch, build, and link these dependencies automatically.

1.1.2 Platform and Configuration Abstraction

Different operating systems and compilers have unique requirements, flags, and tools. A
build system abstracts these platform-specific details so that the same source code can be
built across various environments without manual changes. It enables multi-platform
support and simplifies cross-compilation (building for one platform while running on
another).

Configuration management is another critical role. Build systems allow developers to
specify build types like debug, release, or profiled builds. They handle optional features,
compiler flags, runtime paths, and environment variables without duplicating effort or
relying on hardcoded settings. Build definitions can adapt based on the environment,

compiler, or user-defined options.

1.1.3 Incremental Builds and Efficiency

Modern build systems optimize build time through incremental compilation—only
recompiling files that have changed or depend on changed files. This drastically reduces
build times, especially during iterative development. They also support parallel builds,
utilizing multiple cores to compile independent files concurrently, further speeding up the

process.
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Additionally, caching mechanisms and intelligent hashing techniques are becoming more
prevalent in newer build systems. These techniques avoid redundant compilation steps and
help maintain consistency in distributed development environments or continuous

integration pipelines.

1.1.4 Reproducibility and Reliability

Reproducible builds are crucial for ensuring that the same source code yields identical
binaries regardless of who builds them or when. Build systems help enforce deterministic
behavior by controlling all parameters involved in the build: compiler version, flags,
environment variables, and library versions. This is essential not only for debugging but
also for security audits, software verification, and compliance in regulated industries.

A good build system ensures that builds can be reproduced from source with minimal
assumptions about the developer's machine. This aspect is central to practices like
infrastructure-as-code and devops automation, where machines need to compile

software in identical ways across CI/CD pipelines and developer environments.

1.1.5 Automation and Integration

Build systems are integral to automated workflows, such as:

* Continuous Integration and Continuous Deployment (CI/CD)

Packaging and distribution

Static analysis and code formatting

Unit and integration testing

Generating documentation
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By centralizing and standardizing these tasks, build systems act as orchestrators for many
non-compilation processes. They are no longer just tools to compile code, but core
components of the modern software lifecycle.

Build definitions in modern systems are often declarative, meaning developers specify
what they want rather than how to do it. This clarity leads to better automation, easier

maintenance, and enhanced readability across teams.

1.1.6 Scalability and Modularity

As projects grow, they often split into modules, libraries, and services, sometimes
developed by different teams. A build system helps enforce modular design by explicitly
defining interfaces between components, supporting modular builds, and enabling better
encapsulation.

With proper use of build systems, development becomes scalable. Teams can work
independently, integrate their modules efficiently, and trace failures to specific build stages.
Build systems also allow partial builds, testing individual components without compiling
the whole system, which is particularly useful in monolithic codebases or microservices

architectures.

1.1.7 Enforcing Best Practices and Standards

Build systems also act as enforcers of software development standards. Through
configuration, they can enforce specific compiler flags, linting rules, documentation
generation, and code quality gates. This ensures uniformity across a team or organization
and reduces the chances of technical debt creeping in over time.

By integrating tools such as code linters, static analyzers, formatters, and coverage
reporters, build systems contribute to a culture of clean, safe, and maintainable code. They

reduce manual effort while raising the standard of code across all contributors.
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1.1.8 Supporting Modern Languages and Tools

Today’s software landscape involves multiple programming languages, tools, and
ecosystems. A single project might include C++, Python, WebAssembly, or even
JavaScript components. Modern build systems are designed to interoperate with multiple
compilers, language-specific toolchains, and interpreters. They help unify the build
process for polyglot environments, ensuring that all components are built consistently and
linked correctly.

They also allow integration with modern tools for testing, profiling, performance

benchmarking, and packaging—all under one build configuration.

1.1.9 Eliminating Manual Errors

Manual compilation, especially in complex projects, leads to frequent errors: missing
flags, incorrect paths, forgetting to compile a dependency, or linking against the wrong
version. Build systems reduce or eliminate these sources of human error by automating
and verifying every step of the build.

By declaring the build process in a formalized script or file, developers document the
exact steps required to reproduce the software. This clarity also assists in onboarding new

team members and debugging unexpected behaviors.

1.1.10 Preparing for the Future

Software development continues to evolve. With the increasing use of remote
development, distributed builds, cloud-based development environments, and the rise of
reproducible, containerized systems, build systems are more critical than ever. They

enable:

* Remote execution (building in the cloud or on dedicated machines)
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* Build isolation (using containers or sandboxes)

* Declarative pipelines (as seen in CI systems like GitLab or GitHub Actions)

Modern build systems must therefore be extensible and future-proof. They must adapt to
new compilers, platforms, deployment strategies, and project structures with minimal
friction.

In summary, build systems have become essential not only for compiling software but also
for orchestrating the entire software development process—from source to production.
They allow developers to focus on writing code, rather than managing the intricacies of
compiling, linking, testing, and deploying it. As we transition to more powerful and
flexible build systems like Meson, understanding why build systems are needed sets the

foundation for mastering them—and using them to their full potential.
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1.2 Overview of Traditional Build Systems: Make,
Autotools, CMake

The evolution of build systems reflects the growing complexity of software and the
demand for automation across platforms and configurations. Before the rise of modern
build systems like Meson, several traditional systems shaped the way developers compiled
and managed their codebases. Among the most significant and widely adopted are Make,
Autotools, and CMake. Each of these tools introduced important concepts, but they also

brought along specific limitations that motivated the creation of newer alternatives.

1.2.1 GNU Make

Make is one of the oldest and most foundational build automation tools, first released in
1977. It is not a compiler or linker itself but a general-purpose tool that automates the

execution of shell commands based on dependency rules.
* Key Concepts and Strengths:

— Makefiles: The core of Make is the Makefile, a text file that defines how to

build targets (usually executables or object files) from sources.

— Dependency Tracking: Make tracks timestamps of files to determine which

targets need rebuilding.

— Portability and Availability: It is available on virtually every Unix-like

system and even ported to Windows (e.g., GNU Make for Windows).

— Extensible Syntax: While limited in structure, Make allows the definition of

custom rules and macros for tailored workflows.

+ Limitations:
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— Manual Dependency Management: Developers must often explicitly list
dependencies, leading to fragile builds.

— Syntax Complexity: Makefile syntax is sensitive to whitespace, indentation,

and shell escaping, causing many beginner-level issues.

— Lack of Built-in Abstraction: Portability between platforms requires

complex conditional logic or multiple Makefiles.

— No Native Support for Modern Features: Make lacks built-in mechanisms
for discovering libraries, managing external dependencies, or performing

cross-compilation efficiently.

Despite its age, Make remains relevant in legacy systems and is still used in
educational contexts due to its simplicity and direct mapping to the compilation

model.

1.2.2 Autotools (Autoconf, Automake, Libtool)

Autotools is a collection of scripts and macros designed to automate the generation of
portable Makefiles. Initially developed by the GNU Project, Autotools became the

standard in the open-source community throughout the 1990s and early 2000s.

* Components:

— Autoconf: Generates a configure script to detect platform-specific settings

and capabilities.

— Automake: Produces portable Makefiles (Makefile. in) from higher-level

descriptions.

— Libtool: Abstracts the process of building shared and static libraries across

platforms.
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* Key Features:

— Portability: Autotools was designed to ensure that software could build on a

wide variety of systems, including older Unix variants.

— Automatic Configuration: The configure script can test the presence of

headers, libraries, compiler features, and tools.

— Hierarchical Builds: Supports building in subdirectories and combining

multiple packages.
* Limitations:
— Steep Learning Curve: Writing . m4 macros and understanding the flow

from configure.actoMakefile.amtoMakefile. in is complex.

— Opaque and Verbose Output: The generated scripts are large and difficult to

debug. They often mask simple problems behind complex shell wrappers.

— Build Time Overhead: Running . /configure and other intermediate

steps can be slow and inefficient, particularly in CI pipelines.

— Poor Windows Support: While theoretically portable, practical use on

Windows is cumbersome, often requiring environments like MSY'S or Cygwin.

Today, Autotools is mostly found in long-standing open-source projects, especially

those requiring wide platform support or adherence to GNU conventions.

1.2.3 CMake

CMake, developed by Kitware and released in 2000, emerged as a response to the
shortcomings of Make and Autotools. It introduced a higher-level, platform-independent
language to describe the build process, generating native build files for various systems

(e.g., Makefiles, Visual Studio solutions, Ninja).
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* Strengths and Innovations:

— Multi-Platform Generator Model: CMake does not compile code directly

but generates project files tailored to the user's platform and build tool.

— Rich Module System: Comes with built-in modules to find libraries, manage

dependencies, and control build features.

— Modern CMake: Starting with version 3.x, CMake has introduced a more
declarative style using targets, properties, and modern linking, making it

cleaner and more maintainable.

— Toolchain Files: Supports cross-compilation with toolchain descriptions for

embedded or exotic platforms.

— IDE Integration: Generates project files for IDEs like Visual Studio, Xcode,
and Eclipse.

* Adoption:

CMake is widely adopted by major software projects including LLVM, KDE,
MySQL, and OpenCV. It is the default build system recommended by several

cross-platform C++ frameworks.

¢ Drawbacks and Criticisms:

— Verbose Configuration: Projects often require many lines of boilerplate to

accomplish common tasks.

— Inconsistent Syntax and Behavior: CMake language has many quirks (e.g.,

list handling, lack of strict typing) that lead to subtle bugs.

— Difficult to Debug: Errors can be cryptic, and debugging the configuration

stage can be challenging due to lack of introspection.
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— Poor Default Messages: Users frequently complain about noisy or unclear

output from configuration and build stages.

To mitigate some of these problems, additional tools like ccache, ninja, and

CMake GUI frontends are often used in conjunction with CMake, adding extra

layers of complexity.

* Comparative Summary

Feature Make Autotools CMake
Year Introduced 1977 1991 (Autoconf), 2000
1995 (Automake)
Language Style Imperative, Macro-based, layered | Imperative/Declarative
shell hybrid
Portability Manual High, across many High, supports multiple
effort UNIX systems platforms
Windows Support Weak Poor without Strong, including native
emulation support
Dependency Handling | Manual Basic via Automated with
configure find_package ()
Build File Generation | Static configure + Generates
Makefiles generated Makefiles Make/Ninja/IDE files
Cross-Compilation Difficult Limited Strong with toolchain
support
Modern Toolchain Limited Obsolete Actively evolving
Support
Maintainability in Low Complex Moderate to high

Large Codebases
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* Closing Note

While Make, Autotools, and CMake all served (and in some cases still serve) critical
roles in the evolution of software development practices, they increasingly fall short
of the expectations of modern developers. Issues such as poor clarity, lack of speed,
or difficulty in scaling projects motivate the search for more efficient, elegant, and

maintainable alternatives.

The Meson build system, introduced in the mid-2010s, represents a leap forward by
incorporating lessons learned from these earlier tools while offering a cleaner
syntax, speed-focused architecture, and seamless integration with modern software
practices. Understanding the foundation laid by traditional build systems is essential
before appreciating the innovations Meson brings—and why it is becoming a

preferred choice in contemporary C/C++ development.
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1.3 Why Meson? The Advantages of Meson over Other
Build Systems

As software development has evolved, the need for more efficient, reliable, and
user-friendly build systems has become increasingly apparent. While traditional build
systems like Make, Autotools, and CMake have served the industry for years, they come
with their own sets of challenges and limitations. Enter Meson, a modern build system
designed to address these challenges head-on. This section delves into the distinct

advantages Meson offers over its predecessors.

1.3.1 User-Friendly and Readable Syntax

One of Meson's standout features is its intuitive and readable syntax. Drawing
inspiration from Python, Meson's domain-specific language (DSL) is designed for clarity
and simplicity. This design choice ensures that even developers unfamiliar with Meson
can quickly grasp and modify build definitions without wading through convoluted scripts.
In contrast, systems like Make and Autotools often involve complex and error-prone
scripts. CMake, while more modern, has a syntax that can be verbose and challenging to

debug. Meson's approach reduces the learning curve and enhances maintainability.

1.3.2 Speed and Efficiency

Meson is engineered for high performance. By default, it utilizes the Ninja build system
as its backend, known for its rapid build capabilities. This combination results in faster
full and incremental builds, optimizing development workflows and reducing wait times.
Performance benchmarks have demonstrated Meson's efficiency. For instance, when
compared to other build systems, Meson consistently delivers quicker build times, making

it a preferred choice for projects where speed is crucial.
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1.3.3 Cross-Platform Support

Modern software development often targets multiple platforms. Meson offers robust
cross-platform capabilities, supporting operating systems like Linux, macOS, and
Windows seamlessly. It can generate build files tailored for various backends, including
Ninja, Visual Studio, and Xcode, ensuring compatibility across diverse development
environments.

This versatility contrasts with tools like Autotools, which can be cumbersome on

non-Unix systems, and Make, which often requires platform-specific adjustments.

1.3.4 Comprehensive Language and Compiler Support

Meson boasts extensive support for multiple programming languages, including C, C++,
Fortran, Java, Rust, and more. It is compatible with a variety of compilers such as GCC,
Clang, and Visual Studio. This broad support ensures that developers can work within
their preferred ecosystems without compatibility concerns.

While CMake also offers multi-language support, Meson's streamlined approach often

results in more straightforward configurations.

1.3.5 Built-in Support for Modern Development Practices
Meson integrates features that cater to contemporary development needs:

* Precompiled Headers: Reduces compilation times by allowing headers to be

compiled once and reused across builds.

* Unit Testing: Facilitates the inclusion and execution of unit tests within the build

process.

* Code Coverage: Supports tools that measure code coverage, aiding in assessing test

effectiveness.
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* Valgrind Integration: Assists in memory debugging and profiling.

These features are natively supported, minimizing the need for external tools or complex

configurations.

1.3.6 Dependency Management with Wrap

Managing external dependencies can be challenging. Meson introduces the Wrap
mechanism, allowing projects to seamlessly incorporate external dependencies as
subprojects. This system can fetch, configure, and build dependencies automatically,
simplifying the integration process and reducing potential conflicts.

While CMake offers modules for finding packages, Meson's Wrap system provides a more

integrated and user-friendly approach.

1.3.7 Deterministic and Reliable Builds

Meson's design emphasizes deterministic builds, ensuring that builds are reproducible
and consistent across different environments. By explicitly listing source files and
dependencies, Meson avoids issues like stale builds or unnoticed file changes, which can
plague systems that rely on file globbing.

This deterministic nature enhances reliability, making Meson particularly suitable for

large-scale and critical projects.

1.3.8 Community Adoption and Industry Recognition

Meson has seen significant adoption across various high-profile projects and organizations.
Components of the GNOME project, such as GLib and GTK+, have transitioned to Meson.
Similarly, systemd, a core component in many Linux distributions, relies on Meson for its

build processes.
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This growing adoption underscores Meson's capabilities and its alignment with modern

development requirements.

1.3.9 Active Development and Support

An active and responsive development community backs Meson. Regular updates
introduce new features, improvements, and bug fixes, ensuring that Meson evolves in
tandem with the broader software development landscape. Comprehensive documentation
and community forums further support developers in implementing and troubleshooting
their build configurations.

In summary, Meson addresses many of the shortcomings found in traditional build
systems by offering a combination of user-friendly syntax, speed, cross-platform support,
and modern features. Its design reflects a deep understanding of contemporary
development challenges, making it a compelling choice for projects seeking efficiency and

maintainability in their build processes.



Chapter 2

Installing and Setting Up Meson

2.1 Installing Meson on Linux

Meson is a modern build system designed for efficiency and user-friendliness. Installing
Meson on Linux can be achieved through various methods, including using package
managers (apt, dnf, pacman) and installing the latest version via pip. This section

provides detailed instructions for each method and guidance on verifying the installation.

2.1.1 Using Package Managers

Most Linux distributions offer Meson through their native package managers. This
method ensures compatibility with the system's environment and simplifies the installation

process.

* a. Debian, Ubuntu, and Derivatives (apt)

For Debian-based systems:

1. Update the Package List:

38
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sudo apt update

1. Install Meson and Ninja:

sudo apt install meson ninja-build

ninja-build is recommended as Meson's default backend for building projects.

Note: The version of Meson available in the official repositories may not be the
latest. For instance, Ubuntu 18.04 LTS provides Meson version 0.45, while newer
versions are available. If a more recent version is required, consider installing

Meson via pip (see Section 2).

* b. Fedora, CentOS, RHEL, and Derivatives (dnf)

For Fedora-based systems:

1. Update the Package List:

sudo dnf check-update

1. Install Meson and Ninja:

sudo dnf install meson ninja-build

This command installs both Meson and Ninja, facilitating efficient builds.

* ¢. Arch Linux and Derivatives(pacman)

For Arch-based systems:
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1. Synchronize Package Databases:

sudo pacman —-Syu

1. Install Meson and Ninja:

sudo pacman —-S meson ninja

Arch repositories typically provide up-to-date packages, ensuring access to the latest

Meson version.

2.1.2 Installing the Latest Version via pip

To access the most recent version of Meson, installing via Python's package

manager, pip, is a viable option.

1. Ensure pip is Installed:

Most distributions come with pip pre-installed. Verify its presence:

CopyEdit

pip3 —-version

If not installed, add it using your package manager. For example, on Debian-based

systems:

sudo apt install python3-pip
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1. Install Meson Using pip:

pip3 install —--user meson

The ——user flag installs Meson for the current user, placing executables in

"/ .local/bin. Ensure this directory is in your PATH:
export PATH=SHOME/.local/bin:S$SPATH

To make this change permanent, add the export line to your shell's initialization file

(e.g., "/ .bashrcor " /.zshrc).

Caution: Installing Python packages system-wide with sudo pip3 install
meson is generally discouraged, as it can interfere with packages managed by the
system's package manager. If a system-wide installation is necessary, ensure that
any existing Meson versions installed via the package manager are removed to

prevent conflicts.

2.1.3 Verifying the Installation

After installation, confirm that Meson is correctly set up:
1. Check Meson Version:
meson —-version
This command should display the installed Meson version, indicating a successful
installation.

1. Verify Ninja Installation:
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ninja --version

Ensuring Ninja is installed is crucial, as it's Meson's default backend for build operations.

1. Test Meson with a Sample Project:

Create a simple project to test Meson's functionality:

mkdir test_project
cd test_project

meson init —--name test_project —--build

This sequence initializes a new project named test _project and builds it, confirming
that Meson operates as expected.

By following the methods outlined above, Meson can be effectively installed and
configured on various Linux distributions, ensuring a robust environment for building and

managing projects.
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2.2 Installing Meson on Windows

Meson is designed to be cross-platform and works well on Windows when properly
configured. Windows users can use Meson in two main environments: the Microsoft
Visual C++ (MSVC) environment, and the MinGW/GCC-based environment via MSYS2.
Setting it up correctly depends on which toolchain you're targeting. Below is a full guide

on how to install and configure Meson on Windows using both approaches.

2.2.1 Installing Python and Pip

Meson is a Python-based build system. Before installing it, you must ensure that both

Python and Pip (Python’s package manager) are available.

* Download and Install Python
Visit the official Python website and download the latest Windows installer. During
installation, check the box that says “Add Python to PATH” before proceeding.
This ensures you can use python and pip commands globally from the command

prompt.

* Verify the Installation

Open a Command Prompt (cmd) and verify:

python —--version

pip —-version

If both commands return valid version numbers, you're ready to proceed. If not, the issue
is usually related to missing the PATH update, which can be fixed by manually adding the

Python Scripts and base directories to the system environment variables.
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2.2.2 Installing Ninja and Meson
Ninja is the default backend for Meson and must be available in your environment.

* Using Pip (Recommended)

To install the latest version of Meson and its Ninja dependency in one step:

pip install meson ninija

This is the preferred method, as it always fetches the most up-to-date version of
both tools.

* Verifying the Installation
After installation, run:

meson —-—-version

ninja —--version

If these commands are recognized, Meson and Ninja are correctly installed.

2.2.3 Setting up the MSVC Environment for Meson

Meson fully supports building with Microsoft’s Visual C++ (MSVC) compiler. However,
you must invoke Meson within the proper environment that configures the Visual Studio

toolchain.

* Use the Developer Command Prompt
Launch the “Developer Command Prompt for Visual Studio” that matches your
platform (x64, x86, ARM, etc.). This sets up all the required environment variables

such as INCLUDE, LIB, and PATH.
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* Create and Build a Meson Project

Navigate to your project directory and run:

meson setup builddir

meson compile -C builddir
To ensure Meson uses the Visual Studio backend, you can also pass:
meson setup builddir --backend vs

This creates a Visual Studio project and solution files alongside the build environment.

2.2.4 Using Meson with MinGW

Meson can also be used with the MinGW compiler through MSYS2, which provides a

Unix-like environment on Windows.

e Step 1: Install MSYS2

Download and install MSYS2 from its official page. After installation:

— Open the MSYS2 MSYS shell

— Run:

pacman —Syu

Close and reopen the shell, then run:

pacman —-Su
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Step 2: Install Required Packages
Install the 64-bit GCC toolchain, Meson, and Ninja:

pacman —S mingw-w64-x86_64—gcc mingw-w64-x86_64-meson mingw-w¢

If you're targeting 32-bit:

pacman —-S mingw-w64-1686-gcc mingw-w64-1686-meson mingw-w64-1i¢

Step 3: Open the MinGW Shell

Use either:

— MSYS2 MinGW 64-bit Shell (for 64-bit builds)
— MSYS2 MinGW 32-bit Shell (for 32-bit builds)

This ensures the environment uses the correct compiler and paths.

Step 4: Verify Installation

Inside the appropriate shell, run:

gcc —-version
meson —-version
ninja —--version

All should return valid versions. This confirms that your development environment

is ready.

Step S: Create and Build a Project
Within the MinGW shell:
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mkdir myproject && cd myproject
meson setup builddir

meson compile —-C builddir

To specify a particular compiler or cross-compilation setup, provide a

cross_file.txt:

meson setup builddir —--cross—-file cross_file.txt

Best Practices and Considerations

— Shell Environment Matters:
Do not run Meson outside of the environment configured for your compiler.
Always use the MSVC Developer Command Prompt or the correct MSYS2
shell.

— Use Python Virtual Environments:

For isolated builds or version management, create a virtual environment:

python -m venv mesonenv
mesonenv\Scripts\activate

pip install meson ninja

— Persistent PATH Configuration:
Optionally, add the locations of python.exe, pip.exe, meson.exe,
and ninja.exe to the Windows system PATH for easier access across all

terminals.

— Multiple Backends Support:
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Meson supports various backends. On Windows, both Ninja and Visual Studio
backends are popular. Use ——backend vs to generate . s1n files for
Visual Studio IDE users.

— Latest Versions via Pip:

If MSYS2 lags behind in versions, use Pip to install the latest:

pip install —--upgrade meson ninja

Troubleshooting Common Issues

— Meson or Ninja not recognized:
Ensure the directory containing meson.exe or ninja.exe is in your
PATH.

— Command not found in MSYS2:
Ensure you are using the correct shell: either MSYS2 MinGW 64-bit or
MSYS2 MinGW 32-bit.

— Meson fails to detect compiler:
For MSVC: use the Developer Command Prompt. For MinGW: ensure gcc
and g++ are installed under MSYS2 and you're using the MinGW shell.

— Mixing Tools from Different Environments:
Avoid running MSVC builds in MSYS2, or MinGW builds in
CMD/PowerShell. Stick to the appropriate environment.

This section provides a comprehensive, step-by-step guide for installing Meson on
Windows, covering both major toolchain paths and equipping developers with
modern build capabilities using the correct procedures and tools native to the

Windows ecosystem.
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2.3 Installing Meson on macOS

macOS is a Unix-like operating system with a robust developer ecosystem, making it an
excellent platform for using modern build systems like Meson. Installing and configuring
Meson on macOS is relatively straightforward, especially with tools like Homebrew and
Python's pip. This section covers all the required steps to get Meson up and running,
including setting up the Xcode command-line tools and managing dependencies such as

Ninja.

2.3.1 Prerequisites and Developer Tools

Before installing Meson, ensure your system has Apple’s command-line developer tools,
which provide essential build utilities like c1ang, make, 1d, and other necessary

headers.

Install Command Line Tools

Run the following command to install Xcode Command Line Tools:
xcode—-select —--install

This will prompt you to download and install the tools if they are not already present.
They are required for any compilation and link-time activity that Meson or its backends
may rely upon.

To verify the installation:

xcode—select -p

clang —--version

If these commands return valid paths and version information, your system is ready to

proceed.
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2.3.2 Installing Meson using Homebrew

Homebrew is the most popular package manager on macOS and provides the easiest

method to install Meson and its dependencies.
Step-by-Step Installation:

brew update

brew install meson

This command installs Meson along with any dependencies, including Ninja, if not
already installed. The Homebrew formula ensures you get a tested and stable release
tailored for macOS environments.

To verify that Meson and Ninja were installed:

meson —-—-version

ninja —--version

If both tools return version numbers, the installation is complete.

2.3.3 Installing Meson via pip (Alternative Method)

In some cases, you might want to install the latest development version of Meson,
especially if you're testing bleeding-edge features or contributing to the project. In this

scenario, Python's pip tool is a better choice than Homebrew.
Step-by-Step:

python3 -m pip install —--upgrade pip

python3 -m pip install meson ninja

This method installs Meson in the user site-packages directory unless a virtual

environment is active.
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To avoid permission issues or mixing system and user Python packages, it is highly

recommended to create a virtual environment:

python3 -m venv meson_env
source meson_env/bin/activate

pip install meson ninja

To verify:
meson —-version
ninja —--version

If meson is not recognized, ensure the meson_env/bin directory is in your shell’s

PATH.

2.3.4 Setting Up the Xcode Toolchain for Meson

Meson relies on a compiler and toolchain to generate binaries, and macOS users typically

use the Clang toolchain provided by Xcode.
* Key Notes:

— Meson will automatically detect Clang from the active Xcode Command Line

Tools installation.

— To ensure the correct SDK is used, Meson queries macOS SDK paths via

XCcrun.

* Verifying Toolchain Setup:
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xcrun —-—sdk macosx ——-show-sdk-path

clang —-version
Meson uses the cc and c++ compiler wrappers, which are symbolic links to
clang and clang++ in macOS.

Sample Build Setup:

To create a basic Meson project using the Clang toolchain:

meson setup builddir

meson compile —-C builddir

By default, Meson uses the Ninja backend, but it also supports Xcode via:
meson setup builddir —--backend xcode

This will generate an . xcodeproj file and associated configuration files for use
inside the Xcode IDE.

Custom Toolchain (Optional):

If you need to use a custom version of Clang or an alternative toolchain, you can

override compiler paths:

CC=/usr/local/opt/llvm/bin/clang \
CXX=/usr/local/opt/llvm/bin/clang++ \

meson setup builddir

This setup is useful when using the LLVM package installed via Homebrew (brew

install 1lwvm) to getanewer Clang version.
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2.3.5 Managing Dependencies

Meson supports multiple dependency resolution systems. On macOS, you will most often

rely on:

* Homebrew to install system libraries.
* pkg-config for detecting system-installed libraries.
* Meson WrapDB for downloading dependencies automatically.
Make sure pkg—config is installed via Homebrew:
brew install pkg-config
When compiling a project that depends on external libraries, ensure they are installed via:
brew install libname

Meson will automatically detect them using pkg—config, provided they are properly
linked.

2.3.6 Troubleshooting and Tips

* Meson or Ninja not found: If installed via pip, make sure your Python

environment's bin directory is in the system PATH.

* Conflicting Versions: Avoid mixing Homebrew and pip installations in the same

environment unless you isolate them using Python virtual environments.

* Permission Issues: Always use ——user with pip or a virtual environment unless

you explicitly intend to install globally.

* Compiler Mismatch: Always ensure that the correct Clang version is active,

especially if using alternative versions via Homebrew.
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2.3.7 Summary

Installing Meson on macOS is a streamlined process thanks to Homebrew and Python’s
pip system. Whether you’re using the default Apple Clang environment or a custom
LLVM toolchain, Meson integrates cleanly with the macOS development ecosystem. By
leveraging Ninja for fast builds and optionally generating Xcode-compatible projects,
Meson positions itself as a powerful, modern alternative to traditional build systems on
macOS.

This setup forms a solid foundation for cross-platform C, C++, and mixed-language

development with Meson on Apple’s developer stack.



55

2.4 Verifying the Installation

After installing Meson and Ninja on your system, it’s essential to confirm that both tools

are properly installed and functional. Verification not only helps avoid configuration issues

later in the development workflow but also ensures that your environment is correctly
wired to support builds across operating systems and toolchains. This section walks
through verifying version correctness, binary availability in the system’s PATH, and

building a minimal working example to test functionality.

2.4.1 Running meson —--version

Once Meson is installed, the first step is to ensure that the binary is correctly placed in
your system’s executable path. This allows it to be invoked from any terminal session.

To verify the version of Meson installed:

meson —-—-version

This command should return a semantic version number, such as:

If you receive a "command not found” error or no output, ensure that:

* The installation path (such as $SHOME/ . local/bin or the virtual environment’s

bin/ directory) is included in your system’s PATH.

* Python and pip were used consistently with the correct interpreter (e.g., python3

vs python).

Use the which command to locate the Meson binary:
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which meson

This confirms the location from which Meson is being executed and can help troubleshoot

conflicting installations (for instance, between pip and system packages).

2.4.2 Checking ninja —--version

Meson relies on Ninja as its default backend for fast and incremental builds. While Meson
can target other backends (like Visual Studio or Xcode), Ninja is optimal for most
workflows.

To verify Ninja's availability:
ninja --version

A typical output might be:
1.11.1

This indicates that Ninja is correctly installed and accessible. Like Meson, if this
command fails, double-check your system’s PATH or ensure it was installed via
Homebrew, pip, system packages, or manually.

In environments where Ninja is installed via pip, make sure it aligns with your active

Python environment or virtualenv:

python3 -m pip show ninja

In case Ninja is missing or outdated, reinstall using:
pip install --upgrade ninja

or on macOS:
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brew install ninja
or on Debian-based systems:

sudo apt install ninja-build

2.4.3 Testing a Simple Build

To ensure Meson and Ninja are not just installed but also working together correctly,

create a minimal test project and build it. This serves as a live verification that:
* Meson correctly interprets the build description.

* Ninja executes the generated instructions.

The compiler and toolchain are functioning as expected.

Step 1: Create a simple test directory

mkdir meson-test

cd meson—-test

Step 2: Add a simple C program

Create a file named main.c:
#include <stdio.h>
int main() {

printf ("Meson test build successful.\n");

return 0O;
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* Step 3: Create the Meson build definition

Create ameson.build file:

project ('meson-test', 'c')

executable ('testapp', 'main.c')

This file tells Meson that the project is in C and it should build an executable called

testapp usingmain.c.
» Step 4: Configure the build directory
meson setup builddir
If successful, Meson will create a new directory named builddir containing all

the backend build files and configuration details. It will also display the detected

compiler, build options, and backend used.
* Step S: Build the project
CopyEdit

meson compile —-C builddir

If all steps are correctly followed, this will result in a compiled binary named
testapp inside the builddir directory (or builddir/testapp.exe on
Windows).

* Step 6: Run the output binary
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./builddir/testapp

Expected output:

Meson test build successful.

This confirms that:

— Meson was able to parse the build definition
— Ninja successfully executed the compilation

— Your compiler toolchain is properly recognized and functional

Additional Verification Tips

— Cross-platform behavior: Try running the same build on another operating
system (Windows/macOS/Linux) using the same source files to validate

portability.

— Backend confirmation: Run meson setup builddir —--backend

ninja explicitly to confirm Ninja is selected.

— Verbose output: Use meson compile -C builddir --verbose to

see detailed command-line invocations during the build.

2.4.4 Summary

Verifying your Meson and Ninja installation is a crucial first step before diving into
real-world projects. By checking version numbers and running a simple build, you

validate that the tools are properly configured, your environment is healthy, and your
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toolchain is operational. This not only prevents errors later in the development cycle
but also establishes a reliable base for scaling up into larger and more complex

software systems with Meson.

This section concludes the essential setup phase and ensures you're ready to explore
advanced features, modular builds, cross-compilation, and integration with testing,

packaging, and CI workflows in the coming chapters.



Chapter 3

Getting Started with Meson

3.1 Basic Structure of a Meson Project

3.1.1 Introduction to Meson Project Structure

Meson is designed to be a simple yet powerful build system that supports a wide range of
languages and platforms. Understanding the basic structure of a Meson project is essential
to using it effectively. Unlike older systems like Make or CMake, which require complex
scripting and makefiles, Meson relies on a clean and straightforward project structure,

which is easy to scale as the project grows.

A Meson project typically consists of a project root directory, a meson.build file, and
subdirectories that may contain additional meson .build files for more advanced

configurations.

61
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3.1.2 Core Files in a Meson Project

* meson.build: This is the core configuration file for a Meson project. It defines

the project's settings, dependencies, build instructions, and targets.

* Source Files: The actual source code files (e.g., . c, . cpp, .h) that are compiled

into the final project output.

* Subdirectories: Meson allows nested meson .build files in subdirectories. This
hierarchical structure helps manage complex projects by modularizing the build

configuration.

3.1.3 Basic Structure of a Simple Meson Project

Let’s break down the directory structure of a minimal Meson project:

my_project/

————————— meson.build

* my project/: This is the root directory of your Meson project. It contains the
main meson.build file and subdirectories for the project's source code and build

output.

* meson.build (root directory): This file contains the project declaration, basic

configuration, and high-level build instructions.

* src/: A subdirectory that holds the source code of the project. This could contain

multiple files or even additional subdirectories with their own meson.build files.
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* builddir/: This directory is automatically created during the build process, and
Meson uses it to store the build output. This directory is not typically

version-controlled, as it contains only build artifacts.

3.1.4 Understanding the Root meson.build

At the root of your project, you need a meson .build file that defines the configuration

for your project. A basic example might look like this:
project ('my_project', 'c')

executable ('my_app', 'src/main.c')

Here’s a breakdown of the components:

* project ('my_project', 'c'): This line defines the project’s name

(my_project) and the programming language (c) used for the build.
e executable ('my_app', 'src/main.c'): This command tells Meson to

create an executable target named my_app from the source file src/main.c.

3.1.5 Adding Subdirectories with meson.build

As your project grows, you might organize your code into subdirectories. Each
subdirectory that contains source files and build configuration should have its own

meson.build file. Here’s an example:

my_project/
————————— meson.build # Root build file

777777777 meson.build # Subdirectory build file
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In this case, the src/meson.build file could look like this:

sources = files('main.c', 'utils.c')

executable ('my_app', sources)

Here, the files () function lists all source files for the my_app executable. This
structure is useful for organizing larger projects where different modules or components

have their own source files and configurations.

3.1.6 Configuring Dependencies

Meson simplifies the process of adding dependencies. For example, to link an external
library (like z11ib) to your project, you can add it directly in the meson .build file like

SO:
z1lib = dependency ('zlib"')
executable ('my_app', 'src/main.c', dependencies: zlib)

Meson will automatically handle fetching, building, and linking the z1ib library if it’s

not already available on the system.

3.1.7 Using Options and Build Settings

In addition to the basic project setup, Meson allows you to specify build options, such as

the type of build (debug vs release), whether to enable or disable certain features, and
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other configuration settings. These options can be passed when configuring the build using
the meson setup command.

For example:

option ('debug', type: 'boolean', value: false, description: 'Enable

— debug mode'")

This option can be passed during setup:

meson setup builddir --debug

3.1.8 Summary of the Basic Meson Project Structure

The basic structure of a Meson project is as follows:

1. Root meson.build: Defines the high-level project setup, basic targets, and

global configuration.

2. Source Files: Organized within directories like src/ and referenced in

meson.build files.

3. Subdirectory meson .build: Allows for modular configuration, where each
directory with source files can have its own meson .build for better project

management.

4. Dependencies and Options: Meson’s powerful dependency management system

makes it easy to link libraries, set options, and configure builds.

This structure provides a clean, manageable approach to handling large codebases while
maintaining simplicity and flexibility. Meson’s design also allows for seamless scaling of

projects, making it an ideal choice for both small and large applications.
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By understanding this basic structure, you can begin using Meson for both simple and
advanced use cases, with confidence that your project will remain organized and
maintainable as it grows.

This section provided an overview of the fundamental structure of a Meson project,
helping you establish a solid foundation for the further exploration of Meson’s advanced

features and best practices in subsequent chapters.
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3.2 Writing Your First Simple meson .build File

3.2.1 Introduction to meson .build Files

The meson.build file is the heart of a Meson project. It defines the project's build
configuration, the files to be compiled, and the targets to be produced. Meson’s declarative
approach simplifies the process of writing build files compared to older systems like Make
or CMake. Instead of imperative build scripts, Meson uses simple, human-readable syntax
to define build rules and targets.

In this section, we’ll create a basic meson .build file for a simple C project. By the end,
you will understand how to structure your own meson.build files for both small and

large projects.

3.2.2 Starting with a Simple meson .build File

Let’s begin by creating a basic meson.build file for a small C project. Here’s an

example:

project ('my_first_project', 'c'")

executable ('my_app', 'main.c')

Breakdown of the Code:

* project ('my first project', 'c'): This line declares the project’s
name and the programming language used. In this case, the project is called
my_first_project and is written in C. The second argument (' c ') is the

language identifier. If you were using C++, it would be ' cpp ' instead.
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* executable('my_app', 'main.c'): This line defines the build target. The
target is an executable named my_app, and it is compiled from the source file
main.c. You can specify multiple source files here by listing them, such as

['main.c', 'utils.c'].

This basic meson .build file is enough for a simple project with one source file.
However, as your project grows, you will need to expand this file with more complex

configuration options, dependencies, and additional build targets.

3.2.3 Adding More Source Files

Most projects will require more than one source file. To compile multiple source files, you

can extend the executable function like so:
project ('my_project', 'c')
src_files = ['main.c', 'utils.c']

executable ('my_app', src_files)

Here, we define a variable src_files that contains a list of source files. This list is then
passed to the executable () function, making it easier to manage multiple source files

in a single target.

3.2.4 Compiling with Additional Options

Meson allows you to pass compiler options for both general settings and specific targets.
For instance, if you need to compile the project with debugging symbols, you can set build

options like this:
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project ('my_project', 'c')
src_files = ['main.c', 'utils.c']
executable ('my_app', src_files)

# Adding a debugging flag

add_project_arguments('-g', language: 'c')

* add project_arguments('—-g', language: 'c'): This line adds the
—g flag to the C compiler, which enables debugging symbols. Meson allows you to
specify the language for which the flag applies (in this case, C) to avoid confusion

when building projects with multiple languages.

3.2.5 Creating a Library Instead of an Executable

In some cases, you may want to create a library rather than an executable. Meson makes it
easy to switch between creating an executable or a library. For example, to create a static

library instead of an executable, you can write:
project ('my_project', 'c')
src_files = ['utils.c', 'main.c']

# Creating a static library

static_library('my_lib', src_files)

* static library('my 1lib', src_files): This creates a static library
named my_1ib. You can similarly create shared libraries using

shared_library instead of static_library.
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3.2.6 Adding Dependencies

In modern software projects, you often need to link against external libraries. Meson
simplifies the process of managing dependencies. Here’s an example where we link

against the z11ib library:

project ('my_project', 'c')
z1lib_dep = dependency('zlib')

src_files = ['main.c', 'utils.c']

executable ('my_app', src_files, dependencies: zlib_dep)

* z1ib dep = dependency ('zlib"'): This line tells Meson to find the z1ib

library on your system and set it as a dependency.
* dependencies: zlib dep: This tells Meson to link the z1ib dependency

when building the target (my_app).

3.2.7 Defining Build Targets with Different Configurations

Meson allows you to create different build configurations, such as building in debug or

release mode. You can specify which build type to use when setting up the build directory:

meson setup builddir —--buildtype=debug

* ——buildtype=debug: This argument sets the build to use debug settings, such

as enabling debug symbols and disabling optimization.
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Alternatively, in the meson.build file, you can control which settings to apply

depending on the build type using the i f statement:

project ('my_project', 'c')

if meson.buildtype () == 'debug'
add_project_arguments('-g', language: 'c')

else
add_project_arguments ('-02', language: 'c') # Optimize in release
— builds

endif

src_files = ['main.c', 'utils.c']

executable ('my_app', src_files)

3.2.8 Summary and Next Steps

At this point, you've learned how to create a basic meson.build file, compile multiple
source files, link dependencies, and add build configurations for your Meson project. The
simplicity and readability of Meson’s syntax make it easier to get started with and
maintain.

Key takeaways from this section:

* Meson uses a simple and intuitive syntax to define build targets and dependencies.

You can define multiple source files for a target by using a list.

* Meson’s configuration options allow you to customize the build process (e.g., debug

or release mode).

External dependencies, such as libraries, can be easily managed through the

dependency () function.
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As your project grows, you can continue to build upon this foundation by adding more
advanced features, such as custom build steps, testing, or packaging. In the next sections,
we’ll dive deeper into these topics to further expand your understanding of Meson’s
capabilities.

This section has provided a practical introduction to writing a simple meson.build file,
focusing on the basic structure and essential build steps. With this knowledge, you’re now
equipped to set up a basic project and begin experimenting with Meson’s build system in

your own development environment.
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3.3 Setting Up a Minimal Build Directory

3.3.1 Introduction to Build Directories

In any build system, the concept of organizing files and outputs is crucial for maintaining
clarity and efficiency. Meson simplifies this by using a build directory structure that
separates source code from build artifacts. Setting up a minimal build directory allows you
to keep your source tree clean, easily manage your project’s dependencies, and streamline
the build process.

The build directory is where Meson compiles and stores all intermediate files (object files,
binaries, etc.) during the build process. This separation allows you to have different build
configurations (such as Debug or Release) without cluttering the source code directory. By
default, Meson uses a ~out-of-source” build approach, meaning no build files are written

to the source directory.

3.3.2 Creating the Build Directory

The first step in setting up a minimal build directory is creating the directory structure for

your project. Here’s how you can go about it:

1. Prepare your project directory: Let’s assume your project is structured as follows:

/my_project
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1. Create a build directory: You should create a separate directory for your build
files, which keeps the source directory clean. The build directory will contain all the

compiled binaries and temporary files.

cd /my_project
mkdir builddir

1. Configure the build directory: Once the build directory is set up, you need to tell
Meson to configure it. To do this, run the following command from the root of your

project:

meson setup builddir

This command initializes the build environment in the builddir. The setup
command automatically checks the project’s meson.build file and sets up the

necessary build files.

* Why use meson setup?
The setup command tells Meson to create all the necessary files inside the build
directory. It also checks the project's dependencies, the environment, and whether

all configurations are correct.

* Multiple Configurations: If you want to create multiple configurations (such as

Debug and Release), you can pass the desired configuration flag like so:

meson setup builddir —--buildtype=debug

This sets up the build directory with debug-specific flags, ensuring debugging

symbols are included.
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3.3.3 Understanding the Build Directory Structure

After running meson setup, the build directory will contain several important files and

folders. Let’s explore the basic structure:

/my_project
_________ builddir/

——— e meson—-private/

——— e ninja-logs/
—— ce——m———— CMakeFiles/

e= oomoooes build.ninja

Here’s an explanation of the most important directories and files:

* meson-private/: This directory holds private files used internally by Meson,

such as caches, state files, and configurations.

* meson—-info/: This directory stores information about the build configuration,

including the project’s dependencies and build settings.

* ninja-logs/: This folder contains logs from the Ninja build system. It tracks

the execution of build commands, showing what was built and how long it took.

* build.ninja: This is the actual build file generated by Meson. It is used by the
Ninja build system to determine the steps required to build the project. You won’t

need to modify this file manually.

* Other files: Meson might generate additional files depending on the project
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configuration and dependencies. These files are meant to support the build process

and provide feedback.

3.3.4 Running the Build Process

Once the build directory is set up and configured, you can use the ninja command to
start building the project. This command will use the generated build.ninja file to

execute the necessary compilation steps. You can run the build process like so:

cd builddir

ninja

If everything is set up correctly, Ninja will compile the source code and produce the output

binaries (in this case, my_app from the meson.build configuration).

