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Chapter 1

Introduction

LINAK’s DESKLINE segment is experiencing an increasing challenge in the development pro-

cess for its software. With a growing software platform, the time it takes developers to set

up and build projects is increasing. Manual project setup can lead to human errors, which

can further increase the amount of resources spent during this process. DLSW (DESKLINE

Software) is currently limited to using the IDE (Integrated Development Environment) µVision

Keil to set up, build, and debug their software. The use of µVision Keil also has a considerable

annual cost associated with it.

One way to improve the work process of individual developers and reduce the cost associated

with building a software project is by implementing a build automation tool. Automating the

build process can help reduce the time an individual developer uses to set up projects, almost

eliminate human errors, and improve overall development efficiency. The goal of this project is

to investigate select available build automation systems and present a demonstration software

showing a solution to achieve build automation.

1.1 About LINAK

LINAK was established by the current CEO and owner Bent Jensen’s grandfather in 1907.

After Bent Jensen took over the company from his father in 1976, he revolutionized it by

inventing the electric linear actuator in 1979. With the introduction of this technology, LINAK

quickly established itself as a leader in the industry.

Today, LINAK is still an industry leader with a commitment to innovation and a commitment

to providing the highest quality products and services to customers around the world. In

2019 LINAK counted more than 2400 employees spread over 35 countries. The headquarters

is located in Guderup in southern Denmark and covers an area of 55,000m2. 1250 employees

work at the Guderup headquarters in manufacturing, group management, R&D, logistics, and

administrative functions. LINAK has established factories outside Denmark in the USA, China,

Slovakia, and Thailand. [1]
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1.2. OBJECTIVES CHAPTER 1. INTRODUCTION

LINAK consists of 4 business segments.

• DESKLINE specialises in ergonomic systems for office desks, workstations, kitchens, and

shop and conference room interiors

• HOMELINE excels within comfort furniture

• TECHLINE handles durable actuator solutions for heavy-duty applications operating in

the harshest of environments

• MEDLINE & CARELINE focuses solely on developing intelligent systems for healthcare

applications

LINAK was born from an innovative idea and is built on the wish to convert new ideas into

innovative products. It has a large team of experienced and highly skilled engineers to maintain

the best possible foundation to create meaningful solutions and value-adding products for its

customers. [2]

1.2 Objectives

To achieve the goal, several objectives have been identified. The general objectives can be found

in the problem formulation in Appendix A. The detailed objectives are listed below, prioritized

into 4 categories; Must Have, Should Have, Could Have, and Won’t Have.

1.3 Detailed objectives

1. Must Have

(a) Investigation of build automation and Makefiles.

(b) Analysis of two different build automation solutions.

• CMake and Meson.

(c) Implementation of a demonstration software:

• Must generate a project *.hex file using Arm Compiler 6 toolchain.

(d) Integration with an SVN server to fetch desired SW.

2. Should Have

(a) Include project setup using DLSW’s CLEAR SW platform.

(b) Ability to easily switch between different compilers.

• Arm Compiler 5 (armcc), Arm Compiler 6 (amrclang), gcc

(c) Be independent of the use of a specific IDE.

2



1.4. WORK METHODOLOGY CHAPTER 1. INTRODUCTION

3. Could Have

(a) Options to set different compiler settings (optimization etc.).

(b) Investigation and analysis of additional solution(s).

(c) Have the prototype software running on a Jenkins server.

(d) A method to debug a *.hex file, built using the chosen solution, on a hardware target.

4. Won’t Have

(a) Continuous delivery/deployment analysis.

(b) Production SW solution for DLSW.

1.4 Work Methodology

The approach to the project will be similar to that of the V model. To start the project, all

relevant theories of automation software will be investigated. Based on this investigation, two

systems will be subject to further investigation. This will lead to an analysis of the two systems,

comparing them to each other, and presented to DLSW for the strategic choice of which one to

go in to development. Then a demonstration project will be created that presents the chosen

solution, followed by verification and evaluation.

1.4.1 Risk Assessment

Before the project began, all relevant risks were identified. Each risk was rated according

to probability and impact on the project. For each of the risks, a mitigation strategy was

identified. Risk tables can be found in the Appendix A.1

1.4.2 Initial Time Schedule

The initial time schedule shows the main activities of the project, any subcategories of these,

and allocates time to each phase. It is initially divided into 3 main phases, Research and

Investigation, Analysis and Demonstration SW. These reflect the main activities and

roughly the different parts of the project report.

There are 3 milestones in the project, marked with ♦ in the schedule.

1. 11th of October: Criteria for automation system agreed upon by all stakeholders

2. 21st of November: Choice of automation system for demonstration software development

3. 11th of December: Presentation of demonstration software.

The time schedule can be found in Appendix A.2

3



Chapter 2

Background & Analysis

This chapter provides background information on some of the build system tools and generators

used to build and describe software projects. It includes a list of requirements for a build system

to be considered feasible and compares the two build system generators, CMake and Meson. At

the end of the chapter, an evaluation matrix is presented, summarizing the two build system

generators side by side.

2.1 Build Systems

A build system is a tool that provides a consistent and reusable framework to define and

automate the software development, quality control, and delivery process. The system defines

how software and other components are assembled, the dependencies that must be satisfied,

and any third-party components that are used in the build process.

One of the main features of a build system is having a common method to define the build

process and invoke it. The build system should work the same across different projects and is

expected to behave in the same way on each project.

Terminology for build systems and their meaning within a build system context:

• A build machine is the computer that executes the build process

• A host machine is the computer on which the software will execute. This may or may

not be the same as the build machine.

• A target machine is the machine on which the compiled output will run, which is only

meaningful if the program on the host machine produces machine-specific output (e.g.

cross-compilation). For most cross-compiled programs, the target machine and the host

machine are the same thing.

4



2.2. MAKE CHAPTER 2. BACKGROUND & ANALYSIS

Within compilation there are also different types to account for:

• Native compilation: The software is compiled so it can run on a host machine that is

the same architecture as the build machine

• Cross-compiling: Involves compiling software that will run on a host machine with a

different architecture than the build machine. for example, compiling for ARM Cortex-

M0+ using an Intel x86 64 machine.

A toolchain is a set of tools for producing software, such as compiler, linker, archiver, etc. the

term toolchain refers to the sum of these parts.

A build system is a tool used in software development to manage parts of the process. Software

development is a complicated process which includes tasks such as source code control, code

generation, automated source code checks, documentation, compilation, linking, unit testing,

integration testing, packaging, creating binary releases, source code releases, deployment, and

reports.

This can be simplified into four main phases of development.

1. Developers write source code.

2. The source artifacts are transformed to end products.

3. The end products are tested.

4. The end products are deployed or distributed.

A good automated build system can manage steps two through four.[24]

Apart from providing technical advantages and capabilities for the development progress, the

use of a build automation system also has several human factor benefits.

A build system will provide a standardized and automated approach to building the target

software. Without this automation, the manual process is error-prone. Some common errors

can include developers forgetting to run a ”clean” build and/or switching to the release branch.