* What Happens During the Build?
When you run ninja, the build system reads the build.ninja file and
determines which files need to be recompiled based on changes in the source files or
dependencies. If no changes are detected, Ninja will skip the compilation process,

making it efficient.

3.3.5 Cleaning Up the Build Directory

At times, you may need to clean the build directory, especially if you want to rebuild the
project from scratch or if you encounter issues with the build process. Meson provides a

command to clean up the build directory:
meson cleanup builddir

This command removes all intermediate files generated during the build process, allowing

you to start fresh. However, it does not delete the builddir itself. If you want to
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completely reset the environment, you can simply remove the entire build directory and

recreate it:

rm —-rf builddir

meson setup builddir

3.3.6 Advantages of a Minimal Build Directory

* Separation of Source and Build Files: By keeping build files in a separate
directory, the source code remains clean and unaffected by build artifacts. This
improves project organization and prevents accidental inclusion of build files in

version control.

* Multiple Build Configurations: Meson’s out-of-source build system makes it easy
to maintain multiple configurations (e.g., Debug, Release) within separate build
directories. This allows you to quickly switch between different configurations

without modifying the source code or reconfiguring the build system.

* Easier Debugging: When build files are isolated in the build directory, debugging
becomes easier, as intermediate files like object files and logs are contained within

the build folder, not mixed with the source code.

* Portability: The ability to set up the build directory separately makes Meson
projects more portable across different systems, as the build environment can be

easily configured without modifying the source tree.

3.3.7 Conclusion

Setting up a minimal build directory in Meson is a straightforward and efficient process. It

involves creating a dedicated folder for build artifacts, configuring the environment, and
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running the build system using ninja. The separation of build files from the source code
not only keeps the project organized but also provides flexibility for different
configurations, enhancing both development and debugging experiences.

In the next section, we will explore more advanced topics related to Meson’s configuration
system, including handling dependencies and cross-compilation. For now, with a minimal
build directory in place, you can start building and testing simple Meson projects.

This section has introduced you to setting up a minimal build directory in Meson, detailing
the necessary steps and explaining the structure of the build directory. With this
knowledge, you are now ready to start organizing and building your projects efficiently

using Meson.
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3.4 Running meson setup and ninja

3.4.1 Introduction to meson setup and ninja

Meson is a highly efficient and user-friendly build system that leverages ninja as its
default backend to perform the actual build process. The combination of Meson and Ninja
ensures a streamlined and quick build cycle, enabling faster iteration during development.
Understanding how to use meson setup for configuring the build environment and
ninja for executing the build is crucial for getting the most out of your Meson-based
project.

In this section, we will walk through the purpose of meson setup, how to configure a
build directory, and how to use ninja to compile the project. Additionally, we will cover

common flags and troubleshooting tips.

3.4.2meson setup: Configuring the Build Environment

The first step in the Meson build process is to configure the build environment using the
meson setup command. This command initializes the build directory, checks the

system for dependencies, and generates configuration files for the build system.

* Basic Command Syntax

meson setup <build-directory> [options]

— <build-directory>: The directory where the build process will take
place. This is where Meson generates the necessary files for the build system

to work.
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— [options]: Optional flags that can be passed to configure the build
environment, such as specifying the build type or enabling/disabling certain

features.

* Example of Basic Usage

For a basic setup, navigate to the root directory of your project and run the

following:

meson setup builddir

This command sets up the build directory (in this case, builddir) with the
necessary files to begin the build process. Meson will scan the meson.build file
in the current directory, check the system for required dependencies, and generate

the build.nin7ja file, which is used by ninja to manage the build process.

* Common meson setup Flags

— —=buildtype: Defines the build configuration. You can set it to values like
debug, release, or debugopt imized. Each build type has different

settings for optimization, debug symbols, and performance.

meson setup builddir —--buildtype=release

— ——prefix: Sets the installation prefix, determining where the compiled files
will be installed after building. This is especially useful when cross-compiling

or when using custom installation paths.

meson setup builddir —--prefix=/custom/install/path
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— ——wrap-mode: This flag controls the handling of external dependencies
through Meson’s wrap system. Common values are default,
nofallback, and nodownload, which affect how Meson handles

dependency downloading and configuration.

meson setup builddir —--wrap-mode=nodownload

— ——default-library: This option sets the default type for libraries
(shared or static). By default, Meson will try to link libraries as shared unless

told otherwise.

meson setup builddir --default-library=static

* Verifying the Setup

Once the setup is complete, you should see the following structure inside the build

directory:

/builddir
_________ meson-private
————————— meson—-info
_________ ninja-logs
777777777 build.ninja
————————— CMakeFiles

————————— other project-specific files

This structure will contain configuration information, logs, and the build

instructions needed by ninja to compile the project.
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3.4.3 ninja: Building the Project

After the build directory has been configured, you use nin ja to actually build your
project. The ninja build system reads the build.ninja file, which contains the

necessary build steps for compiling and linking the project.
* Basic Command Syntax

ninja -C <build-directory> [target]

— —C <build-directory>: This flag tells Ninja to look for the
build.ninja file in the specified directory.

— [target]: Optionally, you can specify a particular target, such as a specific

executable or library, to build.

* Example of Building the Project

After running meson setup, you can build the project with:

ninja -C builddir

This command will invoke Ninja to build the project as per the instructions in the

build.nin7ja file created during the meson setup step.

¢ Incremental Builds

One of the strengths of ninja is its incremental build system. Ninja only
recompiles the parts of the project that have changed, making it much faster than

traditional build systems that rebuild everything from scratch.

If no changes are made, running nin ja will produce no output, indicating that the

project is up-to-date.
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3.4.4 Running Specific Targets with ninja

If your project has multiple build targets (e.g., executables, libraries, tests), you can

specify which target you wish to build using the ninja command.
ninja -C builddir my_executable

This will build only the my_executable target in the build directory, saving time and

resources by skipping other targets.

Common ninja Flags

* —v: Verbose output. This provides more detailed information about the build

process, useful for debugging.
ninja -C builddir -v
* —3: This option allows you to specify the number of jobs (parallel processes) to run.
It’s useful for speeding up the build process on multi-core systems.
ninja -C builddir -j 4
* —t clean: To clean the build artifacts, you can use the -t clean option, which
will remove intermediate files.

ninja -C builddir -t clean

3.4.5 Debugging Build Issues

Sometimes, the build process may not go as planned. In such cases, there are several steps

you can take to diagnose and fix the issue:
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* Check the logs: The ninja-1logs directory contains detailed logs about the build
process. These logs can help you identify which step failed and why.

* Verbose output: If you need more detailed information about the build process, use

the —v flag with ninja to get verbose output.

* Missing dependencies: If Meson cannot find required dependencies, make sure that
the libraries and tools are installed on your system and that the correct paths are set

in the meson .build file or via environment variables.

3.4.6 Cleaning and Rebuilding

If you need to rebuild the project from scratch, either because of a configuration change or

due to build errors, you can clean the build directory using Meson’s clean-up functionality.

meson clean builddir

This will remove all intermediate build files and allow you to restart the build process
from the beginning.

Alternatively, you can manually delete the build directory and run meson setup again.

3.4.7 Conclusion

Using meson setup and ninja together provides an efficient and powerful workflow
for building and managing your projects. meson setup initializes and configures the
build environment, while nin ja handles the actual build process, performing incremental
builds to save time. Understanding these tools, their options, and how they interact with
each other is key to mastering Meson and making your development process smoother and
more productive.

In the next section, we will dive deeper into managing dependencies and how Meson can

handle complex projects with multiple dependencies efficiently.
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This section has provided you with a detailed explanation of how to use meson setup
and ninja to configure and build your Meson projects. With this foundational
knowledge, you are ready to take on more advanced topics in Meson and leverage it for

more complex workflows.



Part 11

Core Features of Meson
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Chapter 4

Understanding the meson .build File

4.1 Meson Syntax and Conventions

4.1.1 Introduction to Meson Syntax

The meson.build file is the heart of any Meson project. It defines the build logic,
specifying how source files are compiled, linked, and configured. Meson uses a high-level
syntax that prioritizes readability and efficiency. The syntax is designed to be intuitive,
making it accessible to both novice and experienced developers. Unlike other build
systems that use complex, cryptic syntax, Meson’s configuration files are written in a

straightforward, Python-inspired format.

4.1.2 Basic Structure of a meson .build File

A meson.build file consists of a sequence of commands, directives, and variables that
tell Meson how to construct the project. Typically, you will find these components in a

meson.build file:

88



89

* Project Definition: The project () command defines the basic metadata about

the project, such as its name and version.

Example:

project ('my_project', 'cpp', version : '1.0.0")

This defines a project named my_project written in C++ with the version
1.0.0.

* Variables: Meson supports variables that store paths, options, or build-related
values. You can define variables directly or modify system-defined ones.

Example:

src = 'main.cpp'

This defines the variable src to hold the name of the main source file, main. cpp.

» Targets: Targets such as executables, libraries, and tests are defined using
commands like executable (), static_library (), or

shared_library ().

Example:

executable ('my_executable', src)

* Dependencies: Meson makes it easy to handle external dependencies with the
dependency () command, which specifies libraries or other projects that your

project depends on.

Example:
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zlib_dep = dependency('zlib'")

executable ('my_executable', src, dependencies : zlib_dep)

4.1.3 Data Types and Variables in Meson

Meson uses a variety of data types for its syntax, and understanding how they work is

crucial to writing effective build files.

» Strings: Strings are written using either single or double quotes. Strings can be

concatenated by simply placing them next to each other.

Example:
msg = 'Hello, ' + 'World!'

* Arrays: Arrays in Meson are used to store multiple values. They are defined using

square brackets [1].

Example:

files = ['filel.cpp', 'file2.cpp', 'file3.cpp']

* Booleans: Booleans can be represented using t rue or false keywords.

Example:

debug_mode = true
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* Dictionaries: Meson also supports dictionaries, which allow for key-value pairs to
store configuration information. This is particularly useful for passing options or

attributes to build commands.

Example:

options = {'debug': true, 'optimize': false}

4.1.4 Functions and Methods in Meson

Meson includes several predefined functions that can be called to execute specific actions
within the build process. Functions in Meson are similar to methods in Python and are key

to creating modular, reusable build logic.

* Project Function: The project () function is used to define the project's

metadata. It’s one of the first functions to be called in the meson .build file.
Example:

project ('example_project', 'cpp', version : '2.0', license :

< 'MIT')

* Build Targets: Functions like executable (), static_library (), and
shared_library () are used to define various build targets. Each function

allows you to specify the name, source files, and any dependencies for the target.

Example:

executable ('my_app', 'main.cpp', dependencies : [zlib_dep])
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¢ Custom Functions: Meson allows users to define their own functions. These

functions are useful for encapsulating repetitive tasks or creating custom build steps.
Example:
my_custom_function = function(argl, arg2)

return argl + arg2

end

4.1.5 Indentation and Formatting

Unlike traditional programming languages, Meson uses indentation rather than braces or
semicolons to structure the code. The typical convention is to use two spaces per

indentation level. This keeps the syntax clean, readable, and easy to follow.

Example:

project ('my_project', 'cpp')

src = ['main.cpp']

exe = executable ('my_executable', src)

4.1.6 Conditionals and Loops in Meson

Meson supports basic control structures such as conditionals (1 f, else, elif)and
loops (foreach). These are useful for controlling the flow of the build process based on

conditions or iterating over lists of items.

Conditionals
Conditionals are used to include or exclude parts of the build process based on certain

conditions, such as the operating system or compiler flags.
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Example:

if meson.is_windows ()
add_definitions ('-DWINDOWS")
elif meson.is_linux ()
add_definitions ('-DLINUX")
else

add_definitions ('-DUNKNOWN")

endif
Loops
The foreach loop is used to iterate over lists or arrays of values.
Example:
sources = ['main.cpp', 'util.cpp', 'helpers.cpp']
foreach src : sources
message ('Compiling ' + src)
endforeach

4.1.7 Modules and Subprojects

Meson allows you to structure projects with multiple modules or subprojects. Subprojects
can be handled using subproject () and dependency () functions. This feature is
particularly useful when working with large codebases or integrating with third-party

libraries.

Subprojects
To include a subproject, the subproject () function is used, which makes it possible to
add external code to the build process. You can use this to handle dependencies or to

modularize large projects.
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Example:
dep = subproject ('external_project')
my_target = executable('my_project', 'main.cpp', dependencies : dep)

4.1.8 Variables and Configuration Options

In addition to setting variables in your meson .build file, Meson allows you to
configure options through command-line arguments when running the meson setup

command. This enables fine-grained control over how the project is built.

Configuring Build Options
You can define custom options and pass them to the build system, which can then be
accessed and used throughout the project.

Example:
option ('debug', type : 'boolean', value : true)

This option can be accessed inside the build script and used to toggle specific build

configurations or features.

4.1.9 Meson Commands and Directives

Meson provides various built-in commands and directives to streamline the build process.

These are essential in the development of a Meson-based build system.

* add project_arguments: Adds compiler flags to the build configuration.

Example:
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add_project_arguments ('-Wall', '-Werror')

* install (): Defines how to install the target after it has been built. Example:

install (TARGETS my_executable DESTINATION bin)

* dependency () : Defines an external dependency that your project relies on.

Example:

zlib_dep = dependency('zlib')

4.1.10 Conclusion

Meson’s syntax and conventions are designed to simplify the build configuration process
while maintaining flexibility and power. By adhering to simple, clear conventions and

leveraging the wide array of built-in functions, Meson ensures that even complex projects
are easy to manage. The next steps will dive deeper into using these conventions to create

sophisticated build systems that cater to specific needs and environments.
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4.2 Built-in Functions and Variables

4.2.1 Introduction to Built-in Functions and Variables in Meson

Meson provides a variety of built-in functions and variables that form the backbone of its
build system. These functions and variables are essential for defining how projects are
built, configured, and executed. Meson's design philosophy emphasizes simplicity,
efficiency, and readability, and its built-in functions reflect these principles. This section
will explore the key built-in functions and variables available in Meson, providing you

with the tools necessary to configure and control your builds effectively.

4.2.2 Built-in Functions in Meson

Meson’s functions are designed to handle a wide range of tasks, such as defining build
targets, managing dependencies, and configuring project settings. Here are some of the

most commonly used built-in functions in Meson:

1. project ()

The project () function is used to define a project and its basic properties, such

as the project name, language, version, and license.

Example:

project ('my_project', 'cpp', version : '1.0.0', license : 'MIT')

This function must appear at the beginning of your meson .build file and is the

foundation of your build configuration.

2. executable ()
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The executable () function is used to define an executable target. This function

tells Meson how to build a specific executable file from source files.

Example:

executable ('my_app', 'main.cpp', 'utils.cpp')

You can also specify additional arguments such as dependencies, compiler flags, and
build options.
. static_library () and shared library ()

These functions are used to create static or shared libraries, respectively. They are

essential when modularizing your code into reusable components.

Example:

static_library('my_static_lib', 'src/filel.cpp', 'src/file2.cpp')

shared_library ('my_shared_1lib', 'src/filel.cpp', 'src/file2.cpp')
. dependency ()

The dependency () function is used to declare and link external dependencies,
such as libraries or other projects. This is a key feature for integrating third-party

libraries into your build.

Example:

zlib_dep = dependency('zlib')

You can also specify versions or link types (static/shared) when declaring

dependencies.
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5. install ()

The install () function is used to specify how files should be installed on the
system after being built. This includes executables, libraries, headers, and other

resources.
Example:

install (TARGETS my_app DESTINATION bin)
install (FILES 'README.md' DESTINATION doc)

6. add project_arguments () and add project_link arguments ()

These functions allow you to add compiler and linker arguments globally across all

targets in a project.
Example:

add_project_arguments ('-Wall', '-Wextra')

add_project_link_arguments ('-L/path/to/libs")

7. message ()

The message () function is a debugging tool in Meson. It prints messages to the
terminal during the build process. This is particularly useful for providing

information, warnings, or debugging output during configuration.

Example:

message ('Compiling source files...')
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8.

10.

subproject ()

The subproject () function is used to include and configure external
subprojects that are part of your build. This is helpful for managing dependencies

that are not available as system packages or for modularizing large projects.

Example:

subproject ('external_ 1lib"'")

configure file()

The configure_file () function allows you to generate a configuration file
based on template content. This can be useful when you need to customize
configuration files, such as . h headers or . config files, based on the build

environment.

Example:

configure_file(input : 'config.h.in', output : 'config.h')

find program/()

The find program () function is used to search for a program or executable on
the system. This is often used when your build system depends on external tools or

scripts.

Example:

python3 = find_program('python3')
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11.

12.

13.

run_command ()

The run_command () function allows you to execute a shell command during the
build process. This is useful for tasks such as code generation, file manipulation, or

running external programs.

Example:

run_command ('clang-format', '—--style=file', 'src/x.cpp')

foreach and for Loops

Meson supports looping constructs, allowing you to iterate over lists and perform
operations on each item. The foreach and for loops are commonly used for

processing multiple files or generating repeated tasks.

Example:
files = ['main.cpp', 'utils.cpp']
foreach £ : files

message ('Compiling ' + f)
endforeach
if/elif/else

Conditional statements in Meson allow you to make decisions based on variables or
the environment. The i f statement can be used to check conditions such as

operating system type, compiler version, or project settings.

Example:
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if meson.is_linux/()
add_project_arguments ('-DLINUX")
elif meson.is_macos ()
add_project_arguments ('-DMACOS")
else
add_project_arguments ('-DUNKNOWN ')

endif

4.2.3 Built-in Variables in Meson

Meson provides a number of built-in variables that are automatically available for use in
your meson.build files. These variables contain information about the environment,
system settings, and configuration options, and they are used to control various aspects of
the build process.

1. meson.source_root

This variable points to the root directory of the source code. It is useful for

specifying file paths that are relative to the root of the project.

Example:

source_dir = meson.source_root ()

2. meson.build root

The meson.build_root variable refers to the directory where the
meson.build file is located. This is often used for determining paths relative to

the build configuration.

Example:
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build_dir = meson.build_root ()

3. meson.is xxx()

These are environment detection functions that return t rue or £alse based on the
system environment. Some common examples include meson.is _linux (),

meson.is_windows (), and meson.is_darwin ().
Example:
if meson.is_linux ()

add_project_arguments ('-DLINUX")

endif

4. host_machine and build machine

The host machine and build machine variables represent information about
the host (where the software will run) and build (where the software is being
compiled) machines, respectively. These variables provide system information, such

as architecture, CPU family, and system name.
Example:

host_machine.system()

build_machine.cpu_family ()

5. cc and cxx

The cc and cxx variables contain the paths to the C and C++ compilers used in the
build process. These are automatically detected by Meson but can be modified if

needed.
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Example:

cc = meson.get_compiler('c')

cxx = meson.get_compiler('cpp')

6. cpp-args and c_args

These variables store compiler arguments specific to C and C++ compilers. They

can be used to pass flags to the compiler during the build.
Example:

cpp_args = ['-std=c++17', '-Wall']
c_args = ['-02"]

7. build dir

The build_dir variable refers to the directory where the build will take place.
This is typically the directory where the Meson build system places the compiled

binaries and temporary build files.

8. subproject dir

This variable is used when working with subprojects. It stores the directory where a

subproject is located after being included in the build.

4.2.4 Conclusion

Meson’s built-in functions and variables form the core of its build system, providing
powerful tools to configure, compile, and manage complex software projects. These

functions simplify tasks like defining build targets, managing dependencies, configuring
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project settings, and handling environment-specific logic. Understanding and using these
built-in features is key to mastering Meson and creating efficient, flexible build

configurations.
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4.3 Using meson_options. txt for Configurable Builds

4.3.1 Introduction to meson options.txt

Meson provides a powerful feature for creating configurable builds through the use of the
meson_options.txt file. This file allows developers to define configurable options
for their projects, enabling end-users or build systems to adjust build settings, control the
inclusion of optional components, and pass parameters to the build process. By providing
a user-friendly interface for configuration, the meson_options.txt file makes Meson
highly adaptable for a wide range of projects, especially when there are different build
configurations for different environments or requirements.

This section will delve into the role of meson_options.txt and its syntax,

demonstrating how to use it for defining and managing build options effectively.

4.3.2 Purpose of meson options.txt

The meson_options.txt fileis primarily used to declare options that can be
customized during the configuration phase of the build. These options can control various
aspects of the build, such as enabling or disabling certain features, selecting between
different libraries or dependencies, and setting compiler flags. The file simplifies the
configuration of complex build systems by allowing developers to specify default values
for these options and giving users the flexibility to override them when needed.

A typical use case involves offering various configuration paths, such as enabling
experimental features, specifying installation directories, or choosing between different
backend systems (e.g., selecting between different graphics libraries or compression
methods).
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4.3.3 Structure of meson options.txt

The structure of meson_options.txt is straightforward. It contains option definitions
with associated descriptions and default values. Each option is defined with a type, such as
a boolean, string, integer, or choice, allowing users to customize the build process. Here’s

a breakdown of the syntax and key components of the meson_options.txt file:

1. Defining Options

To define an option, you use the opt ion keyword followed by the name of the

option and its type. The basic syntax is as follows:

option ('option_name', type, [default_value, description,

— possible_values])

The options supported by Meson include:

* Boolean: A true or false value.
» String: A string value, often used for file paths or commands.
* Integer: A numerical value.

* Choice: A predefined set of values that can be selected.

2. Example: Defining Boolean Options

Boolean options are used to enable or disable features in your project. For instance,

you might allow users to enable debugging options:

option ('enable_debug', type: 'boolean', wvalue: false,

— description: 'Enable debugging support')
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In this example, the enable_debug option has a default value of false,
meaning debugging is disabled by default. Users can override this by passing

-Denable_debug=t rue when configuring the build.

3. Example: Defining Integer Options

Integer options are useful for setting values that can affect the build, such as

memory allocation size or buffer sizes.

option('max_buffer size', type: 'integer', wvalue: 1024,

— description: 'Set maximum buffer size')

Here, the max_buffer_size option is set to a default value of 1024. This could
be used in cases where the build requires a configurable buffer size for a specific
task.

4. Example: Defining String Options

String options are typically used for file paths, tool names, or any other settings that

are passed as strings.

option ('custom_tool_path', type: 'string', value:

— '"/usr/local/bin', description: 'Path to custom build tool')

This option allows the user to specify a custom path for a tool used in the build

process, with /usr/local/bin as the default.

5. Example: Defining Choice Options

Choice options let users select one of several predefined options. This is useful for
setting options like selecting between different backend systems or optional

dependencies.
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option ('backend', type: 'string', wvalue: 'gl', description:
< 'Choose graphics backend', possible_values: ['gl', 'vulkan',
— 'metal'l])

In this example, the backend option allows users to choose between OpenGL
(g1), Vulkan, or Metal graphics backends. The default is g1, and the user can

specify another option during configuration.

4.3.4 Using meson _options. txt in the Build Configuration

Once you define options in the meson_options. txt file, you need to reference them
in your meson.build file to influence the build process based on the options set. This
is done using the get _option () function, which retrieves the value of an option

defined in meson_options.txt.

1. Retrieving Option Values

Here’s how you can retrieve the value of an option in meson.build:

debug_enabled = get_option('enable_debug')

This code retrieves the value of the enable_debug option, which you can then
use to control whether certain build steps, flags, or configurations are applied based

on the user’s preference.

2. Conditional Build Steps Based on Option Values

Once the options are retrieved, you can conditionally apply build settings or alter the
configuration depending on their values. For example, if the enable_debug

option is enabled, you can add debug symbols to your build:
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if debug_enabled
add_project_arguments ('-g')

endif

Similarly, you can set different configurations based on the value of a choice
option. For instance, if the user selects vulkan as the graphics backend, you can

adjust the build process accordingly:

if get_option('backend') == 'vulkan'
add_project_dependencies ('vulkan')

endif

4.3.5 Benefits of Using meson options.txt

The meson_options.txt file provides several advantages:

* User Flexibility: It allows users to easily modify build configurations without
modifying the meson.build file itself. This is particularly useful when
distributing your project to different platforms or environments where specific

configurations are required.

* Configurability: You can manage complex builds with multiple optional

dependencies or features, enabling or disabling them based on user preferences.

* Centralized Configuration: All configurable options are centralized in a single file,

making it easier to manage and document.

* Clearer Builds: When a build system offers easily configurable options, it becomes
more transparent and adaptable, reducing the complexity of managing different

build configurations.
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4.3.6 Example: Full Example of Using meson options.txt

Here’s a complete example of ameson_options.txt file with several different types

of options:

# meson_options.txt
option('enable_debug', type: 'boolean', value: false, description:

— 'Enable debugging support')

option ('max_buffer_size', type: 'integer', wvalue: 1024, description:
— 'Set maximum buffer size')
option('custom_tool_path', type: 'string', wvalue: '/usr/local/bin',

— description: 'Path to custom build tool')
option ('backend', type: 'string', value: 'gl', description: 'Choose

— graphics backend', possible_values: ['gl', 'vulkan', 'metal'])
And corresponding usage in the meson.build:

# meson.build

debug_enabled = get_option('enable_debug')
max_buffer = get_option('max_buffer_size')
custom_tool = get_option('custom_tool_path')

backend = get_option('backend"')

if debug_enabled

add_project_arguments ('-g')
endif
if backend == 'wvulkan'

add_project_dependencies ('vulkan')

endif

message ('Buffer size: ' + max_buffer)

message ('Custom tool path: ' + custom_tool)
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4.3.7 Conclusion

The meson_options.txt fileis an essential tool for managing configurable builds in
Meson. By providing a simple, flexible way to define build options, it makes your project
more adaptable to different environments and user requirements. By leveraging these

options, you can control build parameters, manage dependencies, and create builds that are

more dynamic and easier to configure.



Chapter 5

Building C and C++ Projects

5.1 Defining Targets: executable (), library (),
static library ()

5.1.1 Introduction to Targets in Meson

In Meson, a “target” is a final artifact that you want to build as part of the build process.
Targets can be executables, shared libraries, static libraries, or other types of outputs that
can be linked, packaged, or installed. Defining targets correctly is one of the first and most
important steps in creating a project build system with Meson.

Meson offers built-in functions for defining several types of targets, such as executables
and libraries, with both static and dynamic linking options. These functions help in
specifying how your project components should be built and linked together.

This section will focus on defining and understanding the various target types in Meson,
such as executable (), library (),and static_library (), and their

respective usage within a project.
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5.1.2 Defining an Executable: executable ()

The executable () function in Meson is used to define a target that produces an

executable binary. The basic syntax for this function is as follows:

executable (name, sources, [install: boolean, dependencies:

- [dependency, ...1, ...])

* name: The name of the executable being built.
* sources: A list of source files that will be compiled to create the executable.

* install (optional): A boolean value that indicates whether the executable should

be installed when meson install is run. The defaultis false.

* dependencies (optional): A list of dependencies that the executable will link

against.

* Other options: There are several other options such as c_args and cpp_args to

pass compiler-specific flags to the executable's build process.
* Example of Defining an Executable

executable ('my_app', ['main.c', 'utils.c'])

This defines an executable called my _app, which will be built from the source files

main.cand utils.c. By default, this executable will not be installed.

If you wanted to install the executable as part of the build process, you would add

the install: true option:
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executable ('my_app', ['main.c', 'utils.c'], install: true)

* Adding Dependencies

If the executable depends on other libraries or packages, you can specify those
dependencies using the dependencies argument. For example, if my_app

depends on the pthread library, you would write:

pthread_dep = dependency ('pthread')
executable ('my_app', ['main.c', 'utils.c'], dependencies:

— [pthread_depl])

This ensures that the executable is linked with the pt hread library during the
build.

5.1.3 Defining a Shared Library: 1library ()

The 1ibrary () function in Meson is used to define a shared library target. Shared
libraries are dynamic libraries that can be linked at runtime, providing flexibility and

modularity. The basic syntax for defining a shared library is:

library (name, sources, [install: boolean, dependencies: [dependency,
e ocoodyg ocool)

* name: The name of the library being created.

* sources: A list of source files that will be compiled to create the shared library.

* install (optional): A boolean indicating whether the library should be installed.
By default, it is set to false.
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* dependencies (optional): A list of dependencies required by the shared library.

* Example of Defining a Shared Library

library ('my_shared_lib', ['libfile.c', 'helper.c'])

This creates a shared library called my_shared_1ib from the source files

libfile.cand helper.c.

If you want to install the shared library, add the install: true option:

library ('my_shared_lib', ['libfile.c', 'helper.c'], install:

— true)

This will ensure that the library is installed during the meson install step.

* Adding Dependencies

Similar to the executable () function, you can add dependencies to shared
libraries. For instance, if my_shared_1ib requires the math library, you can do

the following:

math_dep = dependency('m')
library ('my_shared_lib', ['libfile.c', 'helper.c'], dependencies:

— [math_dep])

This ensures the library is linked with the math library during the build.

5.1.4 Defining a Static Library: static library ()

The static_library () function is used to define a target that produces a static

library. Static libraries are archives of object files that are linked into applications at
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compile time, rather than at runtime like shared libraries. Static libraries can improve
performance by reducing runtime overhead, but they are less flexible than shared libraries.

The basic syntax is as follows:

static_library(name, sources, [install: boolean, dependencies:

N [dependency, ...]1, ...])

* name: The name of the static library being built.

* sources: A list of source files used to create the static library.

* install (optional): A boolean indicating whether the static library should be

installed.

* dependencies (optional): A list of dependencies that the static library requires.

* Example of Defining a Static Library

static_library('my_static_lib', ['libfile.c', 'helper.c'])

This defines a static library named my_static_1ib from the source files

libfile.c and helper.c. By default, this static library will not be installed.

If you want to install the static library, use the install: true option:

static_library('my_static_lib', ['libfile.c', 'helper.c'],

— install: true)

* Adding Dependencies



117

Static libraries can also have dependencies, although these dependencies are
statically linked during the build process. For example, if my _static_1ib

depends on another static library, you can specify it as a dependency:

other_static_lib = static_library('other_1lib', ['otherfile.c'])
static_library('my_static_lib', ['libfile.c', 'helper.c'],
— dependencies: [other_static_lib])

This will ensure that my_static_1ib islinked with other_static_1ib

during the build process.

5.1.5 Combining Libraries and Executables

It is common to combine shared libraries, static libraries, and executables in a project.
Meson allows you to link executables to libraries seamlessly. For instance, if you have an
executable that depends on a shared library, you can define the executable and link it with

the shared library like this:

my_lib = library('my_shared_lib', ['libfile.c'])

my_app = executable('my_app', ['main.c'], dependencies: [my_1lib])

In this example, the executable my_app will be linked with the shared library
my_shared_lib.

5.1.6 Conclusion

The executable (), library (),and static_library () functions in Meson
provide straightforward and flexible ways to define the different types of build targets in

your project. By specifying the appropriate sources, dependencies, and install options, you
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can configure your project to generate the desired output artifacts, whether they are
executables, shared libraries, or static libraries.
Mastering these target definitions will allow you to handle the most common build

scenarios and structure your projects efficiently with Meson.
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5.2 Handling Dependencies and Linking

5.2.1 Introduction to Dependency Management in Meson

One of Meson’s core strengths is its efficient handling of dependencies. Dependencies are
external libraries or packages that a project needs to build or run. In modern C and C++
development, dependencies play a critical role in reducing the need to reinvent the wheel
by reusing existing, often optimized code. Meson provides robust tools to manage both
internal and external dependencies, as well as manage the process of linking them to build
targets like executables and libraries.

This section will discuss how to handle dependencies in Meson, explore the different types

of dependencies, and demonstrate how to link them correctly in your C and C++ projects.

5.2.2 Types of Dependencies in Meson
Meson defines dependencies in several ways, allowing flexibility depending on whether

the dependency is a system library, an external package, or a local project component.

* a. System Dependencies

System dependencies are typically libraries or packages installed on your system.
These can be either dynamic (shared) libraries or static libraries. Meson uses the

dependency () function to declare and manage these dependencies.

The syntax to declare a system dependency is:

dep = dependency('library_name')

For example, to link against the pthread library:
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pthread_dep = dependency ('pthread')

This will search for the library on the system and make it available for linking with
the target. Meson automatically detects the correct link flags based on the system's
configuration.

b. Pkg-config Dependencies

In many Linux environments, package management systems use pkg—config to
provide information about system libraries. Meson can also handle these types of
dependencies using dependency () with the method option set to

'okg-config'. The syntax is:

pkg_dep = dependency ('pkg _name', method: 'pkg-config')

For instance, to link against the g11ib library using pkg-config, you can use:

glib_dep = dependency('glib-2.0', method: 'pkg-config')

Meson will use pkg-config to find the appropriate flags for the compiler and

linker.

c. Custom Dependencies

In some cases, your project might depend on a local or custom-built library. In this
case, you can use Meson’s built-in functions to declare the dependency. The most
common approach is using subproject () to handle third-party projects that you

include directly in your project tree.

For example:
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subproject ('my_lib")

This tells Meson to treat the my_11ib subproject as a dependency, and Meson will
automatically handle its compilation and integration into your project.
* d. Optional Dependencies

Some dependencies are not strictly necessary for your project to function, but if they
are present, you would like to link against them. Meson supports this use case

through the dependency () function with the required flag setto false.

optional_dep = dependency('optional_ lib', required: false)

If the dependency is available, it will be linked; otherwise, the build proceeds

without it.

5.2.3 Declaring Dependencies for Targets

Once a dependency is declared, you can associate it with specific build targets like
executables, shared libraries, or static libraries. This is done by passing the dependency as

an argument to the target creation functions (executable (), library (), etc.).

* a. Linking Dependencies to an Executable

When building an executable that depends on external libraries, you include those

dependencies in the dependencies argument. For example:

pthread_dep = dependency ('pthread')
my_app = executable('my_app', ['main.c'], dependencies:

— [pthread_dep])
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This ensures that the pthread library is linked when building my_app.

* b. Linking Dependencies to a Shared Library
Similarly, for shared libraries, you can link dependencies using the same

dependencies argument:

math_dep = dependency('m')
my_lib = library('my_shared_lib', ['libfile.c'], dependencies:
— [math_dep])

This links the math library (1 ibm) with the shared library my_shared_1ib.

* ¢. Handling Multiple Dependencies

A target can have multiple dependencies, which Meson handles efficiently. You can

pass a list of dependencies to be linked with the target:
depl = dependency('libl'")
dep2 = dependency ('lib2")

my_app = executable('my_app', ['main.c'], dependencies: [depl,
— dep2])

Here, my_app will be linked against both 1ibl and 1ib2.

5.2.4 Linking Static and Shared Libraries

Meson allows you to handle both static and shared libraries for dependencies. While the

default behavior links shared libraries, static libraries are also fully supported.

¢ a. Static Libraries



123

To link with a static library, Meson automatically adjusts the linker flags as needed.
When linking with a static library, you may specify its path or use the

dependency () function if it’s a system static library.

Example of linking with a static library:

static_lib = static_library('static_lib"', ['libfile.c'])
my_app = executable('my_app', ['main.c'], dependencies:
— [static_1lib])

This ensures that my _app is linked with static_lib.

¢ b. Shared Libraries

Shared libraries are linked in the same way as static libraries, with Meson handling
the appropriate flags for dynamic linking. If you have a shared library
(libfoo.so), Meson will automatically determine whether to link dynamically or

statically depending on the system configuration.

shared_lib = library('shared_lib', ['libfile.c'])
my_app = executable('my_app', ['main.c'], dependencies:

. [shared_1ib])

This ensures that my_app will be linked with the shared library.

5.2.5 Handling Dependency Versions

Meson allows specifying the version requirements of a dependency. This can be useful
when your project requires a specific version of a library. You can specify version ranges
using the version argument in the dependency () function.

For example:
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dep = dependency ('some_1lib', wversion: '>=1.2.0")

This ensures that the version of some_11ib used is at least 1.2.0.
If you need to ensure that the dependency version is within a specific range, you can do so

as follows:
dep = dependency('some_lib', version: '>=1.2.0' & '<2.0.0")

This limits the version to be between 1.2.0 and 2.0.0, inclusive of the lower bound and

exclusive of the upper bound.

5.2.6 Optional and External Dependencies

Another important feature in Meson is the ability to handle optional dependencies. These
are libraries or components that are not strictly required for the project but enhance
functionality if present. Meson can find and link optional dependencies when they are
available and bypass them when they are not. This is handled by setting the required
flag to false.

Example:
optional_dep = dependency('optional_ lib', required: false)
If optional_lib is found, it will be linked; otherwise, Meson will proceed with the

build without it.

5.2.7 Conclusion

Meson simplifies the process of handling dependencies in C and C++ projects. Whether
you’re linking system libraries, custom-built libraries, or third-party dependencies, Meson

ensures efficient management of these links. By leveraging the dependency () function
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and understanding how Meson handles static and shared libraries, versioning, and optional
dependencies, you can manage complex project dependencies with ease.
Mastering Meson’s dependency management will streamline your build process, improve

portability, and ensure that your projects remain maintainable as they grow and evolve.
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5.3 Using pkg—config and dependency ()

5.3.1 Introduction to pkg—config and Meson Integration

In modern C and C++ development, managing external dependencies is often streamlined
by using tools like pkg—config. This tool helps retrieve the necessary flags for the
compiler and linker when working with system libraries. Meson integrates seamlessly with
pkg-config, enabling developers to efficiently manage dependencies in their builds.
pkg-configis commonly used to provide information about installed libraries on your
system, including compiler flags, linker flags, and required include paths. Meson can use
this tool to automatically detect and configure the appropriate options for building projects
with external dependencies.

This section focuses on integrating pkg—conf ig with Meson, detailing how to use

pkg-config and the dependency () function to handle dependencies efficiently.

5.3.2 Using pkg—config to Retrieve Library Information

pkg-config is a powerful tool that provides compiler and linker flags for libraries
installed on your system. It simplifies the process of adding external libraries to your
project, as it abstracts away the details of locating headers, libraries, and the necessary
flags.

The general syntax for using pkg-config on the command line is:

pkg-config —--cflags --1libs <library-name>

This command provides the compiler flags (——cflags) and linker flags (——1ibs)
necessary for compiling and linking against the specified library. When working with

Meson, this functionality is abstracted through the dependency () function.
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5.3.3 Integrating pkg—config with Meson

In Meson, the dependency () function allows you to declare and use external
dependencies, including those discovered via pkg—config. The Meson build system
has built-in support for pkg—config, which simplifies the process of integrating these
dependencies into your project.

To use a pkg—-config dependency in Meson, you can pass the library name along with
the method: 'pkg-config' argument in the dependency () function. This tells

Meson to use pkg—config to locate the library and retrieve the necessary flags.

* Example: Using pkg—config to Link Against glib-2.0

Consider the case where you need to link your project with the g1ib-2. 0 library

using pkg-config. In Meson, you would define the dependency as follows:

glib_dep = dependency('glib-2.0', method: 'pkg-config')

This tells Meson to invoke pkg—config to find the flags required to compile and
link against g1ib-2. 0. The library will be linked with your target automatically.

* Example: Using pkg—config for Optional Dependencies

If you want to link with a library only if it’s available on the system, you can use the
required: false argument. This allows for optional dependencies. For

example, to link against the 1ibxm1-2. 0 library only if it is present:

xml_dep = dependency('libxml-2.0"', method: 'pkg-config',

— required: false)

If 1ibxml1-2. 0 is available, Meson will link it to your project; otherwise, it will

proceed without it, making the dependency optional.
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5.3.4 Handling Version Constraints with pkg-config Dependencies

Meson allows you to specify version constraints for pkg—config dependencies. This
ensures that only specific versions of the library are used, which is important for
compatibility and stability. You can specify a version constraint using the version

keyword.

* Example: Enforcing a Minimum Version of glib-2.0

If your project requires at least version 2.48 of g1ib-2. 0, you can define the

dependency with a version constraint as follows:

glib_dep = dependency('glib-2.0', method: 'pkg-config', wversion:
- '>=2.48.0")

This will ensure that Meson only uses a version of g1ib-2. 0 that meets the
minimum version requirement.
* Example: Specifying a Version Range

You can also specify a range of versions. For instance, if your project needs

glib-2.0 between versions 2.48 and 2.60:

glib_dep = dependency('glib-2.0', method: 'pkg-config', version:
— '>=2.48.0' & '<2.60.0")

This ensures that only versions of glib-2 . 0 within the specified range will be

used.



129

5.3.5 Using pkg—config for Multiple Dependencies

When working with multiple dependencies managed by pkg—config, you can pass
multiple library names to dependency () in Meson. Each library is resolved
independently by pkg—config, and Meson will combine the necessary flags for all

dependencies.

* Example: Linking with gtk-3.0 and glib-2.0

To link a project with both gtk—3.0 and glib-2. 0, you would define two

dependencies and pass them to your build target:

gtk_dep = dependency('gtk-3.0', method: 'pkg-config')
glib_dep = dependency('glib-2.0'"', method: 'pkg-config')

my_app = executable('my_app', ['main.c'], dependencies: [gtk_dep,

— glib_dep])

This ensures that both gt k—3.0 and glib-2. 0 are correctly linked to the

my_app executable.

5.3.6 pkg—config Search Paths

In some cases, pkg—config might not be able to find the required libraries due to
custom installation paths or non-standard library locations. To address this, you can
provide pkg—-config with additional search paths using the PKG_CONFIG_PATH
environment variable.

For instance:
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PKG_CONFIG_PATH=/path/to/custom/libs/pkgconfig pkg-config --cflags

In Meson, this can be handled by setting the PKG_CONFIG_PATH variable before running

Meson:
PKG_CONFIG_PATH=/path/to/custom/libs/pkgconfig meson setup builddi

This ensures that pkg—config will search in the specified directory for the . pc files

that describe the libraries.

5.3.7 Combining pkg—config with Meson’s Internal Dependencies

Meson can combine pkg—config dependencies with other forms of dependencies. For
example, you might have a custom-built dependency that is used alongside a system
dependency fetched via pkg—config. This can be handled by specifying both

dependencies in the dependencies list when creating targets.

external_dep = dependency('external_ lib', method: 'pkg-config')
my_lib = library('my_lib', ['lib.c'], dependencies: [external_dep])

This approach allows for a flexible build configuration where some dependencies come

from pkg—config while others are manually defined or managed by Meson.

5.3.8 Debugging pkg—config Issues

Sometimes, issues can arise when using pkg-config with Meson. Common problems
include incorrect PKG_CONF IG_PATH settings or missing . pc files. To debug these

issues, you can use the following:

1. Check pkg—config output manually:
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Run pkg-config from the command line to check if it is returning the correct

flags.

pkg-config —--cflags —--1libs glib-2.0

2. Check the value of PKG_CONFIG_PATH:

Ensure that PKG_CONF IG_PATH is set correctly if libraries are installed in

non-standard locations.

echo $PKG_CONFIG_PATH

Set it appropriately if needed:

export PKG_CONFIG_PATH=/path/to/pkgconfig

3. Use Meson’s verbose mode to see pkg—config activity:

Running Meson in verbose mode can help identify which dependencies are being

resolved and how the flags are being passed.

meson setup —-verbose

5.3.9 Conclusion

Integrating pkg—config with Meson significantly simplifies the process of handling
external dependencies, especially when working with system libraries and third-party
packages. By using Meson’s dependency () function with the method:
'pkg-config' argument, you can easily manage library flags, versions, and link

dependencies. Whether you are building a simple C project or a complex C++ application
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with numerous dependencies, pkg—config and Meson make the process efficient and
streamlined.

By mastering how to use pkg—config with Meson, you gain greater control over your
project's build process, allowing you to focus more on development and less on managing

external dependencies.



Chapter 6

Managing Source Files and

Subdirectories

6.1 Organizing Project Files

6.1.1 Introduction to Organizing Project Files

A well-organized project structure is essential for any software development project. In the
context of Meson, organizing your project files efficiently ensures that you can scale your
project, manage dependencies, and facilitate collaboration with ease. Meson provides a set
of tools and conventions that help structure projects in a modular and maintainable way.
Meson emphasizes clarity and simplicity, aiming to make complex build configurations
straightforward. By following best practices for organizing files, Meson users can keep
their build systems efficient and easy to maintain, regardless of the size or complexity of
the project.