This will result in a build that does not reflect the current state of the release source tree. The

manual process requires the developer to carefully build, test, and package the software before

handing it over to QA. If a single step is done incorrectly, the build will be sent back to the

developer and QA will have wasted time testing the wrong software.

When the build, quality enforcement, and packaging processes are automated, there is no chance

that a developer misses a step or builds the wrong branch.

2.2 Make

Source code by itself does not make an application, and the way they are put together and pack-

aged for distribution matters. Make is a tool for automating these processes. Make automates

5



2.2. MAKE CHAPTER 2. BACKGROUND & ANALYSIS

the building of executable programs and libraries from source code and their dependencies. It

reads files known as Makefiles which contain instructions on how to derive the target pro-

gram. When developing in C or C++, an important part of building an application is the

collection of compilation and linkage commands needed to get from the source code to working

binaries. Entering these commands can be a lot of tedious work. Make was designed to help C

programmers manage these commands.

Make can be used to manage the build processes of complex projects and helps to decide

which parts of a large program need to be recompiled. It is particularly popular in UNIX and

UNIX-like environments but is also available for Windows and other operating systems.

Make was first created by Stuart Feldman in April 1976 at Bell Labs. Feldman was inspired to

write Make from an experience of a coworker who was debugging a program of his, where the

executable was accidentally not being updated with changes to the source tree. [23]

2.2.1 Makefiles

A Makefile is a plain text file that describes how to build a program or project. When invoking

Make commands, it searches the current directory for a Makefile and invokes the specified

targets from the file. Makefiles allow the developer to declare dependencies between files in a

project. They can specify that a particular source file depends on one or more header files,

which object files should be linked to libraries, and specify the output executable. Through

timestamps of the source and header files, Make determines which parts of a project need to

be recompiled or not.

The basic syntax of a makefile is as follows:

1 target: prerequisites

2 recipe

The target is the name of the output file that to be created. The prerequisites are the files

that the targets depends on. The recipe is the shell command used to create the target. If

necessary, several prerequisites are listed after each other separated by a space.

For example the following would create an executable file called bin from the source code in

x.c

1 bin: x.c

2 gcc x.c -o bin

First the timestamp of the dependency is checked, and if it has changed from any previous

builds, the make bin command will execute the recipe in the Makefile to create the target.

Makefiles are typically written in a simple text format, which makes them humanly readable

and capable of being developed by a human user. They can be used to build projects that use

multiple different languages and can also be used to automate other tasks, such as unit tests.
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2.3 Ninja

Ninja is a build system similar to Make, although there are noticeable differences between the

two. It differs from Make and other high-level language build systems in that it is designed

to have its input files generated by a higher-level build system, like CMake or Meson. Ninja’s

build files are human-readable but not especially convenient to write by hand.

Ninja was created by developer Evan Martin who, at the time, worked on Google Chrome.

Evan discovered that when they used Scons and later Make to build Chrome, it could take as

long as 40 seconds from starting the process, before the source code started to build. It could

take up to eight minutes to complete linking after altering just one file. With a want to bring

down building time, he began developing Ninja to be similar to Make, but without hardly any

features. Combined with fast linking tools and a fast computer, an incremental build of Chrome

was clocked at 6 seconds when altering just one file. [13]

The design goals of Ninja are

• Very fast incremental builds.

• Very little policy on how code is built. This is left to the higher-level build systems.

• Get dependencies correct (fixing some implicit dependency issues found when using

Make).

• When convenience and speed are in conflict, prefer speed.

When Ninja was created an explicit non-goal was to not have convenient syntax for writing

the build files by hand. Ninja files should be generated by another program or build system

generator.

Ninja builds are run in parallel by default with the number of jobs depending on the system

CPU. The number of jobs can be set when invoking Ninja with the -jN flag, where N is the

number of concurrent jobs.

2.4 CMake

CMake was created in 2001, is an open source system, and is currently the most widely used

build system for C and C++. CMake is a suite of tools that covers everything from setting up

a build right through to producing packages ready for distribution. CMake is a build system

generator, which means that CMake itself does not execute the software building process.

Instead, CMake translates a high-level build description into a format accepted by other tools.

It provides generators for many popular build tools, including Make, Ninja, Xcode, Visual

Studio, etc.

CMake has gone through several larger updates throughout its current life cycle, with the

largest jump being from CMake v2 to CMake v3. CMake 3.0 made changes to the syntax to

7
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make it more concise and easier to read, and it is considered the earliest version of modern

CMake. CMake v3 was released in June 2014 [14]. Developers are encouraged to always remain

relatively close to the most recent stable CMake release [26].

Where Make uses Makefiles, a CMake project uses at least one CMakeLists.txt file to define

the build. The build can be defined in a single file, or several can be spread out in the source

tree.

CMake build stages:

1. CMakeLists.txt: Define the project structure, settings, and dependencies.

2. Configuration: Configure build system files (e.g. Makefiles, Ninja) based on the CMake-

Lists.txt file.

3. Generation: Generates build system files (e.g. Makefiles, Ninja).

4. Build: Invokes the back-end build system to build the project.

2.4.1 CMakeLists.txt

The CMakeLists.txt file describes the source files and the targets of a project, such as executa-

bles, libraries, tests, etc., and how they should be compiled and linked. It also specifies the

options and properties of the project, such as the minimum required version of CMake, the

languages used in the project, the language standard, etc. The CMakeLists.txt file is usually

located in the root directory of the project source code. additional files can also be placed in

subdirectories to describe different modules or components of the project.

The syntax used in CMake is based on its own CMake language, which consists of commands

and variables. Commands are used to specify actions and options for building the project.

The commands in CMake closely resemble functions known from languages like C and C++.

Variables are used to store and manipulate values that can be referenced throughout the project,

depending on the scope of the variable.

1 cmake_minimum_required(VERSION 3.15)

2 # Set Project Details

3 project(myProject

4 VERSION 1.00

5 DESCRIPTION "My Project"

6 LANGUAGES C ASM

7 )

8 # Add executable with main.c

9 add_executable(myApp main.c)

10 # Add source.c to SOURCE_FILE variable and target the executable

11 set(SOURCE_FILES source.c)

12 target_sources(myApp PRIVATE ${ SOURCE_FILES })
13 # Link executable with myLib

14 target_link_libraries(myApp PRIVATE myLib)

Code Block 2.1: CMakeLists.txt Example

8
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2.5 Meson

The creation of Meson started at the end of 2012 by the Finnish developer Jussi Pakkanen. He

was frustrated with the existing build systems due to their ”foolish configuration syntax and

unexpected behavior” [25]. The system had its initial release on 2 March 2013, and has since

gone through a series of updates, with the latest release, version 1.2.3, released on 20 October

2023. The release notes for the versions of the can be found on the Meson website [20].

Meson is a build system generator and generates build files for build systems like Ninja, Visual

Studio, and Xcode. It is created with multi-platform support for Linux, MacOS, Windows,

etc. and supports languages like C, C++, Rust, etc. It is designed to be very readable and

user-friendly, and the main design principle is that it is non-Turing-complete. It supports cross-

compilation for many operating systems, bare metal included. It is optimized for extremely

fast full and incremental builds, while promising correctness in the output. [20].