This section explores how to best structure your project directory, manage source files, and

use subdirectories effectively within the Meson build system.

133
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6.1.2 Typical Project Directory Structure

Meson follows a convention of separating source code from build artifacts. This

separation ensures that source files remain untouched during the build process and helps

keep the build environment isolated from the development environment.

A typical Meson project structure might look as follows:

project-root/

_________ meson.build
_________ meson_options.txt

— options

- e meson.build

< source directory

777777777 include/

e meson.build

————————— build/

— Meson during setup)
— files, object files)
————————— tests/

——= = meson.build

- —mm———— test_main.c

# Main build configuration file

# Optional: Build configuration

Source files directory

# Meson build file specific to

# Main source file

# Additional source files

Header files directory

# Meson build file specific to

# Header files

Build directory (created by

# Build artifacts (compiled

Unit test source files

# Meson build file for tests

# Test source files
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L test_utils.c # Additional test source files
————————— doc/ # Documentation files (optional)
_________ index.rst # Documentation files

This structure is a good starting point for many types of projects. The key points to note

are:

Source files (src/): The directory for C or C++ source files.

Header files (include/): A dedicated folder for project-specific header files.

Tests (tests/): A folder for unit tests, often located outside of the main source
folder.

Build directory (build/): This is the folder where Meson stores build artifacts

(object files, compiled binaries, etc.).

* Main meson.build file: This file should reside at the root of the project to

configure the entire project.

6.1.3 The Role of meson .build Files in Subdirectories

Each directory involved in the build process should contain a meson.build file. These

files define how the contents of the directory are built and linked.

* Top-level meson .build: At the root of the project, the meson.build file
defines the overall project configuration, declares external dependencies, and
includes subdirectories. This is where you set general options, define the main

executable, and configure the build process.
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project ('MyProject', 'c')
executable ('myapp', 'src/main.c')

subdir ('src')

subdir ('tests')

* meson.build in subdirectories: In subdirectories, meson.build files are
used to manage specific parts of the build process, such as compiling source files,

creating static libraries, or defining test executables.

In src/meson.build, you might define:

src_files = ['main.c', 'utils.c']

executable ('myapp', src_files)

This makes it clear that main.c and utils. c are part of the source files for

myapp, and that they will be compiled together to create the executable.

Similarly, in tests/meson.build, you can define tests:

test_sources = ['test_main.c', 'test_utils.c']

test ('myapp tests', test_sources)

This setup ensures that the tests are clearly defined in a separate folder and can be

easily managed by Meson.

6.1.4 Managing Source and Header Files in Separate Directories

When you have separate source and header directories, Meson provides the capability to

organize them in a manner that keeps the build system clean and efficient. Here's how you
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can handle this:

* Sourece files: Put all . c and . cpp files in a src/ directory. This keeps the source

files organized and makes it clear where the main code of the project resides.

* Header files: Header files (. h files in C/C++) should be placed in an include/
directory. This separates the implementation from the interface and helps prevent

clutter in the source directory.

To reference header files in Meson, you use the include directories () function

in your meson.build file:

inc = include_directories('include')
src_files = ['src/main.c', 'src/utils.c']

executable ('myapp', src_files, include_directories: inc)

This ensures that the compiler knows where to find the header files, and it keeps your

project's structure clean.

6.1.5 Using Subdirectories for Modular Projects

For larger projects, it's often beneficial to split the project into multiple subdirectories,
each containing a specific module or library. You can use the subdir () function to
include other meson .build files in the build process.

Example:

# Top-level meson.build

project ('MyProject', 'c')

subdir ('src')

subdir ('libs/mylib")
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In this case, the src/ directory contains the main source files, while the 1ibs/mylib/

directory contains a separate library or module.

* Library-specific meson.build file: In the 1ibs/mylib/ subdirectory, you

might define a static library as follows:

mylib_src = ['mylib.c']
mylib = static_library('mylib', mylib_src)

* Top-level build file: The top-level meson .build will reference this library by
calling subdir ('libs/mylib'), making the build system modular and

extensible.

This modular structure allows for scalability in large projects, where new modules can be
added easily by simply creating new subdirectories and adding corresponding

meson.build files.

6.1.6 Best Practices for File and Directory Naming

Consistency in naming is important when organizing a Meson project. Following
established conventions helps ensure that the project remains easy to navigate and

maintain.

* Lowercase names: It is common to use lowercase letters for filenames and

directory names (e.g., src/, include/, tests/).

» Separation of concerns: Keep source files, headers, and build outputs separate. Do

not mix them in the same directory.

* Meaningful names: Use descriptive names for directories and files, ensuring that

others (or future you) can easily understand the structure.
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6.1.7 Multi-Platform Considerations

When organizing project files, you should also keep in mind any platform-specific
differences. Meson allows you to conditionally include files based on the platform or
environment.

Example: Including platform-specific source files based on the operating system:

if host_machine.system() == 'windows'

src_files = ['src/windows_specific.c', 'src/main.c']
elif host_machine.system() == 'linux'

src_files = ['src/linux_specific.c', 'src/main.c']
else

src_file

This allows you to keep platform-specific files separate and manage them effectively

without complicating the core project structure.

6.1.8 Conclusion

Organizing your project files in a clear and logical manner is a key practice in any build

system, and Meson provides several mechanisms to help you achieve this. By utilizing

subdirectories for source files, headers, and external libraries, and by following naming

conventions, you can ensure that your project remains clean, maintainable, and scalable.

Meson encourages modularity through the use of subdirectories and separate

meson.build files, which keeps each component of the project independent and easy

to manage. This organization helps both in large-scale projects and in smaller ones that

need to remain flexible and adaptable.
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6.2 Adding Subdirectories with subdir ()

6.2.1 Introduction to Subdirectories in Meson

In Meson, managing a project’s complexity often requires splitting the project into
multiple subdirectories, each corresponding to different components or libraries. This
modular approach helps keep the project structure organized, especially as projects grow
larger. The subdir () function plays a crucial role in this organizational model by
allowing you to reference other directories containing meson .build files.

By adding subdirectories with subdir (), Meson allows the project’s build system to be
split into smaller, more manageable parts, which can be built independently or together as
part of a larger project. Each subdirectory can contain its own meson .build file,

defining specific build rules for the files within that directory.

6.2.2 The Role of subdir () in Meson

The subdir () function tells Meson to look for and include build files from a specific
subdirectory. This function is crucial when structuring a project with multiple components
or libraries, as it provides an easy way to manage these parts without cluttering the main
build configuration.

When you call subdir () in atop-level meson.build file, Meson will recursively
look into the specified subdirectory and process its own meson.build file. This allows
for clear and logical separation of the project components, making it easier to build and
maintain.

For example, consider the following project structure:
project-root/

————————— meson.build # Main build configuration file
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_________ src/ # Source files directory
s — meson.build # Meson build file specific to

— the source directory

— main.c # Main source file
— utils.c # Additional source files
,,,,,,,,, 1ib/ # Library directory

————————— meson.build # Meson build file for the

— library

————————— libutils.c # Source file for the library

In the main meson.build file, you can add the subdir () function to include the

src and 1ib directories:
project ('"MyProject', 'c')

# Include the source and library directories
subdir ('src')

subdir('lib"')

This configuration tells Meson to include the subdirectories for building the project. Each
subdirectory will have its own meson.build file defining how to build the source files

and libraries within them.

6.2.3 Defining Targets in Subdirectories

Each subdirectory containing a meson.build file can define its own build targets, such
as executables, libraries, or tests. For example, the src/meson.build file might

contain:
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src_files = ['main.c', 'utils.c']

executable ('myapp', src_files)
The 1ib/meson.build file might define a static library:

libutils_src = ['libutils.c']

static_library('libutils', libutils_src)

This way, Meson handles building the executable myapp from the source files in the src
directory, while also building the 1ibutils static library from the 1ib directory. The
build process is modular and clean, with each part of the project managed separately but

included in the overall build.

6.2.4 Benefits of Using subdir ()

* a. Separation of Concerns

Using subdir () enables you to logically separate different components or
modules within your project. Each component (e.g., source code, libraries, tests)
can have its own dedicated directory and meson.build file, making it easier to

manage and modify parts of the project independently.

For example, if you have a project with a library and an application, the source code
for the application can reside in the src/ subdirectory, while the library code can
be in the 1ib/ subdirectory. Each subdirectory can contain a meson.build file
that defines how the respective components should be built, reducing the complexity

of managing a large project.

* b. Scalability

As projects grow, using subdir () makes it easier to scale the build system. You

can add new modules or components to your project simply by creating new
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subdirectories with their own meson.build files. This makes it easy to extend a
project with new features or libraries without complicating the overall build

structure.

For instance, if your project needs an additional third-party library or a new utility
module, you can simply add a new subdirectory for the module and create the

necessary build instructions in its own meson . build file.

¢. Reusability

Subdirectories allow for better reusability. If you have a submodule or library that is
independent of your main project, you can keep it in its own subdirectory, and it can
be reused across multiple projects. This modularity also makes it easier to integrate
third-party code, such as libraries or tools, into your project without mixing them

with the rest of your codebase.

You can also reuse subdirectories in different build configurations or even different

projects by simply copying the subdirectory and its associated meson .build file.

6.2.5 Nested subdir () Calls

In larger projects, you might want to add further modularity by nesting subdir () calls.

For example, if the 1ib/ directory itself contains several libraries, you can add further

subdir () calls within the 1ib/meson.build file to manage each library

individually.

Example:

————————— meson.build # Defines 'libutils' and 'libextra'

as separate subdirectories

————————— libutils.c

————————— libextra.c
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Inlib/meson.build:

subdir ('libutils"')

subdir ('libextra')

This setup allows you to break down the project into smaller, self-contained components.
Each subdirectory (e.g., 1ibutils/, libextra/) can have its own meson.build

file that handles the specific build process for that component.

6.2.6 Conditional Subdirectories

Meson provides flexibility in including subdirectories conditionally based on various
factors, such as the build type, platform, or configuration options. You can use Meson’s
built-in conditional statements to decide whether to include certain subdirectories.

Example:

if get_option('enable_libutils')
subdir ('libutils"')
endif

In this example, the 1ibutils subdirectory is included only if the enable 1ibutils
configuration option is enabled. This feature is useful when building projects with

optional components or when building different configurations of the same project.

6.2.7 Handling Build Artifacts in Subdirectories

The subdir () function does not only include source files. It can also manage build
outputs within subdirectories. For example, you can specify output directories for different

components by using build_by_default in the subdirectory’s meson.build file.
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static_library('libutils', libutils_src, build_by_default: false)

This prevents the default building of 1ibutils and gives you more control over when

and how these components are built.

6.2.8 Handling Transitive Dependencies Across Subdirectories

When you have subdirectories that depend on each other, Meson makes it easy to manage
these dependencies. For example, if src/ depends on 1ib/, the src/meson.build
file can explicitly reference the library from the 1ib/ subdirectory.

In src/meson.build:

libutils = dependency ('libutils', method: 'pkg-config')

executable ('myapp', src_files, dependencies: libutils)

This approach ensures that the dependencies are handled properly when building across

multiple subdirectories.

6.2.9 Conclusion

The subdir () function is an essential tool in Meson for managing complex projects. By
organizing your project into subdirectories, you can create a modular and maintainable
build system. The flexibility Meson offers with subdir () allows you to organize your
project in a way that scales well as the project grows. It enables clean separation of
components, promotes reusability, and facilitates building large and complex projects with

case.
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6.3 Using files () and configure file ()

6.3.1 Introduction to files () and configure file ()

Meson provides two important functions, files () and configure_file (), which
are crucial for managing source files and generating configuration files during the build
process. These functions help streamline the management of input and output files,

allowing greater flexibility in how files are handled in your project.

e files () is used to declare a list of source files or resources that need to be

compiled or bundled into the build.

* configure _file () is used to generate configuration files, usually based on

templates, that are used in the build process or runtime of your application.

Together, these functions help you handle different types of files and configurations,

making it easier to manage complex projects.

6.3.2 Using files () to Handle Source Files and Resources

The files () function in Meson is typically used for including a set of source files or
resources as part of your build. It can take individual files or lists of files and pass them to

targets like executables or libraries.

* a. Basic Usage of files ()

To include source files in your project, you can use £iles () to define a list of files
for a particular target. Here’s an example of how you might define and include

source files for a C project:
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src_files = files('main.c', 'utils.c', 'otherfile.c')

executable ('myapp', src_files)

In this example, £iles () is used to collect a set of C source files into a variable
src_files, which is then passed to the executable () function to create an

executable target.

b. Including Source Files from Subdirectories

You can also use £iles () to include files from different directories. When
organizing your project with subdirectories, you can use £iles () to refer to files
in those subdirectories. This helps maintain modularity and separation of concerns

within the build system.

For example:

src_files = files('src/main.c', 'src/utils.c')

executable ('myapp', src_files)

Here, the £iles () function collects source files located in the src/ subdirectory
and includes them in the build process.
c. File Collections

For larger projects, you might want to create a collection of files rather than listing
each file individually. This can be done using files () combined with glob

patterns or other methods of listing files dynamically.

For example, using a glob pattern:
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src_files = files('src/*x.c')

executable ('myapp', src_files)
This automatically includes all . c files in the src/ directory.

6.3.3 Using configure file () for Template Configuration Files

configure_file () is a powerful function in Meson that is used to generate files
during the build process, typically configuration files. It is especially useful for generating
headers, configuration scripts, or any other files that need to be customized based on the

build system's environment or options.

* a. Basic Usage of configure file ()

The configure_file () function processes a template file and substitutes
specific variables or options defined during the build. These variables are typically

defined using Meson’s built-in options or custom project-specific values.

Here’s an example where a template file config.h. in is processed to create a

config.h file:

configure_file(
input: 'config.h.in',
output: 'config.h',

configuration: configuration_data

In this example:

— input: 'config.h.in' refers to the template file that contains

placeholders for variables.
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— output: 'config.h' isthe path where the generated configuration file

will be placed.

— configuration: configuration_data is a set of key-value pairs

that will be substituted in place of placeholders in the template.

The config.h.in template might look like this:

#define PACKAGE_NAME "@PACKAGE_NAME@"
#define PACKAGE_VERSION "@PACKAGE_VERSION@"

The configuration_data would then provide the necessary substitutions:

configuration_data = configuration_data (
'PACKAGE_NAME': 'MyApp',
'"PACKAGE_VERSION': '1.0.0'"

When the build is executed, config.h will be generated, and the placeholders

will be replaced with the values provided in configuration_data.

* b. Common Use Cases for configure file ()

— Generating Header Files: It is common to generate C or C++ header files
that define macros or configuration options based on build-time settings. For
example, a config.h file might define compiler-specific options or feature

flags.

Example:
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configure_file(
input: 'config.h.in',
output: 'config.h',
configuration: configuration_data (

'HAVE_FEATURE_X': get_option('enable_feature_x")

— Generating Scripts: If your project needs shell scripts, Python scripts, or
other text-based configuration files that require customization based on the

build environment, configure_file () can generate these from templates.

Example:

configure_file(
input: 'install.sh.in',
output: 'install.sh',
configuration: configuration_data (

'INSTALL_DIR': get_option('prefix')

— Customizing Build Output: If your project needs to adjust the output based
on the host platform, architecture, or build configuration,
configure_file () allows you to write highly customizable templates

that adapt to different environments.

* ¢. Generating Configuration Files for Use in Runtime

In addition to build-time configuration files, configure_file () can be used to
generate configuration files that will be used at runtime by your application. This

can include creating . ini, . json, or . xml files from templates.
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For instance, a config.ini. in file might be transformed into config.ini

with platform-specific settings:

configure_file(
input: 'config.ini.in',
output: 'config.ini',
configuration: configuration_data (
"APP_NAME': 'MyApp',
'APP_VERSION': '1.0.0"'

At runtime, config. ini will contain the correct values for APP_NAME and

APP _VERSTION.

6.3.4 Combining files () and configure file () in Complex

Projects

In larger projects, you may need to combine both files () and configure_file ()
to handle a wide variety of file types and configurations. For example, a project could
include a set of source files and a configuration file, with both being generated or modified
during the build process.

For example:

src_files = files('src/main.c', 'src/utils.c')
configure_file(

input: 'src/config.h.in',

output: 'src/config.h',

configuration: configuration_data ('VERSION': '1.0.0")
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executable ('myapp', src_files)

Here, the project compiles source files in the src/ directory, and at the same time, it

generates the config.h header file, which will be included during the build.

6.3.5 Conclusion

Both files () and configure_file () are fundamental tools in Meson for
managing source files and creating configuration files. By using files (), you can easily
manage your project’s source files and resources, while configure_file () provides a
powerful mechanism for generating configuration files based on templates, ensuring that
your project can adapt to different environments and build configurations.

These tools provide significant flexibility in organizing and managing files within your
project, and mastering their usage will allow you to build more robust, scalable, and

maintainable systems with Meson.
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7.1 Setting Compiler Options with

add project arguments ()

7.1.1 Introduction to add project _arguments ()

In modern build systems, controlling compiler and linker behavior is essential to ensure
that your project builds correctly and optimally. Meson provides powerful functions to
adjust the compiler flags and options. One of the most important functions in this context
is add_project_arguments (), which allows you to add custom compiler flags
globally or for specific targets.

The add project_arguments () function is a Meson utility that can set compiler
flags for your entire project, specific subprojects, or individual targets. These flags are
passed to the underlying build tools (like GCC, Clang, or MSVC) during the compilation
phase.

7.1.2 Purpose and Use Cases

add_project_arguments () is used primarily for setting compiler options that affect
the entire project or are needed consistently across multiple build targets. These options
might include optimization levels, warning levels, debugging information, or
platform-specific flags.

The key advantage of add_project_arguments () is that it allows you to apply
compiler flags to all relevant parts of the project with minimal effort, ensuring consistency

across the build process.

* a. Global Compiler Flags

When you need to apply specific compiler options throughout the entire project, you

can use add_project_arguments () at the top level of your meson.build
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files. This ensures that the options are available to all targets in the project.

For example, to apply a set of compiler flags to all targets in your project:

add_project_arguments ('-Wall', '-02', '—g', language: 'c')
add_project_arguments ('-Wall', '-02', '—g', language: 'cpp')
Here:

— '-Wall' enables all warnings,
— '-02"' specifies an optimization level,

— '—g"' adds debugging information.

These flags are applied to all C and C++ targets in the project.

* b. Setting Compiler Flags for Specific Targets

If you want to apply specific flags to certain targets, such as for debugging or
testing, you can pass the target : parameter to add_project_arguments ().
This allows you to restrict the compiler flags to specific targets instead of globally

applying them.

Example:

executable ('myapp', 'main.c')

add_project_arguments ('-DDEBUG', target: 'myapp')

In this case, the ~-DDEBUG flag will only be applied to the myapp executable,
enabling a debug mode for that target.



156

7.1.3 Using add _project_arguments () with Conditional Logic

Meson supports the ability to conditionally apply compiler flags based on various
parameters, such as the operating system, compiler type, or custom project settings. This
functionality allows you to tailor the build process to different environments.

For instance, if you want to add specific flags only when the build is being done on a

Linux system:

if host_machine.system() == 'linux'
add_project_arguments ('-DLINUX_PLATFORM', language: 'c')
endif

This conditionally adds the -DLINUX_PLATFORM flag only when the project is being
built on a Linux-based system. Conditional logic like this is essential for cross-platform

projects where different compilers or platform-specific options are needed.

¢ a. Platform-Specific Flags

In more complex projects that need to target multiple platforms, using
platform-specific logic is crucial. You can define different sets of flags for different

platforms as follows:

if host_machine.system() == 'windows'
add_project_arguments ('/W4', language: 'cpp') # MSVC specific
— warning level

elif host_machine.system() == 'linux'
add_project_arguments ('-Wall', language: 'cpp') # GCC/Clang

— specific warning level

endif

In this case:
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— Windows targets will receive a warning level of /W4 (specific to MSVC),

— Linux targets will receive a ~Wall option (common in GCC/Clang).

* b. Handling Compiler-Specific Flags

In addition to platform-specific flags, Meson also allows you to set
compiler-specific options, which can be essential when working with different

toolchains or compilers. For example:

if meson.is_llvm()
add_project_arguments ('-fno-rtti', language: 'cpp') # Disable
— RTTI for Clang/LLVM

elif meson.is_gcc()
add_project_arguments ('-fvisibility=hidden', language: 'cpp')
— # GCC specific flag

endif

Here, the code checks if the project is being built with LLVM or GCC, applying

different flags based on the compiler being used.

7.1.4 Integration with Build Targets

You can also specify different compiler options for different targets within the project,
allowing fine-grained control over the build process. For example, when building an
executable and a library within the same project, you might want to apply different flags to

the executable and library.

library ('mylib', 'mylib.c')

executable ('myapp', 'main.c')
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add_project_arguments ('-DSTATIC_LIB', target: 'mylib')
add_project_arguments ('-DDEBUG', target: 'myapp')

In this example:
* The my1ib library will be compiled with the -DSTATIC_LIB flag.
* The myapp executable will be compiled with the ~-DDEBUG flag.

This ensures that each target has the correct set of flags for its intended purpose.

7.1.5 Setting Linker Flags with add_project_link _arguments ()

In addition to compiler flags, Meson allows you to set linker flags with the
add-project_link_arguments () function. This function behaves similarly to
add_project_arguments () but applies to the linker phase of the build process.
These linker-specific flags control how the final binary is linked, such as library search
paths or specific optimizations.

For example:
add_project_link_arguments ('-L/usr/local/lib', '—-lmy_1lib")

This adds the linker options —L (library path) and —1my_11ib (library to link against)
globally to the project.

7.1.6 Advanced Use Cases for add project _arguments ()

* a. Debugging and Optimization Flags

In complex projects, you may want to apply different sets of flags based on the build
type (e.g., debug, release). Meson has built-in support for defining build types,

and you can easily switch between them:
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add_project_arguments('—-g', language: 'c', when:

— get_option('buildtype') == 'debug')
add_project_arguments ('-03', language: 'cpp', when:
— get_option('buildtype') == 'release')

This example ensures that debugging flags (—g) are added for debug builds and

optimization flags (—03) are added for release builds.

* b. Using add project_arguments () with Compiler Features

Sometimes, you may need to check for specific compiler features or optimizations
that can be enabled based on the toolchain. Meson allows checking for these

features using compiler.has argument () and applying flags accordingly:

if cc.has_argument ('-fvisibility=hidden')
add_project_arguments ('-fvisibility=hidden', language: 'c')
endif

This ensures that the ~-fvisibility=hidden flag is only passed if the

compiler supports it, adding an additional layer of flexibility.

7.1.7 Conclusion

The add_project_arguments () function is a key feature of Meson that provides
fine control over compiler flags and options. By using this function, you can tailor the
build process to different environments, compilers, and project needs. Whether applying
global flags, handling platform-specific or compiler-specific options, or setting flags for
individual targets, Meson’s flexibility in managing compiler options ensures that your

project builds optimally in diverse conditions.
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7.2 Managing Linker Flags and Optimization Settings

7.2.1 Introduction to Linker Flags in Meson

When building software, the linker is responsible for combining object files and libraries
into the final executable or shared library. Meson provides mechanisms to manage linker
flags in addition to compiler flags, giving you complete control over the linking process.
Linker flags can control how the linker searches for libraries, how symbols are resolved,
and how the final executable is built. They are essential for optimizing the final output,
controlling the linking behavior, and ensuring that the correct libraries are linked.

In Meson, linker flags can be added using functions like
add_project_link_arguments (), target_link_libraries (), and the use

of meson.build files to configure the link process.

7.2.2 Using add project link arguments ()

Much like add_project_arguments () for compiler flags, Meson provides
add_project_link_arguments () to allow users to specify global linker flags. This
function can be used to pass specific flags to the linker at the global level, ensuring they

are applied to all targets within the project.

* Syntax:

add_project_link_arguments (flagl, flag2, ..., language: 'cpp')

* Example:
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add_project_link_arguments ('-L/usr/local/lib', '-lmy_lib',

— language: 'c'")

This would instruct the linker to:

— Look for libraries in /usr/local/libusing -L/usr/local/lib

— Link against the my_11ib library using -1my_1ib

The 1anguage parameter can be used to specify which language these flags

should apply to, suchas 'c', 'cpp',or 'fortran'.

7.2.3 Linking Specific Libraries with target link libraries ()

For linking libraries to specific targets (executables, libraries, etc.), Meson offers the
target_link_libraries () function. This function allows you to specify which
libraries a particular target should be linked against, whether they are system libraries,

libraries defined in your project, or external libraries.

* Syntax:

target_link_libraries (target_name, dependency_1, dependency_2,

= ...)

* Example:
executable ('my_app', 'main.c')

my_lib_dep = dependency ('my_lib', required: true)
target_link_libraries('my_app', my_lib_dep)

In this example:
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— my_app is linked withmy_11ib.

— Meson ensures that the correct linker flags are set to include my_1ib during

the linking process.

This allows for fine-grained control over which libraries are linked with specific

targets.

7.2.4 Using Optimization Flags for Linker

Optimization settings are crucial for controlling how the code is optimized during the
compilation and linking process. These flags can affect the size, speed, or other aspects of
the binary output. Optimization flags are often used at both the compiler level (during
compilation) and the linker level (during linking).

In Meson, optimization settings are usually set globally using build types such as debug,
release, or opt imized. However, some linker optimization flags, such as —s (strip
symbols) or —02 (optimize for speed), can also be set directly via

add_project_link_arguments ().

Example for Optimization Flags:

if get_option('buildtype') == 'release'
add_project_link_arguments('-s', '-02', language: 'c')
endif

In this example:

* —s instructs the linker to strip debugging symbols from the final binary, reducing the

size.
* —02 enables optimization for speed.

These flags are applied only if the build type is set to release.
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7.2.5 Linker Optimization for Striping Symbols

Stripping symbols is one of the most commonly used linker optimization techniques. It
removes symbol information from the final executable to reduce its size and prevent
reverse engineering of the code. This operation is useful in production or release builds
where debugging information is unnecessary.

Meson provides add_project_link_arguments () to specify such linker options.

For instance, the —s flag can be used to strip symbols:
add_project_link_arguments('-s', language: 'c')

This ensures that symbols are stripped during the linking phase, which is particularly

helpful when building release versions of software.

7.2.6 Controlling Shared Library Linking

When creating shared libraries, you might need to control how the linker handles the
library’s visibility or positioning within the system. Meson provides linker flags to control
aspects like —£fP IC for position-independent code, which is required when building

shared libraries.

Example for Shared Libraries:
shared_library('mylib', 'mylib.c',

install: true,

version: '1.0.0")
add_project_link_arguments ('-fPIC', language: 'c')

In this example:

* The shared library my1ib is built from the my1ib. c source file.
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* The -fPIC flag is added globally for all targets to ensure that the code is

position-independent, which is necessary for shared libraries.

7.2.7 Handling Library Search Paths

Linkers need to know where to find libraries when linking an executable. Meson offers
flexibility for specifying library search paths through
add_project_link_arguments ().

For example, if a library is located in a non-standard directory, you can add the search

path with the - L flag:

add_project_link_arguments ('-L/path/to/libs', language: 'c')
This ensures that the linker will search /path/to/1ibs for any libraries specified with

the -1 flag.

7.2.8 Static vs Dynamic Linking

While linking, you might need to specify whether to use static libraries (.a or . 1ib) or
dynamic libraries (. so or .d11). Meson automatically handles the distinction between
static and shared libraries, but you can fine-tune the process with linker flags.

To enforce dynamic linking:
add_project_link_arguments ('-shared', language: 'c')
To enforce static linking:

|l

add_project_link_arguments ('-static', language: 'c')
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7.2.9 Linker Scripts

Linker scripts are a powerful tool for controlling the behavior of the linker in complex
scenarios, such as when building embedded systems or controlling memory layouts.
Meson allows you to pass a custom linker script via
add_project_link_arguments ().

For example, specifying a linker script might look like:
add_project_link_arguments ('--script=custom_linker.ld', language: 'c')

This would pass the custom_linker. 1d script to the linker during the linking process.

7.2.10 Handling Compiler and Linker Flags Together

In some cases, it might be necessary to pass both compiler and linker flags together to
achieve the desired behavior. Meson allows you to control both phases of the build process
in parallel, which is crucial for optimizing the build.

Example:

add_project_arguments ('-02', language: 'c')

add_project_link_arguments('-L/usr/local/lib', language: 'c')

Here:

* —02 is a compiler optimization flag, ensuring that the compiler optimizes the source

code for performance.

*-L/usr/local/1lib is alinker flag, ensuring the linker searches for libraries in

the specified path.
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7.2.11 Custom Linker Flags for Different Build Types

In some scenarios, you may want different linker flags for different build types (debug,
release, etc.). Meson allows you to conditionally add linker flags based on the build type
by utilizing the get _option ('buildtype"') function.

For example, for a release build, you might want to strip symbols, while for a debug build,

you might prefer to include them:

if get_option('buildtype') == 'debug'
add_project_link_arguments('—-g', language: 'c') # Include debug
«— symbols

elif get_option('buildtype') == 'release'
add_project_link_arguments('-s', '-03', language: 'c') # Optimize

— and strip symbols

endif

This allows for tailoring linker behavior based on the build type, improving the efficiency

of your build process.

7.2.12 Conclusion

Managing linker flags and optimization settings is a crucial aspect of building efficient
software. Meson provides robust mechanisms to set these flags at both the global and
target-specific levels. By using add_project_link _arguments (),
target_link libraries (), and conditional logic, you can precisely control the
linking process and ensure that your final executable or library is optimized for

performance, size, and correctness.
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7.3 Handling Cross-Compilation and Architecture-Specific
Options

7.3.1 Introduction to Cross-Compilation in Meson

Cross-compilation is the process of building software on one platform (host) for another
platform (target), typically with a different architecture, operating system, or set of
dependencies. This is an essential part of modern software development, especially when
developing for embedded systems, mobile devices, or other specialized hardware.
Meson provides a robust infrastructure to handle cross-compilation, including
architecture-specific options and compiler/linker settings. It makes cross-compiling
simpler by abstracting much of the complexity through the use of a cross-file, where you

specify target details.

7.3.2 The Cross-File: meson—-cross.txt

At the heart of cross-compilation in Meson lies the cross-file. A cross-file is a simple text
file, typically named meson-cross. txt, that defines the configuration for
cross-compilation, including the target architecture, operating system, compiler settings,
and additional flags. This file tells Meson how to configure the build for the target
platform.

A basic meson—-cross.txt file looks like this:

[target]

host_system = 'x86_64-1inux’
target_system = 'arm-linux-gnueabihf'
cpu = 'armv7'

arch = 'arm'

os = 'linux'
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[compiler]

c = '"/path/to/arm-linux—-gnueabihf-gcc'

cpp = '/path/to/arm-linux—-gnueabihf-g++'

ar = '/path/to/arm-linux—-gnueabihf-ar'

strip = '/path/to/arm-linux—gnueabihf-strip'
[environment]

PKG_CONFIG = '/path/to/pkg-config'

In this example:

* The host system is x86_64—-11nux, and the target system is

arm—linux—gnueabihf.

* The cross-compiler and tools for arm are specified, allowing Meson to know which

tools to use during the build process.

7.3.3 Using Cross-Files with Meson

To use a cross-file with Meson, you need to pass it as an argument when configuring the

build directory. The typical syntax is:
meson setup builddir --cross—-file=meson-cross.txt

Meson will then configure the project to use the cross-compilation settings specified in the

meson—-cross.txt file.

7.3.4 Architecture-Specific Compiler Flags

Cross-compiling often requires the use of architecture-specific compiler flags to ensure

that the code is optimized and compiled correctly for the target platform. Meson allows
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you to specify these flags at both the global and target levels.

* Global Compiler Flags for Architecture

You can define architecture-specific compiler flags globally using the
add_project_arguments () function. For instance, to specify the architecture

and CPU optimizations for ARM-based targets, you can use:

add_project_arguments ('-mcpu=cortex-a9', '-mfpu=neon', language:

SN 'cl)

This command adds the -mcpu=cortex-a9 and -mfpu=neon flags for the
ARM architecture, ensuring that the code is optimized for ARMv7 processors and
uses the NEON SIMD extension.

* Architecture-Specific Compiler Flags in the Cross-File

In the cross-file, you can specify architecture-specific flags directly for the target

compiler:

[compiler]

c = '"/path/to/arm-linux—-gnueabihf-gcc'

cpp = '/path/to/arm-linux—-gnueabihf-g++'
cflags = ['-mcpu=cortex—ad9', '-mfpu=neon']

cppflags = ['-mcpu=cortex-a9', '-mfpu=neon']

These flags will be used automatically by Meson when cross-compiling for

ARM-based systems.
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7.3.5 Target-Specific Linker Flags

In addition to compiler flags, you may also need to specify linker flags that are specific to
the target architecture. This is particularly important when dealing with differences in
library formats, symbol visibility, and platform-specific optimizations.

You can specify target-specific linker flags using add_project_link_arguments ()

for global settings or within the cross-file.

Example: Using Cross-File for Linker Flags

[linker]
ldflags = ['-L/path/to/target/libs', '—-lcustomlib']

This ensures that the linker uses the appropriate flags and search paths for the target

system during the linking phase.

7.3.6 Setting Environment Variables for Cross-Compilation

In many cases, cross-compilation requires specific environment variables to be set, such as
PKG_CONFIG_PATH or CFLAGS. Meson allows you to specify environment variables
within the cross-file to ensure the build process uses the correct environment for the target
system.

For example:

[environment ]
PKG_CONFIG_PATH = '/path/to/target/pkgconfig'
CFLAGS = '—-march=armv7-a -mfpu=neon'

These environment variables will be passed to the build environment, ensuring that the

correct packages and flags are used during the compilation and linking process.
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7.3.7 Handling Cross-Compilation for Multiple Architectures

In complex projects, you may need to handle cross-compilation for multiple architectures
simultaneously. Meson provides the flexibility to set up multiple cross-files and configure

separate build directories for each architecture.

Example of Multiple Cross-Files
You could have separate cross-files for ARM, x86, and MIPS platforms:

* meson—-cross—arm.txt
®* mMeson—-cross—x86.txt

* meson-cross-mips.txt

Each file would contain the respective configuration settings for the target architecture.

You could then configure and build the project for each platform in separate directories:

meson setup builddir-arm —--cross—-file=meson-cross-—arm.txt
meson setup builddir-x86 —--cross-file=meson-cross-x86.txt
meson setup builddir-mips —--cross-file=meson-cross-mips.txt

7.3.8 Handling Dependencies in Cross-Compilation

One of the most challenging aspects of cross-compilation is handling dependencies.
Meson provides several ways to manage dependencies in a cross-compiling environment,
such as dependency () and pkg-config.

If you're using a custom toolchain or target-specific dependencies, you can specify those
in the cross-file as well. For example, you could specify a custom path for pkg-config

to look for target-specific . pc files:
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[environment ]
PKG_CONFIG_PATH = '/path/to/target/pkgconfig'

7.3.9 Using Cross-Compilation for Embedded Systems

Embedded systems often require specialized configurations for cross-compiling,
especially when building for systems without native package managers or complex
dependencies. In this case, Meson provides powerful tools like cross—files and
fine-grained control over the build environment.

When building for embedded systems, the cross-file can be configured with specific flags
for the target architecture, toolchain paths, and system libraries. You might need to

configure things like:

* The toolchain (cross-compiler)
* The architecture-specific flags

* Special optimizations for the embedded system's hardware
An example cross-file for embedded systems could look like:

[target]
host_system = 'x86_64-1inux’
target_system = 'arm-linux—-gnueabihf'
cpu = 'armv7'

!

arch = '"arm'

os = 'linux'

[compiler]

c = '"/path/to/arm-linux—-gnueabihf-gcc'
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cpp = '/path/to/arm-linux—-gnueabihf-g++'
[environment]

PKG_CONFIG = '/path/to/pkg-config'
7.3.10 Conclusion

Cross-compilation in Meson is a powerful feature that simplifies the process of building
software for different target architectures. Through the use of cross-files and targeted flags,
you can ensure that the build process is fully customized to meet the needs of the target
platform.

Handling architecture-specific options, compiler flags, and linker settings is vital to
ensuring the software is optimized for the target architecture. By leveraging Meson's
features, such as the cross-file configuration, architecture-specific flags, and environment
variables, developers can streamline cross-compilation for a wide range of platforms, from

embedded systems to desktop environments.
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8.1Using £find library () and dependency ()

8.1.1 Introduction

In Meson, managing external dependencies is streamlined through two primary functions:
dependency () and find_library (). These functions facilitate the integration of
external libraries into your project, ensuring that the necessary components are located
and linked appropriately. Understanding the nuances and appropriate use cases for each

function is crucial for efficient build configuration.

8.1.2 The dependency () Function

The dependency() Function

The dependency () function is the preferred method for locating and configuring
external dependencies, especially those that provide pkg-config files. It abstracts the
complexity of setting compiler and linker flags by automatically retrieving the necessary
information from the dependency's configuration files.

Basic Usage:

zlib_dep = dependency('zlib', version : '>=1.2.8")

executable('zlibprog', 'prog.c', dependencies : zlib_dep)

In this example, Meson searches for the z11ib library with a version of at least 1.2.8. If
found, it returns a dependency object that can be used when defining build targets. This
approach simplifies the build process by handling all associated compiler and linker flags
internally.

Handling Multiple Dependencies:

When a project relies on multiple external libraries, you can specify them collectively:
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depl = dependency('libl")

dep3 '1ib3")
executable ('myapp', 'main.c', dependencies : [depl, dep2, dep3l])

(

dep2 = dependency ('lib2")
dependency (
|l

This method ensures that all specified dependencies are considered during the build
process.

Specifying Dependency Sources:

While dependency () primarily utilizes pkg—config to locate libraries, it can also
interface with other system mechanisms. For instance, Meson has built-in support for
detecting libraries like Boost, Qt, and GTest without relying solely on pkg-config.
Customizing Dependency Search Paths:

In scenarios where dependencies are installed in non-standard locations, you can guide

Meson to these paths using the dirs keyword:

custom_dep = dependency ('customlib', version : '>=2.0', dirs

< ['/custom/lib/path'])

This directive instructs Meson to search for customlib in the specified directory,

accommodating unconventional project structures.

8.1.3The £find library () Function

The find_library() Function

The find_-library () function offers a more granular approach to locating libraries,
particularly useful when dealing with dependencies that lack pkg—config support or
when you need to specify particular search directories.

Basic Usage:
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cc = meson.get_compiler('c'")

mylib = cc.find_library('mylib', required : true)

Here, Meson invokes the C compiler to locate my1ib. If the library isn't found and
requiredis set to t rue, Meson will terminate the configuration process with an error.
Specifying Search Directories:

For libraries situated in atypical directories, find_library () allows the inclusion of

specific search paths:

cc = meson.get_compiler('c')
mylib = cc.find_library('mylib', dirs : ['/opt/mylib/1lib'], required :
— true)

This command directs Meson to look for my1ib within /opt/mylib/1ib, ensuring
that even non-standard library placements are recognized.

Combining Header Checks:

To ensure both the library and its associated headers are present, you can combine

find library () with header checks:

cc = meson.get_compiler('c')
mylib = cc.find_library('mylib', has_headers : ['mylib.h'], required :
- true)

This approach verifies the presence of my1ib and its header file my1ib . h, promoting a
more robust build configuration.

Avoiding Common Pitfalls:

When using find_library (), it's essential to provide the library name without the 'lib’

prefix. For example, to find 1ibexample. so, you should use:
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cc = meson.get_compiler('c'")

example_lib = cc.find_library ('example', required : true)

Including the 'lib' prefix can lead to non-portable behavior and warnings.

8.1.4 Choosing Between dependency () and £ind_library ()

While both functions serve to locate external libraries, their use cases differ:

* dependency () is ideal for libraries that provide pkg—config files or are
supported by Meson's built-in dependency resolvers. It simplifies the integration

process by automatically handling compiler and linker flags.

e find library () is suited for scenarios where pkg—config files are
unavailable or when you need explicit control over the library search process, such

as specifying custom directories or performing additional checks.

8.1.5 Best Practices

1. Prefer dependency () When Possible: Leveraging dependency () ensures
that all associated flags and configurations are correctly set, reducing the likelihood

of manual errors.

2. Use find library () for Non-Standard Cases: When dealing with libraries
without pkg—-config support or those located in custom directories,

find_library () provides the necessary flexibility.

3. Combine with declare dependency () : For internal project libraries or when
creating wrapper dependencies, use declare_dependency () to encapsulate

multiple build targets or settings into a single dependency object.
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4. Handle Optional Dependencies Gracefully: For optional features, set the
required parameter to false and implement conditional logic to adjust the

build accordingly.

5. Maintain Clear Documentation: Clearly document any custom paths or

configurations to aid future developers in understanding the build setup.

8.1.6 Conclusion

Effectively managing external dependencies in Meson requires a clear understanding of
both dependency () and find_-library (). By selecting the appropriate function
based on the specific requirements of each dependency and adhering to best practices, you
can create robust and maintainable build configurations that seamlessly integrate external

libraries into your projects.
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8.2 Integrating Third-Party Libraries

8.2.1 Advanced Integration Scenarios

In addition to using dependency (), find library (), and subprojects, Meson
provides finer control over complex integration cases, especially when dealing with
platform-specific differences, version mismatches, custom installation paths, or hybrid

dependency setups (static + shared).

* Combining dependency () with Custom Arguments

Some packages require additional compiler or linker flags that are not defined in
their . pc (pkg-config) files. Meson allows you to manually extend a
dependency () object using declare_dependency () or

dependency ('', ... extra args).

Example — Extending a dependency with extra include paths or defines:

zlib_dep = dependency('zlib', required : true)
z1lib_ext = declare_dependency (
dependencies : zlib_dep,

include_directories :
— include_directories ('extra/zlib_headers'),

compile_args : ['-DZLIB_EXTENDED']

This combines the original dependency with additional compile arguments and

include directories in a single object.

— Platform-Specific Library Integration
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When supporting multiple platforms (Linux, Windows, macOS), dependency
names, library availability, and even build requirements can vary. Meson

supports conditional logic in meson.build files for managing this.

if host_machine.system() == 'windows'
libcrypto = dependency('libcrypto', method : 'win',
— required : true)
elif host_machine.system() == 'darwin'
libcrypto = dependency ('openssl', method : 'pkg-config',

— required : true)
else
libcrypto = dependency ('libcrypto', required : true)

endif

This approach allows you to gracefully tailor dependency resolution per

operating system while maintaining a single cross-platform build definition.
— Using WrapDB for Simplified External Dependencies

Meson’s WrapDB (Wrap Dependency System) allows developers to

automatically download, extract, and build third-party libraries that are

compatible with Meson through a declarative method.

Using meson wrap install:

meson wrap install fmt

This command fetches the fmtlib project (formatted output) into the
subprojects/ directory with a wrap file. This method ensures that the
third-party library becomes part of your project and is built as needed.
Adding Custom Wraps:

For libraries not yet available in the official WrapDB, you can write your own

.wrap file pointing to a Git repository or source archive.
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[wrap—git]
directory = zlib
url = https://github.com/madler/zlib.git

revision = master

Once this is saved in subprojects/zlib.wrap, Meson will clone and
use the Git repository during the first build.
— Integration with Prebuilt Binaries

In enterprise or embedded environments, dependencies may come in
precompiled binary form, without sources or proper . pc files. Meson

supports manual integration of such libraries using:

* find_-library () forlinking .1ib, .a,0r .so/.d1l1l
* include_directories () for headers

* declare_dependency () to package them as a single object

Example — Manually linking to a binary library:

libpath = '/opt/prebuilt/lib'

incpath '/opt/prebuilt/include'
cc = meson.get_compiler ('cpp')
binary_1lib = cc.find_library('vendorlib', dirs : libpath,
— required : true)
vendor_dep = declare_dependency (
dependencies : binary_1lib,
include_directories : include_directories (incpath),

compile_args : ['-DUSE_VENDOR_LIB']

This pattern is common when integrating vendor-specific SDKs or legacy
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precompiled components into a modern Meson project.

— Managing Transitive Dependencies

In some cases, a third-party library depends on other libraries (transitive
dependencies). Meson can manage this automatically if the upstream . pc file

or Meson project exports proper dependency information.

However, when integrating manually, you may need to combine dependencies

yourself:

liba = dependency ('liba')
1ibb = dependency ('libb"')

combined = declare_dependency (dependencies : [liba, libbl])

This allows build targets to be linked against all required dependencies,

preserving transitive inclusion.

— Dealing with Incomplete . pc Files

Some . pc files might be incomplete or fail to declare needed flags. In such

cases, Meson allows overriding or extending them.

lib_dep = dependency ('incomplete-1ib', required : false)
if 1lib_dep.found()
lib_dep = declare_dependency (

dependencies : lib_dep,

compile_args : ['-DFIX_MISSING_HEADER'],
link_args : ['-Wl,--allow-multiple-definition']
)
endif

This technique ensures robust builds even in the presence of poorly maintained

external package configurations.
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— Conditional Feature Flags with Dependencies

For optional features gated by third-party libraries, combine dependency ()

checks with Meson's feature options or custom option () declarations:

option('use_sqglite', type : 'feature', wvalue : 'auto',

— description :

'Enable SQLite support')

sqlite_dep = dependency ('sglite3', required :

— get_option('use_sqglite'")

if sglite_dep.found()

conf_data.set ('"HAVE_SQLITE',

endif

'enabled"')

1)

This pattern provides configurable and transparent build-time options that

enhance portability and user control.

8.2.2 Summary of Advanced Integration Tools in Meson

Feature

Tool/Function

Use Case

System Libraries

Pkg-config-based
libraries

Bundled libraries

Downloading via
WrapDB
Precompiled

binaries

find_library ()
dependency ()

subproject ()

meson wrap install

declare_dependency ()

Linking without pkg-config support

Standard external library detection

Including library source in your
project

Automatic fetching and integration
from Meson’s wrap database
Manual integration of proprietary or

binary-only SDKs
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Feature Tool/Function Use Case
Platform-specific | host machine.system ()| OS-dependent library handling
selection
Build-time option (), feature Enabling/disabling dependency-
options based features
Extending declare_dependency () | Merging headers, flags, and multiple
dependencies libraries into one

8.2.3 Final Note

A well-structured approach to third-party integration in Meson not only simplifies build

complexity but also fosters clarity, maintainability, and cross-platform consistency. By

mastering Meson's mechanisms for handling external dependencies — from

dependency () to custom wraps and platform tuning — developers can ensure their

projects are resilient and easily portable across systems, while retaining full control over

every aspect of dependency management.
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8.3 Managing Dependencies with wrapdb

8.3.1 Introduction to wrapdb

In modern software development, efficiently managing external dependencies is crucial for
maintaining build consistency and portability. Meson addresses this challenge through its
Wrap Dependency System, commonly referred to as wrapdb. This system provides a
streamlined mechanism to automatically fetch, configure, and integrate third-party
libraries into your project. By leveraging wrapdb, developers can ensure that their

projects remain modular and that dependencies are handled in a reproducible manner.

8.3.2 Understanding Wrap Files

At the heart of Meson's wrap system are wrap files. These are configuration files with a
.wrap extension that specify how to obtain and integrate an external project. Typically
located in the subprojects/ directory of your main project, each wrap file contains

metadata detailing the source of the dependency, its version, and any necessary patches.

Structure of a Wrap File:

[wrap—-file]

directory = libfoobar-1.0

source_url = http://example.com/foobar-1.0.tar.gz
source_filename = foobar-1.0.tar.gz

source_hash = <SHA256_HASH>

[provide]

dependency_names = foobar

In this example:
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* The [wrap—-file] section defines where to fetch the source code and its expected

directory name.
* The [provide] section specifies the dependencies that this wrap will make

available to your project.

8.3.3 Utilizing wrapdb in Your Project
To integrate a dependency using wrapdb, follow these steps:

1. Search for the Dependency:

Before adding a new wrap, check if the desired library is available in Meson's
WrapDB.

meson wrap search <library_name>

For instance, to search for z1ib:

meson wrap search zlib

2. Install the Wrap:

If the library is available, install its wrap file:

meson wrap install <library_name>

Example:

meson wrap install zlib

This command downloads the appropriate . wrap file into your project's

subprojects/ directory.
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3. Add the Subproject:

In your meson.build file, incorporate the subproject and declare its dependency:

zlib_subproj = subproject ('zlib')
zlib_dep = zlib_subproj.get_variable('zlib_dep'")

Ensure that the subproject provides the necessary dependency object (z1ib_dep in

this case).

4. Link the Dependency:

Use the obtained dependency object when defining your targets:

executable ('my_app', 'main.c', dependencies: [zlib_dep])

8.3.4 Handling Projects Without Native Meson Support

Not all external projects come with native Meson build definitions. In such cases, Meson
allows the use of patches to add Meson support to these projects. The wrap file can specify

apatch_url that points to a Meson build definition, which Meson will automatically
apply after downloading the original source.

Example Wrap File with Patch:

[wrap—-file]

directory = libfoobar-1.0

source_url = http://example.com/foobar-1.0.tar.gz
source_filename = foobar-1.0.tar.gz

source_hash = <SHA256_HASH>

patch_url = http://example.com/libfoobar-meson.tar.gz

patch_filename = libfoobar-meson.tar.gz
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patch_hash = <SHA256_HASH>

[provide]

dependency_names = foobar

In this setup, after fetching the original source, Meson applies the patch to incorporate the

Meson build system, enabling seamless integration as a subproject.

8.3.5 Forcing the Use of Subprojects

In scenarios where you want to ensure that a specific dependency is always built from the
subproject (even if it's available system-wide), Meson provides the

——force-fallback-for option during the setup phase:

meson setup builddir —--force-fallback-for=<dependency_name>
For example, to force the use of the subproject version of SDL2:

meson setup builddir —--force-fallback-for=sdl2

This approach guarantees that the specified dependency is built from the subproject,

providing consistency across different environments.

8.3.6 Best Practices for Managing Wraps

* Version Control: Always commit your .wrap files and any associated patches to
your project's version control system. This ensures that all developers and build

environments use the same dependency versions.

* Custom Wraps: If a desired library isn't available in wrapdb, you can create
custom wrap files. Ensure that the source_url points to a reliable source, and if

necessary, provide patches to add Meson build definitions.
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* Regular Updates: Periodically check for updates to the wraps you're using.
wrapdb may have newer versions or improved patches that can benefit your

project.

* Isolation: Keep your subprojects isolated from your main project to avoid

namespace clashes and to maintain modularity.

8.3.7 Conclusion

Meson's wrapdb system offers a robust and efficient method for managing external
dependencies. By utilizing wrap files and the wrapdb repository, developers can
automate the process of fetching, configuring, and integrating third-party libraries. This
not only simplifies the build process but also enhances the portability and reproducibility
of projects. Embracing wrapdb in your Meson projects ensures a streamlined approach

to dependency management, aligning with modern best practices in software development.
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Chapter 9

Building Static and Shared Libraries

9.1 Creating and Linking Libraries

9.1.1 Overview

Meson provides robust, intuitive support for creating both static and shared libraries.
Whether targeting performance-critical native code or modular plugin systems, Meson
enables fine-grained control over how libraries are constructed, linked, and exported. This
section explores the most up-to-date and advanced capabilities of Meson for building and

integrating libraries in modern, scalable software projects.

9.1.2 Static and Shared Libraries: Definitions and Use Cases

* Static libraries are archive files (. a on Unix-like systems, . 1ib on Windows) that

are bundled directly into the final executable at link time.

* Shared libraries (. so, .d11, .dylib) are compiled once and dynamically

loaded at runtime, allowing multiple executables to share the same binary.
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Meson abstracts platform-specific differences while still allowing platform-aware

configurations where needed.

9.1.3 Creating Static Libraries

Static libraries in Meson are defined using the static_library () function:
mymath_1lib = static_library(

'mymath',

['math.c', 'trig.c'],

include_directories: include_directories('include'),

c_args: ['-03'"]

* static_library () tells Meson to generate a .a or . 1ib archive.

* You can pass compilation options like c_args specific to the library.

Usage in executables:

executable('app', 'main.c',

link_with: mymath_1lib

This links the statically built mymath library into the executable.

9.1.4 Creating Shared Libraries

Use shared_library () to build shared libraries:
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mymath_shared = shared_library (
'mymath',
['math.c', 'trig.c'],
version: '1.0.0",
soversion: '1',
install: true,

include_directories: include_directories('include')

* version: Indicates the real filename version.
* soversion: Defines the ABI version and symlink target.

* install: true ensures the library will be installed with meson install.

Note: Meson handles . so, .d11, and . dy1lib suffixes depending on the target platform
without needing conditional logic.

Usage in executables:

executable('app', 'main.c',

dependencies: [mymath_shared]

When using shared libraries, it is preferable to pass them as dependencies, allowing

Meson to manage runtime linking and compiler flags intelligently.

9.1.5 Creating Libraries from Object Files

Meson allows reusing compiled object files across multiple libraries or executables:
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obj = static_library(
'common_obijs',
['filel.c', 'file2.c'],
include_directories: inc,

build_by_default: false

lib = shared_library(
'complexlib',

objects: obj.extract_all_objects ()

* extract_all objects () pulls compiled . o/.ob7 files for reuse.
* This approach is effective in large builds or when combining parts of legacy
codebases.

9.1.6 Using override dependency ()

If you're developing a library and want Meson to treat it as an internal replacement for a

system dependency, use override_dependency ():
mymath_dep = declare_dependency (

include_directories: include_directories('include'),

link_with: mymath_1lib

override_dependency ('mymath', mymath_dep)

This allows any call to dependency ("'mymath') elsewhere in the project (or

subprojects) to resolve to this internal version.
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9.1.7 Position Independent Code (PIC)

For static libraries that might be linked into shared libraries later, compile with Position

Independent Code:
mylib = static_library('core', 'core.c', pic: true)

By default, shared libraries are built with PIC, but static ones are not unless explicitly

requested.

9.1.8 ombining Shared and Static Builds

In multi-platform projects, you might want to allow switching between shared and static

builds using project options:

default_library = get_option('default_library') # shared, static, or
— both

mylib = library('mylib', 'source.c',
install: true,

include_directories: inc

Add this to your meson_options.txt:

option('default_library', type: 'combo',
choices: ['shared', 'static', 'both'],
value: 'shared',

description: 'Type of library to build by default'

This provides flexible build behavior based on user or environment preferences.
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9.1.9 Exporting and Importing Libraries

When developing libraries intended for external consumption:

e Use install: true anddefine install_dir for headers.

* Optionally use meson.override_dependency () in conjunction with

dependency () to simulate a system-like package for downstream users.

* Use pkgconfig.generate () for pkg-config integration, allowing consumers

to detect and use the library easily.

9.1.10 Custom Linking Order and Link Wholes

In complex linking situations, such as circular dependencies or when building link-whole

archives, use the 1 ink_whole keyword:

executable('app', 'main.c',

link_whole: mylib

This ensures that all object files in the static library are linked, not just those that resolve

undefined symbols.

9.1.11 Library Aliases and Language-Specific Considerations

* When compiling C++ or other multi-language projects, Meson handles

language-specific compiler and linker settings automatically.

* You can define separate libraries per language module and link them together

through dependencies.
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9.1.12 Conclusion

Meson makes building both static and shared libraries highly efficient, consistent, and
portable. By abstracting platform-specific behavior, automating dependency management,
and supporting fine-grained compiler and linker configuration, Meson enables developers
to design complex build systems with clarity. Whether targeting embedded systems,
shared modules, or high-performance static applications, Meson provides the necessary
primitives and flexibility to support advanced software architecture patterns in a unified

and reliable manner.
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9.2 Differences Between Static and Shared Libraries in

Meson

In Meson, static and shared libraries are supported through explicit and well-structured
primitives. Understanding the practical and technical differences between them is crucial
for selecting the correct library type based on your deployment, performance, and linking
requirements. This section provides a deep technical exploration of how Meson handles
static versus shared libraries, covering creation, usage, ABI implications, compiler and

linker behavior, portability, runtime considerations, and performance trade-offs.

9.2.1 Function Differences

Meson uses two distinct functions for creating libraries:

* static_library (name, sources, ...):Producesa .a (Unix)or.lib

(Windows) archive.

* shared_library (name, sources, ...):Producesa .so (Linux),
.d11 (Windows), or .dy1lib (macOS).

The generic 1ibrary () function respects the default_library project option

(static, shared, or both) and resolves to either depending on configuration.

library ('mylib', 'lib.c') # Adapts based on default_library setting

9.2.2 Linking and Symbol Resolution

* Static Libraries: Symbols are resolved at link time. Unused symbols are often

discarded unless 1ink_whole is used.
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* Shared Libraries: Symbols are resolved at runtime, allowing shared memory
usage and late binding. Exported symbols must be explicitly defined when symbol

visibility restrictions are enforced.

On platforms like Windows and recent Unix systems with —~fvisibility=hidden,
shared libraries must declare exported functions via __declspec (dllexport) or

visibility attributes to ensure correct linkage and runtime behavior.
9.2.3 Linking to Executables
* Static Link:

exe = executable('app', 'main.c', link with: mylib)

The resulting executable contains the full library contents.

¢ Shared Link:

exe = executable('app', 'main.c', dependencies: [libdep])

The library remains external, and the executable depends on it at runtime.

The keyword 1ink _with directly links with . a/. 1ib, while dependencies

encapsulates compiler/linker flags and runtime paths for . so/.d11.

9.2.4 Performance and Size Trade-offs

¢ Static:

— Larger binary size.
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— Faster startup (no dynamic loading).

— Easier to deploy standalone applications.
* Shared:

— Smaller binaries.
— Libraries loaded once into memory when used by multiple programs.

— Supports plugin architectures and update-friendly models.

Meson doesn’t dictate the choice but gives control through both default_library

and per-target decisions.

9.2.5 Build-Time Behavior and Reusability

Static libraries can be reused as object containers across targets using

extract_all_ objects():

objs = mylib.extract_all_objects()

another_1lib = static_library('composed', objects: objs)

This approach avoids recompilation but is usually not applicable with shared libraries, as

those are binary-linked and not modular at the object level.

9.2.6 Install and Runtime Considerations

* Static libraries are usually not installed for runtime use unless for SDK

development.

* Shared libraries must be installed properly with Meson using:
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shared_library ('myplugin', 'src.c', install: true)

You may need to define install rpath, install dir, and
version/soversion to meet platform-specific conventions (e.g.,
libmylib.so.1.0.0).

9.2.7 Platform Differences Handled by Meson

Meson transparently manages naming conventions:

e ,avs.lib

e .sovs.dllvs.dylib

It also configures default compiler and linker options like —£P IC for shared targets,

Windows def files, and version script support on Unix.

9.2.8 PIC and ABI Compatibility

* Shared libraries must be compiled with PIC (Position Independent Code).
* Static libraries may use PIC if they are linked into shared libraries later.
Meson allows specifying pic: true explicitly for static libraries:
static_library('foo', 'a.c', pic: true)

This is particularly useful when reusing code across shared/static configurations.
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9.2.9 ABI Stability and Versioning

For shared libraries, Meson supports:

shared_library('core', 'core.c',
version: '2.0.0",
soversion: '2',

install: true

This allows:

* Correct symlink creation: 1ibcore.so — libcore.so.2 —

libcore.so0.2.0.0
» Compatibility checks between versions

¢ Controlled ABI evolution

Static libraries do not support versioning internally and are expected to be relinked when
the ABI changes.

9.2.10 Testing Differences

Static builds are easier to sandbox and test since all dependencies are bundled. Shared
libraries must be installed or runtime-resolved using LD_LIBRARY _PATH, rpath, or
install_name_tool (macOS).

Meson allows configuring runtime paths for testing without polluting install locations:

executable('demo', 'main.c',
dependencies: libdep,

install_ rpath: join_paths(meson.build_root (), 'lib'")
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9.2.11 Summary Table: Static vs Shared in Meson
Feature Static Library Shared Library
Function static_library () shared_ library ()
Linking Time Build time Runtime
PIC Requirement Optional (default: false) Required
Binary Size Larger Smaller
Reusability High (via object Limited
extraction)
ABI Versioning Not applicable Supported via version and
soversion
Installation Need Optional Required
Runtime Resolution Not applicable Must handle paths, symlinks
Use in Plugins Not suitable Ideal
Deployment Simplicity High Requires runtime dependency
management
Compatibility Manual Version-aware
Management
Final Notes

The decision between static and shared builds in Meson should align with your software’s

architecture, portability goals, and runtime environment. Meson doesn’t restrict the

developer but provides precise tools and options to control every detail. By understanding

these differences and leveraging Meson's layered architecture, developers can create

highly portable, modular, and robust build configurations across platforms and use cases.




Chapter 10

Cross-Compilation and Platform

Support

10.1 Writing cross . txt for Cross-Compilation

In Meson, cross-compilation is facilitated through the creation of a configuration file
called cross.txt. This file contains essential information required to guide the build
process for a target platform different from the host system. Cross-compilation involves
compiling code on one architecture to be executed on another, often requiring custom
settings for compilers, linkers, and other tools that differ from the native development

environment. The cross. txt file plays a pivotal role in making this process seamless.

10.1.1 Structure of cross.txt

The cross. txt file is written in a simple INI-style format. The structure allows you to
specify various parameters related to the target system’s architecture, toolchain, and

environment variables. The file is divided into sections, each corresponding to a specific

206
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configuration aspect such as the toolchain, system properties, and platform-specific
settings.

A basic cross. txt file includes sections like:

* [binaries]: Defines paths to the toolchain binaries.

* [properties]: Specifies system properties like target architecture and

platform-specific variables.
* [host_machine]: Defines properties of the target system’s machine architecture.

* [target machine]: Defines properties of the target machine.

Here is an example of a simple cross. txt file for ARM architecture:

[binaries]

c = '/path/to/arm-gcc'
cpp = '/path/to/arm-g++'
ar = '/path/to/arm-ar'
1d '/path/to/arm-14d"

[properties]
target_cpu = 'arm'

target_system = 'linux'

[host_machine]
system = 'linux'

cpu_family = 'arm

1
cpu = 'armv7-a'

endian = 'little'

[target_machine]

system = 'linux'
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cpu_family = 'arm'
cpu = 'armv/-a'

endian = 'little’
In this example:
* [binaries] provides the paths to the cross-compiler tools.
* [properties] defines the target system and architecture details.
* [hostmachine] and [target_machine] specify the system’s architecture

and endian format.

10.1.2 Key Sections in the cross. txt File

1. [binaries]

This section specifies the paths to the toolchain binaries that Meson will use for the
cross-compilation process. It is critical that the correct compilers, linkers, and other
tools for the target platform are specified here. For example, if compiling for ARM,

you would specify the ARM-specific tools such as arm—gcc, arm—ar, and so on.

Example:

[binaries]

c = '"/path/to/arm-gcc'
cpp = '/path/to/arm-g++'
ar = '/path/to/arm-ar'
1d = '"/path/to/arm-1d'

2. [properties]
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The [properties] section holds general settings for the cross-compilation, such
as the architecture and operating system of the target platform. This section also
defines the system libraries that should be linked during the compilation process.
Meson uses these settings to understand how to configure the build environment for

the target system.

Example:

[properties]
target_cpu = 'arm'

target_system = 'linux'

[host machine] and [target machine]

Both [host _machine] and [target_machine] sections describe the CPU
architecture, system type, and other platform-specific properties. The

[host machine] section generally refers to the architecture of the machine
running Meson, while [target machine] defines the properties of the target
system. This distinction is important because the host system may have different

characteristics than the target system.

Example:

[host_machine]

system = 'linux'
cpu_family = 'x86_64"
cpu = 'x86_64"

endian = 'little'

[target_machine]
system = 'linux'

A\l

cpu_family = 'arm'
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cpu = 'armv7-a'

endian = 'little'

In this setup, the host machine is an x86_64 system running Linux, while the target

machine is an ARMv7-A system, also running Linux.

10.1.3 Target-Specific Configuration

Toolchain Variability

Toolchain variability refers to the differences in compilers and associated tools across
different platforms. For example, cross-compiling for ARM may require specific versions
of compilers that are not available on the host system. This variability means that you
need to customize the cross. txt file to provide the correct paths to the necessary tools,
as well as the proper flags and options for building code on the target platform.

To handle toolchain variability, you may need to:

* Manually specify the correct compiler binaries.

* Set the right flags for optimization and architecture targeting.

Cross-Building with Custom Toolchains

Sometimes, the default toolchain for a target architecture does not suit the needs of your
project. In this case, you can specify a custom toolchain or set of flags for the compiler,
linker, and other build tools. This is particularly useful if you're using a specialized
cross-toolchain or a non-standard version of an existing tool.

Example:
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[binaries]

c = '"/custom/path/to/gcc’
cpp = '/custom/path/to/g++"
1d = '/custom/path/to/1d"'

[properties]

target_cpu = 'arm

target_system = 'linux'

10.1.4 Debugging Cross-Compilation Setup

Cross-compilation setups often involve many potential points of failure, from missing
libraries to misconfigured toolchains. To facilitate debugging, Meson provides various
options for logging and verbose output during configuration and build stages.

You can enable verbose output by passing the —v flag to the meson command:

meson setup —--cross-file cross.txt builddir -v

This provides detailed output on what Meson i1s doing during configuration, which is
helpful for troubleshooting issues with cross-compilation.
Additionally, enabling ——1og-level=debug provides even more detailed information,

including environment variables, paths to binaries, and the commands being run.

10.1.5 Best Practices for Writing cross. txt

* Ensure Accuracy in Path Definitions: Always use absolute paths for toolchain
binaries to avoid any ambiguity. Misconfigured paths are a common source of errors

in cross-compilation.
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* Document Target Architectures and Platforms: Maintain clear documentation on
what each cross. txt configuration is for. In larger projects with multiple target
architectures, keeping clear notes on which configuration is intended for which

platform will help prevent confusion.

* Test Cross-Compilations Frequently: Since cross-compilation can be complex, it
is important to frequently test your builds on the target system or in an emulator.

This ensures that the software works as expected once deployed.

* Use Environment Variables Where Necessary: You can use environment
variables in your cross . txt file for dynamic configuration, such as specifying
paths to dependencies or custom libraries. This allows you to adjust paths for

different platforms without changing the configuration files.

10.1.6 Conclusion

The cross. txt file is a key component for cross-compilation with Meson, enabling the
build system to configure and compile software for a platform different from the host. By
specifying the right tools, paths, and flags, developers can ensure that the build
environment matches the requirements of the target system. Debugging cross-compilation
setups can be tricky, but with careful attention to detail and frequent testing, developers

can avoid common pitfalls and build software for diverse platforms effectively.



213

10.2 Building for Embedded Systems

Building for embedded systems presents unique challenges, as these systems typically
operate with constrained resources, specialized hardware, and custom software
environments. Meson provides robust support for cross-compilation, making it a great tool
for building embedded systems applications. In this section, we will explore the specifics
of how to configure Meson for embedded systems, covering the setup of cross-compilation
environments, target-specific configurations, toolchain integration, and best practices for
embedded builds.

10.2.1 Introduction to Embedded Systems

Embedded systems are specialized computing platforms designed to perform specific
tasks within a larger system. Examples include microcontrollers, automotive systems, [oT
devices, industrial control systems, and robotics. These systems often operate with limited
CPU power, memory, and storage, which requires optimization in both software and
hardware design.

Key characteristics of embedded systems:

* Resource Constraints: Limited processing power, memory (RAM and ROM), and

storage space.
* Custom Hardware: Often use custom CPUs or SoCs (System on Chips).

* Real-Time Requirements: Many embedded systems have stringent timing and

reliability requirements.

* Cross-Compilation: Code is often developed on a host machine (usually a desktop

or server) and cross-compiled for the target embedded system.
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Given these constraints, Meson’s ability to cross-compile for various architectures, and its
support for embedded-specific libraries and frameworks, makes it an ideal choice for

building embedded systems.

10.2.2 Setting Up the Cross-Compilation Environment

When building for embedded systems, you need to set up a cross-compilation environment
that allows you to build code for the target architecture from the host system. This
typically involves configuring the cross-compilation toolchain, specifying target
architectures, and setting relevant system properties.

The process starts by defining a cross. txt file (as discussed in the previous section),
which tells Meson how to use specific toolchains and libraries for the target embedded
platform. The configuration of this file is pivotal for ensuring that the code is correctly
built for the embedded target.

Example of a cross-compilation configuration for an ARM-based embedded system:

[binaries]

c = '/path/to/arm-toolchain/bin/arm-gcc'
cpp = '/path/to/arm-toolchain/bin/arm—g++"'
ar = '/path/to/arm-toolchain/bin/arm-ar’
1d = '/path/to/arm-toolchain/bin/arm-1d’'
[properties]

target_cpu = 'arm'

target_system = 'linux'

cross_file = 'cross.txt'

[host_machine]

system = 'linux'
cpu_family = 'x86_64"
cpu = 'x86_64"
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endian = 'little'

[target_machine]
system = 'linux'
cpu_family = 'arm'
cpu = 'armv/-a'

endian = 'little'

In this example:

this case).

used for cross-compilation.

properties.

The [binaries] section points to the location of the cross-compilation tools.

The [properties] section defines the target system and architecture (ARM in

The [host_machine] section specifies the host system architecture (x86_64)

The [target machine] section describes the embedded target system’s

Once the cross-compilation environment is set up, you can begin using Meson to

configure, build, and install the software for the embedded platform.

10.2.3 Toolchain Configuration for Embedded Development

When building for embedded systems, it is essential to use the correct toolchain that

matches the target system's architecture and platform. Meson provides mechanisms to

specify a custom toolchain that will work with cross-compilation environments. This

toolchain is responsible for compiling, linking, and assembling the software, ensuring it

runs efficiently on the embedded platform.
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Meson supports a wide range of toolchains, including GCC, Clang, and specialized
embedded toolchains like arm-none—eabi-gcc for ARM-based platforms. Setting up
the right toolchain for your target embedded system is essential for successful
cross-compilation.

Here’s how you can specify a toolchain for an embedded ARM system in Meson:
meson setup builddir --cross—-file cross.txt

This command tells Meson to use the configuration provided in cross . txt to build the

project for the ARM target system.

10.2.4 Customizing for Embedded Libraries and Frameworks

Embedded systems often have specialized libraries or hardware support libraries that
differ from those used in desktop or server environments. For instance, real-time operating
systems (RTOS) like FreeRTOS, Zephyr, or mbed OS, or custom device drivers, may
require custom build configurations. Meson allows for customization of library paths and
build options specific to embedded systems.

For example, when working with an RTOS, you might need to link against specific
libraries that are only available on the embedded target system. Meson allows you to
configure these dependencies via dependency () or find library () functions,
ensuring that the right libraries are included during the build process.

Here’s an example of linking an embedded system-specific library in Meson:

freertos_dep = dependency ('freertos', required: true)

add_project_link_arguments (freertos_dep.get_link_ flags())

In this example, the dependency () function is used to find and configure the
FreeRTOS library for the target system, and the appropriate link flags are added for the
build.
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10.2.5 Configuring Build Options for Embedded Systems

Building for embedded systems often requires careful management of build options to
ensure that the generated code is optimized for performance, size, and resource usage.
Meson allows you to fine-tune these options using build flags, compiler settings, and

specific optimizations for embedded targets.

* Optimization Levels: Embedded systems often require aggressive optimization to
minimize code size and maximize performance. The —Os (optimize for size) or

—-02 (optimize for speed) flags are commonly used for embedded systems.

* Link-Time Optimization (LTO): Link-Time Optimization can reduce the final
binary size and improve performance, which is particularly important for
resource-constrained embedded systems. Meson supports LTO through the

add_project_arguments () function to pass LTO-specific flags to the

compiler.
Example:
add_project_arguments ('-0Os', language: 'c')
add_project_arguments ('-flto', language: 'c')

* Architecture-Specific Flags: Embedded platforms often require
architecture-specific flags to target the specific CPU or microcontroller being used.
For ARM, flags like -mcpu=cortex-m4 or -mt humb may be required for

proper code generation.

Example:
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add_project_arguments ('-mcpu=cortex-m4', language: 'c')

add_project_arguments ('-mthumb', language: 'c')

10.2.6 Debugging and Testing for Embedded Systems

Testing embedded systems can be more challenging than testing desktop applications,
especially when the system lacks a full operating environment. Meson provides
integration with testing frameworks like ctest or unity for embedded testing.
Additionally, you can use remote debugging tools, such as GDB with OpenOCD or similar
hardware interfaces, to debug embedded systems.

To enable testing for embedded systems, you may need to write custom test executables
that are specifically designed for the embedded environment. These tests can be run on
actual hardware or in an emulator. Meson allows you to set up test environments that work

with cross-compiled binaries.

test ('embedded_test', executable, args: ['-—-test-option'])

10.2.7 Best Practices for Building Embedded Systems with Meson

* Modularize Your Build System: Embedded systems often require different
configurations for various boards or devices. Keeping your build system modular
and configurable through Meson’s subprojects and cross-compilation options helps

maintain flexibility.

* Minimize Binary Size: Focus on size optimization using the —Os flag, LTO, and
stripping debug symbols. Meson makes it easy to configure the build system for

size-sensitive applications.



219

* Cross-Test Regularly: Embedded systems can be difficult to debug, especially
when cross-compiling. Regularly test on actual hardware or in simulators to ensure

that the build process has not introduced any errors.

* Handle Toolchain Updates: Embedded toolchains may be subject to frequent
updates or changes. It’s essential to track the specific versions of your toolchain and

libraries in the cross. txt file to ensure compatibility with your build system.

10.2.8 Conclusion

Building for embedded systems with Meson involves careful setup and configuration of
cross-compilation environments, toolchains, and build options. Meson’s robust support for
custom toolchains, cross-compilation, and target-specific optimizations makes it an ideal
choice for embedded system development. By following the best practices outlined in this
section, developers can streamline the process of building efficient, high-performance

software for embedded platforms while managing the unique constraints of these systems.
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10.3 Using Meson in a Windows-to-Linux

Cross-Compilation Environment

Cross-compiling from Windows to Linux is a common scenario for developers working in
environments where development is done on Windows but deployment or target systems
are Linux-based. Meson, as a modern build system, supports cross-compilation and allows
developers to set up a Windows-to-Linux cross-compilation environment efficiently. This
section will explore the steps, challenges, and best practices for setting up and using

Meson in a Windows-to-Linux cross-compilation environment.

10.3.1 Introduction to Windows-to-Linux Cross-Compilation

Cross-compilation refers to the process of compiling software on a host platform (in this
case, Windows) to run on a target platform (Linux). This is necessary because the target
platform may use different architectures, libraries, and system calls, which the
development machine (host) cannot directly handle.

In a Windows-to-Linux cross-compilation setup, the primary challenge lies in ensuring
that the build environment on Windows can produce binaries that are compatible with
Linux. Meson simplifies this process by leveraging cross-compilation toolchains and

allowing users to specify the appropriate environment for their builds.

10.3.2 Setting Up a Cross-Compilation Toolchain on Windows

The first step in cross-compiling from Windows to Linux with Meson is setting up a
cross-compilation toolchain. This involves choosing a set of tools that allow you to
compile Linux binaries from a Windows system. Several toolchains are available for this
purpose, but one of the most commonly used is MinGW-w64 combined with a

Linux-based cross-compilation toolchain, such as the GCC cross-compiler for Linux.
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To begin, you need to install the following components on your Windows system:

* MinGW-w64: A collection of GCC toolchains that target Windows. It can also be

configured to generate Linux binaries when paired with the right configuration.

* Cygwin or MSYS2: These tools provide a Unix-like environment on Windows and
can be used to emulate Linux commands and utilities. MSYS2 is especially useful
for building Linux-targeted applications because it offers a package manager and an

extensive set of development tools.

* Linux Cross-Compilation Toolchain: This includes the GCC cross-compiler (e.g.,

x86_64-1inux—gnu-gcc) and other related tools that target Linux.

Once these tools are installed, you need to configure the cross-compilation environment to

make sure that Meson knows which toolchain to use for compiling Linux binaries.

10.3.3 Configuring the cross . txt File for Windows-to-Linux

The cross. txt file is where you define the settings for the cross-compilation toolchain.
It is crucial to ensure that the correct binaries are used to compile and link code for the
target Linux system. This configuration file will point to the cross-compilation tools
installed on your Windows machine and specify the target system’s architecture.

Here’s an example of a basic cross. txt configuration for a Windows-to-Linux

cross-compilation setup targeting a 64-bit Linux system:

[binaries]

c = 'x86_64-1linux—-gnu—-gcc'
cpp = 'x86_64-1linux—-gnu-g++'
ar = 'x86_64-1linux—-gnu-ar'
1d = 'x86_64-1inux—-gnu-1d’

strip = 'x86_64-linux—gnu-strip’
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[properties]

target_cpu = 'x86_64"
target_system = 'linux'
cross_file = 'cross.txt'

[host_machine]

system = 'windows'
cpu_family = 'x86_64"
cpu = 'x86_64"

endian = 'little'

[target_machine]
system = 'linux'
cpu_family = 'x86_64"
cpu = 'x86_64"

endian = 'little'
In this configuration:

* The [binaries] section points to the location of the cross-compilation tools that

will be used to build the project for the target Linux system.

* The [properties] section indicates that the target system is Linux and specifies

the architecture.

* The [host_machine] section tells Meson that the build is happening on a

Windows machine.

* The [target_machine] section defines the characteristics of the target machine

(in this case, a 64-bit Linux system).
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This cross. txt file ensures that Meson uses the appropriate tools for compiling code

on Windows and generating binaries for Linux.

10.3.4 Setting Up Meson for Cross-Compilation

Once the cross. txt file is configured, you can set up Meson for cross-compilation.
The setup process involves specifying the cross-compilation file and configuring the build
directory.

To configure the project for cross-compilation, use the following command in your

Windows development environment (Cygwin, MSYS2, or a native terminal):
meson setup builddir --cross-file cross.txt

This command will tell Meson to use the cross . txt file for setting up the build
environment. Meson will then configure the project with the specified cross-compilation

settings, enabling it to generate code for the target Linux system.

10.3.5 Handling Dependencies and Libraries in Cross-Compilation

In a cross-compilation setup, handling dependencies is one of the key challenges. Since
you are compiling for a different platform (Linux) from your host platform (Windows),
you need to ensure that all necessary libraries are available for linking in the target
environment.

Meson provides several tools to deal with dependencies during cross-compilation:

* find library (): This function allows Meson to find libraries on the target
system. When cross-compiling, Meson can be configured to search for libraries in

the target's sysroot, allowing the build system to link against them correctly.

Example:
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libfoo = find_library('libfoo', dirs: ['path/to/sysroot/lib'])

* dependency () : This function is used to search for external dependencies,
including libraries and packages that are required for building the project. In a
cross-compilation setup, you might need to specify the location of these

dependencies on the target system.

Example:
boost_dep = dependency ('boost', version: '1.70.0', static: true,
— dirs: ['path/to/sysroot/usr/1lib'])

10.3.6 Building the Project

Once the cross-compilation environment is set up and dependencies are configured, you
can begin the build process. Meson will use the specified cross-compilation toolchain to
compile the source code into binaries suitable for the target Linux system.

You can initiate the build process by running the following command:
meson compile —-C builddir

This command will compile the project using the toolchain specified in cross.txt, and

the resulting binaries will be Linux-compatible.

10.3.7 Debugging and Testing in a Windows-to-Linux Cross-
Compilation Setup

Debugging and testing cross-compiled binaries is an essential part of the development

process. Since the code is compiled on Windows but intended to run on Linux, direct
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debugging on the Windows machine is not feasible. However, you can use several

strategies to test and debug the code:

1. Remote Debugging: You can use tools like GDB to remotely debug the program
running on the target Linux machine. This involves setting up GDB on the Linux

target and using it to connect to the running program from the Windows host.

2. Emulation: If you cannot test on real hardware, you can use emulators like QEMU
to simulate a Linux environment on your Windows machine. This allows you to run
the cross-compiled binaries in an emulated environment that mimics the target

system.

3. Cross-Platform Logging: Another useful technique is to insert logging or output
messages into your code. These messages can be captured on the Linux target to

help with debugging without the need for a full debugging session.

10.3.8 Best Practices for Cross-Compiling from Windows to Linux

When setting up a Windows-to-Linux cross-compilation environment with Meson,

consider the following best practices:

* Ensure Compatibility of Dependencies: Carefully ensure that the libraries you are
linking against are available and compatible with the target Linux system. Use the
correct versions and ensure they are compiled for the same architecture as your

target system.

* Optimize for Target Architecture: Use appropriate compiler flags and
optimizations to ensure that the code runs efficiently on the target platform. Meson
allows you to specify architecture-specific flags that can optimize the build for the

target system.
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* Test Regularly: Cross-compilation can introduce subtle bugs, so testing the binaries

on the target system (or a suitable emulator) is essential to ensure correctness.

* Use Cross-Compilation Toolchains Consistently: Avoid switching toolchains
between builds to maintain consistency. Always use the cross-compilation toolchain

specified in the cross. txt file to ensure compatibility.

10.3.9 Conclusion

Using Meson for cross-compiling from Windows to Linux provides a powerful and
flexible way to develop software for Linux-based systems while working in a Windows
development environment. By configuring a proper cross-compilation toolchain, setting
up the cross. txt file, and handling dependencies effectively, developers can
seamlessly build and test their applications for Linux. Regular testing and debugging in
the target environment are key to ensuring the success of cross-compilation, making

Meson a valuable tool for Windows-to-Linux development workflows.
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Testing and Benchmarking

11.1 Writing Unit Tests with Meson

Unit testing is an essential part of modern software development, ensuring that individual
components or functions of a program perform as expected. Meson, being a versatile and
modern build system, integrates seamlessly with various unit testing frameworks and
allows developers to easily write, run, and manage unit tests within the same build process.
This section will delve into how to write unit tests using Meson, covering the process of

setting up test environments, choosing appropriate frameworks, and running the tests.

11.1.1 Introduction to Unit Testing in Meson

Meson provides a robust testing framework that supports unit testing out of the box. It
makes it easy to write and run tests, especially when used in conjunction with other testing
tools like Google Test, Catch2, or even custom test suites. Meson’s testing functionality
ensures that tests are executed automatically as part of the build process, helping catch

errors early in development.

227
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Meson uses a combination of test () functions and a build configuration that ties tests to
the main project. The results from the tests are captured, displayed, and can be easily

integrated into Continuous Integration (CI) systems for automation.

11.1.2 Setting Up Unit Tests in Meson

To begin writing unit tests with Meson, you must first ensure that your project is correctly
set up. This involves configuring a meson .build file in the root of your project that
specifies both the sources of your application and the test sources. Meson provides a
simple way to define the testing process.

The general structure for adding unit tests to a project involves three main steps:

1. Add the test source files: These are the files where you will write your test

functions or classes.

2. Define the test executable: Meson allows you to create test executables using the

executable () function, which compiles your tests into an executable binary.

3. Run the tests using test () : After building the test executable, you define the
tests themselves using Meson’s test () function, which automatically runs the

tests.

11.1.3 Example of a Simple Unit Test Setup

Here’s a simple example where Meson is used to write and run unit tests using the Google

Test framework. In this case, let’s assume you are testing a basic C++ project.

* Directory Structure:
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my_project/

-——=  mmm———— main.cpp

- —m———— my_class.cpp
————————— tests/

- T test_my_class.cpp
-——= mmm—————= meson.build
————————— meson.build

————————— CMakelLists.txt (optional for compatibility)

* Top-Level meson.build

project ('my_project', 'cpp', version: '1.0")

# Add main source code

src = ['src/main.cpp', 'src/my_class.cpp']

# Define the executable for the application

executable ('my_app', src)

# Add unit test files

test_sources = ['tests/test_my_class.cpp']

# Define test executable
test_exe = executable('test_my_class', test_sources,

— dependencies: [gtest_dep])

# Set up the test in Meson

test ("unit_test_my_class', test_exe)
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* Test meson.build in the tests Directory

gtest_dep = dependency('gtest', required: true)

# Define the test source files

test_sources = ['test_my_class.cpp']

# Create the test executable
test_exe = executable('test_my class', test_sources,

— dependencies: gtest_dep)

# Register the test with Meson

test ('"unit_test_my_class', test_exe)

In this example:

— The test_sources array contains the source files for unit tests.

— The gtest_dep dependency refers to the Google Test library, which Meson

will automatically find if installed.
— The executable () function creates an executable for the unit tests, which
is then registered with the test () function.
* Writing Unit Tests Using Google Test

Here is an example of a simple unit test in the test _my_class. cpp file.

#include <gtest/gtest.h>

#include "my_class.h"

// Test case

TEST (MyClassTest, PositiveTest) {
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MyClass obij;
EXPECT_EQ (obj.add (1, 1), 2);

// Another test case

TEST (MyClassTest, NegativeTest) {
MyClass ob7j;
EXPECT_NE (obj.add (1, 2), 4);

11.1.4 Handling Dependencies for Unit Testing Frameworks

When writing unit tests with Meson, you typically need to integrate third-party testing
libraries, such as Google Test, Catch2, or others. Meson provides a simple mechanism for
managing dependencies, ensuring that your test framework is properly linked.

To use an external unit testing framework like Google Test in Meson, you need to ensure
that the appropriate dependency is available and linked correctly. For example, Google

Test can be added as follows:
gtest_dep = dependency('gtest', required: true)

Alternatively, if the testing library is not installed globally, you can use Meson’s ability to
fetch or build the dependency as part of your build process, either by using wrapdb to

fetch it or by manually specifying the location.

11.1.5 Running Unit Tests

Once the unit tests are set up, you can execute them by running the following command:
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meson test

This will run all tests defined in the meson.build files. The output will provide
detailed information about the tests that passed or failed, including any failure messages or

stack traces.

* Running Specific Tests: If you want to run a specific test, you can specify its name:

meson test unit_test_my_class

* Test Results: After running the tests, Meson provides a summary of the test results,
showing the number of tests run, the number of successes, and any failures. This
can be expanded into more detailed output by passing ——verbose to the meson

test command.

11.1.6 Organizing Unit Tests in Larger Projects

In larger projects, you might have several different test categories, such as unit tests,
integration tests, and functional tests. Meson allows you to organize tests into different
directories and groups for easier management.

Here is an example of how to structure and manage different types of tests:

my_project/
- T my_class.cpp
————————— tests/

- -—— T test_my_class.cpp

- mmm———— meson.build
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e IS integration/

=== ——— coooee——= test_integration.cpp
- ——= - meson.build

- mmm———— meson.build

————————— meson.build

Each test category (unit, integration, etc.) can have its own meson.build file. The
main project file (meson.build) would include the subdirectories and register the
corresponding tests.

Example of a test in the unit/meson.build:

unit_test_sources = ['unit/test_my_class.cpp']
unit_test_exe = executable('test_my_class', unit_test_sources,
— dependencies: [gtest_dep])

test ('unit_test_my_class', unit_test_exe)

11.1.7 Best Practices for Writing Unit Tests with Meson

* Use Descriptive Test Names: Naming your tests clearly will make it easier to

identify what each test does and to track down issues when tests fail.

* Keep Tests Isolated: Each unit test should be independent of other tests. This
ensures that test failures can be traced to specific issues without interference from

other tests.

* Automate Tests: Integrating Meson tests with Continuous Integration (CI) tools,
such as GitLab CI, Travis CI, or Jenkins, allows for automatic testing as part of the

build process, ensuring that errors are caught early.

* Test for Edge Cases: While writing unit tests, it’s important to test for edge cases,

invalid inputs, and expected error conditions in addition to normal use cases.
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11.1.8 Debugging and Troubleshooting Unit Tests

When unit tests fail, Meson provides useful output to help diagnose issues. You can get

more detailed information by running tests with the ——verbose option:

meson test ——-verbose

This command will display additional details, such as the commands being executed and
the output of individual test cases, making it easier to trace and debug failures.

In case you are running unit tests that rely on external systems or resources, ensure that all
necessary dependencies or services are running. If a test fails due to missing files or

dependencies, the error message will typically indicate what is missing.