A Meson project uses at least one meson.build file to define the build. The build can either

be described in a single file or spread throughout the source tree.

To build a project with Meson, a build output folder is specified when invoking Meson. Meson

will create the target output folder if it does not already exist and will then use the build

files, any configuration settings supplied by the user, and the chosen back-end build system

to produce a build system tuned for the platform and configuration. The generated files are

placed within the build output folder. The build options are stored in Meson files in the build

output folder, so they are remembered between build invocations.

Every Meson project must have a project definition; This is usually declared in the root

meson.build file, and declares the project name, programming languages, license, project

version, required meson version, and more. default build options can also be supplied in the

project declaration. It is possible to override these options if desired.

1 # Set Project Details

2 project('Project Name',
3 ['c'],
4 default_options : [

5 'c_std=c99',
6 'warning_level =3'
7 ],

8 license: 'MIT'
9 meson_version: ' >=1.2.0',

10 version: '1.0'
11 )

Code Block 2.2: Meson.build Example

9
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2.6 Analysis

This section lists the requirements for the build system that must be met before a build system

can be considered for further research and development. It compares the two build systems,

CMake and Meson, on each of the identified requirements.

To decide which features and requirements should be set up for the build automation system,

a meeting was held on October 10 2023. The meeting was scheduled with the DLSW depart-

ments manager, architects, and select developers. A list of possible requirements was sent to

participants prior to the meeting. The list was discussed and further specified. The summary

of the meeting can be found in the Appendix section C.1.

This meeting led to a list of required build system capabilities and non-functional requirements.

Requirement Glossary

• Binary code: Typically ELF (Executable and Linkable format) or hex format, when cross-compiling.

• Statistics: Static, coverage, complexity analysis, sanitizer, documentation, etc.

• Out-of-source build: Build files and output are placed in a separate directory.

1. Capabilities

1.1 Source to binary

1.1.1 The system must be able to convert the source code to binary code.

1.1.2 The system must provide an output in hex format.

1.1.3 The system must be able to generate statistics for the built software and its structure.

1.2 The system must make it possible to define different build types (debug, release, etc.).

1.3 The system must be able to create out-of-source builds.

1.4 The system must have the ability to build incrementally.

1.5 The system must be able to invoke cross-compiling.

1.6 Build and host machine

1.6.1 The system must be capable of running on a Windows x86 64 machine.

1.6.2 The system must be able to cross-compiling for the following host machines.

1.6.2.1 Nordic nRF52810

1.6.2.2 Nordic nRF52832

1.6.2.3 ST STM32F03x

10
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1.6.2.4 ST STM32G03

1.7 The system must be able to fetch content from an SVN server and from GIT.

1.8 Dependency management

1.8.1 The system must have the capability to build different project versions based on a

specified revision number.

1.8.2 The system must enable the selection of module versions based on a specified revision

number.

1.9 The system must be allowed for commercial use, preferably at no cost.

2. Non-functional Requirements

2.1 Repeatability

2.1.1 The system must ensure that the same building steps are executed consistently each

time the build is run, regardless of the build machine or invoker.

2.2 Reproducibility

2.2.1 The system must be capable of generating an identical hex output file when the

same configuration is used.

2.3 Correctness

2.3.1 The system must produce an updated output, when changes are made within the

source tree.

2.4 Standard

2.4.1 The system should have widespread industry usage.

2.4.2 The system should have comprehensive documentation.

2.4.3 The system should have strong community support.

2.5 Debug of build system

2.5.1 The system should provide warning and error messages that are helpful for locating

errors in the system.

2.6 Ease of use

2.6.1 The system should not require an extensive setup process when set up with a project

template.

2.6.2 The system should be able to invoke a specific build using a single command.

2.6.3 The system should provide an easy-to-learn interface for invoking builds.
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2.6.4 The system should have an easy-to-understand syntax for developers not maintaining

it on a day-to-day basis.

2.7 Performance

2.7.1 The system must not exhibit noticeable performance lag compared to the currently

used Keil system.

2.8 Future-proof

2.8.1 The system must be developed and maintained by a team with a consistent and

reliable history.

2.8.2 The system should be actively maintained by a sufficient number of developers.

2.8.3 The system should support the ability to switch compiler versions.

2.8.4 The system should allow users to suggest new features, report bugs, and provide

feedback.

2.8.5 The system must be used by a defined user base in the industry.

2.9 IDE compatibility

2.9.1 The system should be supported in IDE’s with syntax highlighting, code completion

and hover information.

2.9.1.1 Support in VS Code

2.9.1.2 Support in Eclipse

2.9.1.3 Support in Keil
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2.6.1 Capability Requirement Comparison

req#1.1.1

”The system must be able to convert the source code to binary code”

Common

Neither CMake nor Meson handles the compilation or generation of binary code directly. They

are built system generators who generate platform-specific build files (Makefiles, Ninja build

files, etc.).

CMake

CMake handles this through a set of CMakeLists.txt files in the root of the project and the

necessary subdirectories, depending on the size and scope of the project. In the CMakeLists

the source files, libraries, compile options, possible output targets, etc. are defined. Through

the specifications in the CMakelists, CMake generates platform-specific build files that handle

the conversion of the source code to binary code.

Meson

Meson handles this similarly to CMake but relies on the meson.build files in the root of

the project and the necessary subdirectories. Like in the CMakelists, the various source files,

libraries, options, etc, are defined in the meson.build files.

req#1.1.2

”The system must provide an output in hex format”

Common

Neither CMake nor Meson has built-in functionality to convert output files to hex files, but

relies on the given toolchain to perform this operation. If the toolchain used does not include

a means of converting the output executable or ELF file, the GNU Binutil tool objcopy can

be used.

To convert an ELF file to a hex file using objcopy, the command must be used:

1 objcopy -O ihex <input > <output >.hex

The -O ihex specifies the output format as Intel HEX.

The Clang toolchain uses Fromelf to do the conversion

1 Fromelf --i32combined --output=<output >.hex <input >.elf
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CMake

A variable in the toolchain can be set to save the toolchain conversion executable, which can

be referenced later to perform the conversion.

1 set(OBJCOPY arm -none -eabi -objcopy)

To trigger the conversion from an output file to hex, a user-defined function can be made, and

within that a custom command to perform the conversion can be invoked. The COMMAND option

specifies the command line(s) to execute at build time.

1 function(convert_to_hex TARGET

2 add_custom_command(

3 TARGET ${TARGET } POST_BUILD

4 COMMAND ${ CMAKE_OBJCOPY } -O ihex ${TARGET } ${TARGET }.hex
5 BYPRODUCTS ${TARGET }.hex
6 )

7 endfunction()

Code Block 2.3: CMake custom function to convert TARGET to hex format

Meson

Through the built-in meson object, an external property can be found in the specified cross- or

native file. (See req#1.6.2 meson description).