11.1.9 Conclusion

Writing unit tests with Meson is a powerful and seamless process that integrates well into
your build system. By setting up tests within the Meson framework and using the
appropriate testing libraries, you can ensure that your code works correctly and efficiently.
Meson’s flexibility and ease of use make it an excellent choice for managing and running
unit tests in C++ or any other programming language that is supported by the Meson build
system. The ability to automate testing and integrate with CI systems also improves the

development workflow, leading to higher code quality and more reliable software.



235

11.2 Integrating GoogleTest, Catch2, and Boost.Test

Unit testing is an integral part of modern development, and Meson supports integration
with several popular C++ testing frameworks. Among the most commonly used
frameworks are GoogleTest, Catch2, and Boost.Test, each of which has its strengths and
ideal use cases. Meson simplifies the process of setting up and managing these testing
frameworks in your build system, allowing you to easily configure and run tests. This
section provides a detailed overview of how to integrate these frameworks into a

Meson-based build system.

11.2.1 Introduction to Unit Testing Frameworks

* GoogleTest is one of the most widely used C++ testing frameworks, providing a

rich set of assertions and test fixture management, ideal for large-scale C++ projects.

* Catch?2 is a header-only framework, designed to be simple and easy to use. It
provides an elegant syntax and is often favored for small-to-medium projects where

rapid development is needed.

* Boost.Test is part of the Boost C++ libraries, which provides both unit testing and
other testing utilities. It's more comprehensive but may be considered overkill for

smaller projects.

Meson makes it straightforward to integrate these frameworks into your project, whether
you're developing small utilities or large applications. All three frameworks can be used
within Meson with minimal setup, allowing you to focus on writing tests rather than

configuring build systems.
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11.2.2 Integrating GoogleTest with Meson

GoogleTest is a mature and feature-rich C++ testing framework that provides powerful
macros for testing, such as EXPECT_EQ (), ASSERT_TRUE (), and ASSERT _FALSE ()
Meson makes it easy to integrate GoogleTest by defining it as a dependency and creating

test executables.

Steps to Integrate GoogleTest:

1. Add GoogleTest as a Dependency: The simplest way to include GoogleTest in
your project is by using the dependency () function in Meson. Meson will find

and link the GoogleTest library automatically if it is installed on the system.

gtest_dep = dependency('gtest', required: true)

1. Link GoogleTest to the Test Executable: Create a new test executable by linking

GoogleTest with your test source files. Here’s an example:

test_sources = ['tests/test_my_class.cpp']

test_exe = executable('test_my_class', test_sources, dependencies:
— gtest_dep)

test ('unit_test_my_class', test_exe)

1. Writing Tests with GoogleTest: Once integrated, you can begin writing unit tests

using GoogleTest's macros. For example:
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#include <gtest/gtest.h>

TEST (MyClassTest, PositiveTest) {
MyClass obij;
EXPECT_EQ (obj.add (1, 2), 3);

1. Running the Tests: After setting up the tests and GoogleTest dependency, run the

tests using:

meson test

Meson will automatically detect the tests and run them, providing detailed feedback on

any failures.

11.2.3 Integrating Catch2 with Meson

Catch?2 is another popular testing framework that is often favored for its ease of use and
header-only implementation. It can be integrated into Meson without much hassle, and

because it is header-only, you don't need to worry about linking external libraries.

Steps to Integrate Catch2:

1. Download Catch2: Since Catch2 is header-only, you can either include the source
directly in your project or use a package manager. For Meson, you can use wrapdb

to fetch Catch2 automatically.
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catch2_dep = dependency ('catch2', required: true)

Alternatively, you can include Catch2 manually in your source directory if it is not

available through wrapdb.

1. Creating a Test Executable: Similar to GoogleTest, you create a test executable for

Catch2 by linking it with your test source files.

test_sources = ['tests/test_my_class.cpp']
test_exe = executable('test_my_class', test_sources, dependencies:
— catch2_dep)

test ('unit_test_my_class', test_exe)

1. Writing Tests with Catch2: Catch2’s syntax is clean and intuitive. Here’s an

example test:
#include <catch2/catch.hpp>
TEST_CASE ("Adding two numbers", "[add]") {

MyClass obij;
REQUIRE (obj.add (1, 2) == 3);

1. Running the Tests: Once you’ve written your tests, run them as usual with:

meson test

Catch? tests will appear in the test results, and any failed tests will be shown with helpful

output.
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11.2.4 Integrating Boost.Test with Meson

Boost.Test is part of the Boost C++ libraries and is known for its flexibility and richness in
testing functionality. It provides several macros for unit testing, along with powerful test
management features. Boost.Test is ideal for more complex projects where deep

integration with other Boost libraries is needed.

Steps to Integrate Boost.Test:

1. Add Boost.Test as a Dependency: First, you need to ensure that Boost. Test is

available on your system. You can include it using Meson’s dependency ()

function:

boost_test_dep = dependency ('Boost.Test', required: true)

1. Link Boost.Test to the Test Executable: Next, create the test executable as you did

with the other frameworks, linking Boost.Test:

test_sources = ['tests/test_my_class.cpp']

test_exe = executable('test_my_class', test_sources, dependencies:

— boost_test_dep)

test ('unit_test_my_class', test_exe)

1. Writing Tests with Boost.Test: Writing tests with Boost.Test follows a structured

approach. Here is an example:
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#define BOOST_TEST_MODULE MyClassTest
#include <boost/test/included/unit_test.hpp>

BOOST_AUTO_TEST_CASE (addition_test) {
MyClass obij;
BOOST_CHECK_EQUAL (obj.add (1, 2), 3);

1. Running the Tests: Run the tests with Meson as usual:

meson test

The test results will be displayed in the console, showing whether tests passed or failed.

11.2.5 Choosing the Right Framework

When integrating a testing framework into your Meson project, the decision should be

based on the project’s needs and developer preference. Here are some points to consider:

* GoogleTest: Best suited for large-scale projects where comprehensive test fixtures
and rich assertions are required. It's widely adopted and has a large community,

making it a go-to for many C++ developers.

* Catch2: Ideal for smaller projects or developers who prefer a lightweight,
header-only solution with a user-friendly syntax. Its ease of setup makes it a good

choice for quick iterations or when using C++11 and later features.

* Boost.Test: Suitable for projects that already use the Boost library or for developers
who require more sophisticated test management. It's highly flexible but may

introduce additional complexity.
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Each of these frameworks can be easily integrated into Meson with minimal configuration,
and Meson allows for a smooth integration into the build process regardless of the chosen

testing library.

11.2.6 Advanced Testing Features with Meson

Meson also supports advanced testing features that enhance the integration with these

frameworks. Some of these features include:

* Test Isolation: Meson allows you to isolate tests, so that each test runs in a separate

environment, ensuring that one test’s failure does not affect others.

» Test Coverage: Meson can generate code coverage reports, helping developers
identify untested parts of their code. This can be useful when trying to improve the

test suite.

* Parallel Testing: Meson runs tests in parallel, reducing the time it takes to run the

full suite. This is particularly useful when working with large numbers of tests.

By configuring the meson .build file to include multiple testing targets and integrating
these testing frameworks, Meson facilitates the process of writing, running, and managing

unit tests in an efficient and streamlined manner.

11.2.7 Conclusion

Integrating GoogleTest, Catch2, and Boost.Test into your Meson project allows you to
leverage powerful testing frameworks that help ensure the correctness of your code.
Meson simplifies this process by providing an intuitive interface for defining test
executables and linking dependencies. By using these frameworks effectively, you can

improve the reliability and quality of your code while maintaining a clean and
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maintainable build system. Whether you are working on a small utility or a large
application, Meson provides the necessary tools to integrate testing frameworks into your

workflow, making it a powerful tool for managing unit tests in C++ projects.
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11.3 Using meson test and Measuring Performance

Meson provides a robust testing framework that integrates seamlessly into the build
process, allowing developers to easily run unit tests, monitor performance, and generate
detailed results. This section delves into using the meson test command to execute
tests and benchmarks, along with the tools provided by Meson for performance

measurement.

11.3.1 Overview of meson test

The meson test command is a powerful feature in the Meson build system, used to
automate the running of tests. It can execute all tests in the project or target specific test
cases, and provides clear and structured feedback about the test results. By integrating
testing directly into the build process, Meson ensures that code quality is maintained as

part of the development cycle.
» Basic Usage:
— To run all tests in the project:

meson test

This command will find and execute all tests defined in the test function

within the Meson project.

— To run a specific test:

meson test <test_name>

Replace <test_name> with the name of the test you want to run. Meson

will locate and execute that particular test.
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— Running tests with a specific backend: You can specify which backend (such
as ninja, make, or others) to use during the testing phase. By default,
Meson uses the backend specified during the configuration phase, but you can

override it by specifying it in the test command.

meson test -C builddir --backend ninja

¢ Parallel Test Execution:

Meson supports parallel test execution, which significantly speeds up testing for
large projects. It runs tests concurrently based on the number of CPU cores

available, making it more efficient.

— To run tests in parallel, you can use the ——num-processes option:

meson test —--num-processes 4

This will run up to four tests simultaneously. The number of processes can be

adjusted according to the system’s resources.

— To disable parallel test execution, you can specify ——num-processes 1:

meson test —-—num-processes 1

11.3.2 Test Results and Output Formats

Meson provides detailed feedback about the test execution, which is especially useful for

continuous integration (CI) systems, debugging, and performance tracking.

* Output Formats:

By default, meson test provides output in a simple human-readable format,

showing the status of each test (e.g., passed, failed, skipped).
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— Default Output: Displays each test's result, along with relevant information

(e.g., the time it took to run).

meson test
Output:

Test 'test_addition' PASSED
Test 'test_multiplication' FAILED (time: 0.02s)

— JSON Output: You can request a machine-readable JSON format, which can

be useful for automated systems or CI pipelines:

meson test —--test-result-json <path_to_file>.json

This command generates a JSON file containing detailed information about
each test, including the status, execution time, and any error messages. This

file can be parsed for reporting or analysis purposes.
— JUnit Output: If you're working with CI systems that use JUnit for test result

parsing, Meson can output in JUnit format:

meson test —-—Jjunit-xml <path_to_file>.xml

* Running Tests with Specific Conditions:

Meson also allows for more advanced test-running options such as running tests

only if certain conditions are met. For example:

— Running tests that failed previously: You can use the ——retry flag to

rerun tests that have previously failed:
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meson test ——-retry

This will retry failed tests a specified number of times.

— Timeouts for Tests: The ——t imeout option allows setting a timeout for

individual tests. This is useful for catching tests that hang or take too long:

meson test ——timeout 60

This command will abort any test that takes longer than 60 seconds.

11.3.3 Performance Benchmarking with Meson

Meson supports performance benchmarking, allowing you to measure the performance of
code during testing. Performance testing is crucial for ensuring that optimizations and
changes do not introduce regressions in performance. Meson makes this process

straightforward by providing built-in functionality to measure execution time.

* Benchmarking Setup:

To add a benchmark, you first need to use the benchmark function within the
Meson build definition. This function allows you to specify which benchmarks to

run and how they are linked with the rest of the project.

Here’s an example of adding a benchmark to a Meson project:

benchmark_sources = ['src/benchmark.cpp']
benchmark_target = executable('benchmark', benchmark_sources)
benchmark ('my_benchmark', benchmark_target)

The benchmark function tells Meson to treat my_benchmark as a benchmark
target. Meson automatically adds this target to the list of tests, and it will be

executed during the testing phase.
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* Measuring Execution Time:

Once the benchmark is set up, you can run it using the meson test command.
Meson will display the execution time for each benchmark, giving you insights into

performance changes over time.

meson test

* Tracking Benchmark Results:

Meson provides a way to track performance over time, helping to detect
performance regressions. The results for benchmarks are displayed in a tabular

format, showing the time taken by each benchmark in different runs.

— Benchmark Results Output: Meson’s output for benchmark tests includes a
detailed breakdown of the execution time, typically measured in milliseconds

or seconds.

Test 'my_benchmark' PASSED (time: 2.30s)

Meson stores the results of the benchmark tests, allowing you to compare the results
across different configurations or versions. If you are using a version control system
or CI, you can monitor performance changes in each commit, making it easier to

identify performance regressions.

11.3.4 Advanced Performance Metrics

Meson’s benchmarking tools can also be extended to provide more detailed performance
metrics. For example, you can use the valgrind tool or similar utilities to gather

memory usage statistics and detect memory leaks during benchmark runs.
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* Using valgrind with Meson: You can set up a benchmark to run with

valgrind by configuring Meson to invoke it during the benchmark run:

meson test —--valgrind

This command will run your benchmark under valgrind, producing detailed

reports on memory usage, leaks, and other performance metrics.

* Profiling with GProf: For more detailed profiling, Meson supports integration with
gprof or other performance profiling tools. You can link your benchmarks with the

profiling flags to gather detailed execution time and memory allocation information.

For instance, to enable profiling for a target, you might use:

benchmark_sources = ['src/benchmark.cpp']
benchmark_target = executable('benchmark', benchmark_sources,
— cflags: ['-pg'])

After running the benchmark, gprof can be used to analyze the results.

11.3.5 Continuous Integration (CI) and Test Automation

Meson integrates seamlessly into CI pipelines, allowing for continuous monitoring of test
results and performance benchmarks. By using automated test runners and reporting tools,

you can continuously test and measure the performance of your project.

* CI Pipeline Integration: Meson supports all major CI services like Jenkins, GitLab
CI, and GitHub Actions. You can configure your CI system to run meson test as
part of the build process. This ensures that tests and benchmarks are executed

automatically whenever code changes are pushed.
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* Automated Performance Testing: You can configure your CI pipeline to not only
run unit tests but also trigger performance benchmarking on every commit. This

helps identify performance regressions early in the development cycle.

11.3.6 Conclusion

The meson test command and its performance measurement capabilities offer
developers a powerful, flexible solution for testing and benchmarking in the build system.
By integrating tests directly into the build process, Meson makes it easy to maintain code
quality and measure performance over time. Through detailed output options, parallel
execution, and the ability to track performance benchmarks, Meson provides developers
with the tools needed to ensure both the correctness and efficiency of their code. These
features are essential in modern software development, where high-quality, performant

code is a critical factor for success.



Chapter 12

Custom Build Targets and Generators

12.1 Using custom_target () for Advanced Builds

In Meson, the custom_target () function provides the flexibility to define and
manage custom build steps outside of the traditional build process. This feature is
invaluable for projects that require non-standard build tasks such as code generation,
packaging, or custom compilation steps that are not covered by predefined build targets
like executable () or library (). By using custom_target (), developers can
tailor their build system to accommodate specialized tasks, making Meson an incredibly

powerful tool for complex workflows.

12.1.1 Introduction to custom _target ()

The custom_target () function is a core feature in Meson that allows the creation of
user-defined build steps. These steps can include actions such as invoking external
programs, running scripts, generating source code, or executing any custom process

necessary during the build. The result of a custom_target () is typically an artifact

250
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that can be used by other build targets or simply an intermediate file produced by the build
process.

Here’s the general syntax for custom_target ():

custom_target (
name,
output: output_files,
command: command,
input: input_files,
depend_files: dependency_files,

capture: capture_output

* name: The name of the target.
* output: The list of output files generated by this target.

e command: A list that defines the command to run. This could include external

programs or shell commands.
* input: A list of input files required for this target.

* depend files: Files that are not directly inputs to the command but whose changes

should trigger the target to run.
* capture: A boolean indicating whether to capture the output of the command. If

True, the output will be saved to the capture_output variable.

12.1.2 Use Cases for custom target ()

The custom_target () function can be used in a wide range of scenarios. Here are

SOme common use€ cases:
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Code Generation: If your project requires code to be automatically generated (e.g.,
from templates or specifications), custom_target () allows you to define the
steps that generate these files. For example, you could use a Python script to

generate header files or configuration files that are used later in the build.

Example:

my_gen_code = custom_target (
'generate_header’',
output: 'generated_header.h',

command: ['python3', 'generate_code.py', '@OUTPUT@']

Compiling Non-Source Files: If you need to compile or process files that aren't
typically compiled with standard compilers (e.g., image files, proprietary formats, or
other binary assets), custom_target () can be used to integrate this into the

build process.

Example:

generate_image = custom_target (
'process_image',
output: 'output_image.png',

command: ['image_processor', 'input_image.jpg', '@OUTPUT@']

Packaging: For projects that involve packaging, custom_target () can be used
to create tarballs, zip files, or other forms of packaging after the build is complete.
This is common for projects that need to distribute their binaries along with

documentation, configuration files, or other resources.
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Example:

package = custom_target (
'create_tarball',
output: 'package.tar.gz',
command: ['tar', '-czf', 'QOUTPUTR', 'build dir']

* Custom Install Actions: For specialized installation steps, custom_target ()
can be used to execute additional actions that should be run after the build but
before installation. This could include actions like installing configuration files, data

files, or other non-standard resources.

Example:

install_docs = custom_target (
'install_docs',
output: 'docs_installed.txt',

command: ['cp', 'docs/*', '/usr/local/share/docs']

12.1.3 Advanced Features of custom target ()

While custom_target () is simple to use, Meson provides additional features that

enhance its power and flexibility in more complex use cases.

* File Substitution with QOUTPUT@, @INPUTQ@, etc.: One of the most useful
features of custom_target () is the ability to substitute file paths in the

command list using special placeholders. The most common placeholders are:
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— QOUTPUTA@: Replaced with the full path to the output file(s).
— @INPUTQ@: Replaced with the full path to the input file(s).

— Q@DEP@: Replaced with the full path to the dependency file(s).

These substitutions allow for more flexible and dynamic command generation. For

example:

my_target = custom_target (
'process_file',

output: 'processed_output.txt',

] 1

command: ['python3', 'process.py', '@INPUT@', =Y,

— '@ouTpUTE'],

input: 'source_file.txt'

* Dependencies Between Targets: custom target () targets can depend on
other targets in the build system. For instance, if your custom target needs a library
or an executable to be built before it can run, you can use Meson’s dependency

system to enforce the correct build order.
Example:
gen_header = custom_target (

'generate_header’',

output: 'generated.h',

command: ['python3', 'gen_header.py', 'QGOUTPUT@']
)
my_executable = executable (

'my_exec',

'main.cpp’',
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dependencies: gen_header

In this example, the custom header generation target gen_header will be executed
before the compilation of the executable my_executable, ensuring that the

generated file is available before the main application is built.

Capturing Command Output: Meson can capture the output of custom build steps
using the capture keyword. This allows the result of the custom step (such as a

script’s output) to be stored in a file for later use or as part of another build process.

Example:

result = custom_target (
'run_script',
output: 'result.txt',
command: ['python3', 'script.py']l,

capture: true

This will capture the output of script.py and store it in result .txt.

Custom Commands with Dependencies: You can set up complex relationships
between custom targets and other parts of the build system. For example, a custom
target might require files to be built by the standard compiler or linked libraries

before it can run its command.

Example:
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library_files = custom_target (

'generate_library_files',

output: ['libl.a', 'lib2.a'l],

command: ['python3', 'generate_libs.py', 'QOUTPUTR']
)
executable_target = executable (

"app',

'main.c',

dependencies: library_files

12.1.4 Use of custom_target () in Complex Build Systems

In large or sophisticated projects, custom_target () becomes a crucial part of the
build infrastructure. It can be used to integrate third-party tools, preprocess files, or

automate tasks that would otherwise require external scripts or manual steps. For example:

* Automatic Documentation Generation: You can automate the process of
generating documentation from code comments using tools like Doxygen, Sphinx,

or custom scripts.

* Version Control Integration: In some projects, you may need to generate version
files or tags based on the Git history or other version control system data. Using

custom_target (), this can be automatically integrated into the build process.

Example:



257

gen_version = custom_target (

'generate_version',

output: 'version.h',
command: ['python3', 'generate_version.py', '@OUTPUTR'],
input: 'version_info. json'

)

12.1.5 Conclusion

The custom_target () function in Meson offers unparalleled flexibility for advanced
builds. It enables you to define custom steps that go beyond typical compilation and
linking tasks, integrating external programs, scripts, and custom actions directly into the
build process. Whether for code generation, packaging, or specialized build steps,
custom_target () is a powerful tool for creating sophisticated, tailored build
workflows. By understanding and using this feature effectively, developers can handle

almost any build requirement within Meson’s streamlined and efficient build system.
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12.2 Running Scripts Within the Build System

Meson provides a powerful mechanism for running external scripts as part of the build
process. This capability is critical when the build process requires non-standard operations
such as code generation, configuration handling, testing, or file manipulation that cannot
be efficiently handled by traditional compilers and build tools. By utilizing Meson’s
custom targets and various scripting interfaces, developers can incorporate scripts into

their build systems with minimal effort and full integration into the Meson build pipeline.

12.2.1 Introduction to Running Scripts in Meson

Scripts are often essential for advanced build processes, especially in large and complex
projects. Whether the task is generating configuration files, transforming source code,
automating testing workflows, or even packaging binaries, scripts play a crucial role in
customizing the build flow. Meson allows for seamless integration of scripts within the
build system through custom targets, and it provides a straightforward way to invoke
scripts at various stages of the build process.

Running scripts in Meson can be done in a variety of ways:

* Direct Command Invocation: Using custom_target () or run_command ()

to execute scripts as part of a build or test sequence.

* Pre-Build and Post-Build Steps: Including scripts that execute before or after

standard build steps, such as pre-compilation or post-compilation tasks.

12.2.2 Using custom target () to Run Scripts

One of the most common and powerful ways to run scripts within Meson is by using the

custom_target () function. This function allows developers to define custom build
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steps, such as running Python, Bash, or Perl scripts, and integrate them directly into the

build process.

The general syntax for running scripts using custom_target () is as follows:

custom_target (
name,
output: output_files,
command: ['script', 'argl', 'arg2', '@OUTPUTR'],
input: input_files,
depend_files: dependency_files,

capture: capture_output

» command: This is the critical field, where the script is invoked. The command
typically involves a program such as python, bash, or per1, followed by the

script name and its arguments.

* output: Specifies the expected output files generated by the script, which can be

further used or processed.
e input: Defines input files that the script may need to process.

* depend files: Includes additional files that are required to trigger the script if they
are modified.

* capture: If set to t rue, captures the script’s output, enabling the build system to

log or use the result.

Example:
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generate_config = custom_target (
'generate_config',
output: 'config.h',
command: ['python3', 'generate_config.py', '@OUTPUTR'],
input: 'config template.txt'

In this example, generate_config.py is a Python script that takes
config_template.txt asinput and generates a configuration file (config.h) as

output.

12.2.3 Running Scripts with run_command ()

While custom_target () is the go-to method for integrating scripts into the build
process, another useful tool is run_command () . This function is specifically designed
for running commands and scripts during Meson’s configuration or build phases.

The syntax for run_command () is as follows:

run_command ('python3', 'generate_config.py', 'input.txt',

— 'output.txt"')

This runs a Python script, generate_config.py, passing the files input . txt and

output.txt as arguments.

A key feature of run_command () is its ability to handle both stdout and stderr streams.
Developers can capture the output and make decisions based on it, such as controlling the
build process based on script success or failure.

Example:
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result = run_command ('python3', 'validate_inputs.py', '-—--check',
— 'input.txt')
if result.returncode() != 0

error ('Validation failed')

endif

Here, the run_command () function executes a script that checks input .txt. If the
validation fails (indicated by a non-zero return code), an error message is raised, aborting
the build.

12.2.4 Scripting Languages Supported in Meson

Meson supports a wide range of scripting languages for running scripts. The most

commonly used scripting languages in Meson-based projects include:

* Python: Python is one of the most popular scripting languages in Meson builds. It
is commonly used for tasks like generating source code, configuration files, and
other assets. Meson makes it easy to integrate Python scripts directly into the build

system, as shown earlier in the custom target () examples.
Example for using Python:

run_command ( 'python3', 'preprocess.py', '—-—-input', 'source.txt',

— '——output', 'processed.txt')

* Shell Scripts (Bash): Shell scripting is frequently used for general file manipulation,
environment setup, or invoking other command-line utilities. Meson allows you to

execute shell commands or scripts, making it ideal for Unix-based systems.

Example for using a shell script:
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custom_target (
'build_script’,
output: 'output_file.txt',

command: ['bash', 'build.sh', '--argl', 'valuel']

* Perl, Ruby, and Other Languages: Meson also supports running scripts written in
other languages, such as Perl or Ruby, provided the appropriate interpreter is

available in the build environment.

12.2.5 Handling Script Output and Error Handling

When running scripts in Meson, it's essential to manage the output effectively. Scripts can
produce stdout and stderr messages, which may include important information or errors.

Meson provides the ability to capture and handle these outputs in different ways.

* Capturing Output: If the script produces output that is important for further
processing in the build system, you can capture this output and use it as an input for

another target or process.

Example:

result = custom_target (

'run_validation',

output: 'validation_result.txt',
command: ['python3', 'validate.py', '@INPUTQ', 'Q@OUTPUTQ'],
input: 'config.json',

capture: true
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In this case, the validate. py script generates output that is captured and stored

inthe validation_result.txt file.

* Error Handling: Meson handles errors by monitoring the return code of the scripts
it runs. If a script exits with a non-zero status, Meson will terminate the build

process unless the error is explicitly handled.

Example:

result = run_command('python3', 'check_ dependencies.py',
— 'libs.txt"'")
if result.returncode() != 0

error ('Dependency check failed')

endif

If check_dependencies.py returns an error code (i.e., something went wrong

in the script), the build process will stop, and an error message will be displayed.

12.2.6 Practical Use Cases for Running Scripts

The ability to run scripts within the build process allows developers to implement a variety
of useful features that go beyond the capabilities of traditional compilers. Some practical

use cases include:

* Configuration Management: Automatically generating configuration files based
on the environment or build parameters. For example, generating config.h files
for different build types (debug, release) or creating platform-specific configuration

settings.

Example:
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configure_script = custom_target (
'generate_config',
output: 'config.h',
command: ['python3', 'config_generator.py', '—--platform',

— 'linux', '@OUTPUT@']

* Automated Testing: Running tests automatically after the build process. This can
involve running custom test scripts, invoking external test frameworks, or running

integration tests that require external resources.

Example:

test_results = custom_target (
'run_tests',
output: 'test_report.txt',
command: ['bash', 'run_tests.sh', '--output', 'Q@OUTPUTE'],

capture: true

* Code Formatting and Linting: Incorporating tools for code formatting (like
clang-format) or linting (like py1int) into the build process to ensure

consistent code quality across the project.

Example:

linting = custom_target (
'run_linter"',
output: 'lint_report.txt',
command: ['python3', 'pylint', 'src/', '-o', '@OUTPUTQR']
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* Documentation Generation: Automating the generation of project documentation
using tools like Doxygen or Sphinx. These tools can be invoked directly from the

Meson build system, ensuring that documentation is always up-to-date after every
build.

Example:

docs = custom_target (
'generate_docs',
output: 'docs.html',

command: ['doxygen', 'Doxyfile']

12.2.7 Conclusion

Running scripts within the Meson build system provides developers with powerful
capabilities to integrate custom logic into their build processes. Whether it’s generating
configuration files, validating dependencies, or automating testing, scripts allow for a high
degree of customization. By using custom_target () and run_command (), Meson
empowers developers to create flexible, automated, and maintainable build systems that
are suitable for complex, large-scale projects. This flexibility is essential for modern
development workflows, where automation and customization are key to efficiency and

scalability.
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12.3 Using generator () for Auto-Generated Source
Files

In modern build systems, handling automatically generated source files is a critical task,
especially when dealing with large codebases, precompiled headers, or any situation
where the source files are dynamically created as part of the build process. Meson’s
generator () function provides an elegant and efficient way to manage such files by
allowing developers to automatically generate source code or other resources during the
build process and integrate them into the overall build system seamlessly.

This section explores how generator () works, its syntax, and how to leverage it to

streamline the handling of auto-generated source files in a Meson-based build system.

12.3.1 What Is generator () ?

The generator () function in Meson is a special type of build target used for
generating source files or other resources that are needed during the build process but are
not part of the static source code. These generated files are treated as first-class citizens in
the build system, just like any other source files that are manually authored by developers.
The primary use case for generator () is when you need to generate source code,
headers, or other files that are required as part of the build. This could be code generation
from templates, parsing schema files, or other forms of dynamic content creation that are

part of the build process.

12.3.2 Syntax and Basic Usage of generator ()

The syntax for using generator () is straightforward and closely resembles other
target creation functions in Meson. It allows you to specify a command that generates one

or more files, which can then be used as inputs in subsequent build steps.
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Here is the general syntax for generator ():

generated_sources = generator (
name,
command: [executable, 'args', 'to', 'script', '@INPUTQ',

— '@OUTPUTR'],
output: generated_file_list,

input: input_files

* command: The command to execute that generates the source files. It is typically a

script or tool that processes input files and outputs the generated source files.

* output: Specifies the output files that are generated by the generator ()

command. These files are then included as part of the build.

* input: Lists the input files required by the generator. These can be templates,

configuration files, or other data files that are fed into the generation process.

* name: The name for the generator, which can be any string used to identify the

target.

Example:

generated_sources = generator (
'generate_sources',
command: ['python3', 'generate_code.py', 'QINPUT@', 'Q@OUTPUTQ'],
output: ['generated_source.cpp', 'generated_header.h'],

input: 'source_template.txt'
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In this example, the Python script generate_code . py reads from
source_template.txt and generates generated_source.cpp and
generated_header.h. These generated files are then available for the rest of the

build process.

12.3.3 Handling Multiple Outputs

A generator in Meson can produce multiple output files from a single invocation of a
command. This is useful when generating related files, such as source code files, headers,
or other assets, that need to be processed together. You can specify multiple output files in
the output argument as a list of strings.

For example:

generated_files = generator(
'generate_files',
command: ['python3', 'generate_code.py', 'QINPUT@', '@OUTPUTQ'],
output: ['generated_header.h', 'generated_source.cpp',
o 'generated_data.dat'],

input: 'template.txt'

In this case, the generator will produce three files: generated_header.h,
generated_source.cpp, and generated_data.dat, all of which are output by

the generator and ready to be used in later steps of the build process.

12.3.4 Using Generated Files in the Build System

Once you have defined a generator () in Meson and specified its output files, you can
use these generated files just like any other source files in the build system. They can be

added to a build target (e.g., an executable or library) or passed as dependencies to other
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targets.

For example, to include the generated source files in a build target:

executable ('my_program', generated_sources + ['main.cpp'l]l,

— dependencies: my_lib_dep)

Here, generated_sources refers to the output of the generator, and it is combined

with main. cpp to create the final executable target my _program.

12.3.5 Automating Code Generation with generator ()

One of the most common use cases for generator () is automating code generation.
Many projects rely on tools that generate boilerplate code, such as header files, source
files, or configuration code. Meson’s generator () simplifies this process by
automatically invoking the code-generation tool whenever the input files change.
Consider a project where configuration headers are generated based on an external

configuration file:

generated_config = generator(
'generate_config',
command: ['python3', 'config_generator.py', '—-—-input', '@INPUTQ',
< '——output', '@OUTPUTR'],
output: 'config.h',

input: 'config_template.json'

executable ('my_program', [generated_config, 'main.cpp'l)

Here, config_generator.py reads the configuration from

config template. json and produces config.h. The generated config.h file
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is then used as input to the my_program target, ensuring that the build system is always

up-to-date with the latest configuration.

12.3.6 Dependencies for Generated Files

Meson allows you to specify dependencies for the input files of a generator. This means
that Meson will trigger the regeneration of the output files if any of the input files change.
This feature ensures that the build system remains consistent and correctly handles the
dependencies between files.

Example:

generated_files = generator(

'generate_code',

command: ['python3', 'code_generator.py', '@INPUT@', '@OUTPUTE@'],
output: ['generated_ code.cpp'l],
input: ['templatel.txt', 'templateZ.txt']

executable ('generated_app', generated_files + ['main.cpp'])

In this case, templatel.txt and template2.txt are input files. If either of them
changes, Meson will automatically regenerate generated_code. cpp before

proceeding with the build.

12.3.7 Generators for Non-Source Files

Though typically used for generating source code, generator () can also be used for
generating other types of files that are part of the build process. This can include assets
like images, configuration files, documentation, or even deployment scripts. The generated

files can be integrated into the build or packaging process as needed.
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Example for generating assets:

generated_assets = generator (

'generate_assets’',

command: ['python3', 'asset_generator.py', '—-—-input', 'assets.json',
— '——output', '@OUTPUTEQ'],

output: ['imagel.png', 'image2.png'l],

input: 'assets.json'

Here, asset _generator.py reads from assets. json and generates two image
files, imagel.png and image?2 .png, which can be used in the build or packaging

steps.

12.3.8 Advantages of Using generator ()

* Integration with the Build Process: Files generated by a generator () are
seamlessly integrated into the build system, making it easy to use them in

subsequent targets without manual intervention.

* Automatic Regeneration: Meson tracks dependencies between input and output

files, ensuring that generated files are recreated when their inputs change.

* Flexibility: generator () can be used for a wide range of tasks beyond source

code generation, including asset creation, configuration file generation, and more.

* Cross-Platform: Since Meson is designed to be cross-platform, the same
generator () mechanism works across different operating systems, allowing

you to write platform-independent build configurations.



272

12.3.9 Conclusion

The generator () function is a powerful feature of Meson that simplifies the process of
managing dynamically generated files within a build system. By automating the creation
of source files, configuration files, or even assets, generator () ensures that these files
are kept in sync with the rest of the project and integrated smoothly into the build process.
Whether you’re working on code generation, configuration management, or asset creation,
generator () provides a flexible, efficient, and maintainable solution for handling

auto-generated files in Meson-based projects.
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Chapter 13

Installing and Packaging Projects

13.1 Defining Installation Paths with install _* ()

When packaging and distributing software, one of the key tasks is to define where the files
will be installed on the target system. Meson provides a set of functions known as
install_x () that are used to specify installation paths for various types of files. These
functions are essential in ensuring that the software is correctly placed in standard
directories, making it easy for end-users to find and use the installed software. This
section will cover the different install_x () functions available in Meson and how to

use them effectively.

13.1.1 Overview of install_x () Functions

In Meson, the installation process is handled through a series of functions prefixed with
install_. These functions allow developers to specify how and where files should be
installed during the build process. The most common installation tasks include installing

binaries, libraries, headers, and documentation. By using the appropriate install_x ()

275
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function, developers can ensure that files are installed in the correct system directories,
following conventions that are typically expected by the target platform.

The general syntax for the installation functions is as follows:

install_ = (

[arguments]

Each install_x () function can accept several arguments that define which files are to
be installed and where they should be placed. Some arguments are common across all
install_x () functions, such as install_dir, force, and rename, while others
are specific to the type of files being installed (e.g., install mode for files,
pkgconfig for .pc files).

13.1.2 Common install_* () Functions

1. install ()

The install () function is one of the most versatile and frequently used
installation functions. It is used to install a wide range of files, including
executables, libraries, configuration files, and documentation. You can specify
where the file should be installed, its installation mode (permissions), and whether

to force installation even if a file already exists.

install (
files: 'my_program',
install_dir: join_paths(get_option('prefix'), 'bin')

In this example, my_program will be installed into the bin directory of the
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installation prefix, typically /usr/local/binor /usr/bin, depending on the

value of prefix.

The install_dir argument is a key part of this function. It specifies the
directory where the files should be installed. Meson automatically handles the
creation of any necessary subdirectories. You can use get _option ('prefix"')

to retrieve the installation prefix, which is typically set at configure time.

. install headers()

The install_headers () function is used to install header files, which are
necessary for compiling code that depends on your library or framework. It ensures
that header files are placed in the correct directory, usually a system include path

like /usr/local/include.

install headers (
'my_header.h',
install_dir: join_paths(get_option('prefix'), 'include',

— 'my_project')

This example installs the my_header.h file into the include/my project
directory of the installation prefix. The install_dir argument specifies the

installation path, allowing you to group related headers in a subdirectory.

. install man ()

For projects that provide man pages, the install_man () function ensures that
the man pages are installed into the appropriate manual section directories, typically

located in /usr/share/man.
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install_man (
'my_program.l',
install_dir: join_paths(get_option('prefix'), 'share', 'man',

N 'manl')

This command installs the my_program. 1 man page into the manl directory,
which is standard for section 1 of man pages (user commands). As with other
installation functions, the install_dir specifies the target directory, which is

usually set relative to the installation prefix.

. install data()

The install data () function is used to install arbitrary data files that may not
fall into the categories of headers, man pages, or binaries. This can include
configuration files, scripts, or any other file required for your software to function

correctly when deployed.

install_data(
'config.conf',
install_dir: join_paths(get_option('prefix'), 'etc',

— 'my_project')

In this example, the config. conf file is installed to the et c/my_project
directory under the installation prefix. This is typical for configuration files, which

are usually placed in /et c on most systems.
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13.1.3 Specifying Installation Directories

The install _dir argument is fundamental to all install _x () functions. It
determines where the files will be placed on the target system. You can use various
predefined variables and functions to customize the installation path. Some common

options include:

* get option('prefix'): The base directory where software is installed (e.g.,

/usr/local).

* join paths (): A function used to concatenate directories in a platform-agnostic

manner.

bindir, libdir, includedir: These are common default directories for
binaries, libraries, and headers, respectively, based on the operating system and

package conventions.

datadir, infodir, manprefix: Other specialized directories for installing

data files, info files, and man pages.
Example:

install (
files: 'my_program',
install dir: join_paths(get_option('prefix'), 'libexec',

— 'my_project')

This command installs my_program into the 1ibexec/my_project directory, a
location commonly used for executable programs that are not intended to be called

directly by users but are used by other programs.
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13.1.4 Controlling File Installation Behavior

Meson offers several ways to control how files are installed to ensure that they are
properly handled according to the target system's needs. Some of the most commonly

used options include:

1. install mode

The install mode argument allows you to specify the file permissions of the
installed file. It takes a numeric value representing the file's permissions, in octal
format. The default is 00644, which gives read and write permissions to the owner,

and read-only permissions to others.

install (
files: 'my_program',
install dir: join_paths(get_option('prefix'), 'bin'),
install_mode: '755"

Here, the my_program file is installed with the executable permission (755),

ensuring that it is marked as executable on Unix-like systems.

2. force

The force argument determines whether files that already exist at the target
location should be overwritten. If set to t rue, Meson will overwrite any existing

files with the same name.

install (
files: 'my_program',

install dir: join_paths(get_option('prefix'), 'bin'),
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force: true

This ensures that if an old version of my _program exists, it will be replaced by the

new version during installation.

3. rename

The rename argument allows you to specify a new name for the file when it is
installed. This can be useful if you want to install a file under a different name than

the one used during the build process.

install (
files: 'my_program',
install_dir: join_paths(get_option('prefix'), 'bin'),
rename: 'my_program_v2'

In this example, my_program will be installed under the name my_program_v2

in the bin directory.

13.1.5 Example: Installing a Complete Project

Here is an example that combines several of the install_x () functions to install a

complete project:

install(
files: 'my_program',

install_dir: join_paths(get_option('prefix'), 'bin'),
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install_headers (
'my_header.h',
install dir: join_paths(get_option('prefix'), 'include',

— 'my_project')

install_man (
'my_program.l',
install_dir: join_paths(get_option('prefix'), 'share', 'man',

< 'manl')

install_data(
'config.conf',

install dir: join_paths(get_option('prefix'), 'etc', 'my_project')

This example installs the program executable, header files, man pages, and configuration

files into their respective directories under the installation prefix.

13.1.6 Conclusion

The install_x () functions in Meson provide a flexible and powerful way to manage
the installation of files during the build process. By properly defining installation paths
and controlling various aspects of file handling (such as permissions, overwriting, and
renaming), developers can ensure that their software is correctly packaged and ready for
distribution. Understanding these functions is essential for developers who want to
automate the installation process and follow system conventions for file placement, which

is crucial for creating portable, maintainable software packages.
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13.2 Creating .deb and . rpm Packages

Creating distributable package formats like . deb for Debian-based systems and . rpm for
Red Hat-based systems is a critical step in the software distribution process. These
package formats are widely used in Linux distributions and ensure that software can be
easily installed, upgraded, and removed via package management systems such as apt for
.deb packages and dnf or yum for . rpm packages.

Meson, with its powerful build system capabilities, includes native support for generating
.deb and . rpm packages, making it easier for developers to prepare their software for
distribution. In this section, we will discuss how to create these packages using Meson,
including configuration, necessary metadata, and the process of building and installing the

packages.

13.2.1 Overview of Packaging with Meson

Meson offers tools and functionality to automate the packaging process for both . deb
and . rpm formats. By defining packaging metadata, the build system can produce the
necessary structure for these package formats, including placing files in the correct
directories, adding installation instructions, and embedding required metadata like
package version, dependencies, and installation paths.

The packaging tools in Meson work by creating a package description file that contains all
the information needed to create the . deb or . rpm package, such as the package’s name,
version, dependencies, and file locations. Once this is configured, Meson handles the

creation of the package.

13.2.2 . deb Packages

2.2 .deb Packages
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1. Defining . deb Packaging Information

To create a . deb package with Meson, you need to define the necessary packaging
details in your meson.build file. This includes specifying the package name,

version, description, and dependencies, as well as defining which files should be

included in the package.
Example:
project ('my_project', 'c', version: '1.0.0")
install (
files: 'my_program',

install_dir: join_paths(get_option('prefix'), 'bin')

# Packaging definition
package (
name: 'my_project',
version: '1.0.0"',
description: 'My Project Description',
license: 'MIT',

homepage: 'https://example.com/my_project',

packager: 'Your Name <your.email@example.com>',
section: 'utils',
depends: ['libc6', 'libstdc++6'],

# Optional: additional installation paths for files like headers
— Or man pages
install_headers(

'my_header.h',

install_dir: join_paths(get_option('prefix'), 'include',

— 'my_project')
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install_man (
'my_program.l',
install_dir: join_paths(get_option('prefix'), 'share', 'man',

o 'manl"')

In this example:

* package () is used to specify the name, version, description, license, and

dependencies for the . deb package.

e The install () function is used to define the files that will be included in

the package, such as executables, headers, and man pages.

* depends lists the runtime dependencies that should be included in the

package’s metadata.

2. Building . deb Packages

Once the necessary metadata and file installations are defined in the
meson.build file, you can build the . deb package using Meson’s build

commands. The command to generate the . deb package is as follows:

meson setup builddir
meson compile -C builddir

meson dist —-C builddir

* The meson setup command sets up the build environment.
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* The meson compile command compiles the project and prepares it for

distribution.

* The meson dist command generates the source distribution and package
files. The . deb package will be placed in the builddir or a specified

destination directory.

After building the package, you can install it using dpkg or apt on a Debian-based

system:

sudo dpkg -i my_project_1.0.0_amd64.deb

13.2.3 . rpm Packages

1. Defining . rpm Packaging Information

Similar to . deb packages, . rpm packages require packaging metadata. The
meson.build file needs to include information about the package name, version,
description, license, dependencies, and installation paths. Meson uses the

package () function to define the . rpm package metadata, just like it does for

. deb packages.

Example:

project ('my_project', 'c', version: '1.0.0")
install (

files: 'my_program',

install dir: join_paths(get_option('prefix'), 'bin')

# Packaging definition for .rpm
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package (
name: 'my_project',
version: '1.0.0'",

description: 'My Project Description',

license: 'MIT',

homepage: 'https://example.com/my_project',
packager: 'Your Name <your.email@example.com>',

depends: ['glibc', 'libstdc++'],

# Optional: additional installation paths for headers or man
< pages
install headers (

'my_header.h',

install_dir: join_paths(get_option('prefix'), 'include',

— 'my_project')

install_man (
'my_program.l',
install dir: join_paths(get_option('prefix'), 'share', 'man',

o 'manl')

This example is similar to the . deb package example but uses dependencies like
glibc and 1ibstdc++ that are common on Red Hat-based systems. The

metadata ensures that the correct dependencies are included in the . rpm package.