1 objcopy = find_program(meson.get_external_property('objcopy '))

Then a custom target can be created where the input, output, and the command to run are spec-

ified. If the target must be built at every run, the custom target variable build by default

must be set to true.

1 sample_app_hex = custom_target('sample_app.hex',
2 input: sample_app ,

3 output: 'sample_app.hex'
4 command: [objcopy , '-O', 'ihex', '@INPUT@', '@OUTPUT@'],
5 )

Code Block 2.4: Meson custom function to convert TARGET to hex format

req#1.1.3

”The system must be able to generate statistics for the built software and its structure”

Common

Both CMake and Meson have ways of defining and running different tools, that are not built-in

to the system itself. These often include the creation of a separate shell script, and a built-in

function is used in one of the two systems to run the script.
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CMake

CMake has some built-in support for static analysis tools such as clang-tidy, CPPLint,

CPPCheck, Include What You Use, etc. Each property or variable is a CMake list of argu-

ments that are used to invoke the tool, including the binary. The tool is then automatically

invoked when building targets that have the properties enabled.

An example using built-in cppcheck to set the CMake variable CMAKE C CPPCHECK:

1 find_program(CPPCHECK cppcheck)

2

3 if(CPPCHECK)

4 set(CMAKE_C_CPPCHECK

5 ${ CPPCHECK }
6 --quiet

7 --enable=style

8 --force

9 -I ${ CMAKE_CURRENT_LIST_DIR }/lib
10 )

11 endif()

Code Block 2.5: CMake CPPcheck setup

CMake has limited built-in support for code coverage analysis, where it supports gcovr if CTest

is used.

Meson

Meson only supports the Clang static analyzer scan-build, which can be called directly when

executing the build files. When using the Ninja back-end, it can be invoked with the command:

1 ninja scan -build

It has built-in support for two different code coverage analysis tools gcovr and lcov, which

can be enabled with the b coverage variable, when configuring the project.

It has built-in support for a set of different sanitizers, which can also be set up when configuring

the project through the b sanitize variable. The value can be either none, address, thread,

undefined, memory or leak. The sanitizer will only be used if it is supported by the compiler.

req#1.2

”The system must make it possible to define different build types (debug, release, etc.)”

Common

Both systems have an option to choose between several predefined build variations. Custom

variations can be defined in both.
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CMake

CMake has a built-in variable called CMAKE BUILD TYPE, which can be set to either Debug,

Release, RelWithDebInfo or MinSizeRel. The variable is initialized in the project configu-

ration and the default value is an empty string. If the string variable is empty, the toolchain-

specific default is chosen. As an example, MinSizeRel includes the following c flags -Os

-DNDEBUG

Meson

Meson has a built-in core option to define the build type to use. The variable is called

buildtype, and can contain the values: plain, debug, debugoptimized, release, minsize

and custom. Each of these options has its own pair of true/false debug and optimization levels.

For example, debugoptimized sets the internal variables debug=true and optimization=2.

[16]

req#1.3

”The system must be able to create out-of-source builds”

Common

Both systems are easily able to produce out-of-source builds.

req#1.4

”The system must have the ability to build incrementally”

Common

Both CMake and Meson provide incremental building support by generating build files that

include dependencies between targets and source files. Incremental building depends on the

chosen underlying build system, but the most common build tools like Make, Ninja, Visual

Studio, and Xcode supports incremental building.

Meson

From the description of the Meson features:

”optimized for extremely fast full and incremental builds without sacrificing correctness”[20]
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req#1.5

”The system must be able to invoke cross-compiling”

CMake

To initiate cross-compilation in CMake, a valid toolchain file must exist and it must be invoked

with one of two command line parameters. [9]

1 cmake --toolchain path/to/toolchain_file.cmake path/to/source

1 cmake -DCMAKE_TOOLCHAIN_FILE=path/to/toolchain_file.cmake path/to/source

The CMake variable CMAKE CROSSCOMPILING is set to true when the variable

CMAKE SYSTEM NAME has been set manually.

However, it is recommended to avoid using the CMAKE CROSSCOMPILING variable, as it can be

misleading and set to true when the build and target systems are the same or false when they

are different. [26]

Meson

Meson cross-compilation initialization is very similar to CMake, but the way it handles cross-

compilation is slightly different. to initiate cross-compilation, a valid cross-file must exist and

it it must be invoked with a command like parameter

1 meson setup builddir --cross -file path/to/cross_file.txt

Mesons approach to cross-compilation is that both cross-compiled targets and native targets

can be specified in the same build. This means that, e.g. unit tests can be run on the build

machine while also compiling for an embedded target. This is very different from CMake, where

two different build output directories must be configured.

When invoking a build in Meson with or without specifying a cross-file, the built-in OS toolchain

is used for the native build. Like there are cross-files, native-files can also be created to specify

which toolchain to use for the native part of the build.

When layering cross-files in Meson, the cross-files must all be invoked in the command line, when

configuring the project. when specifying multiple cross-file or native-file arguments, duplicate

values from the previous file are overridden by those in the following file.

1 meson setup builddir --cross -file arm.txt --cross -file cortex -m3.txt

Like CMake, Meson has a variable to see if a build is a cross- or a native build. The variable

is part of the meson object called meson.is cross build() and it returns true if the current

build is a cross build.

17



2.6. ANALYSIS CHAPTER 2. BACKGROUND & ANALYSIS

req#1.6.1

”The system must be capable of running on a Windows x86 64 machine”

Common

Both systems are capable of running on a native Windows machine.

req#1.6.2

”The system must be able to cross-compiling for the following host machines”

Common

req#1.6.2.1 - req#1.6.2.4: ”nRF52810, nRF52832, STM32F03x, STM32G03”

Since neither CMake nor Meson are responsible for compiling, linking, etc. but only points to

the executables handling these steps, an arbitrary number of cross-compilation toolchains can

be defined to encompass all the listed processors.

CMake

CMake makes use of toolchain files in the form of my toolchain file.cmake. The built-in

toolchain variables are set to the desired value for the system to use.

1 set(CPU_NAME STM32F03x)

2 # ...

3 set(CMAKE_C_COMPILER arm -none -eabi -gcc)

4 # ...

In addition to toolchain executables, CMake also provides standard variables for compiler,

linker, and VFP (Vector floating point) flags, which can be set to target a specific architecture.

It is possible to define a custom root path in the toolchain file by setting a list of root paths in

CMAKE FIND ROOT PATH. If this variable is defined and used, CMake uses the paths in this list

as alternative roots to find filesystem items with functions like find library, find path etc.

The layering of toolchain files to gather common components between different target architec-

tures can be done and is handled in CMake with the use of include(path/to/toolchain.cmake).

Meson

Meson uses cross-files to define specific components of the toolchain. The cross-files are in

the form of my cross-file.txt. The files are divided into different sections; binaries,

properties, built-in options, host machine, and target machine.