. Building . rpm Packages

Once the packaging information is configured, the process for building an . rpm

package is similar to that of a . deb package. You need to set up the build



288

environment, compile the project, and then create the . rpm package using the

meson dist command.

meson setup builddir
meson compile -C builddir

meson dist -C builddir

After running these commands, the . rpm package will be created in the distribution
directory. The . rpm package can be installed using rpm or dnf on Red Hat-based

systems:

sudo rpm —-i my_project-1.0.0-1.x86_64.rpm

13.2.4 Customizing the Packaging Process

Both . deb and . rpm packages support additional customization options beyond the
basic packaging process. Meson allows developers to define custom installation paths,
tweak package metadata, and include optional files in the package. The following features

can help further tailor the packaging process:

* Custom Control Files (for .deb packages): You can customize the control
file used in . deb packages by providing a custom file with additional metadata or

configuration for package dependencies and behavior during installation.

* Post-installation Scripts: Both . deb and . rpm packages can include
post-installation scripts to perform additional configuration after the package is
installed. These scripts can be written in shell script format and placed in the

appropriate directories (/etc/apt/postinst for .deb and /etc/rpm for
. rpm).
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* File Ownership and Permissions: You can specify file ownership and permissions
using the install_mode argument, ensuring that installed files are correctly

owned and have appropriate access control.

Example of using install _mode to control file permissions:

install (
files: 'my_program',
install dir: join_paths(get_option('prefix'), 'bin'),

install_mode: '755'"

In this case, the executable is installed with the correct executable permissions.

13.2.5 Conclusion

Creating . deb and . rpm packages with Meson allows developers to automate the
distribution of their software for Debian-based and Red Hat-based Linux systems. By
using Meson’s packaging functions and providing the correct metadata, developers can
ensure their software is packaged consistently and adheres to the package management
standards expected by these systems. The ability to customize installation paths,
dependencies, and file permissions further enhances the flexibility of the packaging
process. Meson’s integrated packaging capabilities make it a valuable tool for modern

software development, especially for projects targeting Linux distributions.
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13.3 Using meson install and DESTDIR for Staged

Installs

In software development, especially when preparing software for distribution or
deployment, it is often necessary to install files to a staging directory before moving them
to their final destination. This is particularly useful when packaging software, as it allows
developers to validate the installation process, check file permissions, and prepare
everything before performing the final installation. Meson provides powerful tools for
staged installs using the meson install command and the DESTDIR environment
variable.

This section explains the use of meson install in combination with the DESTDIR
variable, detailing how developers can control the installation process, handle multiple

installation stages, and ensure flexibility in the deployment of their software packages.

13.3.1 Overview of meson install

The meson install command is used to install the built files from the build directory
into the specified directories. By default, Meson installs files directly to the installation

prefix, usually defined by the ——pre fix option during the configuration phase. However,
sometimes, developers need to install files into a temporary directory (staging area) rather

than the final installation location. This is where the DESTDIR variable comes into play.

13.3.2 Using DESTDIR for Staged Installs

The DESTDIR environment variable is used to specify a temporary directory where the
files will be installed during the build process. When DESTDIR is set, Meson installs files
into that directory instead of the directories defined by the prefix. The files will retain

their full path structure but be installed within the staging directory, making it easier to
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package the software or perform further checks before the final deployment.

For example, consider the following steps for using DESTDIR:

1. Configure the Build: First, you would configure the build environment with Meson,
specifying the desired installation prefix (such as /usr/local or another default

installation path).

meson setup builddir —--prefix=/usr/local

2. Build the Project: After configuring the project, compile the project files using the

meson compile command:

meson compile -C builddir

3. Set DESTDIR and Install: Now, you can set the DESTDIR variable and use the
meson install command to install the files into a temporary staging directory,

typically within a directory structure like /tmp/staging/:

DESTDIR=/tmp/staging meson install -C builddir

This will install the software into the /tmp/staging directory instead of the
default installation paths. The final installation directory paths will remain relative

to the root of the DESTDIR directory.

4. Package the Software: After the installation is staged, you can package the
software by archiving the contents of the staging directory or copying them to a

location where packaging tools like dpkg or rpm can pick them up.

Example:
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tar czf my_project-1.0.0.tar.gz -C /tmp/staging

13.3.3 Why Use Staged Installs?

There are several reasons why developers prefer staged installations, particularly when

preparing software for packaging:

1. Separation of Build and Installation: Using a staging directory ensures that the
build and install processes are separated. This separation is crucial for testing and

verification before any files are copied to the final destination.

2. Consistency in Packaging: Many Linux distributions and other systems expect
software packages to be built in a controlled environment. By using a staging
directory, you can easily package the software without worrying about interference

with the system’s installed files.

3. Avoiding Conflicts: During development or testing, installing software directly into
system directories may result in conflicts with existing files. Staged installs mitigate
this risk by isolating the installation in a temporary directory, ensuring that no

unintended modifications occur in the system’s directories.

4. Building Multiple Versions: You can use staged installs to build and test multiple
versions of a program at the same time, each installed to its own staging directory.
This is particularly helpful when dealing with dependencies or building software for

different environments (e.g., development, testing, production).

13.3.4 Verifying the Staged Installation

Once the software has been staged using DESTDIR, it is important to verify the

installation. This can be done by inspecting the contents of the staging directory and
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ensuring that the files are correctly placed, have the correct permissions, and include all
required components (executables, libraries, headers, etc.).
For example, if the installation involves executables, you can check the bin directory

inside the staging directory:

ls /tmp/staging/usr/local/bin
Similarly, for libraries:

ls /tmp/staging/usr/local/lib

This verification ensures that the build and install steps are successful before packaging

and distribution.

13.3.5 Example Workflow

Here is a complete example workflow showing how to configure, build, install with

DESTDIR, and package the software:

1. Configure the Build:

meson setup builddir --prefix=/usr/local

2. Compile the Project:

meson compile -C builddir

3. Install with DESTDIR:
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DESTDIR=/tmp/staging meson install -C builddir

4. Verify the Staged Installation: Check the staging directory to ensure files were

installed correctly:

ls /tmp/staging/usr/local/bin
ls /tmp/staging/usr/local/lib

5. Package the Software: Use tar to package the staged files:

tar czf my_project-1.0.0.tar.gz -C /tmp/staging

6. Install the Package (optional): Install the packaged software (e.g., using dpkg for

Debian systems):

sudo dpkg —-i my_project-1.0.0.deb

13.3.6 Using meson install for Final Deployment

After the staged install and packaging process, you can use the meson install
command without DESTDIR for final deployment to the system, ensuring that files are
copied to their appropriate locations in the system directories. Typically, this is done once

the software package is verified and ready for installation:

sudo meson install -C builddir

This command installs the project directly to the system’s default directories, such as
/usr/local/bin, /usr/local/lib, or custom directories specified during

configuration.
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13.3.7 Conclusion

The meson install command, used in combination with the DESTD IR environment
variable, is a powerful tool for managing the installation process during software
development and packaging. By staging the installation, developers can ensure that the
software is correctly packaged and tested before being deployed to final system directories.
This approach provides flexibility, minimizes risks, and facilitates the creation of clean,

distributable software packages, particularly in Linux environments.



Chapter 14

Using Meson with Ninja and Other
Backends

14.1 Default Ninja Backend: How It Works

The Ninja build system is one of the primary backends supported by Meson, which makes
it the default backend for compiling and building projects. Meson uses Ninja for its fast

and efficient handling of build tasks, leveraging its lightweight structure and emphasis on
performance. This section explains how the Ninja backend works within the Meson build
system, detailing the process from configuration to build execution, along with the benefits

and inner workings of this backend.

14.1.1 Overview of Ninja Build System

Ninja is a small, fast build system that focuses on minimizing the overhead of task
execution. It is designed with the goal of being both fast and simple, taking advantage of a

more declarative approach to build management. Unlike traditional Makefiles, Ninja
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focuses on generating and executing tasks based on a dependency graph, which ensures
faster incremental builds by avoiding unnecessary operations.

Meson utilizes Ninja as its default backend due to Ninja's performance characteristics,
particularly in the context of large projects and multi-core systems. The build graph
created by Meson for Ninja is highly optimized, ensuring minimal rebuild times and

efficient parallelism during the build process.

14.1.2 How Meson Integrates with Ninja

Meson uses Ninja to execute the build instructions it generates. When you invoke Meson’s
build command with Ninja as the backend, Meson generates a set of files that Ninja reads
and executes. These files describe how the sources in the project relate to the targets and
define the steps Ninja should take to build the project.

The process of using Ninja with Meson involves two main steps: configuring the project

and building the project.

1. Configuring the Project with Meson

When you configure a project with Meson, Meson processes the project's
meson.build files and generates an internal build description, including a
dependency graph of tasks, sources, and targets. After configuration, Meson writes
this description into a file called build.nin7ja, which is specifically formatted

for Ninja to interpret.

For example, the configuration process might look like this:
meson setup builddir
This command reads the project's configuration and generates the necessary Ninja

files. The most important file is the build.ninja file, which contains all the

rules and dependencies for the build process.
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2. Building the Project with Ninja

Once the project is configured, the actual build process is triggered by running the
meson compile command. At this stage, Meson passes control over to Ninja,

which uses the build.ninja file to perform the build.

meson compile -C builddir

Ninja reads the dependency graph in build.ninja, identifies which tasks need
to be executed, and begins compiling the project. It performs tasks in parallel,
taking advantage of available cores on the machine, and ensures that only the

necessary parts of the project are rebuilt (i.e., it performs incremental builds).

During the build, Ninja will manage various steps, such as:

* Compiling source files into object files
* Linking object files to create executable binaries

* Running post-processing steps like packaging or testing (if defined)

Because Ninja is highly optimized for parallel task execution, it can quickly
determine the minimal set of tasks to execute, reducing build times and improving

efficiency compared to traditional build systems like Make.

14.1.3 The build.ninja File

The build.ninja file is a key component in the interaction between Meson and Ninja.
This file is automatically generated by Meson during the configuration step. It contains a
series of “rules” that describe how each target is built and its dependencies. The rules are
written in a format that Ninja can understand and execute.

The contents of a build.nin7ja file typically include:
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Variables: These define paths, compiler flags, and other configuration options used

throughout the build process.

* Rules: These specify how to perform certain actions (e.g., compiling source files,

linking object files, etc.). Each rule describes a command that should be run.

» Targets: These are the output files (e.g., executables, libraries) that are generated by
the build process. Targets depend on sources (input files), and Ninja ensures the

correct files are built in the right order.

* Phases: These represent different stages of the build process, such as

pre-processing, compilation, and post-processing.

Here’s a simplified example of what a portion of a build.ninja file might look like:

# Generated by Meson

cc = gcc
cflags = -02
sources = main.c utils.c

# Rule for compiling C source files
rule cc
command = $cc $cflags -c $in -o $Sout

description = Compiling $in to Sout

# Targets
build main.o: cc main.c
build utils.o: cc utils.c

build app: link main.o utils.o

In this example, build.ninja defines how to compile main.c and utils. c into

object files (main.o and utils. o) and then links those object files into an executable

app.
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14.1.4 Advantages of Using Ninja with Meson

There are several key advantages to using the Ninja backend with Meson:

* Fast Incremental Builds: Ninja excels at incremental builds. It efficiently
determines which files need to be rebuilt by analyzing the timestamps and

dependencies, ensuring that only the necessary parts of the project are recompiled.

 Parallel Execution: Ninja is optimized for parallel builds, meaning it can take full
advantage of multi-core systems, dramatically reducing build times for large

projects.

» Simplicity: Ninja's internal structure is simple and designed specifically for fast
build execution. Unlike Makefiles, which can become complex and difficult to
maintain, Ninja's focus on simplicity ensures that build systems remain efficient and

manageable.

* Performance: Ninja is one of the fastest build systems available due to its
minimalistic design and direct execution of build tasks without the overhead of

unnecessary steps.

* Integration with Meson: Meson’s abstraction layer allows developers to focus on
writing build scripts in a high-level, declarative manner. Ninja takes care of the

low-level build execution, making the overall process both powerful and flexible.

14.1.5 Customizing the Ninja Backend in Meson

While Meson defaults to using Ninja, it also allows for customization of the build process
through additional configuration options in the meson.build files. These options can
modify how the build.ninja file is generated, such as by overriding default flags,

specifying different compilers, or including additional steps in the build process.
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For instance, developers can specify custom flags to control how the project is built:
project ('example', 'c', default_options: ['c_args=-Wall'])

This will pass the —-Wa 11l flag to the C compiler when building the project, and the
corresponding Ninja build files will reflect this change.
Additionally, Meson supports the use of other backends (such as make, vs2019, and

xcode), but Ninja remains the default due to its performance advantages.

14.1.6 Troubleshooting and Debugging the Ninja Build Process

If a build fails when using the Ninja backend, Meson provides tools to diagnose and debug

the issue:

* Verbose Mode: You can run Ninja in verbose mode to see the full commands being
executed during the build process. This can help identify issues with specific

commands or missing dependencies.

meson compile -C builddir —--verbose

* Re-running the Configuration: If there’s an issue with the build.ninja file or
the configuration, you can re-run the configuration step using the

—-—-reconfigure option:

meson setup —-reconfigure builddir

* Logs and Output: Meson’s build logs and the output from Ninja can provide
valuable insights into what went wrong. Investigating the logs often points to
specific errors, such as missing libraries, misconfigured compilers, or broken

dependencies.
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14.1.7 Conclusion

The default Ninja backend in Meson provides a high-performance, scalable, and efficient
build system that is ideal for large projects. It ensures fast incremental builds, parallel
execution, and a simple yet powerful configuration process. By generating
build.nin7ja files and delegating task execution to Ninja, Meson users benefit from an
optimized and reliable build process, making it one of the best choices for modern

software development workflows.
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14.2 Generating VSCode, Xcode, and Eclipse Projects

Meson, by default, is designed to work with build systems such as Ninja. However, it also
provides mechanisms for integrating with integrated development environments (IDEs)
like Visual Studio Code (VSCode), Xcode, and Eclipse. This functionality allows you to
generate project files that these IDEs can interpret, enabling developers to work within
their preferred development environments while still benefiting from Meson's powerful
build system.

This section explains how Meson can be used to generate project files for VSCode, Xcode,
and Eclipse, providing an easy path for developers to work with these popular IDEs

without losing the advantages of Meson’s build system.

14.2.1 Generating Visual Studio Code (VSCode) Projects

Visual Studio Code (VSCode) is a lightweight, open-source editor that supports a wide
range of languages and extensions. Meson offers a way to integrate with VSCode by
generating the necessary configuration files that the editor requires to understand the

project structure and to provide build and debugging capabilities.

1. Setting Up VSCode with Meson

Meson generates a . vscode directory containing configuration files necessary for
VSCode to build and run the project. This includes the tasks for building and
debugging, as well as other configuration settings related to the workspace. You can

generate these files with the meson command.

The basic command to generate VSCode project files is:

meson setup builddir —--ide=vs
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This command will create a . vscode directory inside the builddir (or any

specified directory). Inside, you will find configuration files such as:

* tasks.json: Defines tasks for building the project using Meson. It is where the

build commands are specified.

* launch.json: Used for defining debugging configurations in VSCode. This file

will set up the necessary environment for running and debugging the project.

* settings.json: Optional, but can be used for specifying additional VSCode

settings related to the build or editor behavior.

Once generated, you can open the project folder in VSCode. The editor should
automatically detect the . vscode folder and offer you the correct build and
debugging configurations. You can then use the “Run” or “Debug” options directly

from VSCode to trigger builds and debugging sessions.

2. Benefits of VSCode Integration

* Build and Debug Support: With the generated tasks. json and
launch. json files, developers can build, run, and debug their projects from

within the VSCode interface.

* Workspace Configuration: The VSCode configuration files ensure that the
workspace settings are tailored for Meson builds, improving the experience for

users who prefer to remain in their IDE.

» Ease of Use: Meson’s integration with VSCode simplifies setup by
automatically generating the necessary project files, eliminating the need for

manual configuration.
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14.2.2 Generating Xcode Projects

Xcode is a popular IDE for macOS and iOS development. Meson supports generating
Xcode project files, allowing macOS developers to build and manage their projects within

the Xcode ecosystem while benefiting from Meson’s fast and efficient build system.

1. Setting Up Xcode with Meson

To generate Xcode project files, use the following command in your Meson project

directory:

meson setup builddir —--ide=xcode

This command will create an Xcode workspace in the builddir directory,

including project files such as:

* Xcode Project File (. xcodepro3j): Contains all the necessary

configurations to build and manage your project in Xcode.

* Workspace File (. xcworkspace): For projects that need to manage

multiple related projects within the same Xcode workspace.

Once generated, you can open the . xcworkspace file in Xcode. This will launch
the Xcode IDE, and you will see your Meson project integrated into the Xcode

environment, ready for building and debugging.

2. Benefits of Xcode Integration

* Native macOS/iOS Development: Meson’s Xcode support ensures seamless

integration for macOS or 10S developers who prefer to work within the Xcode

ecosystem.
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* Advanced IDE Features: Developers can take advantage of Xcode’s
advanced features such as profiling, debugging, and device deployment, all

while using Meson as the build system.

* Multi-Target Support: Xcode’s workspace allows you to manage multiple
projects within the same environment, making it easier to work with complex

systems.

14.2.3 Generating Eclipse Projects

Eclipse is a popular IDE known for its support of Java and C/C++ development. For C++
developers, Eclipse uses the Eclipse CDT (C/C++ Development Tooling) plugin. Meson
provides support for generating Eclipse project files, allowing developers to integrate the

Meson build system with the Eclipse environment.

1. Setting Up Eclipse with Meson

To generate Eclipse CDT project files, use the following command:

meson setup builddir -—-ide=eclipse

This command will generate an Eclipse project structure within the builddir
directory. It will include the necessary project files and configuration for Eclipse
CDT:

* Eclipse Project Files (.project, .cproject): These files define the
structure of the project within Eclipse, including information about the source

code, dependencies, and build configurations.

* Makefile: While Eclipse uses its own CDT plugin, it can still use a Makefile
or another supported build system. Meson will ensure that the necessary files

are generated for Eclipse to invoke the appropriate build steps.
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Once generated, you can open the project in Eclipse by selecting the project folder
or importing it directly into the Eclipse workspace. Eclipse will automatically

recognize the project files and configure the environment for building the project.

2. Benefits of Eclipse Integration

* C++ Development: Meson’s Eclipse integration is particularly beneficial for
C++ developers who rely on Eclipse CDT for managing complex codebases

and debugging.

* Cross-Platform Support: Eclipse is a cross-platform IDE, and with Meson’s
support, developers can work on their projects on multiple platforms (Linux,

macOS, Windows) without switching IDEs.

* Rich Ecosystem: Eclipse offers a wide array of plugins and integrations, such
as version control, test frameworks, and profiling tools, which can be used

alongside Meson for an enhanced development experience.

14.2.4 Differences in Project Generation

Although Meson can generate project files for VSCode, Xcode, and Eclipse, the types of

configurations and the level of integration vary across the different environments:

* VSCode: The configuration for VSCode is generally focused on task automation,
with files like tasks. json and 1aunch. json that set up the build, run, and
debug processes. It integrates closely with Meson’s build system and is best for

lightweight, fast workflows.

* Xcode: For macOS and iOS developers, Meson generates a full Xcode project with
all the necessary configurations for building and deploying apps on Apple platforms.
It includes the . xcodeproj and . xcworkspace files, which allow users to

manage projects, set build settings, and deploy directly from Xcode.
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* Eclipse: Eclipse’s integration with Meson is focused on C++ development, with
Meson generating project files that work with Eclipse CDT. This integration
includes Makefiles and the necessary configurations to build and run projects within
the Eclipse environment, while Eclipse users can leverage the rich tooling for

debugging and profiling.

14.2.5 Customizing IDE Integrations

Meson provides flexibility for customizing the generated IDE project files. This is
particularly useful when you need specific project settings, such as custom build flags, or
when you need to configure additional project modules. Meson allows you to pass custom
options during setup to influence how the IDE project files are generated.

For example, to specify custom compiler flags for a project, you can modify the Meson

setup command:
meson setup builddir --ide=vs —--default-library=static —--cflags=-n

This allows you to tailor the configuration to your project’s needs, ensuring that the

IDE-generated project files reflect the right build options.

14.2.6 Conclusion

Generating project files for popular IDEs like VSCode, Xcode, and Eclipse is a key
feature of Meson, making it easier for developers to use their preferred development
environments while still benefiting from the power and speed of the Meson build system.
Whether you are working with lightweight editors like VSCode or large, feature-rich
environments like Xcode and Eclipse, Meson ensures seamless integration, allowing you
to build, debug, and deploy your projects directly from within the IDE. The flexibility to
customize these integrations further enhances Meson’s usability, making it an excellent

choice for modern build systems.
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14.3 Using Meson with Make and Other Custom Backends

Meson is a highly flexible and powerful build system that is designed to support a variety
of backends. While Meson’s default backend is Ninja, it also allows developers to use
other backends, such as Make, for specific use cases. Meson’s ability to work with
multiple backends provides a high level of customization, making it adaptable to different
workflows, system constraints, and developer preferences.

This section explores how Meson integrates with Make and other custom backends.
Understanding how to leverage these options will help developers better align Meson with

their project requirements and provide the flexibility needed in complex build scenarios.

14.3.1 Using Meson with Make

Make has been a widely used build system for decades, with a long history in Unix-based
environments. While Meson itself is optimized for performance with Ninja, Make remains
a popular choice in certain ecosystems due to its ubiquity and simplicity. Meson provides
support for generating Makefiles, allowing users to build their projects using the

traditional Make system, while still benefiting from Meson’s superior features.

1. Setting Up Meson with Make

To configure a Meson project to use Make as the backend, you can specify the
backend during the setup step using the ——backend option. Here’s an example of

how to set up a project with Make:

meson setup builddir —--backend=make

This command will instruct Meson to generate a Makefile-based build system in the

builddir. It generates the necessary files for building the project using Make,
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leveraging Meson’s configuration options, but without the performance benefits

provided by Ninja.

The generated Makefiles will still be optimized and managed by Meson, but you
will now use the familiar make command to build the project. The primary
difference between using Ninja and Make is that with Make, you are tied to the
typical behavior of make, which may involve more overhead or slower

performance, especially for large projects.

. Limitations and Trade-offs of Using Make

While Make is a solid build system with a long track record, it comes with several

drawbacks compared to Meson’s default backend (Ninja):

* Slower Performance: One of the main reasons why Meson prefers Ninja over
Make is that Ninja is optimized for faster builds. Make can be slower,
especially for large projects, due to its sequential execution model and lack of

efficient dependency tracking.

* Limited Parallelism: Although Make does support parallel builds with the -7
flag, it is not as efficient as Ninja’s parallelism model. Ninja handles
dependencies more intelligently, reducing unnecessary rebuilds and making

the build process faster overall.

* Less Advanced Features: Meson with Ninja supports advanced features like
incremental builds, automatic dependency tracking, and fine-grained control

over the build process, which may not be as easily achievable with Makefiles.

Despite these limitations, there are cases where Make might still be preferred,
particularly in legacy systems or environments where Ninja is not available or not

preferred. In these scenarios, Meson’s support for Make ensures that developers can
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still use Meson’s advanced configuration capabilities while integrating with existing

build infrastructures.

14.3.2 Custom Backends in Meson

In addition to the built-in support for Make and Ninja, Meson allows developers to define
custom backends. Custom backends offer an even higher degree of flexibility for
integrating Meson with other build tools or custom workflows that may not be directly

supported by the default backends.

1. Defining Custom Backends

Meson’s backend system is designed to be extensible, allowing developers to create
custom backends suited to their unique needs. This is particularly useful when
working in specialized environments where existing backends like Ninja or Make

are not optimal or when you want to integrate Meson with a specific build system.

To create a custom backend, you would need to implement a backend plugin in
Python. Meson provides an API that allows developers to define how source files
are compiled, linked, and how targets are handled. Custom backends can interact

with other build tools or processes to control the build workflow.

2. Practical Use Cases for Custom Backends

* Legacy Build Systems: In cases where your organization is still using older
build systems or proprietary tools, you can create a custom backend that

allows Meson to work seamlessly with these systems.

* Non-Standard Platforms: Custom backends are useful when building for
specialized hardware or platforms that require non-standard build steps or

integrations with platform-specific tools.
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¢ Integrating with Other Build Systems: Some developers may want to
integrate Meson with other tools (e.g., CMake, SCons) to manage specific
aspects of their projects while relying on Meson for the overall build

configuration. Custom backends allow this level of integration.

* Cross-Platform Projects: For projects targeting multiple platforms, including
embedded systems, custom backends can help configure the build system to
use platform-specific tools or workflows, ensuring that the build process

adapts appropriately depending on the target system.

3. Writing a Simple Custom Backend

A simple custom backend can be written by subclassing Meson’s Backend class
and implementing the required methods to handle build actions. For example, you
would define how source files are compiled, what outputs are generated, and how

dependencies are managed.

Here’s a simplified skeleton of what a custom backend might look like:
from mesonbuild.backends import Backend

class CustomBackend (Backend) :
def _ init_ (self, build_dir, options):

super () .__init__ (build_dir, options)

def generate(self, project):
# Define custom logic to generate the build system files

pass

def compile(self, sources, output):
# Define custom logic to compile source files

pass
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def link(self, object_files, output):
# Define custom logic to link object files

pass

# Register the backend with Meson

meson.backends.register_backend('custom', CustomBackend)

This class is just a basic outline, but it shows how you can define custom behavior
for the build system. You would implement the specific steps for compilation,
linking, and any other necessary actions for your particular build system or

toolchain.

14.3.3 Combining Meson with Existing Build Systems

For many projects, a hybrid approach works best. You can combine Meson with other
existing build systems by using custom backends or integrating them into the build
process. For instance, if you are working with CMake or Autotools, you can use Meson to
generate project files for Ninja or Make while still allowing CMake or Autotools to handle
specific build steps where necessary.

This approach provides a clean way to modernize build processes while retaining
compatibility with legacy systems. By using Meson for configuration and project
management, you can keep the benefits of modern, fast builds while integrating with older

tools as needed.

14.3.4 Managing Build Outputs and Artifacts with Custom Backends

Custom backends are also crucial for managing build outputs and artifacts, especially in
more complex or specialized build environments. Meson allows backends to define

exactly how outputs (such as libraries, executables, and other build artifacts) are generated
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and stored. This flexibility is important in situations where you need to output files in
custom locations, modify their formats, or handle post-build actions (like packaging or
deployment).

A custom backend can dictate exactly where the build outputs should go, or it can trigger
additional tasks after the build, such as running tests or generating documentation. These
features allow developers to tailor the build system to the specific needs of the project and

its deployment requirements.

14.3.5 Conclusion

While Meson’s default backend, Ninja, offers outstanding performance, the ability to
integrate with other backends such as Make and custom backends greatly enhances its
versatility. By supporting Make and allowing for the development of custom backends,
Meson can be used in virtually any build system context, whether integrating with legacy
tools or creating entirely new workflows. Whether you need to work with an existing
Make-based infrastructure, target specialized hardware, or create a completely customized
build process, Meson’s backend flexibility ensures that it remains an adaptable and

powerful tool for modern build systems.



Chapter 15

Integrating Meson with Other Build

Systems

15.1 Using Meson with CMake Projects

Meson is a modern, fast, and highly flexible build system that offers a variety of features
for managing complex build processes. However, many organizations still use CMake, a
widely adopted build system generator, for their projects. Integrating Meson with CMake
projects allows developers to leverage the strengths of both tools without fully abandoning
existing infrastructure. This section explores how to use Meson with CMake projects,
providing strategies for combining the strengths of Meson’s advanced configuration

features with the widespread use of CMake.

15.1.1 The Need for Integration

CMake remains a dominant player in the build system landscape due to its broad adoption,

particularly in large projects and open-source ecosystems. However, Meson has rapidly

315
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gained popularity, especially for new projects that prioritize speed and simplicity. In some
cases, developers may wish to continue using CMake for certain aspects of their build
processes, either due to legacy reasons or because they rely on specific CMake features
(such as specialized handling of third-party libraries, complex toolchains, or compatibility
with IDEs like Visual Studio).

By integrating Meson into CMake projects, teams can:

» Take advantage of Meson’s faster build performance and simpler syntax for new

development.

 Preserve existing CMake-based workflows, especially in large codebases or for

projects that require long-term compatibility.

* Gradually migrate from CMake to Meson, which can be beneficial in incremental

adoption strategies for evolving projects.

Meson and CMake serve different purposes within the same toolchain and can
complement each other when used together. This section covers practical approaches for

integrating Meson into CMake-based projects without disrupting the overall build flow.

15.1.2 Configuring Meson to Work with CMake Projects

Integrating Meson with an existing CMake project requires configuring both systems to
coexist and work together seamlessly. This can be achieved in a few ways, depending on

the specific requirements of the project and the level of integration needed.

1. Running Meson as a CMake External Project

One way to integrate Meson with CMake is by using CMake’s
ExternalProject module, which allows CMake to call external build systems,

including Meson, as part of the overall build process. This setup is useful when you
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want to keep the core CMake-based build process but integrate Meson for specific

tasks, such as building external dependencies or generating configuration files.

Here’s an example of how to set up an ExternalProject in CMake to invoke

Meson:

include (ExternalProject)

ExternalProject_Add(
meson_project
PREFIX S${CMAKE_BINARY_DIR}/meson_build
GIT_REPOSITORY <repository_url>
GIT_TAG <commit_or_tag>
CMAKE_ARGS -DCMAKE_INSTALL_PREFIX=<install_directory>

In this example, the ExternalProject_Add command allows Meson to be
invoked as an external build process from within CMake. You can specify the
repository or local path to the Meson project, pass configuration arguments (e.g.,

installation paths), and integrate it into the CMake-based workflow.

This approach is useful for gradually migrating parts of a project to Meson while
maintaining CMake as the primary build system. It also allows for mixing Meson
and CMake for different parts of the build, such as using Meson for

performance-critical components or modernizing smaller portions of the codebase.

. Using Meson as a CMake Subproject

CMake’s subproject system allows the inclusion of one build system within another.
This feature can be used to integrate Meson directly into the CMake project as a
subproject. This setup works by creating a Meson-based subproject that is invoked

from within the main CMake project, allowing for the coexistence of both systems.
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To set this up, you would define a Meson subproject using CMake’s
add_subdirectory () or ExternalProject_Add () directives. Here’s an

example of how to integrate Meson into a CMake project as a subproject:

add_subdirectory (meson_project_directory)

In this configuration, Meson is used as a subproject that can be built alongside the
CMake project. This setup is ideal when you want to incorporate Meson to manage
specific modules or dependencies without disrupting the overall CMake

configuration.

. Generating CMake Configuration Files from Meson

In some cases, it might be beneficial to generate CMake configuration files from a
Meson build. This is particularly useful when you want to use Meson’s
configuration system to generate environment variables, paths, and dependencies,

but still need to support CMake for compatibility with external tools or platforms.

To do this, Meson provides the meson —-gen-cmake command, which
generates CMake configuration files from the Meson build environment. These
generated files can then be used in the CMake build process, making it possible to
integrate Meson’s advanced configuration and build features with the CMake

workflow.

meson setup builddir

meson ——-gen-cmake builddir

The output will include CMake configuration files that can be included into the
CMake-based build system. This allows you to take advantage of Meson’s powerful
configuration system while still maintaining compatibility with CMake-based

workflows.
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15.1.3 Handling Dependencies between Meson and CMake

When working with both Meson and CMake in the same project, handling dependencies
becomes crucial. Since CMake and Meson have different ways of managing external
libraries and dependencies, it is essential to ensure that the dependencies are correctly

shared between the two systems.

1. Sharing External Dependencies

To ensure that both Meson and CMake use the same external dependencies, you can
configure each system to refer to a common set of libraries or external projects. This

can be done in several ways:

* Manual Configuration: Manually set the paths for the dependencies in both
the Meson and CMake configurations. This ensures that both build systems
use the same versions of external libraries, but it requires extra work to

maintain synchronization.

* Meson Subprojects in CMake: If you are using Meson as a subproject within
CMake, you can have Meson manage the dependencies for specific parts of the
project, while CMake handles the rest. This method works well when Meson

is used for modernizing or optimizing specific components of the project.

* CMake Modules in Meson: Another approach is to generate CMake modules
using Meson to handle dependency resolution and then pass these modules to
the CMake configuration. This setup is useful for bridging the gap between
Meson’s advanced dependency management features and CMake’s ecosystem

of modules and packages.

2. Synchronizing Build Targets
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Since Meson and CMake each have their own methods for defining build targets, it
is important to ensure that both systems are aware of the build targets and outputs of

the other. You can achieve this by:

* Defining Shared Targets: For shared targets, ensure that both Meson and
CMake are configured to build the same executables, libraries, or other outputs.
This may involve manually setting the target names and ensuring both systems

are aware of each other’s build outputs.

* Custom Build Scripts: Another method is to create custom build scripts that
invoke both Meson and CMake in sequence. This ensures that the outputs of
one system are available to the other, and allows you to control the order of

operations.

15.1.4 Advantages and Limitations of Integrating Meson with CMake

Integrating Meson with CMake offers several advantages, such as the ability to take
advantage of Meson’s fast and efficient build system while maintaining compatibility with
CMake. However, this integration is not without challenges, and developers must carefully

consider the following factors:
1. Advantages

* Incremental Adoption: The ability to gradually migrate to Meson while
retaining CMake ensures that teams can adopt new technologies without

completely abandoning their existing infrastructure.

* Leverage Strengths of Both Systems: Meson’s speed and simplicity
complement CMake’s extensive ecosystem, allowing developers to benefit

from the best features of both tools.
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* Compatibility with External Tools: Since CMake is still widely used in
various environments, integrating Meson allows for continued compatibility

with these tools while taking advantage of Meson’s modern build capabilities.
2. Limitations

* Increased Complexity: Integrating two build systems adds complexity to the
build process, requiring additional configuration and maintenance to ensure

both systems work together seamlessly.

* Dependency Management: Handling dependencies across both build systems
can be cumbersome, especially when dealing with different package managers

or external libraries.

* Potential for Conflicts: There is a risk of conflicts between the configuration
options and build targets in Meson and CMake. These conflicts must be

carefully managed to avoid issues during the build process.

15.1.5 Conclusion

Using Meson with CMake projects can be a highly effective way to combine the strengths
of both build systems. By carefully configuring the integration points, developers can
modernize their build systems incrementally while preserving compatibility with existing
CMake-based workflows. Whether through ExternalProject, subprojects, or
generating CMake configuration files from Meson, this integration offers flexibility and

control in complex development environments.
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15.2 Mixing Meson with Autotools-based Projects

Autotools is a classic build system that has been widely adopted in the open-source
community. It includes a suite of tools like autoconf, automake, and 1ibtool,
which are designed to configure, build, and install software in a portable and flexible
manner. However, with the rise of more modern build systems like Meson, developers
often need to work with both Autotools and Meson in the same project. This section
explores how to effectively mix Meson with Autotools-based projects, combining the
benefits of both systems while maintaining compatibility and leveraging each tool's

strengths.

15.2.1 The Need for Integration

Autotools remains a popular choice for many legacy and widely used open-source projects,
especially those that require extensive configuration flexibility and portability across
different Unix-like systems. Despite its age, Autotools continues to be the default choice
in many cases due to its long-standing compatibility with a wide range of platforms and
tools.

On the other hand, Meson provides a more modern, faster, and simpler approach to
building software. It is designed to be both easy to use and highly efficient, addressing
many of the shortcomings of Autotools, such as slow configuration times, complex syntax,
and lack of intuitive error messages.

Incorporating Meson into an Autotools-based project allows developers to take advantage
of Meson’s speed and user-friendly syntax, while preserving compatibility with legacy
systems that rely on Autotools. This can be particularly useful when upgrading or
modernizing large, complex projects without a complete overhaul of the existing build

system.
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15.2.2 Configuring Meson for Autotools Projects

Integrating Meson into an Autotools-based project requires configuring both systems to
work together efficiently. The integration strategy will depend on whether Meson is to be
used as a replacement for certain parts of the Autotools build process, or if it will coexist

with Autotools for managing different aspects of the build.

1. Running Meson as a Subproject in an Autotools Project

One of the most straightforward ways to integrate Meson with an existing Autotools
project is by using Meson as a subproject. Meson provides the ability to build its
own subprojects, which can then be incorporated into the larger Autotools-based

build system.

In this setup, the Autotools build process can include a call to Meson as a subproject
for building specific parts of the project, such as modern modules, dependencies, or
submodules that would benefit from Meson’s efficiency. To set this up, the project
directory structure must include both the Autotools configuration and Meson files

for the relevant subprojects.

Here’s an example of how to configure this approach:

1. Create a meson .build file for the subproject: Inside the subproject
directory, create a meson .build file that defines the build rules for the

module or dependency being managed by Meson.

2. Modify the Autotools Makefile.am to call Meson: In the parent project’s
Makefile.am, add arule to call Meson for building the subproject. This is
typically done using the $ (MAKE) command or a custom make rule,

specifying the Meson commands to invoke.
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SUBDIRS = meson_subproject

meson_subproject:
meson setup builddir

meson compile -C builddir

This setup allows Meson to manage specific subprojects while Autotools continues
to handle the rest of the project. This approach is particularly useful when only a
small portion of the project needs to be modernized with Meson, such as for

performance-critical components or external libraries.

. Using Meson to Generate Autotools Files

In some cases, Meson can be used to generate Autotools configuration files,
allowing for a smoother integration between the two systems. By leveraging
Meson’s powerful configuration and build system capabilities, you can use it to
generate some of the files that Autotools typically relies on, such as

configure.ac or Makefile.am files.

While Meson does not directly generate Autotools files, you can create a workflow
where Meson is responsible for certain configuration aspects (e.g., detecting
dependencies or setting environment variables) and then outputs the necessary files

for Autotools to use. For example:

1. Use Meson to detect dependencies: Meson can be used to check for the
presence of libraries, tools, or system features, and then generate a

configuration file that Autotools can use during its . /configure stage.

2. Create ameson.build script: Meson will generate certain configuration

details that can be exported to an Autotools-friendly format, such as checking
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for required libraries or software packages, and outputting the results in a way

that Autotools can understand.

Although this approach requires some manual setup, it offers the advantage of using
Meson’s fast and efficient configuration capabilities, while still allowing Autotools

to handle the rest of the build system.

. Calling Autotools from a Meson Project

In cases where Meson is the primary build system but certain components require
Autotools for compatibility or other reasons, it is possible to call the Autotools build
process from within Meson. This is useful when integrating legacy components or
tools that rely heavily on Autotools, but you want to take advantage of Meson’s

faster build times and simpler syntax for the majority of the project.

To call Autotools from a Meson project, you can use the custom_target ()
function within the meson .build file. This function allows you to run arbitrary
shell commands during the build process. By calling Autotools from within Meson,
you can execute the necessary Autotools commands, such as autoreconf or

make, as part of Meson’s build flow.

Here is an example of calling Autotools from a Meson build:

custom_target ('build_autotools',

input: ['some_file'],
output: ['output_file'],
command: ['sh', '-c¢', 'autoreconf -ivf && ./configure && make']

This command runs the Autotools autoreconf command to regenerate

configuration files, followed by the standard . /configure and make commands
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to build the project. By using this approach, Meson can drive the Autotools-based

build process alongside its own build system.

15.2.3 Managing Dependencies Between Meson and Autotools

When mixing Meson with Autotools, managing dependencies can be challenging, as both
systems have their own methods of handling external libraries, tools, and configurations.
To ensure smooth interaction between the two systems, careful management of

dependencies is essential.

1. External Dependencies

To integrate external dependencies in both Meson and Autotools, you can define
shared dependency locations or use tools like pkg-config that both systems
support. For example, you can set up shared environment variables that point to the
locations of libraries or other external dependencies, ensuring that both Meson and

Autotools can find the same resources.

* Using pkg—config: Both Meson and Autotools support pkg-config,
which is commonly used to manage external dependencies in C and C++
projects. By ensuring that pkg—config is correctly set up, both systems can

share dependency information.

2. Defining Common Targets

When working with both Meson and Autotools, it’s important to define common

build targets to ensure that both systems are aware of each other’s outputs. You can
do this by creating consistent naming conventions for targets, ensuring that the build
targets defined in Meson and Autotools match up. This way, you avoid conflicts and

ensure that both build systems contribute to the final output.
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* Consistent Naming: Ensure that the names of executables, libraries, and other
build outputs are consistent across both systems. This reduces confusion and

minimizes the risk of mismatched dependencies or build errors.

* Custom Rules: In some cases, you might need to create custom rules to link
targets between Meson and Autotools. For example, if a library is built with
Autotools but used by a Meson-managed project, you can write custom rules

to ensure that the library is linked properly.

15.2.4 Advantages and Challenges of Mixing Meson with Autotools

1. Advantages

* Incremental Migration: Mixing Meson with Autotools allows developers to
gradually migrate to Meson without fully abandoning their existing

Autotools-based build system.

* Modernization: For projects that are still tied to Autotools but want to benefit
from Meson’s speed and simplicity, this integration allows modernization of

the build process while maintaining backward compatibility.

* Flexible Build Configuration: By combining both systems, developers can
take advantage of the unique strengths of each, such as Autotools’

configurability and Meson’s ease of use and speed.
2. Challenges

* Increased Complexity: Managing two build systems adds complexity to the
project, requiring additional configuration and maintenance to ensure

compatibility between the systems.
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* Dependency Management: Handling dependencies across both systems can
be cumbersome, especially when dealing with different package managers or

configurations.

* Build Coordination: Ensuring that Meson and Autotools are aware of each
other’s build targets and outputs can be challenging, requiring careful

coordination of the build process.

15.2.5 Conclusion

Mixing Meson with Autotools in a single project provides a pathway for modernization
while preserving compatibility with legacy systems. By carefully configuring both build
systems, developers can take advantage of Meson’s fast, modern approach to building
software, while continuing to support the extensive compatibility of Autotools. Whether
through subprojects, generating configuration files, or calling one system from the other,
these integration strategies provide flexibility for maintaining and evolving complex

software projects.
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15.3 Hybrid Builds: Combining Meson with Make

Hybrid builds are becoming increasingly popular in modern software development
environments, as they allow developers to leverage the strengths of multiple build systems.
Combining Meson, a modern and fast build system, with Make, a long-established tool,
can offer advantages in terms of both performance and flexibility. This section explores
how to create hybrid builds by integrating Meson with Make, enabling the use of both

systems in the same project.

15.3.1 The Rationale for Hybrid Builds

Make has been a standard tool in the Unix-like environment for decades. It is well-known
for its simplicity and widespread use, particularly in legacy projects. While Meson
provides more advanced features, such as faster build times, improved error handling, and
a more intuitive syntax, there are cases where integrating Make into a Meson-based

project can be beneficial:

1. Legacy Build Systems: Many older projects still rely on Makefiles. Migrating an
entire project to a new build system like Meson can be a significant undertaking. A
hybrid approach allows incremental migration, where new components can be built

with Meson while maintaining Make for the rest of the project.

2. Custom Make Rules: Some projects require custom build rules or complex build
steps that may be difficult to express in Meson’s syntax. In these cases, Make can be

used to handle these custom steps, while Meson manages the rest of the project.

3. Pre-existing Makefiles: Many open-source projects have well-established
Makefiles. Instead of rewriting these files for Meson, you can configure Meson to

invoke the Make build system for these parts of the project.
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4. Seamless Integration: In some cases, Meson may be used for faster builds and
modern features, while Make can still manage certain parts of the project,
particularly in the context of larger, multi-tool environments where various legacy

components must be accommodated.

15.3.2 Configuring Meson and Make for Hybrid Builds

Integrating Meson with Make requires careful configuration of both build systems to
ensure compatibility and efficient execution. Meson can be used as the primary build
system, invoking Make for specific targets or components, or vice versa, depending on

project requirements.

1. Invoking Make from a Meson Build

One of the simplest methods of integrating Meson with Make is to invoke Make
from within Meson itself. This is often done when certain components of the project
already have Makefiles, or when Meson needs to invoke specific Make-based

processes that are difficult to replicate in Meson.

Meson provides the custom_target () function, which can be used to run
arbitrary shell commands, including invoking Make. This function allows
developers to integrate existing Makefiles into the Meson build process without

having to rewrite them.

Here is an example of how to invoke Make from a Meson build:

custom_target ('build_with_make',
input: ['source.c'],
output: ['output.o'],

command: ['make', 'target_name']
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In this example, Meson will invoke the make target_name command to build
the target target _name, while still managing the overall build process. The
input and output parameters define the source files and the resulting output

files, ensuring that Meson can track the build status and dependencies properly.

Another common use case is when Make needs to be used for configuration tasks,
such as running aut oreconf or generating specific files that Meson is unable to

produce.

custom_target ('configure_with_make',

input: [],
output: ['config.h'],
command: ['make', 'configure']

This setup will invoke Make to run a custom configure target defined in the
Makefile, generating a configuration file like config.h. After this step, Meson

can take over the remaining build tasks.

. Make as a Subproject in Meson

In some cases, you may want to integrate Make-based components or entire projects
into Meson as subprojects. This can be particularly useful when dealing with large
projects that have distinct parts, some of which may be better suited to Make rather

than Meson.

To achieve this, Meson supports the use of subprojects. A subproject in Meson is
essentially a separate build system that is invoked from the main Meson project.
While Meson does not natively support Make as a subproject type, it is still possible
to include Makefiles within a Meson project by using subdir or

custom_target () in the appropriate manner.
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For example, to include a Make-based subproject, you can configure the project like

this:

subdir ('make_based_project"')

Inside the make based_project directory, the Makefiles can be maintained and
executed as part of the overall Meson build process. Meson will handle the
configuration and build steps for the main project, while delegating specific build
tasks to Make.

Alternatively, for complex or specialized builds, you can define custom targets for

the subproject that call Make directly.

. Using Make for Specific Build Targets

Another approach for combining Meson and Make is to configure specific build
targets in Make, which can be invoked by Meson when necessary. This is especially
useful when you need to manage custom build steps that are difficult to express

within the Meson build system.

For example, suppose you have a project that builds a set of executables with
complex build rules, defined in a Makefile. You can configure Meson to invoke

these specific Make targets:

custom_target ('build_executables',

input: ['main.c', 'helper.c'],
output: ['main', 'helper'l],
command: ['make', 'executables_target']

In this example, the Makefile defines a target called executables_target that



333

builds both the main and helper executables. Meson will invoke Make to run

this target as part of the overall build process.

Alternatively, Meson can be used for compiling and linking, while Make can handle

tasks such as cleaning up temporary files or performing post-build actions.

custom_target ('clean_temp_files',

input: ['temp_file.o'],
output: [1],
command: ['make', 'clean']

This way, Make can manage specific tasks that are outside the scope of Meson’s

native capabilities.

15.3.3 Managing Dependencies Between Meson and Make

When combining Meson and Make, managing dependencies can become complex,
especially when both systems need to interact with the same source code or third-party
libraries. This requires careful coordination to ensure that both systems are aware of each

other’s dependencies and build outputs.

1. Shared Libraries and Objects

One key challenge in hybrid builds is managing shared libraries and object files
between Meson and Make. Since both build systems can generate object files and
libraries, you need to ensure that these outputs are compatible and accessible to both
systems. For example, Meson can build a set of object files and then pass them to
Make for further processing, such as creating shared libraries or handling

platform-specific optimizations.
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2. External Dependencies

For external dependencies, it is important to ensure that both Meson and Make are
using the same set of library paths and flags. This is especially true if both build
systems are managing different parts of the project but rely on the same external

libraries.

One common solution is to use pkg—config, which is compatible with both
Meson and Make. By ensuring that both build systems have access to the same

pkg-config flags, you can maintain consistency and avoid dependency issues.

dependency ('libexample', required: true)

In this case, both Meson and Make will rely on the same library flags to ensure

proper linking and compilation.

15.3.4 Advantages and Challenges of Hybrid Builds

1. Advantages

* Incremental Migration: Hybrid builds allow for gradual migration from
Make to Meson, reducing the need for a complete rewrite of existing
Makefiles.

* Flexibility: By combining the strengths of both systems, you can use the best

features of Make and Meson for different parts of your project.

* Legacy Support: Hybrid builds allow you to maintain compatibility with
legacy projects that rely on Make, while still benefiting from Meson’s modern

features for new components.



335

* Customizability: Hybrid builds are useful for projects that require complex
custom build rules or specialized build steps that are more easily expressed in
Make.

2. Challenges

* Increased Complexity: Maintaining two build systems can increase project
complexity, requiring more effort to ensure that both Meson and Make

configurations are compatible.

* Dependency Management: Coordinating dependencies between Meson and
Make can be difficult, especially if both systems are managing different parts
of the project.

* Build Coordination: Ensuring that Meson and Make operate smoothly

together requires careful coordination of build targets, file paths, and outputs.

15.3.5 Conclusion

Combining Meson with Make in a hybrid build system provides flexibility and allows
developers to benefit from the strengths of both tools. While integrating these systems
requires careful planning and configuration, it can be a powerful way to modernize a
legacy project while preserving compatibility with existing Makefiles. By using Meson to
handle the majority of the build process and invoking Make for specific tasks, developers
can create a build system that is both efficient and highly customizable, allowing for

incremental migration and smoother integration with existing tools and processes.
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Chapter 16

Large-Scale Project Management with

Meson

16.1 Organizing a Large Project Structure

Organizing a large project structure is one of the most crucial steps in ensuring that a
software project can scale efficiently and remain maintainable over time. With Meson, the
organization of a project structure can be streamlined, enabling developers to create robust,
maintainable, and high-performing builds for large-scale systems. This section focuses on
strategies and best practices for organizing large project structures using Meson,

leveraging its flexibility and efficiency for managing complex codebases.

1.1 The Importance of a Well-Organized Project Structure A well-organized project

structure is essential in large software projects for several reasons:

* Maintainability: Clear structure makes it easier to understand, maintain, and

extend the project over time.

338
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* Modularity: It allows you to break the project into smaller, manageable

components, facilitating modular development, testing, and debugging.

* Scalability: As the project grows, a solid structure ensures that new features,

components, and third-party dependencies can be integrated seamlessly.

* Collaboration: A structured project with clear separation of concerns fosters better
collaboration among team members by establishing clear boundaries and

responsibilities.

A proper structure also helps with build system efficiency. Meson enables fine-grained
control over the build process, ensuring that dependencies are correctly managed,

parallelism is optimized, and builds are fast and reliable.

1.2 High-Level Organization of a Large Project with Meson For large projects,
Meson typically recommends organizing the project with a clear division into top-level
directories, subdirectories, and build files that adhere to best practices. This
organization helps both developers and the build system understand the dependencies,
component relationships, and the project’s general architecture. The basic structure of a

Meson-based project might look like this:

project/

777777777 meson.build # Main project build file
_________ src/ # Source code files

—— meson.build # Build file for source files
— modulel/ # Module 1 source files

777777777 meson.build # Build file for module 1
o module2/ # Module 2 source files

N — meson.build # Build file for module 2
_________ include/ # Header files

,,,,,,,,, modulel/ # Module 1 headers
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—— module2/ # Module 2 headers

————————— lib/ # Static and dynamic libraries
_________ tests/ # Test files

o meson.build # Build file for tests
_________ docs/ # Documentation files
L index.rst # Root file for documentation
————————— third_party/ # Third-party dependencies or

— submodules

In this structure:

* Top-Level Meson Build File (meson.build): The primary entry point for the

build system, which defines project-wide settings, options, and configurations.

* Source Code Directory (src/): Contains the project's primary source files. Each
submodule (e.g., modulel/, module2/) should have its own meson.build

file, defining specific build targets, dependencies, and options related to that module.

* Include Directory (include/): Stores header files for the project’s public API.
It’s common to organize the headers into subdirectories based on modules or

components.

* Library Directory (1ib/): Compiled static or shared libraries generated from
source code. This directory can include both internal libraries and third-party

dependencies.

* Test Directory (tests/): Contains unit tests, integration tests, or any form of

testing scripts. This is also where testing frameworks can be defined.

* Documentation Directory (docs/): Contains project documentation, often
generated with tools like Sphinx. Meson integrates well with tools like Doxygen or

Sphinx for documenting projects.
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* Third-Party Directory (third_party/): This directory holds third-party
libraries or dependencies. These can be external libraries pulled from version

control systems, or packaged dependencies that the project relies on.

Each of these subdirectories will contain their own meson.build files, allowing for

fine-grained control over how different parts of the project are built and tested.

1.3 Structuring with Subprojects and Dependencies In large projects, it is common to
divide functionality into subprojects. A subproject in Meson is a project within a project
that can either be a fully independent project or an integrated part of a larger build.
Subprojects allow for managing dependencies separately, promoting reusability and
simplifying integration.

Meson supports two types of subprojects:

* Subdirectories: These are parts of the main project that are handled by separate
meson.build files within subdirectories. This approach is typical for modular

projects where each module may have its own build logic.

* External Subprojects: Meson also supports pulling external dependencies, whether
through version control or as packaged sources. These can be managed by including

them as subprojects, making it easier to handle third-party libraries and frameworks.

For example, if you are using an external library like 1 ibfoo, you can include it as a

subproject like so:
subproject ('libfoo')

This will fetch and configure 1ibfoo as part of the build process. Subprojects can be
fetched from Git repositories, tarballs, or other sources. This ensures that the required

version of the dependency is always available.
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The advantage of using subprojects is that they can be managed independently, versioned

separately, and built in parallel with the main project, streamlining the build process.

1.4 Structuring Code for Parallel Builds One of the primary benefits of using Meson
is its support for parallel builds. Meson optimizes builds by allowing them to be executed
in parallel as much as possible. This feature becomes especially important when dealing
with large projects, as it drastically reduces the overall build time.

To take full advantage of parallel builds, it's important to organize the project in a way that

maximizes parallelization. This means:

* Breaking down the project into smaller, self-contained components: Organize

code into logically separated modules or libraries that can be built independently.

* Defining interdependencies clearly: In the meson.build files, ensure that
dependencies between targets are defined clearly. Meson will automatically

determine the best order in which to build components based on these dependencies.

* Avoiding unnecessary dependencies: Minimize inter-module dependencies to
maximize parallelism. If modules only need to be linked together at the final stage,

they can be built independently of each other.

The meson.build files can specify target dependencies with commands like
dependency () and 1ink_with (), ensuring that the proper relationships between

modules are maintained without unnecessarily restricting parallelism.

libfoo = static_library('foo', 'foo.c')

libbar = static_library('bar', 'bar.c', link_with: libfoo)

In this example, 1 ibfoo can be built independently of 1ibbar, but 1ibbar depends

on 1ibfoo, so Meson ensures 1ibfoo is built first, followed by 1ibbar.
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1.5 Best Practices for Maintaining a Large Project Structure For large-scale projects,
following best practices for organization is essential for long-term success. Some of these

best practices include:

* Clear Separation of Concerns: Keep different components of the project
well-separated. For example, the src/ directory should only contain source code,
while the include/ directory should contain only header files. This clear

separation makes it easier to manage the project as it grows.

* Consistent Naming Conventions: Stick to consistent naming conventions for
directories, files, and target names. This helps keep the project understandable and
manageable over time. For example, use the same naming pattern for all module

directories and corresponding meson .build files.

* Modularization: Divide the project into modules, each with its own set of
responsibilities. Modules should be as independent as possible, minimizing
inter-module dependencies. This makes testing, maintenance, and upgrades easier

in the future.

 Scalability: When building projects that are expected to scale, ensure that the
project structure can accommodate future growth. Use Meson’s ability to define
custom targets and subprojects to ensure that new features or components can be

easily added to the build system.

* Documentation: Maintain proper documentation for each part of the project, both
for internal developers and external users. Meson’s integration with tools like
Doxygen allows developers to automatically generate documentation from source

code.

* Centralized Configuration: Use the main meson.build file at the top level to

define project-wide configuration, such as compiler settings, flags, and options. This
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centralized configuration ensures consistency across all parts of the project and

simplifies changes to the build process.

* Testing and CI Integration: For large projects, integrating continuous integration
(CI) systems is essential. Use Meson’s test () function to define automated tests
and integrate with CI services such as Jenkins, GitLab CI, or GitHub Actions. This

ensures that the project remains in a working state as it grows.

1.6 Conclusion Organizing a large project structure with Meson involves balancing
modularity, maintainability, and scalability. By structuring the project with clear
directories for source code, libraries, tests, and documentation, and by using Meson’s
features like subprojects, parallel builds, and dependency management, developers can
efficiently manage large codebases. Best practices such as clear separation of concerns,
consistent naming conventions, and integration with CI systems help ensure that the
project remains maintainable and scalable as it evolves. Meson’s flexibility and
performance make it an excellent choice for managing large projects, providing a robust

framework for building, testing, and maintaining complex software systems.
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16.2 Using Subprojects and Dependencies

In large-scale project management, the use of subprojects and dependencies is crucial to
streamline the build process and manage external libraries and modules effectively.
Meson’s flexible approach to subprojects and dependencies allows developers to create
more modular, maintainable, and scalable builds. This section will explore how to utilize
subprojects and manage dependencies within a Meson-based build system, offering

practical strategies and real-world examples for large projects.

2.1 Understanding Subprojects in Meson Subprojects in Meson are self-contained
parts of a larger project, typically used for including third-party libraries or even splitting
parts of a project into manageable units. These subprojects are useful for projects that rely
on external libraries or when the project itself is divided into multiple components, each
with its own build configuration.

Meson makes it straightforward to include subprojects either as local directories or
external projects. A subproject can be integrated into the build process using the
subproject () function, and Meson takes care of resolving dependencies, configuring,

and building the subproject.

Types of Subprojects

* Local Subprojects: These are directories within the project that contain their own
meson.build files. They can be treated as separate parts of the project but are

fully integrated into the main build system.

» External Subprojects: These refer to external dependencies that are fetched and
built as part of the Meson build process. External subprojects are typically pulled

from a version control system or downloaded as source packages.
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For example, to include a local subproject in the main build system, the following

configuration is used:

subproject ('libfoo')

This will include the subproject located in the 1ibfoo/ directory. Meson automatically
handles configuring and building the subproject as part of the main project’s build process.

For external subprojects, you might define something like:

libfoo = subproject('libfoo').get_variable('libfoo')

This instructs Meson to fetch and configure 1ibfoo as an external dependency, making it

available for linking or other operations in the main project.

2.2 Dependency Management in Meson Meson provides a sophisticated system for
handling dependencies, which allows it to find, configure, and link dependencies
automatically. Proper dependency management is vital for large projects, as it reduces
manual errors, ensures compatibility across various components, and optimizes the build
process.

Meson supports two primary types of dependencies:

1. Build Dependencies: Dependencies that are necessary for the build process but are
not part of the runtime. These could include build tools, compilers, or other utilities

required during the compilation phase.

2. Runtime Dependencies: Dependencies that are necessary for the application to
function at runtime. These typically include libraries that are linked into the final

executable or dynamic shared objects.
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To manage dependencies, Meson provides the dependency () function. This function
searches for the requested dependency in various locations and ensures that the correct
version is used.

For example, to find the z1ib library, you would use:
zlib_dep = dependency('zlib')

This will locate the z11ib library, handle any necessary version checks, and provide the

appropriate flags for compilation.

Specifying Versions and Compatibility
One of Meson’s strengths is its ability to manage specific versions of dependencies,
ensuring that your project links against compatible versions. The dependency ()

function allows specifying minimum or exact versions:
zlib_dep = dependency('zlib', version: '>=1.2.11")

This would ensure that at least version 1.2 .11 of z11ib is used. Meson also allows

specifying a version range to match a particular range of versions if you need flexibility:

boost_dep = dependency('boost', version: '>=1.70.0', version:

— '<1.80.0")

This will ensure that Meson uses a version of Boost within the specified range,

guaranteeing compatibility with your project.

2.3 Managing Transitive Dependencies Transitive dependencies are libraries or
modules that are dependencies of other dependencies. When managing large projects, it’s
important to properly handle transitive dependencies to ensure that all required libraries

are included and linked.
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Meson handles transitive dependencies automatically, meaning that if a dependency you
are using itself depends on another library, Meson will also fetch and configure that
transitive dependency for you. This allows you to focus on the main dependencies of your
project without worrying about managing every single transitive dependency.

For example, if your project depends on 1ibbar, and 1ibbar in turn depends on
libfoo, Meson will handle the entire chain of dependencies, making sure that 1ibfoo

is fetched, configured, and linked into the build process.

2.4 Handling External Dependencies For external dependencies, Meson supports two

key methods for integration:

1. Pkg-config: Meson integrates with pkg-config to find and configure external
dependencies. If a package provides a . pc file, Meson can automatically use it to
retrieve the necessary compiler and linker flags. This is commonly used for

dependencies that follow the standard pkg—config format.

2. Custom External Projects: In cases where a dependency is not available through
pkg-config oris custom-built, Meson allows you to create external projects that
fetch and build the dependency. This is done using the external project ()
function, which downloads, configures, and builds dependencies as part of the build

process.

For example, if you need to download and build a custom library, you could use:

external_dep = external_project (
'libcustom',
git: 'https://github.com/example/libcustom.git',

revision: 'v1.0.0',
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This would fetch the specified version of 1ibcustom from the Git repository, configure

it, and include it in the build.

2.5 Subproject Configuration and Reuse One of the main benefits of using subprojects
is the ability to reconfigure and reuse them in different contexts. Subprojects are often
self-contained and reusable in different projects, but they can also be configured with
different options or flags depending on the specific needs of the project.

Meson allows you to define configuration options for subprojects, ensuring that they can
be tailored to your specific build requirements. For example, you can configure the build

options for a subproject:

foo subproject ('foo') .get_variable('foo')

bar = subproject ('bar').get_variable('bar', buildtype: 'debug')

This approach allows you to build dependencies with specific configurations depending on

the context, such as debugging, optimizations, or special features.

2.6 Isolating and Versioning Dependencies In large projects, there can be conflicts
between different versions of the same dependency. Meson provides strategies to handle
multiple versions of the same library by isolating dependencies in specific subprojects.
This ensures that different components of a project can use different versions of the same
library, avoiding conflicts.

Meson’s subproject system can fetch and build multiple versions of the same library,
ensuring that each part of the project gets the correct version. This is particularly useful
when integrating third-party libraries that may have different version requirements.

By isolating dependencies within subprojects, you can avoid dependency conflicts, reduce
versioning issues, and maintain greater control over which versions of libraries are used in

specific parts of your project.
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2.7 Best Practices for Managing Subprojects and Dependencies

* Pin Versions: Always specify exact versions or version ranges for dependencies to
avoid surprises during the build process. This ensures that the same version of a

library is used every time the project is built.

* Modularize Dependencies: Where possible, break down your project into
submodules or subprojects. This modular approach not only keeps the build system

clean and manageable but also allows for easier testing and integration.

* Use External Dependencies Where Possible: Instead of building dependencies
from scratch every time, consider using system libraries or package managers to
install external dependencies, as this reduces build time and avoids unnecessary

duplication.

* Isolation of Subprojects: Keep third-party dependencies isolated in subprojects.
This practice helps to avoid conflicts with other libraries and ensures that each
subproject is configured independently, allowing you to upgrade or modify

subprojects without affecting the main project.

* Testing Dependencies: When using external dependencies or subprojects, include
proper testing to verify that the integration is working as expected. Meson’s testing
framework integrates well with external dependencies, and automating this ensures

that changes to a dependency don’t break your build.

2.8 Conclusion Using subprojects and managing dependencies effectively is crucial for
large-scale project management. Meson’s ability to handle subprojects, external
dependencies, and transitive dependencies simplifies the process of integrating libraries
and ensures that your project can scale efficiently. By following best practices such as

version pinning, modularization, and testing, you can maintain a clean and robust build
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system that can handle the complexities of large projects. Meson’s flexible dependency
management system empowers developers to create modular, maintainable, and scalable

builds with minimal effort.
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16.3 Versioning and Maintaining Builds

In large-scale projects, maintaining consistent builds across different environments,
versions, and configurations is essential to ensuring the integrity and stability of the
project over time. Meson, with its flexible versioning system and robust build
management tools, provides developers with the ability to efficiently handle build
versioning, maintain compatibility, and address long-term project needs. This section
explores how to implement versioning strategies and effectively maintain builds

throughout the lifecycle of a large project.

3.1 Versioning Strategies for Large-Scale Projects Versioning is a key aspect of
managing large projects, especially when multiple teams or modules are involved. A
well-defined versioning strategy helps ensure compatibility between different components,
track changes over time, and communicate the stability of the project to developers,

stakeholders, and end-users.

* Semantic Versioning

Meson supports semantic versioning (SemVer), a widely used convention for
versioning software. SemVer provides a systematic way of versioning that makes it
easy to identify the nature of changes in a new release. The format typically follows

MAJOR.MINOR.PATCH:

— MAJOR: Incremented for breaking changes that are not backward compatible.

— MINOR: Incremented when new features are added in a backward-compatible

manner.

— PATCH: Incremented for bug fixes or minor changes that do not affect
compatibility.
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In Meson, versioning can be specified for subprojects and dependencies, ensuring
that the correct version is used when building a project. Using SemVer helps to
avoid compatibility issues when integrating new or updated dependencies and can

be enforced using the version argument in Meson build definitions.

Example:

project ('example_project', 'cpp', version: '1.2.0")

This specifies the version of the project as 1.2 . 0, adhering to SemVer principles.
This versioning scheme helps developers manage backward compatibility while

allowing them to release new features and fixes without breaking the build.

Version Control for Dependencies

Meson supports dependency versioning, ensuring that only compatible versions of
libraries and dependencies are linked into the project. By defining specific version
ranges for dependencies, Meson enables a version control system for external

libraries. This allows developers to handle situations where a dependency may have

multiple versions, some of which are not backward compatible.

For example, if a project depends on 1 ibfoo and only works with version

>=1.0.0and <2.0.0, this can be enforced through Meson’s dependency

function:
libfoo_dep = dependency('libfoo', version: '>=1.0.0', version:
- '<2.0.0")

This ensures that Meson only uses a version of 1ibfoo within the specified range,
thus avoiding potential incompatibilities or errors due to a breaking change in a

newer version.
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3.2 Maintaining Consistency in Builds Consistency is key to ensuring reliable builds
over time, especially for large-scale projects that may span across multiple teams,
environments, and platforms. Meson provides several strategies for maintaining
consistency, such as enforcing specific build configurations, managing environment

variables, and integrating external tools for version control and build auditing.

* Build Types and Configuration

Meson allows projects to be built in different build types, such as debug,

release, or testing. This flexibility is essential when maintaining consistency
across different environments. By defining the build type and using the appropriate
flags, developers ensure that their builds meet the intended quality and performance

requirements.

For instance, a release build might use optimizations, while a debug build might
include extra debugging information. The buildtype argument in Meson is used

to specify these configurations:

project ('example_project', 'cpp', buildtype: 'release')

This ensures that all builds are configured according to the project’s requirements

and the selected build type.

¢ Consistent Toolchains and Environments

Meson integrates with system toolchains and environment settings, allowing
developers to maintain consistency across different build environments. Toolchains
define the set of compilers, linkers, and build tools used for the project. By
explicitly defining a toolchain in the Meson build file, developers ensure that the
project is built with the correct tools, avoiding issues when building on different

systems or environments.
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Meson’s integration with external tools such as pkg-config and CMake allows the
system to automatically locate and configure external dependencies, ensuring that
the correct versions of libraries are used in the build. This is particularly useful
when managing external dependencies or when dealing with a heterogeneous build
environment, where different systems might have different versions of the same

tools.

toolchain = meson.get_toolchain ()

This command retrieves the current toolchain settings and ensures the build process

uses the correct compilers and build tools.

3.3 Handling Branches, Releases, and Tags Managing different versions and branches
of a project is essential for long-term maintainability, especially for projects that have

multiple active versions, such as a stable release branch and a development branch.

* Git and Version Tags

Meson integrates seamlessly with Git and other version control systems, allowing
developers to maintain consistent versions of the project and manage different
release branches. Git tags are often used to mark specific versions or milestones,
and Meson can use these tags to track and manage builds. This integration allows

you to specify which version of the code to use for a particular build.
For example, using Git, a developer can tag a release with a version number like

v1.0.0:

git tag v1.0.0
git push origin v1.0.0
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Then, Meson can use this tag to pull the correct version of the repository when

building the project.

project ('example_project', 'cpp', version: 'v1.0.0")

This ensures that the build is consistent with the tagged version of the project,

avoiding issues with development branches or untagged changes.

* Managing Different Branches

In large-scale projects, different branches might correspond to different stages of
development. Meson supports the concept of managing these different branches by
allowing developers to specify custom versioning schemes based on the branch or

version control system.

For example, developers working on a develop branch might configure Meson to
use a specific version of a dependency that differs from the master branch. This
flexibility ensures that the build system adapts to the specific needs of each branch,

making it easier to manage multiple development streams simultaneously.

if get_option('branch') == 'develop'
version = '2.0.0-alpha’

else
version = '1.0.0"'

This condition allows different versions of the project to be specified depending on
the branch, facilitating parallel development and testing of new features or bug fixes

without affecting the main production branch.

3.4 Automating Versioning with Meson To streamline versioning and automate

updates, Meson allows for version information to be included directly within the build
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configuration. For example, Meson can generate a version header file that contains version

information for use by the application during runtime.

version_header = configure_file(
output: 'version.h',
configuration: {

'PROJECT_VERSION': meson.project_version(),

This configuration automatically generates a version. h file, which can be included in
the project’s source code to provide version information dynamically. This ensures that
the version number is consistently updated across different parts of the project and
prevents discrepancies between the version in the codebase and the version specified in the

build configuration.

3.5 Long-Term Maintenance and Backward Compatibility As projects evolve,
maintaining backward compatibility and ensuring that legacy versions of the software
continue to work correctly is essential. Meson helps by allowing for flexible configuration
and modularization of build steps, making it easier to update parts of a project while

maintaining compatibility with older versions.

Keeping Legacy Versions Stable

In long-term projects, it’s common to maintain older versions for compatibility with
existing users while also introducing new features or changes. Meson allows for the
creation of multiple configurations and build targets for different versions of the software,
which makes it easier to manage legacy builds alongside newer development.

For example, maintaining a 1 . x version of the project while also working on a 2 . x
branch can be done using different Meson configurations or different build targets that are

optimized for specific versions.
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project ('example_project', 'cpp', version: 'l.x')

This allows the project to keep older versions stable while allowing new features and

improvements to be integrated into newer versions.

3.6 Best Practices for Versioning and Maintenance

* Automate Versioning: Use Meson’s built-in versioning features to automate
version management and ensure that version numbers are consistent across the

project.

* Define Version Ranges: When working with dependencies, always specify version

ranges to ensure compatibility and avoid conflicts with incompatible versions.

* Tag Releases in Git: Use Git tags to mark release versions, making it easy to track

the project’s version history and integrate with Meson’s versioning system.

* Use Build Types: Define clear build types such as debug, release, and

testing to ensure consistent builds for different environments.

* Maintain Backward Compatibility: For long-term projects, ensure that older
versions of the project are still maintained, while also evolving the project with new

features in newer versions.

By following these strategies, developers can ensure that their builds remain consistent,
maintainable, and compatible with various environments, while also preparing the project
for long-term success. Meson’s powerful versioning and build management tools provide

the flexibility and control needed for large-scale projects to thrive.
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CI/CD and Automation with Meson

17.1 Setting up Meson with GitHub Actions, GitLab
CI/CD, and Jenkins

In today's software development landscape, continuous integration (CI) and continuous
deployment (CD) play a pivotal role in ensuring fast, reliable, and consistent software
delivery. Meson, as a modern build system, can be seamlessly integrated with popular
CI/CD tools like GitHub Actions, GitLab CI/CD, and Jenkins. This section delves into the
best practices for setting up Meson with these tools, allowing you to automate builds, tests,

and deployment pipelines efficiently.

1.1 Setting Up Meson with GitHub Actions GitHub Actions is an automation platform
that allows developers to automate workflows directly within their GitHub repositories.
By integrating Meson into GitHub Actions, you can set up an efficient CI/CD pipeline for

building and testing your project.
¢ Basic Workflow for Meson on GitHub Actions

359
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To get started with GitHub Actions and Meson, you first need to define a workflow
file in your repository’s . github/workflows directory. This workflow file
describes the various steps that need to be executed for continuous integration. A

typical setup for Meson with GitHub Actions includes:

Setting up the environment (e.g., installing Meson, Ninja, dependencies)

Configuring the build

Running tests

Uploading build artifacts (optional)

Example meson . yml workflow:
name: Meson Build

on:
push:
branches:
- main
pull_ request:
branches:

- main

jobs:
build:

runs—-on: ubuntu-latest
steps:
— name: Checkout code

uses: actions/checkout@v2

— name: Set up Python
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uses: actions/setup-python@v2
with:

python-version: '3.x'

— name: Install Meson and Ninja
run: |
sudo apt update

sudo apt install meson ninja-build

— name: Install dependencies
run: |

meson setup builddir

— name: Build the project
run: |

meson compile -C builddir

— name: Run tests
run: |

meson test -C builddir

In this example:

— The workflow is triggered on pushes and pull requests to the main branch.
— GitHub's hosted runners use Ubuntu as the base environment.
— Meson and Ninja are installed, and the project is set up using meson setup.

— The project is built with meson compile, and tests are executed with

meson test.

* Handling Dependencies in GitHub Actions



362

When setting up a Meson project in a CI environment like GitHub Actions,
dependencies must be properly managed. For many open-source projects, this might
involve installing system dependencies, such as libraries and development tools, or
using subprojects defined in Meson’s build files. In the GitHub Actions workflow,

you can include additional steps for dependency installation.

Example of installing dependencies using apt:

— name: Install dependencies
run: |
sudo apt—-get update
sudo apt—-get install libssl-dev libcurlé4-openssl-dev

For more complex projects requiring specific versions or tools, the workflow can
also be extended to download and set up dependencies from external sources or

package managers.

1.2 Setting Up Meson with GitLab CI/CD GitLab CI/CD is a powerful tool for
automating your software development process. It enables the building, testing, and
deployment of applications with minimal configuration. Integrating Meson with GitLab
CI/CD requires creating a .gitlab-ci.yml file at the root of the repository. This
YAML file defines the CI/CD pipeline stages, including setup, build, test, and deployment.

* Example .gitlab-ci.yml for Meson
stages:
- build

- test

variables:
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MESON_BUILD DIR: builddir
MESON_INSTALL DIR: /opt/meson

before_script:
- sudo apt—-get update

- sudo apt—-get install -y meson ninja-build

build:
stage: build
script:
- meson setup S$SMESON_BUILD_DIR
- meson compile -C $MESON_BUILD_DIR

test:
stage: test
script:
- meson test -C $MESON_BUILD_DIR

This configuration sets up a two-stage pipeline with a build and test stage:

1. Before Script: Installs Meson and Ninja using apt —get.

2. Build Stage: The meson setup command is used to configure the build,

followed by the meson compile command to build the project.

3. Test Stage: After building the project, the meson test command runs all

defined tests.

* Optimizing Dependencies in GitLab CI/CD

In GitLab CI/CD, you can define external dependencies in a similar manner as with

GitHub Actions. However, GitLab’s ability to cache dependencies between pipeline
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runs can significantly speed up subsequent builds. To cache dependencies, you can

use GitLab’s cache functionality:

cache:
paths:
- builddir

- 7 /.cache/meson

This configuration caches the build directory and Meson’s internal cache directory

to persist dependencies across different CI/CD runs.

1.3 Setting Up Meson with Jenkins Jenkins, one of the most widely used CI/CD tools,
provides a more customizable environment for running automated builds. Integrating
Meson into Jenkins requires setting up a Jenkinsfile, which defines the pipeline stages for

building, testing, and deploying the project.
* Example Jenkinsfile for Meson

pipeline {
agent any
environment ({
MESON_BUILD_DIR = 'builddir’
}
stages {
stage ('Setup') {
steps {
script {
sh 'sudo apt—-get update'
sh 'sudo apt-get install -y meson

— ninja-build'’
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}
stage ('Build') {
steps {
script {

sh
sh

'meson setup $SMESON_BUILD_DIR'

'meson compile —-C $MESON_BUILD_DIR'

}
stage ('Test') {

steps {
script {
sh 'meson test -C SMESON_BRUILD_DIR'
}
}
}
}
post {
always {
echo 'Cleaning up after the build.'
cleanWs ()
}
}
}
In this Jenkins pipeline:

— The Setup stage installs Meson and Ninja using the apt —get package
manager.

— The Build stage runs meson setup to configure the build and meson
compile to compile the project.



366

— The Test stage runs meson test to execute the tests after the build is

complete.

— The Post block ensures that the workspace is cleaned up after the pipeline

completes.

* Jenkins Configuration for Dependency Management

Just like with GitHub Actions and GitLab, Jenkins requires you to handle external
dependencies. For more complex builds, you may need to install libraries or
third-party tools. Additionally, you can use Jenkins' caching features (like the
workspace or Maven repository cache) to avoid re-downloading dependencies

during every build.

¢ Parallelization and Performance in Jenkins

Jenkins also allows for parallelizing builds across multiple agents. If your project
requires building for different platforms or configurations, you can create separate
stages in the pipeline for different environments. For example, you might want to

run the build and test processes separately for Linux and Windows.

stage ('Build Linux') {
agent { label 'linux-agent' }
steps {
sh 'meson setup linux-builddir'

sh 'meson compile -C linux-builddir'

}
stage ('Build Windows') {
agent { label 'windows—-agent' }
steps {
bat 'meson setup windows-builddir'

bat 'meson compile -C windows-builddir'
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This setup helps distribute the workload across different agents, improving overall

build performance.

1.4 Best Practices for CI/CD Integration with Meson

Isolate Build Environments: Always use fresh environments for each pipeline run
to ensure consistency and avoid dependency conflicts. Tools like Docker containers

or virtual machines can help create isolated environments for Meson builds.

Use Caching: Leverage caching mechanisms provided by CI/CD platforms (e.g.,
GitLab’s cache or Jenkins' workspace caching) to speed up builds by reusing

previously compiled artifacts and dependencies.

Parallelization: Take advantage of parallel builds and tests to reduce the time taken
for continuous integration. Both Jenkins and GitLab CI/CD support parallel job

execution.

Modular Pipelines: Keep your CI/CD pipelines modular by splitting stages for
different tasks, such as setting up environments, building, testing, and deploying.

This makes it easier to maintain and update specific parts of the pipeline.

Automate Versioning: Use Meson’s versioning features to automate versioning
during the build process. Integrate versioning into your CI/CD pipeline to ensure

consistent versioning across all build artifacts.

Test Coverage: Ensure that your pipeline includes stages for testing and validating
the build output. Meson provides built-in support for running tests, and integrating

this into your CI/CD pipeline is essential for maintaining code quality.
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By following these best practices, you can set up an efficient and reliable CI/CD pipeline
that automates the build, test, and deployment processes for Meson-based projects,

ensuring faster delivery and higher-quality software.
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17.2 Automating Builds, Tests, and Deployment

Automation is a cornerstone of modern software development, streamlining the process of
building, testing, and deploying applications. Meson, with its powerful build system and
integration with CI/CD tools, can facilitate end-to-end automation for all phases of
software development. In this section, we will delve into how to automate builds, tests,
and deployment using Meson, focusing on best practices, advanced features, and

real-world scenarios.

2.1 Automating Builds with Meson Meson’s build system is designed to be fast and

flexible, offering powerful capabilities to automate the build process for a wide range of
software projects, from small libraries to large-scale applications. By automating builds,
Meson reduces the time spent on manual steps, helps prevent errors, and ensures that the

latest code is always compiled with the most recent dependencies.

1. Basic Build Automation

The basic workflow for automating builds with Meson involves the following steps:

1. Configure the Build: Meson uses a configuration step to prepare the project
for building. This step checks the system for dependencies, tools, and

compilers, and then generates the build files.

Example:

meson setup builddir

This command configures the project in the builddir directory, where

Meson will place the generated files for the build.
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2. Compile the Code: Once the configuration is complete, the next step is to
compile the project. Meson integrates with Ninja, a small build system with a

focus on speed. This allows for fast and incremental builds.

Example:

meson compile -C builddir

This command compiles the project from the builddir directory. Meson
automatically determines which files need to be recompiled based on changes

in the source code or dependencies.

3. Install the Project: After the build completes successfully, Meson can
automatically install the project to the system, or it can generate a package for

distribution.

Example:

meson install —-C builddir

2. Optimizing the Build Process

To optimize the build process, especially for large projects, Meson supports
parallelism and incremental builds. It can detect changes in source files and rebuild
only the affected components, thus minimizing the build time. Using the - flag

with Ninja, Meson can parallelize the compilation of multiple files.

Example:

meson compile -C builddir -j 4

This command instructs Meson to use four parallel jobs during the compilation,

speeding up the process on multi-core systems.
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2.2 Automating Tests with Meson Testing is a crucial part of the software development
lifecycle. Meson supports test automation by providing a straightforward mechanism for
running unit tests, integration tests, and any other type of tests you may have in your

project.

1. Setting Up Tests in Meson

In Meson, tests are typically added through the test function in the
meson.build files. This function defines the test executable, the source files, and

any required dependencies.

Example:

test ('my_test', executable('my_test', 'test.c'))

In this example, the test function registers a test called my_test that will

execute the compiled test . c program.
2. Running Tests
Once the tests are defined in the build system, they can be executed with the

following command:

meson test —-C builddir

This command runs all tests in the project, using the configuration in the
builddir directory. Meson automatically detects whether a test has passed or
failed and reports the results. The meson test command also supports several
options for filtering tests and running them in parallel, providing flexibility for large

test suites.

Example:
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meson test -C builddir --junit

This command runs the tests and outputs the results in JUnit format, which is

particularly useful for integrating with CI/CD systems and generating reports.

3. Advanced Test Automation

For more complex projects, you may need to run tests under specific conditions,
such as with different configurations or system environments. Meson supports these
advanced scenarios through additional test parameters, such as env for setting

environment variables and args for passing command-line arguments to the test.

Example:
test ('my_test', executable('my_test', 'test.c'), env : {'MY_VAR'
— : 'value'}, args : ['—--verbose'])

This test will run my_test, setting the MY_VAR environment variable and passing

the ——verbose argument to the executable.

2.3 Automating Deployment with Meson Once the build and tests have been
automated, the next step is deployment. Meson provides several ways to deploy

applications, from simple installation to packaging for distribution.

1. Installing the Build

For traditional deployment, Meson allows you to install the built project to a
predefined location on the system, such as /usr/local or a custom directory.
This is achieved with the meson install command, which copies the built files

(executables, libraries, headers, etc.) to their proper locations.

Example:
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meson install —-C builddir

2. Packaging for Distribution

Meson also supports creating packages for distribution, including .tar.gz, .deb,
and . rpm formats. This is useful for projects that need to be distributed through

package managers or other distribution channels.

Example of creating a . tar.gz package:

meson dist —-C builddir

This command generates a distribution archive that can be shared or uploaded to a
distribution system. The meson dist command ensures that all necessary files,

including configuration files and documentation, are included in the package.

For packaging in specific formats like . deb or . rpm, Meson integrates with tools
like dpkg or rpm, providing a smooth experience for generating platform-specific

packages.

3. Continuous Deployment

For continuous deployment, Meson can be integrated into CI/CD systems, such as
Jenkins, GitLab CI/CD, and GitHub Actions, to automatically deploy applications
after a successful build and test cycle. This allows for a fully automated pipeline
from code commit to production deployment, reducing the need for manual

intervention and improving software delivery speed.

In a typical CI/CD pipeline, once the tests pass, the next step would be deploying
the application to a staging or production server. For example, you can use a Jenkins
pipeline to trigger the meson install command or create a custom script for

deploying the application.
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Example of deployment in a Jenkins pipeline:

stage ('Deploy') {
steps {
sh 'meson install -C builddir'
sh 'scp /path/to/application

— user@server:/deployment/path'

This deployment step installs the project and then copies it to the remote server

using scp.

2.4 Integrating Build, Test, and Deployment in CI/CD Pipelines By combining build,
test, and deployment automation, you can create a fully automated pipeline that integrates
with your CI/CD system of choice. Meson’s flexibility, combined with CI/CD tools like
GitHub Actions, GitLab CI/CD, and Jenkins, allows you to create powerful automation

workflows.

Sample GitLab CI/CD Pipeline for Meson

stages:
- build
- test
- deploy

variables:

MESON_BUILD DIR: builddir

before_script:

- sudo apt—-get update
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- sudo apt—-get install -y meson ninja-build

build:
stage: build
script:
- meson setup S$SMESON_BUILD_DIR
- meson compile —-C $MESON_BUILD_DIR

test:
stage: test
script:

- meson test —-C $SMESON_BUILD_DIR

deploy:
stage: deploy
script:
- meson install -C $SMESON_BUILD_DIR
- scp /path/to/application user@server:/deployment/path

In this example, the GitLab CI/CD pipeline is divided into three stages: build, test, and
deploy. It automates the entire process, from building the project to testing and then

deploying it to the remote server.

2.5 Best Practices for Automation with Meson

* Use Parallel Builds: Speed up the build process by using the —j flag to run
multiple compilation jobs in parallel, especially in CI/CD environments with ample

CPU resources.

* Automate Dependency Management: Include steps to automatically install or
fetch dependencies in your CI/CD pipelines to ensure that builds can be reproduced

consistently.
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* Include Comprehensive Test Coverage: Ensure that automated tests are run at
every stage of the pipeline. Include unit tests, integration tests, and regression tests

to catch issues early.

* Monitor Pipeline Status: Set up notifications to inform the team about build or test

failures. This helps in identifying and addressing issues quickly.

* Use Versioning for Release Automation: Automate versioning of your software
and include this in the deployment pipeline to ensure that every release is properly

tagged and tracked.

By automating builds, tests, and deployments using Meson, you ensure that the entire
process from development to production is smooth, reliable, and repeatable, which is

essential for maintaining high-quality software in modern development environments.



Chapter 18

Case Studies and Practical Examples

18.1 Building a Simple C++ Application with Meson

In this section, we will walk through the process of building a simple C++ application
using Meson. Meson is designed to be fast, reliable, and flexible, offering easy-to-use
commands for setting up, building, and managing a C++ project. By the end of this
section, you will have a clear understanding of how to structure your C++ project with
Meson, configure it, and compile it to generate executable binaries. We will also discuss

key Meson features that make it an excellent choice for C++ application development.

1.1 Setting Up a Simple C++ Project To begin, let's start by setting up a basic directory

structure for our C++ application. The directory structure might look something like this:

simple_cpp_project/

————————— meson.build

- main.cpp

————————— build/

377
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* simple cpp_project/ is the root of the project.

e meson.build is the main Meson build definition file.

src/ is the source directory containing your C++ code.

build/ is the build directory where Meson will generate all of the necessary files

to compile and link the application.

1.2 Writing the Code Inthe src/ directory, create a simple C++ source file,

main.cpp, that contains the main function of your application. For example:

// src/main.cpp

#include <iostream>

int main() {
std::cout << "Hello, Meson!" << std::endl;

return O;

This is a basic C++ program that outputs “Hello, Meson!” to the console when executed.

1.3 Defining the Meson Build System The meson.build file is where we define the
build system for the project. It specifies the project details, the source files, the compiler,
and other necessary configurations. Here is a basic meson.bui 1d file that configures a

simple C++ project:

# meson.build at the root of the project
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project ('simple_cpp_project', 'cpp', version:

# Define the source files

src = files('src/main.cpp')

# Define the executable target

exe = executable('simple_cpp_app', src)

# Set any specific flags or compiler options

exe.add_project_arguments ('-Wall', language:

'0.1.0")

'cpp')

* project () specifies the name of the project, the programming language (C++),

and the version of the project.

e files () lists the source files that will be compiled.

* executable () defines the target executable, which in this case is

simple_cpp-app.

* add.project_arguments () adds extra compiler flags (such as ~Wal1l for

enabling all warnings).

This file is sufficient to compile a simple C++ application with Meson.

1.4 Configuring and Building the Project Now that the meson.build file is ready,

you can configure and build the project using Meson. The process involves the following

steps:

1. Setting Up the Build Directory:

In the root of the project, you first need to configure the project. This will generate

the necessary files for building in the build/ directory.
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meson setup build
This command creates the build/ directory and sets up the configuration files for
the build process.