[binaries] contains the compile, archive and strip executables, provided they can be found

in the environment Path. Alternatively, a full path to the executable can be set.
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[properties] in this section, size and alignment settings can be set, and this is e.g. also where

the objcopy toolchain component can be set.

[built-in options] contains compiler arguments, link arguments etc. can be added.

[host machine] and/or [target machine] must be defined in the cross-file, if one of these are

not present, the build will be treated as a native build.

[host/target machine] defines the system, cpu family, cpu, endian amongst others.

Layering of cross-files is also possible in Meson. This is done by invoking several cross-files in

the command line. further description in the description of req#1.5

req#1.7

”The system must be able to fetch content from an SVN server and from GIT”

Common

Both systems fulfill this requirement.

CMake

CMake has two different methods of fetching content from SVN or GIT, the ExternalProject

module, and the FetchContent module.

The first module can be used to isolate the external project from the main project. It can use a

different toolchain, target a different platform, etc. This can be beneficial in some cases, but it

also means that the information from the external project must be provided manually. Content

fetched with ExternalProject downloads the content during build time, making it difficult to

build the external project with the same configurations as the main project.

FetchContent was introduced in CMake 3.11 and uses the ExternalProject module internally

to set up a sub-build which downloads and updates the external content. The big difference

between the two is that FetchContent does all of this during configuration. Because of this, the

content is available earlier than with ExternalProject, and it is possible to bring the project’s

sources directly into the main build.

SVN

1 include(FetchContent)

2

3 FetchContent_Declare(

4 content_name

5 SVN_REPOSITORY <URL >

6 SVN_REVISION <RVN >

7 )

GIT

1 include(FetchContent)

2

3 FetchContent_Declare(

4 content_name

5 GIT_REPOSITORY <URL >

6 GIT_TAG <TAG >

7 )
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Meson

Meson uses its own system Wrap for fetching and managing external content. In Meson, external

content is fetched under the concept name subprojects. They are a way of nesting one Meson

project inside another. subprojects can be used in a variety of different ways

• They can be included as a submodule within the source tree, and reference the source

files directly in the build

• Subprojects libraries can be compiled in their native setup, and be included as pre-built

files and headers in the source tree.

• Precompiled binaries and libraries can be used with Meson’s built-in dependency lookup

method (e.g. to find pkg-config files).

• The built-in dependency lookup method can be used to find CMake modules.

To get Meson to download the subproject, a wrap file must be specified. By doing this, Meson

will automatically download and extract it if it is used in the build. Wrap files are specified

in the form <project name>.wrap, and must be placed in the subprojects directory. Meson

supports four kinds of wraps; wrap-file, wrap-git, wrap-hg, and wrap-svn.

A wrap file has a single header that contains the type of wrap, followed by properties that

describe how to obtain the sources, validate them, and modify them if needed.

SVN

1 [wrap -svn]

2 url = http ://svn/path/to/dir

3 revision = revision_number

GIT

1 [wrap -git]

2 url = http :// git/path/to/dir

3 revision = revision_number

Additional configuration properties can be given to both wrap-files like

• patch url: download url to retrieve an optional overlay archive.

• patch fallback url: fallback url if patch url fails.

• patch directory: overlay directory. Must be placed in subprojects/packagefiles

• method: specifies the build system used by the subproject (default meson).

– method = meson|cmake|cargo

patch directory can be used to provide a build file to the downloaded subproject, if it doesn’t

inherently have one.

Git-specific properties can be configured in the wrap-git file such as depth and push-url.
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req#1.8.1

”The system must have the capability to build different project versions based on a specified

revision number”

Common

None of the systems have built-in functionality to build an entire project based on given revisions

or tags. A top-level shim file can be made to interact with the build system in a way that makes

it possible to build a project with a given revision or tag.

req#1.8.2

”The system must enable the selection of module versions based on a specified revision number”

Common

Both systems fulfill this requirement. see requirement 1.7 description.

req#1.9

”The system must be allowed for commercial use, preferably at no cost”

Common

Both systems are allowed for commercial use, at no extra cost.

CMake

CMake is distributed under the OSI-approved BSD 3-clause license [10]. This license is a

permissive open-source license that allows for both commercial and non-commercial use.

Meson

Meson is licensed under the Apache 2 license [17]. This is a permissive open-source license that

allows for both commercial and non-commercial use.

2.6.2 Non-functional Requirement Comparison

To test some of the non-functional requirements, a test project has been created. The tests were

carried out with exactly the same project and configurations on three different build machines.

The test project consists of 11 separate .c source files and 3 .h header files. The contents of

the source files are simple mathematical functions, not serving a particular purpose other than

adding a set of operations, so the compiler will not exclude any files during compilation. A

main.c file is created to utilize all the functions in the different source files. The test project files

21



2.6. ANALYSIS CHAPTER 2. BACKGROUND & ANALYSIS

can be found in Appendix B Test Project and at https://github.com/Haugenau20/cmake_

meson_thesis.

The project is cross-compiled and targets the MCU architecture family STM32F103. Both

projects use built-in options to select build type, and are both set to Debug internally.

All three machines used the following versions of build generators, back-end build system and

toolchain utilities:

• CMake 3.27.7

• Meson 1.2.3

• Ninja 1.11.1

• Make 4.4.1

• gcc 13.1.0

• arm-none-eabi-gcc 10.3-2021.10

• arm-none-eabi-objcopy 2.36.1.20210621

CMake test setup

The CMake setup consists of several CMakeLists.txt files. In the root directory, the project

is set up and a second CMakeLists, located in the src directory of the project, is added using

the function add subdirectory(src).

Also in the root of the project, the executable called sample app is defined. It targets main.c

and is linked to the two libraries c lib and new c lib, both defined in the CMakeLists in the

src subdirectory.

1 add_executable(sample_app)

2 add_sources(sample_app PRIVATE ${ CMAKE_SOURCE_DIR }/src/main.c)
3 target_link_libraries(sample_app PRIVATE

4 c_lib

5 new_c_lib

6 )

Code Block 2.6: Defining the Executable

The libraries are created in the subdirectory src/CMakeLists.txt. c lib and new c lib are

set up in the same way, with the only difference being the target sources.

1 add_library(c_lib STATIC)

2 target_sources(c_lib PRIVATE

3 a.c

4 ...

5 )

6 target_link_options(c_lib PUBLIC "-nostartfiles")
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7 target_include_directories(c_lib PUBLIC ${ PROJECT_SOURCE_DIR }/lib)

Code Block 2.7: Creating Libraries and Adding Sources

Custom functions and commands have been made to convert the output from ELF format to

.bin and .hex, and to create a memory map file.