2. Compiling the Application:

After setting up the build system, you can compile the application by running:
meson compile -C build

This command tells Meson to use the configuration in the build directory to
compile the source files into an executable.

3. Running the Application:

Once the build process is complete, the executable will be located in the build/
directory. You can run the application by navigating to the build/ directory and

executing the binary:

./build/simple_cpp_app

This should output:

Hello, Meson!

1.5 Adding More Complexity to the Build As your project grows, you can expand the
build system by adding more source files, libraries, or dependencies. For instance, you

might want to organize the source code into multiple files and include additional header
files.
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1. Multiple Source Files

If you have more source files in the src/ directory, such as src/helper. cpp,

you can include them in the meson.build file as follows:
# meson.build
project ('simple_cpp_project', 'cpp', version: '0.1.0")

# Define multiple source files

src = files('src/main.cpp', 'src/helper.cpp')

# Define the executable target

exe = executable('simple_cpp_app', src)

# Add compiler flags

exe.add_project_arguments ('-Wall', language: 'cpp')

This change allows Meson to compile both main. cpp and helper. cpp into the

final executable.

2. Using Libraries

If your project depends on external libraries, you can use the dependency ()
function to find and link libraries during the build process. For example, if you are

using the boost library, you can define it in your meson . bui 1d file like this:
# meson.build
project ('simple_cpp_project', 'cpp', version: '0.1.0")

# Find the Boost library
boost = dependency ('boost"')
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# Define the source files

src = files('src/main.cpp')

# Define the executable target and link Boost

exe = executable('simple_cpp_app', src, dependencies: boost)

# Add compiler flags

exe.add_project_arguments('-Wall', language: 'cpp')

In this example, Meson will search for the Boost library on your system and link it

to your executable.

1.6 Handling Build Configurations Meson also allows you to specify different build
configurations, such as debug or release builds. This can be achieved by setting the build
type during the configuration phase.

For example, to configure a release build:

meson setup build --buildtype=release
For debugging:

meson setup build —--buildtype=debug

Meson will adjust compiler flags and optimization levels accordingly, optimizing for

performance in release builds or debugging information in debug builds.

1.7 Best Practices for C++ with Meson

1. Structure Code into Modules: As your project grows, organize the source code
into multiple modules and libraries. Meson supports creating static and shared

libraries, making it easier to manage dependencies and reduce build times.
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2. Use External Dependencies Wisely: Use Meson’s dependency () function to
handle external libraries and automatically resolve dependencies during the build

process.

3. Leverage Compiler Flags: Take advantage of Meson's ability to add project-wide
or target-specific compiler flags using add_project_arguments () or

add_arguments () for fine-grained control over your build settings.

4. Isolate Build Artifacts: Maintain clean separation between source files, generated
build files, and output binaries. Use a dedicated build/ directory for all generated

files, keeping the source tree clean.

5. Debugging and Profiling: Meson supports various debugging and profiling tools,
which can be enabled through build type configurations or by using external tools

integrated with Meson.

1.8 Conclusion Building a simple C++ application with Meson is straightforward,
thanks to Meson’s intuitive syntax and powerful features. By defining the project in a
meson.build file, you can easily set up, configure, and compile a C++ application,
regardless of the project’s complexity. Meson’s support for multi-file projects, external
dependencies, and flexible build configurations ensures that it is well-suited for C++
application development.

As you progress to more complex projects, you can leverage Meson’s advanced features,
such as cross-compilation, dependency management, and testing integration, to streamline

the development process even further.
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18.2 Creating a Cross-Platform Shared Library

In this section, we will walk through the process of creating a cross-platform shared
library using Meson. Shared libraries are an essential part of modern software
development, enabling code reuse and modularity. Meson simplifies the creation and
management of shared libraries, making it a good choice for projects that require
cross-platform compatibility. By the end of this section, you will understand how to set up,
build, and deploy a shared library that can be used across different operating systems,

including Linux, macOS, and Windows.

2.1 Overview of Shared Libraries A shared library (also known as a dynamic library)
is a collection of code and data that can be loaded by applications at runtime. It provides
the advantage of reducing the overall size of applications, as multiple programs can share
the same library code. Additionally, shared libraries make it easier to update and patch
code, as changes to the library do not require recompiling dependent applications,
provided the interface remains compatible.

A shared library typically has a . so extension on Linux, .dy1lib on macOS, and .d11
on Windows. Meson makes it simple to create shared libraries that can be compiled for

these different platforms with minimal modification to the build configuration.

2.2 Project Structure Let's begin by setting up a basic project structure for the shared

library. The structure could look something like this:

cross_platform_lib/

777777777 meson.build



385

* cross_platform_1ib/ is the root of the project.
* meson.build is the Meson build definition file for the project.

* src/ contains the C++ source files for the shared library.

build/ is the build directory where Meson will generate all necessary files for

compiling the library.

2.3 Writing the Code In the src/ directory, create a simple shared library with a
header file 1ib.h and a source file 1ib . cpp. For example, you can define a simple
function in the library:

lib.h:

#ifndef LIB_H
#define LIB_H

#ifdef _WIN32
#ifdef BUILDING_LIB
#define LIB_EXPORT __declspec(dllexport)
#else
#define LIB_EXPORT _ declspec (dllimport)
fendif
#else
#define LIB_EXPORT
#endif

extern "C" {

LIB_EXPORT wvoid hello();

#endif // LIB_H
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lib.cpp:

#include "lib.h"

#include <iostream>

void hello () {

std::cout << "Hello from the shared library!" << std::endl;

In this example:

* The LIB_EXPORT macro is used to handle platform-specific export/import
declarations. On Windows, the __declspec (dllexport) is used when

building the library and __declspec (dllimport) when linking to the library.

* The function hello () will print a simple message to the console when called.

2.4 Writing the Meson Build Configuration To build this shared library with Meson,
you need to define the project configuration in the meson .build file. This
configuration will specify that we are building a shared library and set the appropriate
compiler flags for different platforms.

meson.build:
# meson.build for the shared library

project ('cross_platform_lib', 'cpp', version: '0.1.0'",

— default_options: ['cpp_std=c++17'])

# Define the source files

src_files = files('src/lib.cpp')

# Create the shared library
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lib = shared_library('cross_platform_ lib', src_files)

# Compiler flags for Windows
if host_machine.system() == 'windows'
lib.add_global_arguments ('/Wall', language: 'cpp')
else
lib.add_global_arguments ('-Wall', '—-fPIC', language: 'cpp')

endif

* The shared_library () function is used to create a shared library from the

source files.

* The add_global_arguments () function is used to add compiler flags for
different platforms. On Linux and macOS, we add the —fP IC flag to generate
position-independent code, which is required for shared libraries. On Windows, we

add the /Wall flag to enable all warnings.

* The host_machine.system() function checks the system type, allowing
platform-specific settings. This is important for cross-platform projects where

certain flags or settings may only apply to specific operating systems.

2.5 Building the Shared Library Once the project is set up, you can configure and
build the shared library with Meson. The following steps outline the process:

1. Setting Up the Build Directory: First, create a build directory and configure the

project with the following command:

meson setup build

This command generates the necessary build files in the build/ directory.
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2. Building the Shared Library: After configuring the project, you can compile the

shared library by running:

meson compile -C build

This command tells Meson to build the shared library using the configuration
defined in the meson .build file.

3. Verifying the Library: After building the library, the output will be a shared library
file located in the build/ directory. On Linux, it will have the . so extension, on

macOS, it will be a . dy1ib file, and on Windows, it willbe a .d11.

You can verify that the library was built successfully by checking the contents of the

build/ directory.

2.6 Using the Shared Library in a C++ Application Once the shared library is built, it
can be used in other C++ applications. To do this, you need to link against the shared
library during the build process and ensure that the library is accessible at runtime.

For example, consider a C++ application that uses the hello () function from the shared
library:

main.cpp:
#include "lib.h"
int main() {

hello();

return 0O;

To link this application with the shared library, you need to modify the meson.build

file of the application to include the shared library as a dependency:
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meson.build for the application:

project ('app_using_lib', 'cpp', version: '0.1.0")

# Find the shared library

lib = dependency('cross_platform lib', required: true)

# Define the source files

src_files = files('src/main.cpp')

# Define the executable

exe = executable('app_using_lib', src_files, dependencies: 1lib)

# Compiler flags

exe.add_project_arguments('-Wall', language: 'cpp')

Here, the dependency () function is used to link the shared library with the application,

and the application is built using the same principles as the shared library.

2.7 Cross-Platform Considerations While Meson handles most of the
platform-specific details, there are still some important considerations when working with

cross-platform shared libraries:

1. Platform-Specific Compiler Flags: The build configuration in the meson.build
file should account for platform-specific flags, such as —£PIC for Linux/macOS or
/Wall for Windows. These ensure that the library is correctly compiled for the

target platform.

2. Library Naming Conventions: Meson automatically handles the naming
conventions for shared libraries based on the platform. On Linux, the shared library

will be named 1ibcross_platform_lib. so, while on macOS, it will be
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libcross_platform_1ib.dylib, and on Windows, it will be
cross_platform 1ib.d11. This makes the library easier to use across

different operating systems without manually renaming the library files.

3. Handling Runtime Dependencies: On Linux and macOS, you may need to set the
LD_LIBRARY_PATH or DYLD_LIBRARY_PATH environment variable to ensure
that the shared library is found at runtime. On Windows, the shared library should
be placed in the same directory as the executable or in a directory included in the

PATH.

4. Cross-Compiling: Meson supports cross-compilation, which allows you to build a
shared library for a different platform than the one you are currently working on.
This is especially useful for targeting embedded systems or deploying to platforms

with different architectures.

2.8 Conclusion Creating a cross-platform shared library with Meson is straightforward
and efficient. By defining the library in ameson.build file, Meson handles the
complexities of building the shared library for multiple platforms. Meson’s flexibility
allows you to define platform-specific compiler flags, manage dependencies, and create
portable libraries with minimal effort.

As you extend the project to include more features, Meson’s robust dependency
management and build configuration options will ensure that your shared library is easy to
maintain and integrate into larger applications, regardless of the target platform. This
process forms the foundation for creating cross-platform software that can be deployed to

a wide range of systems.
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18.3 Integrating Meson into an Existing Project

Integrating Meson into an existing project can significantly improve build efficiency,
modularity, and maintainability, especially when dealing with large or complex software
projects. This section outlines best practices, step-by-step procedures, and potential
challenges when transitioning from another build system to Meson. By the end of this
section, you will have a clear understanding of how to adapt an existing project to use

Meson for build automation while minimizing disruption and ensuring a smooth transition.

3.1 Overview of the Integration Process Integrating Meson into an existing project
involves replacing or complementing an older build system (e.g., Make, CMake, or

custom build scripts) with Meson. This process requires careful planning to ensure that:

* The existing codebase and build artifacts are not disrupted.

* The new build system configuration reflects the existing project's structure,

dependencies, and platform-specific requirements.

* The transition to Meson is incremental, allowing for testing and adjustments before

a complete switch.
Typically, the integration process can be broken down into several key stages:

1. Assessing the Existing Build System: Understanding the existing build setup (e.g.,
Makefiles, CMakeLists.txt) and identifying pain points or limitations.

2. Setting Up Meson: Creating the necessary Meson configuration files and

initializing the Meson build directory.

3. Incremental Migration: Gradually replacing parts of the old build system with

Meson while maintaining compatibility.
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4. Validating the Integration: Testing the new build system to ensure that it works

correctly for all target platforms and configurations.

5. Finalizing the Transition: Removing the old build system and fully adopting

Meson.

3.2 Analyzing the Current Build System Before integrating Meson, it's essential to

understand how the existing build system works. This typically involves:

* Reviewing dependencies: Look for external libraries or dependencies that need to

be included in the build process.

* Examining build targets: Identify what kind of outputs are expected, such as

executables, static libraries, shared libraries, or modules.

* Mapping platform-specific settings: Note compiler flags, environment variables, or
other configurations that are set based on the platform (e.g., CC for compiler on

Unix-like systems, MSVC on Windows).

* Identifying custom build steps: Many projects include custom pre-processing,

post-processing, or deployment steps outside the build tool’s default scope.

A deep understanding of these aspects will guide you in replicating the essential build

features in the Meson configuration.

3.3 Setting Up Meson for Integration Once you have a clear understanding of the
existing build system, the next step is to initialize Meson and set up the build

configuration. Here’s how to begin:

1. Create a Meson Build Directory: In the root directory of your project, initialize

Meson by creating a meson.build file. For example:
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meson setup build

This command generates a build directory, which will contain all the

Meson-generated files and build artifacts.

. Defining the Project: The meson.build file in the project root must define the

project name, version, and language. For example:

project ('my_project', 'cpp', version: '1.0.0', default_options:

— ['cpp_std=c++17'])

* my_project is the name of the project.
* cpp indicates that the project is written in C++.

* The version field helps track the project version.

. Adding Source Files: In your meson.build file, list all the source files that
should be compiled as part of the project. You can use the £iles () function for
source files and the executable () or shared_library () functions to

define targets. For example:

src_files files('src/main.cpp', 'src/utils.cpp')

exe = executable('my_project_exe', src_files)

This defines an executable my_pro ject _exe that will be built from the source
files listed.

. Specifying Dependencies: If your project relies on external libraries or other
subprojects, you can specify dependencies using the dependency () function.

Meson automatically handles dependencies in an efficient manner. For instance:
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boost_dep = dependency('boost', modules: ['filesystem',
— 'system'])
exe = executable('my_project_exe', src_files, dependencies:

— boost_dep)

This links the Boost libraries to your executable.

3.4 Incremental Migration In most cases, migrating to Meson does not need to be a

full conversion of the entire project at once. Instead, you can migrate incrementally, which

allows for a smoother transition and avoids breaking the build process.

1. Partial Migration: Start by migrating one component or module at a time. If your

project is large, this approach ensures you can focus on smaller, manageable chunks

of the project. For example, you might begin with one submodule or library and

configure Meson to build it, while leaving other parts of the project to be handled by

the old build system.

2. Coexisting with the Old Build System: During the transition period, it is often

helpful to let Meson and the old build system co-exist. You can run the old build

system alongside Meson for parts of the project that have not yet been converted.

Meson allows you to call external programs, including legacy build systems, which

helps in the migration process.

For example, you might add custom commands to call a Makefile from the Meson

build script, like so:

custom_target ('old_build_step',
command: ['make', 'old_target'],

build_by_default: true
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This way, you can continue using make for legacy components while building new

ones with Meson.

3. Gradual Replacement: Gradually replace the old build configurations with Meson
as you test and validate each new part of the project. For instance, start by replacing
the build configuration for one platform (e.g., Linux) and move to other platforms

after the initial setup works.

3.5 Testing and Validation Once you’ve integrated Meson into your project, it's
essential to test the new build system to ensure that it works correctly and produces the

expected outputs.

1. Testing Build Outputs: After running meson compile, check that the project
builds correctly and that the resulting binaries or libraries function as expected. You
should also verify that any additional steps in the build process (e.g., post-build

scripts, resource packaging) are executed correctly.

2. Cross-Platform Testing: If your project targets multiple platforms (e.g., Windows,
Linux, macOS), test the build process on each of them. Meson supports
cross-compilation, which allows you to build for different architectures or systems
from the same configuration. Use the meson cross—£file feature to set up

cross-compilation environments and ensure portability.

3. Unit and Integration Tests: You should also ensure that your testing framework
works correctly with the new Meson setup. Meson has built-in support for running
tests through the meson test command, and you can integrate it into your build

system to run unit tests automatically.

4. Continuous Integration: Once Meson is integrated and working, consider using a

Continuous Integration (CI) system (e.g., Jenkins, GitHub Actions) to automate
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your builds and tests. Meson’s fast configuration and build times, combined with its

cross-platform support, make it an excellent choice for CI pipelines.

3.6 Finalizing the Transition After validating that Meson works as expected and all

components have been successfully migrated, it’s time to finalize the transition:

1. Removing the Old Build System: Once Meson is fully functional, remove the
legacy build system files (e.g., Makefile, CMakeLists.txt) to avoid
confusion and reduce maintenance overhead. Ensure that all relevant build

configurations have been transferred to Meson.

2. Updating Documentation: Update your project’s documentation to reflect the
changes made during the migration. Include details on how to set up and build the
project with Meson, as well as any new dependencies or configuration options

introduced by the new build system.

3. Training and Knowledge Sharing: If your team members are unfamiliar with
Meson, provide training and support to ensure that everyone can work with the new
build system effectively. Document common workflows and troubleshooting steps,

and encourage team members to adopt Meson for future projects.

3.7 Conclusion Integrating Meson into an existing project can be a seamless and
effective way to modernize your build system, improve efficiency, and reduce complexity.
By carefully assessing the current build system, setting up Meson incrementally, and
validating the transition, you can ensure that Meson integrates smoothly into your
workflow. The power and flexibility of Meson allow it to handle both small and large
projects, making it an excellent choice for managing builds, dependencies, and

cross-platform development.
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Appendix A: Meson Command Reference

Meson is designed to be fast, user-friendly, and highly configurable. Its command-line
interface (CLI) allows users to interact with and control the build process efficiently. The
following appendix provides a comprehensive reference to the key Meson commands,
their syntax, and common use cases. This reference is particularly useful for developers
looking to understand Meson’s full capabilities and integrate them into their development

workflows.

1. meson setup The meson setup command is used to initialize a new build
directory or reconfigure an existing build directory. It is the starting point for most

Meson-based build processes.

meson setup <builddir> [options]

Syntax:

Description:

397
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* builddir: The directory where Meson will configure the build. This directory

will contain all build artifacts and generated files.
* Options:

———-prefix=<dir>: Specifies the installation prefix.

——-buildtype=<type>: Sets the build type (e.g., debug, release,
debugoptimized, etc.).

—-——default-library=<static|shared|both>: Specifies the default
type of libraries (either static, shared, or both).

——-cross—-file=<file>: Specifies a cross-compilation file to enable

cross-platform builds.

meson setup builddir —--buildtype=release —--prefix=/usr/local

Example:
This command sets up a build directory in builddir, configures the build to be a release

build, and sets the installation prefix to /usr/local.

2. meson compile The meson compile command compiles the project as configured
by the meson.build files in the setup directory. It is used to initiate the build process

and compile the source code into the desired targets (executables, libraries, etc.).

meson compile [options]

Syntax:
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Description:
* Options:
— —j<n>: Specifies the number of parallel jobs to run during the build.

———quiet: Suppresses most output during the build process.

——-reconfigure: Reconfigures the project before starting the compilation.

meson compile —7j4

Example:

This command compiles the project using 4 parallel jobs.

3. meson install The meson install command is used to install the built project to
the specified location, typically the system or a user-defined directory. It is the final step

after compilation when you want to deploy the binaries or libraries.

meson install [options]

Syntax:

Description:
* Options:

- ——prefix=<dir>: Specifies the installation prefix for the project.
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——-destdir=<dir>: Installs the project into a subdirectory. Useful for
packaging.

———no—commit: Does not commit the install to the destination, useful for

testing installs before making changes permanent.

meson install —--prefix=/usr/local

Example:

This command installs the built project into /usr/local.

4. meson test The meson test command runs the tests configured within the
meson.build files. Meson has integrated support for testing, and this command allows

you to execute unit tests, integration tests, and other custom tests.

meson test [options]

Syntax:

Description:
* Options:

——-C <builddir>: Specifies the build directory where tests will be run.
———-suite=<name>: Runs only tests in the specified suite.
———-verbose: Provides more detailed output for each test.

———retest: Re-runs only the tests that failed previously.
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meson test —-—-verbose
Example:

This command runs all tests and provides detailed output for each test case.

5. meson configure The meson configure command allows you to inspect and
modify the configuration of a build directory. It is useful for adjusting build options after

the initial setup.

meson configure [options] <builddir>

Syntax:

Description:
* Options:
— ——check: Displays a summary of the current configuration.

———edit: Opens the configuration file in a text editor.

———reset: Resets the configuration to the default values.

meson configure builddir --check

Example:
This command displays a summary of the configuration settings in the builddir

directory.
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6. meson dist The meson dist command generates a tarball or zip archive of the
source code and build configuration. This command is commonly used for distributing the

source code of the project.

meson dist [options]

Syntax:

Description:
* Options:

— ——name=<name>: Specifies the name of the archive.
—-—-version=<version>: Specifies the version of the archive.
———tar: Creates a . tar archive (default).

———zip: Creates a . z1p archive.

meson dist —-—-name=my_project —--version=1.0.0

Example:

This command generates a distribution archive named my_project-1.0.0.tar.gz.

7. meson subprojects The meson subprojects command is used to manage and
configure subprojects (external dependencies or internal components) within a Meson
build. Subprojects allow for easier integration of third-party libraries or splitting large

projects into smaller, more manageable parts.
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meson subprojects [command] [options]

Syntax:

Description:

* Common subproject commands:

fetch: Fetches the subproject if it is not already available locally.

update: Updates the subproject to the latest version.

status: Displays the status of the subproject.

install: Installs the subproject’s build artifacts.

meson subprojects fetch boost

Example:

This command fetches the Boost subproject (if it has not already been fetched).

8. meson introspect The meson introspect command allows you to inspect
various internal aspects of the Meson build system, such as build targets, dependency

status, and more.

meson introspect [options] <builddir>

Syntax:
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Description:
* Options:

———targets: Lists all build targets in the specified build directory.
—-—-dependencies: Lists all dependencies for the project.

——-buildoptions: Displays the build options that are currently configured.

meson introspect —--targets builddir

Example:

This command lists all the targets defined in the builddir.

9. meson clean The meson clean command is used to remove build artifacts from
the build directory. This command is useful when you want to clean the build directory

without resetting the entire configuration.

meson clean [options]

Syntax:
Description:
* Options:

———all: Removes all build artifacts.

——-1ogs: Deletes only log files.
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meson clean ——all
Example:

This command cleans up all build artifacts from the build directory.

10. meson version The meson version command displays the current version of
the Meson build system. It is helpful to verify the version of Meson being used, especially

when troubleshooting or ensuring compatibility with certain features.

meson version

Syntax:

meson version

Example:

This command will output the version of Meson installed on the system.

18.3.0.1 Summary

This appendix provides a detailed reference to the most commonly used commands in
Meson. By mastering these commands, developers can significantly improve their
workflow, automating and optimizing their build and deployment processes. As Meson
continues to evolve, new commands and options may be introduced, so it is important to

refer to official documentation for the most up-to-date information.
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Appendix B: Comparison: Meson vs. CMake vs. Autotools

In the landscape of modern build systems, Meson, CMake, and Autotools have become
prominent tools for managing project builds. While each tool has its strengths and
weaknesses, they differ in their design philosophy, configuration models, performance,
and use cases. This appendix provides an in-depth comparison between these three build

systems to help developers understand which tool might be the best fit for their projects.
1. Overview of the Build Systems

Meson: Meson is a relatively new build system designed with speed, ease of use, and
modern development practices in mind. It uses a high-level, declarative syntax with a
focus on simplicity and speed. Meson aims to be faster than older build systems and
provides strong support for cross-compilation, making it particularly well-suited for

modern, cross-platform development.

CMake: CMake has been around for a longer period and is a widely adopted
cross-platform build system. CMake generates native build files (Makefiles, Ninja files,
Visual Studio project files, etc.) and is often considered the “’de facto” standard for
building large C++ projects. CMake supports many advanced use cases and provides more

flexibility at the cost of increased complexity.

Autotools: Autotools is an older toolset primarily used for building software on

Unix-like systems. It is a combination of several tools, including Autoconf, Automake,
and Libtool, designed to support building portable software. While Autotools has been
around for decades and is still in use for legacy systems, it is considered more complex

and harder to work with compared to Meson and CMake.
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2. Syntax and Configuration

Meson: Meson uses its own high-level domain-specific language (DSL) called
meson.build files. The syntax is simple, clear, and straightforward, making it easier
for developers to learn and use. Meson scripts are minimal and do not require as much

boilerplate code as Autotools.

* Example of a simple project file:
project ('example', 'cpp')

executable ('example', 'main.cpp')

CMake: CMake uses CMakeLists.txt files to describe the build process. While CMake
syntax is more powerful and flexible, it is also more verbose and has a steeper learning
curve. CMake allows for advanced customization and fine-tuned control over the build

process but can be harder to manage for large projects with complex dependencies.

* Example of a simple project file:

cmake_minimum_required (VERSION 3.10)
project (Example)

add_executable (example main.cpp)

Autotools: Autotools uses a series of shell scripts and configuration files. The primary
configuration file is configure. ac, and it is accompanied by Makefile.am files
that define build rules. Autotools requires more boilerplate code and tends to be more

verbose compared to both Meson and CMake.
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* Example of a simple project file:

AC_INIT ([example], [1.0], [bug-report@example.com])
AM_TINIT_AUTOMAKE

AC_PROG_CXX

AC_CONFIG_FILES ([Makefile])

AC_OUTPUT

3. Build Performance

Meson: Meson is designed to be fast, both in terms of configuration time and the actual
build process. It uses Ninja as the default build backend, which is known for its efficiency.
Meson’s approach to dependency tracking and incremental builds ensures that only the

necessary parts of the project are rebuilt, resulting in faster builds even for large projects.

* Build speed: Meson is generally considered to be the fastest of the three systems

due to its focus on efficiency and simplicity.

CMake: CMake is versatile and can generate various build systems, including
Makefiles, Ninja files, and Visual Studio project files. When paired with Ninja, CMake’s
build performance is competitive with Meson. However, when using Makefiles as the

build backend, CMake can be slower, especially for larger projects.

* Build speed: CMake is generally slower than Meson, particularly when using

Makefiles, but it can still be quite fast when using Ninja.

Autotools: Autotools has the slowest configuration and build times of the three. This is

partly because Autotools generates a large number of files during the configuration
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process, and the resulting build systems (Makefiles) are not as optimized for speed as

those generated by Meson or Ninja.

* Build speed: Autotools is slower, especially for large and complex projects.

4. Cross-Platform Support

Meson: Meson has strong support for cross-compilation and is often praised for its
simplicity when it comes to setting up cross-platform builds. The configuration files are
easy to adjust for different platforms, and Meson can generate the necessary toolchain files

for cross-compiling.

* Cross-platform support: Meson excels in cross-platform support, especially for

modern development scenarios.

CMake: CMake also supports cross-compilation but tends to require more configuration
compared to Meson. CMake's support for different platforms is extensive, and it can
generate build files for a variety of environments, including Unix-based systems,

Windows, and macOS.

* Cross-platform support: CMake has robust cross-platform support, but the

configuration can be more complex and require additional setup.

Autotools:  Autotools was designed with Unix-based systems in mind and has somewhat
limited support for cross-compilation. While it can be used for cross-platform builds, it is
not as flexible or easy to configure as Meson or CMake. Autotools’ cross-compilation

support is considered outdated compared to modern tools.

* Cross-platform support: Autotools is not as strong in cross-platform support,

especially for modern use cases.
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5. Integration with IDEs

Meson: Meson has limited but adequate support for modern integrated development
environments (IDEs) such as Visual Studio Code, JetBrains CLion, and Eclipse. While it
is not as deeply integrated as CMake, the simplicity of Meson’s configuration files means

that IDE support is generally straightforward and usable.

* IDE integration: Meson provides adequate IDE support, but it may require some

manual configuration for deep integration.

CMake: CMake has excellent support for IDEs, particularly Visual Studio, CLion, and
Xcode. Many IDEs provide out-of-the-box integration with CMake, allowing developers

to generate project files for different IDEs with ease.

* IDE integration: CMake is the most widely supported by IDEs, making it the best

choice for developers who need seamless IDE integration.

Autotools: Autotools has limited IDE support compared to Meson and CMake. It is
primarily used with text editors and command-line tools, with some integration available
for older IDEs. Modern IDEs may require additional plugins or configurations to support

Autotools projects.

* IDE integration: Autotools lacks strong IDE integration, which can make it less

suitable for developers relying heavily on IDE features.

6. Ecosystem and Community Support

Meson: Meson is relatively young but has been gaining popularity rapidly. It is backed
by a strong community, particularly in the open-source realm. The documentation is

excellent, and the growing number of contributors ensures continued improvements.
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* Ecosystem: Meson’s ecosystem is expanding, and it has strong support from

modern development environments.

CMake: CMake has a mature and large ecosystem with widespread usage in industry
and open-source projects. It is one of the most popular build systems, and its community
is vast. CMake’s long history has allowed it to mature, and it is well-documented, with

numerous tutorials and examples available.

* Ecosystem: CMake is the most mature of the three, with a large ecosystem and

community support.

Autotools: Autotools has been around for a long time and has a stable but aging
ecosystem. While it is still in use for many legacy projects, the ecosystem has stagnated
compared to Meson and CMake. The community is small, and the toolset is largely

maintained for backward compatibility.

* Ecosystem: Autotools has a stable but shrinking ecosystem, mostly used for

maintaining legacy systems.

7. Conclusion Each of the build systems—Meson, CMake, and Autotools—has its

strengths and weaknesses:

* Meson is the best option for new projects that require fast builds, ease of use,

modern features, and strong cross-platform support.

* CMake is ideal for large, complex projects that need to work across many platforms

and IDEs and require extensive configurability.

* Autotools is suited for maintaining legacy projects on Unix-like systems but is

generally more complex and outdated compared to the other two options.
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Choosing the right build system depends largely on the project requirements, team

experience, and long-term maintenance needs.
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Appendix C: Common Errors and Troubleshooting

When using Meson for building and managing projects, users may encounter various
errors that can be difficult to resolve without proper understanding. This appendix
provides a detailed guide to some of the most common errors users face while working

with Meson and offers practical troubleshooting steps to help resolve them efficiently.
1. General Errors

a. Error: meson: command not found This error indicates that the Meson build

system is not installed or is not available in the system’s PATH.
* Solution:

1. Ensure that Meson is installed on your system. On most systems, it can be
installed via package managers (such as apt, yum, or brew) or through

Python's pip:

pip install meson

2. Verify the installation by running:

meson —-—-version

3. If the system can't locate Meson, ensure that the directory containing Meson is

included in your PATH environment variable.

b. Error: build directory already exists This error can occur when
trying to configure a project in a build directory that already contains files from a previous
build.
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¢ Solution:

1. Delete the existing build directory:

rm —-rf build

2. Alternatively, you can create a new build directory:

meson setup builddir

3. Re-run the build process with the newly created build directory.

¢. Error: meson: unrecognized option This error typically arises when an

invalid or unrecognized option is passed to the me son command.

¢ Solution:

1. Double-check the command syntax. You can refer to the Meson command-line

reference to ensure that you are using the correct options.

2. If you are using an older version of Meson, ensure that the options you are
using are supported in that version. Consider upgrading Meson to the latest

stable release:

pip install —-—-upgrade meson

2. Configuration Errors
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a. Error: Could not find a Meson build system version This error

occurs when Meson cannot find a valid meson.build file in the project directory.
* Solution:

1. Ensure that the meson.build file exists in the root directory of your project.

2. Verify that the meson.build file is correctly configured for your project. It

should include the necessary project definitions and build targets.

3. Check if the meson.build file contains any syntax errors or

misconfigurations.

b. Error: Dependency 'xyz' not found This error arises when Meson cannot
locate a required dependency, such as a library or external tool, during the configuration

phase.
¢ Solution:

1. Verify that the dependency is installed on your system.

2. If the dependency is not found, you may need to install it manually or adjust
the PKG_CONFIG_PATH or CMAKE PREFIX PATH to point to the correct

location where the dependency resides.

3. Meson supports the dependency () function, which can be used to specify
how to find the dependency. If the package is installed in a non-standard

location, specify its path explicitly:

my_dep = dependency ('xyz', dirs: '/path/to/dependency')
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c. Error: Failed to find meson module This error indicates that Meson

cannot find a required module or package that is referenced in your meson.build file.
* Solution:

1. Check the spelling of the module or package name in your meson.build
file.

2. Make sure that the required module is installed on your system. For instance,
some modules may be part of additional Meson packages that need to be

installed separately.

3. If using a custom module, ensure that the meson.build file points to the

correct directory or provides the correct include path for the module.

3. Build Errors

a. Error: Ninja: build stopped: subcommand failed This error occurs

when a subcommand or compilation step fails during the build process.
* Solution:

1. Check the full output from the build process to identify which specific
command failed. Often, the error message will include a specific file or

command that caused the issue.

2. If the error is related to missing dependencies or libraries, ensure that all

required libraries are correctly installed and accessible.

3. Sometimes, build errors can be related to incorrect paths or missing files.
Make sure all source files, headers, and other resources are properly included

in the meson.build files.
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b. Error: undefined reference to 'xyz' This linking error indicates that
the compiler could not resolve a symbol (often a function or variable) during the linking

phase.
* Solution:

1. Verify that the library or object file containing the missing symbol is correctly
linked in the meson .build file.

2. Ensure that the correct flags are passed to the linker to locate the relevant
libraries. For example, the 1ink with or dependencies directives can

be used to link external libraries.

3. Ensure that the correct order of linking is maintained, as some symbols may be

provided by multiple libraries.

c. Error: permission denied during build This error occurs when the build

process is attempting to write to a directory or file but does not have the necessary

permissions.
* Solution:

1. Check the permissions on the build directory and ensure that the user running

the Meson build has write access.

2. If you are building in a system directory or a location requiring elevated
privileges, consider running the build process with sudo (on Unix-like

systems) or ensure proper access rights.

4. Testing Errors
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a. Error: Test not found When running tests with Meson, you may encounter

this error if Meson cannot find the specified test.

¢ Solution:

1. Ensure that the test is correctly defined in your meson.build file. Tests are

typically added using the test () function.

2. If the test is in a separate directory, verify that the directory containing the test

is properly included in the Meson configuration.

3. Check for spelling errors or other issues that might prevent Meson from

locating the test.

b. Error: Test failed This error indicates that one or more tests have failed during

the testing phase.

¢ Solution:

1. Review the output of the failed tests to determine the cause of failure. The
error message from the test suite will often give you detailed information

about what went wrong.

2. If the test failed due to a missing dependency, make sure all dependencies are

correctly installed and available during the test.

3. For tests involving runtime, ensure that the necessary runtime environment is

set up properly (e.g., correct environment variables, configuration files, etc.).

5. Advanced Debugging and Tools
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a. Using meson —-debug for Debugging Meson provides a ——debug option that
can be used to generate additional output during the configuration and build process. This

can help identify where the process is failing.
* Solution:

1. Run Meson with the ——debug flag to get detailed logs:

meson setup —--debug builddir

2. Review the logs for any unexpected behavior or missing dependencies.

b. Using ninja -v for Verbose Output If the error occurs during the build step and
involves Ninja, you can run Ninja with the —v flag to enable verbose output, which

provides more detailed information about each command executed.
* Solution:
1. Run Ninja with verbose output:

ninja -v

2. Analyze the verbose output to identify which specific command or file is

causing the issue.

¢. Using meson introspect Themeson introspect command can be used to
query Meson for internal data, such as build configuration, project information, and

dependencies. This can help in identifying misconfigurations or missing elements.

¢ Solution:
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1. Usemeson introspect to gather information about the build system:

meson introspect builddir

2. Use the gathered information to troubleshoot and verify the configuration of

your project.

By understanding these common errors and following the provided troubleshooting steps,
users can resolve many of the issues they may encounter while working with Meson.
These tips will help developers maintain smooth workflows and ensure efficient build and

test processes.
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Appendix D: Useful Tools and Plugins for Meson

Meson, as a modern build system, offers a variety of tools and plugins that can be used to
enhance its functionality, automate tasks, and improve the overall developer experience. In
this appendix, we will explore some of the most useful tools and plugins for Meson,

providing you with detailed information on how to integrate them into your build system.

1. Meson’s Built-In Tools Meson itself comes with a set of built-in tools that can be
extremely useful during the build process. These tools help automate various tasks,

improve the efficiency of development workflows, and manage complex projects.

a. Meson Command Line Interface (CLI) Meson’s CLI is the primary way developers
interact with the build system. It provides commands to configure, build, test, and install

projects. Some of the most commonly used Meson commands include:

* meson setup: Initializes a new build directory and configures the project.
* meson build: Compiles and builds the project in the specified build directory.
* meson test: Runs the test suite associated with the project.

* meson install: Installs the compiled project to a specified location.

The Meson CLI is essential for automating and simplifying tasks, making it the first tool

any developer should be familiar with when working with Meson.

b. Meson Introspection Meson provides an introspection tool that can be used to query
the state of a Meson build, check configurations, and inspect variables within the build
environment. This feature is extremely helpful for debugging and troubleshooting build

issues.
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* meson introspect: This command allows users to inspect the build
configuration and query various aspects of the project, such as its dependencies,

environment, and targets.

2. Third-Party Tools and Plugins In addition to Meson’s built-in features, several
third-party tools and plugins are available to extend Meson’s capabilities. These tools
enhance Meson’s integration with other systems and improve developer productivity. Here

are some key third-party tools and plugins for Meson:

a. Ninja Meson is tightly integrated with Ninja, a small build system with a focus on
speed. While Meson is responsible for generating the build instructions, Ninja handles the
actual execution of the build process. Ninja is lightweight and optimized for fast

incremental builds, making it a perfect complement to Meson’s capabilities.

* Integration with Meson: Meson automatically generates Ninja build files during

the configuration phase, which are then used by Ninja to compile the project.

* Why Use Ninja: Ninja excels in scenarios where fast, efficient builds are critical,
especially for large projects with frequent changes. It avoids unnecessary steps and

minimizes redundant work during the build process.

b. Meson’s Ninja Plugin Meson’s native integration with Ninja means that there is no
need to configure separate plugins for Ninja. However, developers can customize the build
process using additional Ninja-specific options by modifying the Meson build

configuration files. This can be helpful for optimizing performance or tailoring the build

process to specific needs.

c¢. Meson Wraps Wraps in Meson are special files that allow for the easy inclusion of

third-party libraries or dependencies. A ”wrap” is a small Meson configuration file that
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fetches and configures external dependencies, ensuring that they are correctly included in

the build process.

* How Wraps Work: Wraps can be used to pull dependencies from source code
repositories (like GitHub), archives, or package managers. They are stored in a

central location and referenced from the meson.build file.

* Popular Wraps: Common wraps include libraries such as Boost, zlib, and
OpenSSL. These wraps are managed by the Meson community and can be found in

the official Meson Wraps repository.

d. Meson Git Plugin The Meson Git plugin is useful for automating the process of
downloading source code from Git repositories. This plugin allows you to define
dependencies that are hosted on Git repositories, making it easier to pull down code and

build it directly from source.

* How It Works: By specifying a Git repository URL and branch or tag in the
meson.build file, the plugin will automatically clone the repository and ensure

that the appropriate version of the source code is used.

» Usage Example:

my_dep = dependency ('my-library', version: '>=1.0', method:

— 'git', url: 'https://github.com/user/my-library.git"')

e. Meson Docker Plugin For projects that need to be built in a consistent environment
or across multiple platforms, the Meson Docker plugin can be extremely useful. This
plugin allows developers to set up Docker containers to build and test their projects within

isolated environments.
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* Benefits: Using Docker ensures that the build environment is the same across
different machines, reducing “works on my machine” issues. It’s especially useful

for cross-platform builds where dependencies may differ between systems.

* How It Works: The Meson Docker plugin integrates with Docker's build and
deployment process, creating containers to run the build steps. It ensures that
dependencies and environment variables are set up correctly within the container,

simplifying the process of managing complex builds.

f. Meson Sphinx Plugin For projects that require documentation, the Meson Sphinx
plugin is a must. Sphinx is a popular documentation generator that uses reStructuredText
as its markup language. The Meson Sphinx plugin integrates Meson with Sphinx to

automate the process of building documentation.

* How It Works: The plugin allows Meson to automatically run Sphinx during the
build process, creating the documentation as part of the project’s build steps. This
integration ensures that the latest version of the documentation is always generated

when the project is built.

g. Meson Clang Plugin For projects that use Clang as the compiler, the Meson Clang
plugin provides integration with Clang’s features, such as Clang’s static analysis tools and
sanitizers. This plugin makes it easier to leverage Clang’s capabilities within a Meson

build system.

* How It Works: The plugin configures the build to use Clang’s specific options and
enables tools like c1ang-t idy for static analysis or clang-scan-build for
identifying potential bugs. It can also facilitate the integration of sanitizers for
runtime checking, such as AddressSanitizer, MemorySanitizer, and

UndefinedBehaviorSanitizer.
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h. Meson CI/CD Plugin For continuous integration and deployment (CI/CD)
workflows, Meson has various plugins and integrations that support common CI/CD
systems like GitHub Actions, GitLab CI, and Jenkins. These integrations allow Meson to

be used seamlessly within automated build pipelines.

* Integration with Jenkins: The Meson Jenkins plugin can trigger builds from
within a Jenkins pipeline, using Meson to manage the build steps and integrate with

other Jenkins plugins for testing and deployment.

* Integration with GitHub Actions: GitHub Actions provides a framework for
automating software workflows, and Meson can be used to manage builds within
these workflows. By adding a Meson build step to a GitHub Actions pipeline,

developers can automate their build and testing processes.

3. Useful External Tools for Meson Projects In addition to the Meson-specific plugins,
there are several external tools that can be used to improve Meson project management

and integration:

a. Ninja Build System While Meson uses Ninja as its default backend, Ninja itself is a
standalone tool and is one of the fastest build systems available. Developers can use Ninja
directly for additional customization, advanced dependency tracking, and performance

optimization.

b. Ccache Ccache is a tool that caches the results of compilation steps to speed up
subsequent builds. It can be integrated with Meson to reduce build times by storing

compiled objects in a cache and reusing them if the source code hasn’t changed.

* How to Use: Ccache can be installed and configured by setting the CC and CXX
environment variables to use the ccache wrapper. This speeds up builds

significantly by avoiding redundant compilation.
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c. Valgrind Valgrind is an instrumentation framework that helps in detecting memory
management and threading bugs in C/C++ programs. It is a valuable tool for Meson-based
projects, especially when developing complex systems where memory management errors

are critical.

* Integration with Meson: Valgrind can be used as part of the testing phase in
Meson to detect memory issues. Integrating Valgrind into the build process helps

ensure that the software is memory-leak free.

d. Geov Gceov is a code coverage tool that works with the GCC compiler. It is useful for
measuring how much of your project’s source code is exercised by tests. Meson can be

configured to work with Gcov to generate detailed code coverage reports.

4. Conclusion Meson’s flexibility and extensibility are among its strongest features, and
the availability of numerous plugins and third-party tools only enhances these qualities.
Whether you need to improve build speed, integrate additional testing tools, manage
cross-platform dependencies, or automate documentation generation, Meson has the tools
and plugins that will help you achieve your goals. By incorporating these tools into your
build workflow, you can make your project management and development process more

efficient, automated, and scalable.
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Autoconf, Automake, and Libtool work together in traditional build systems,
providing a solid foundation for understanding how Meson improves upon

older tools.
5. Meson Discussions on Stack Overflow

» Stack Overflow is an invaluable source for troubleshooting common issues
faced by Meson users. Many solutions to frequent problems and best practices

for integrating Meson into larger projects are discussed in detail here.

6. Meson Users Mailing List

* The Meson users mailing list offers a forum where developers share their
experiences, solutions to issues, and suggestions for Meson improvements.

This serves as an important real-world resource for practical problem-solving.
7. ”Build Systems with CMake”” by Kenneth Reitz

* This book dives deep into CMake’s power for complex build configurations,
offering ideas and methods for transitioning similar features to Meson-based

setups.

8. Effective CMake: An In-Depth Guide to CMake Best Practices” by Ben Deane
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* Though primarily focused on CMake, this book has helped shape the
understanding of build system best practices, many of which are transferable

to Meson for optimizing workflows.
9. GitLab CI/CD Documentation

* The official documentation for GitLab’s CI/CD system has been crucial for
learning how to integrate Meson with modern CI/CD pipelines, and it provides

a useful counterpart to the Meson build system.
10. Jenkins User Documentation

* Jenkins is widely used for automating builds, testing, and deployment. Its
documentation helped to understand how Meson integrates with Jenkins pipelines in

large-scale projects.
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