CMake has been invoked with the following commands:

• Makefile backend

1 cmake -B buildresults -G "Unix Makefiles" -DCMAKE_TOOLCHAIN_FILE=

2 "cmake\toolchains\cross\STM32F103VBIx.cmake" > output.txt

• Ninja backend

1 cmake -B buildresults -G Ninja -DCMAKE_TOOLCHAIN_FILE=

2 "cmake\toolchains\cross\STM32F103VBIx.cmake" > output.txt

• Invoke backend build tool

1 cmake --build buildresults --verbose >> ouptut.txt

Meson test setup

The Meson setup is created using two meson.build files, one in the root of the project, and

one in the src subdirectory.

In the root meson.build file, the project is defined with a name, version number, and de-

fault options. In addition to defining the project, the src subdirectory is included. All other

definitions are handled in the src meson.build file.

1 subdir('src')

In the src directory, the files, include directories, and flags are listed, before the static library

c lib is created, and a dependency variable c dep is created.

1 c_files = files(

2 'a.c',
3 ...

4 )

5 c_include = include_directories('../lib')
6 c_link_flags = ['-nostartfiles ']
7 c_lib = static_library(

8 'c',
9 c_files ,

10 include_directories: c_include ,

11 )

12 c_dep = declare_dependency(
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13 include_directories: [

14 c_include ,

15 ],

16 link_args: c_link_flags ,

17 link_with: [c_lib , new_c_lib],

18 )

Code Block 2.8: Creating Source File Dependency c dep

Since Meson builds both for the build machine and the host machine in the same build, all

linker script-related flags, dependencies, custom targets, and the memory map creation are

wrapped inside an if meson.is cross build() statement.

Meson has been invoked with the following commands:

• Ninja backend

1 meson setup buildresults --cross -file build/cross/arm.txt

2 --cross -file build/cross/STM32F103VBIx.txt > xxx_output.txt

• Invoke Ninja build

1 meson compile -C buildresults --verbose >> xxx_output.txt

req#2.1.1

”The system must ensure that the same building steps are executed consistently each time the

build is run, regardless of the build machine or invoker”

Common

Both systems show similar behavior across all three devices when using Ninja as the back-end

build system. The two systems identify the compiler specified in the corresponding toolchain

file, configure the project, and generate the Ninja build files.

Since Ninja executes the build in parallel by default, the steps are not necessarily the same every

time. Not even when running it several times on the same build machine. It does, however,

follow the same general steps every time it is run.

1. The soufce files are compiled into object files.

2. Objects are linked to their respective libraries.

• If not done before the previous step, main.c is compiled into an object file.

3. The executable sample app is linked with all its dependencies.

4. The functions / custom commands are executed to create the .hex and .bin files.
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The fact that the individual build steps are not completed in the same order every time does

make it more difficult to predict how every build is run, down to which object file is created

before the other. The consequences of not compiling in the exact same order every time are

minimal. This is because each source file is compiled into objects individually, without regard

to the other source files. The most important thing is that all necessary object files are created

before the toolchain archiver creates the associated libraries.

The build output files of each test on both systems demonstrate this. They can be found in the

terminal output folders of the GIT repository at https://github.com/Haugenau20/cmake_

meson_thesis.

If Ninja is forced to execute a serial build, the execution order is the same every time, also

when it is run on different build machines.

CMake

CMake also has the option to generate Makefiles and use it as its back-end build system. When

invoking the build with the Makefile backend, the order of steps run on each build machine is

exactly the same every time it is run. It first compiles the source files for new c lib, links to

the static library, and builds new c lib. The same is then done for c lib, before the main.c

source file is compiled and sample app is linked and built. This is true because Makefiles run

in serial by default.

It is possible to run the MakeFile build in parallel, and when done, the build expresses the

same behavior as running Ninja in parallel.

req#2.2.1

”The system must be capable of generating an identical hex output file when the same configu-

ration is used”

Common

Using the test setup, a sample app.hex output was created from each of the setups.

The common for both systems is that the 3 individual hex files created from each build machine

match 100%. The hex files produced when invoking CMake and invoking Meson are not a

match, when compared to each other. However, they are very similar in size, only differing by

58 bytes. The CMake made sample app.hex has size 10.467 bytes and the Meson has size

10.525 bytes.

The difference in output between the two systems can be due to different default compile and

link flags set by the systems, and the way the system integrates with the back-end build system.
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CMake

The hex output files generated when using Makefile or Ninja as back-end match each other

100%

req#2.3.1

”The system must produce an updated output, when changes are made within the source tree”

Common

Both systems rely mainly on the back-end build system to detect and rerun any necessary

compile or build steps. Reconfiguration and generation of the back-end build files are handled

by the respective build system.

CMake

If a change has been made to a CMakeLists.txt file, rerunning the original cmake command at

the command line will invoke new configuration and generation steps. The same functionality

can be achieved by invoking Ninja from the build folder in the command line.

Meson

Meson will not reconfigure itself if a change is made in one or more meson.build files, if it is

invoked with the same setup command used at the beginning. If a reconfiguration is desired,

it must be added to the command line with --reconfigure.

In Meson’s compile command, meson compile, is invoked, it will invoke Ninja (or another

configured back-end), which will trigger a reconfiguration of meson.

req#2.4.1

”The system should have widespread industry usage”

CMake

CMake is widely used in industry and, according to Kitware, is the de facto standard for

building c++ code today [7]. A few companies that have adopted and use CMake are Garmin,

AMD, Epic Games, Blender, and others. [27] [4]

Meson

Meson was developed and released later than CMake, and it does not have the same foothold

in the market as CMake. Meson offers a list of projects using the Meson build system, which

includes projects like GIMP, PicoLibc, MiracleCast, etc. [18]
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req#2.4.2

”The system should have comprehensive documentation”

CMake

Kitware provides a comprehensive reference documentation website that includes everything

from tutorials to descriptions of every function and variable used in CMake. Different versions

of the documentation page can be selected to easily find the correct documentation for the

version of CMake used.

Meson

Meson provides extended documentation on everything contained in the build system, all the

way from ”The Absolute Beginner’s Guide to Installing and Using Meson” to a full-fledged

manual, reference table, and FAQ page. [19]

req#2.4.3

”The system should have strong community support”

CMake

Because CMake has been around since the early 2000s, there is plenty of community support

available on the internet. Kitware provides its own Discourse Forum, where users can post

questions and get help from community members and also from Kitware employees.

They also provide a CMake community Wiki page, where registered users can request access

to contribute to new pages or update existing ones. [3]

Meson

Meson provides a web chat through a web interface or is accessible through OFTC (The Open

and Free Technology Community). They have a mailing list and a discussion section on their

Meson GitHub repository. Meson also provides recommendations on how to organize and

format the meson.build files. [5]

req#2.5.1

”The system should provide warning and error messages that are helpful for locating errors in

the system”

Common

For debugging the project, both systems rely on the back-end build system and the toolchain

used.
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Both systems rely heavily on message functions that are available for the system developer to

tailor for the specific project.

CMake

CMake offers a command to log arbitrary text using its message() function. The messages can

have several different levels from FATAL ERROR, WARNING, and DEPRECATION to NOTICE, STATUS,

and DEBUG. Depending on the type of message, it is printed to stdout (standard output) or

stderr (standard error).

CMake has a set of check messages to be used in combination with if-else statements to notify if

a custom operation has succeeded or failed. The string passed to CHECK PASS and CHECK FAIL

will be appended to the CHECK START message and will be printed again.

1 message(CHECK_START "Checking support")

2 if(var1)

3 message(CHECK_PASS "supported")

4 else()

5 message(CHECK_FAIL "not supported")

6 endif()

Code Block 2.9: CMake Check Messages

1 -- Checking support

2 -- Checking support - supported

CMake offers a variable to specify color diagnostics behavior for compilers, without the devel-

oper needing to know which specific flag(s) is supported or if the compiler even supports color

diagnostics. The variable is called CMAKE COLOR DIAGNOSTICS, and is only supported in cmake

3.24 and later. Setting the variable to true will enable color output for compilers that support

it.

Meson

Like CMake, Meson has a function to log arbitrary messages, but does so with several different

functions.

• message()

• warning()

• error()

• debug()

message() will print its argument to stdout and will be displayed with a "Message:" prefix.

warning() also prints its argument to stdout, and is displayed with the path to where it is

called along with a colored "WARNING:" prefix.
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error() will print its arguement to stderr and halts the build process. The error messages

is printed with a path to the functions call and prefixed with a colored "ERROR: Problem

encountered:".

debug() won’t print its argument, but write it to the meson build log, placed in the configured

build folder.

Meson also has an assert() function, which takes a boolean argument. If it is false, it will

stop the build process and print a custom error message.

req#2.6.1

”The system should not require an extensive setup process when set up with a project template”

Common

With a reusable project template, a project setup consists mainly of specifying source file names

and paths to the system and providing the system with any project-specific compile or linking

flags. When the template is set up, it is not expected that creating new projects will be an

extensive or time-consuming task.

req#2.6.2

”The system should be able to invoke a specific build using a single command”

Common

Both systems can be invoked directly from the command line, and depending on the type of

build, might require additional command line arguments to setup the build in the preferred

way. This may lead to human errors if a build depends on the developer to input the correct

arguments when setting up the build. An easier method would be to create a top-level shim

file that is used to interact with the system.

This is possible in a similar manner for both systems.

req#2.6.3

”The system should provide an easy-to-learn interface for invoking builds”

Common

The recommended approach for both systems is to create a top-level shim file using Make.

This can help narrow down the number of command arguments that the developer has to input

when invoking a specific build. Creating a shim file for interacting with the system will allow

one call from the Makefile to call several build system-specific commands, and also necessary

commands not affiliated with the specific system, if needed.
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Creating a standard Makefile that can be used across all projects in the company will allow

developers to learn a single interface independent of the specific project. This will create more

time to focus on the project than on how to build the project.

req#2.6.4

”The system should have an easy-to-understand syntax for developers not maintaining it on a

day-to-day basis”

CMake

Because CMake has been around since 2001, it has grown a lot and is a large and powerful

build system. With many different versions of the system released and large steps between

some versions (e.g. from CMake v2 to v3), it is capable of doing almost anything desired from

building projects to testing and packaging them. From a syntax-user-friendly perspective, this

means that the learning curve is quite steep. Most built-in functions are self-explanatory as to

what their purpose is, and depending on the used editor environment, help text is provided for

input and output parameters.

Meson

The Meson syntax has been developed to keep it as simple as possible. The language is strongly

typed, meaning that no object is ever converted to another ”under the hood”. It is also

dynamically typed, meaning that variables have no visible type.

Meson is implemented in Python and is built in such a way that it does not have any depen-

dencies outside of the Python basic library. It has been designed so that the implementation

language is never exposed in the build definitions. This means that the user of Meson does

not need to have any underlying knowledge of Python or any other language if Meson is ever

reimplemented in another programming language.

Meson’s build in function "dep declare dependency(...)"makes integrating modules fetched

from e.g. SVN very easy. The returned dep object can be passed to the root meson.build file

specifying how the module should be used.

req#2.7.1

”The system must not exhibit noticeable performance lag compared to the currently used Keil

system”

Common

Depending on the scale and complexity of the project, performance can be significantly affected

when using Make or Ninja as the back-end build system. The build machine used for the build
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will also impact the performance; in general, the more CPU cores and a faster clock speed, the

faster the build.

A test was run 10 times with the same configuration on each build machine, and an average

configuration and build time was calculated for each. The measured time is the build system

generator (CMake, Meson) configuration and generation time plus the time it takes for the

toolchain to compile and link the project.

The tests were measured with the Measure-Command{} function in a Powershell environment:

1 $executionTime = Measure -Command {<build_system_commands >}
2 $executionTime.TotalMilliseconds | Out -File -FilePath .\time.txt -Append

It was decided not to set up the test project in µVision Keil due to the time available to set up

the project versus the output value. It is not expected that the output will be noticeably faster

or slower than the tested build systems. In the following chapters, a full-scale performance test

and comparison with the demonstration software will be conducted.

CMake

CMake has the ability to use Make and Ninja as a back-end build system.

Using the test project, different performance measurements were made when using Make, Make

with parallel jobs, and Ninja with parallel jobs.

Backend Avg. time [s] Min. time [s] Max. time [s]
Make 10.565 9.762 11.088

Make (–parallel 8) 7.847 6.797 8.332
Ninja 5.085 4.553 5.575

Table 2.1: Work laptop perfomance test, CMake

Performance output from the other build machines can be found in Appendix B.3

Meson

Meson does not have the ability to generate Makefiles, so tests were only carried out using

Ninja with parallel jobs.

Backend Avg. time [s] Min. time [s] Max. time [s]
Ninja 7.844 7.148 8.648

Table 2.2: Work laptop perfomance test, Meson

Performance output from the other build machines can be found in Appendix B.5
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req#2.8.1

”The system must be developed and maintained by a team with a consistent and reliable history”

Common

Both systems are open source platforms and most contributions to the systems come from

outside of the core maintainers. Both systems have a hierarchy established where anyone can

report bugs and suggest changes, but only a smaller team of trusted maintainers decides what

and how anything should be implemented.

CMake

CMake is maintained and supported by Kitware and developed in collaboration with a pro-

ductive community of contributors. The core members of the maintaining team either work for

Kitware or have a strong affiliation with the company.

Meson

Meson does not have the backing of a large company, but was developed by a single person

as an open source project. Since its creation, it has grown larger and now has a core team

of maintainers attached to the project. The creator of the system is still one of the main

maintainers of the system, including a fair number of other developers. A list of contributors

can be found on the project’s GitHub page. [6]

req#2.8.2

”The system should be maintained by a sufficient number of developers”

Common

It is difficult to pinpoint the exact number of core contributors for systems, since they are both

open source platforms.

CMake

Because of CMake’s size and widespread usage in the industry, it is assumed that a sufficient

number of developers are maintaining the system.

Meson

Meson has a long list of contributors (approximately 100 ), with 11 developers who have com-

mitted changes more than a hundred times. Most of these are still actively maintaining the

system, based on the commit activity and amount. [6]
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req#2.8.3

”The system should have the ability to switch compiler version”

Common

As both systems are not handling compiling, linking, etc. themselves, this is possible by

pointing to the toolchain that is wanted for the given project. An infinite number of toolchain

or cross-files can be created for both build systems.

req#2.8.4

”The system should allow users to suggest new features, report bugs, and provide feedback”

CMake

With CMake it is possible to file bugs, suggest new features and provide feedback to the

system through Kitware’s CMake git page in the issues section. When proposing new features

or reporting bugs, a detailed instruction must be included, and the system maintainers will

review it to decide if it is something to look into or not.

Meson

Anyone can report bugs or suggest new features for the Meson build system. As opposed to

the larger team of developers at CMake, it is to a higher degree welcomed at Meson that the

person submitting a new feature idea is also the one who comes with the implementation code

itself.

req#2.8.5

”The system must be used by a defined user base in the industry”

Common

Both systems are used to some extent in the industry, CMake more than Meson. To see

examples of projects using the two systems, see the description of the requirement 2.4.1.

req#2.9.1

”The system should be supported in IDE’s with syntax highlighting, code completion and hover

information”

CMake

req#2.9.1.1 ”Support in VS code”
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VS Code offers strong support for CMake with installed and enabled extensions of CMake

Tools and CMake Language Support. VS Code provides auto-configuration that can be

set whenever a CMakeLists.txt file is saved, and upon opening a project. [22][28]

req#2.9.1.2 ”Support in Eclipse”

Eclipse offers support for CMake in ways similar to VS Code when the plugin CMake Editor

is installed. The plugin provides syntax highlighting, basic hover support, and code completion

for CMake’s own functions. [29]

req#2.9.1.3 ”Support in Keil”

Keil currently does not offer any support for editing CMake files.

Meson

req#2.9.1.1 ”Support in VS code”

Meson has support in VS code with the extension Meson. This extension allows for syntax

highlighting, code completion, and hover information. [21]

req#2.9.1.2 ”Support in Eclipse”

Eclipse offers limited support for Meson. It can help set up a simple project and provides

syntax highlighting. It does not provide code completion or hover information.

req#2.9.1.3 ”Support in Keil”

Keil currently does not offer any support for editing Meson files.
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2.6.3 Evaluation Matrix

# Requirement CMake Meson

1.1.1 Convert source code

to binary code

✓ ✓

1.1.2 Produce hex output With toolchain

conversion executable

With toolchain

conversion executable

1.1.3 Generate statistics Static analysis. 3rd party

integration possible

Static and coverage

analysis. Code sanitizer.

3rd party integration

possible

1.2 Different build

types

✓
Custom build types

possible

✓
Custom build types

possible

1.3 Out-of-source build ✓ ✓
1.4 Incremental

building

✓ ✓

1.5 Invoke

cross-compiling

✓ ✓

1.6.1 Works on x86 64 ✓ ✓
1.6.2 Several

cross-compile

toolchains

✓
Specified in individual

toolchain files

✓
Specified in individual

cross-files

1.7 Fetch from

SVN/GIT

✓ ✓

1.8.1 Project revision With custom

implementation

(shim file, scripts, etc.)

With custom

implementation

(shim file, scripts, etc.)

1.8.2 Module revision ✓
Declared in module fetch

functions

✓
Declared in subproject

.wrap files

1.9 Commercial use ✓ ✓
2.1.1 Repeatable Make serial: 100%

Make parallel: ∼100%

Ninja serial: 100%

Ninja parallel: ∼100%

Ninja serial: 100%

Ninja parallel: ∼100%

2.2.1 Reproducible hex

output

✓ ✓

2.3.1 Output reflects the

source tree

Custom dependency on

linker-scripts needed

✓

Continued on next page
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Table 2.3 – continued from previous page

# Requirement CMake Meson

2.4.1 Used in the

industry

To a large degree To a small degree

2.4.2 Comprehensive

documentation

✓ ✓

2.4.3 Strong community

support

✓
Strongest

✓

2.5.1 Means to debug ✓ ✓
2.6.1 Easy setup w.

template

✓ ✓

2.6.2 Invoke w. single

command

With shim-file

implementation

With shim-file

implementation

2.6.3 Easy to learn With shim-file

implementation

With shim-file

implementation

2.6.4 Syntax Steep learning curve Slightly less steep

learning curve,

python-like syntax

2.7.1 Performance TBD

Expected negligible

difference

TBD

Expected negligible

difference

2.8.1 Maintained by Kitware + Community Community

2.8.2 Sufficient

contributors

✓ 100 contributors *

2.8.3 Able to include new

compilers

✓ ✓

2.8.4 Suggest new

features, report

bugs, etc.

✓
Longer process with more

mature system

✓
Implementation

suggestions appreciated

2.8.5 User base Large user base Small user base

2.9.1.1 VS Code support ✓ ✓
2.9.1.2 Eclipse support ✓ Limited

2.9.1.3 Keil support No support No support

* Contributors as of 10-26-2023 [6]

Table 2.3: Evaluation Matrix
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As can be seen in Table 2.3, CMake and Meson fulfill to some extent all the listed requirements.

They fulfill them in their own way, which makes some of the requirements more interesting than

others when one system must be chosen for further development.

The non-functional requirements are where the differences are greatest because they each con-

tain more nuanced answers than capability requirements. Since both systems fulfill all of the

requirements, a few have been selected, where the difference in how they fulfill the given re-

quirement is greatest.

• req#2.4.1 ”Widespread industry usage”

• req#2.4.3 ”Strong community support”

• req#2.6.4 ”The system should have an easy-to-understand syntax for developers not main-

taining it on a day-to-day basis”

• req#2.8.1 ”Maintained by a team with a reliable history”

CMake has a strong lead in all the four above requirements. The four requirements go well

together and support each other when looking at how development and support will be in the

future. The largest of the four is that it is developed and maintained with the backing of the

large international company (Kitware), as opposed to Meson with the backing mainly of the

inventor and a handful of stable contributors. Because of this, the risk of either project being

discontinued is much greater for Meson than for CMake.

2.7 Choice

The system comparison section of the analysis was sent to DLSW on October 31 for review

prior to a decision-making meeting on November 21. During the decision-making meeting, the

requirement summary matrix was presented to the manager, architects, and selected developers

at DLSW. The focus of the meeting was the main differences between the two systems, as

mentioned above in 2.6.3 Evaluation Matrix. The participants had the opportunity to ask

more specific questions to the two systems to get a better understanding and a foundation on

which to base their choice.

The ease of use and syntax of the two systems were compared and discussed. There was a

general consensus that Meson has a better and more descriptive syntax than CMake. It would

be easier to work with and maintain Meson, if not working with the system on a day-to-day

basis. However, it was also discussed that the difference between the two was not of such a

magnitude that this alone was able to sway the decision greatly over to Meson. Whilst Meson

has an easier to understand syntax, members of DLSW already has some experience with

CMake through their unit test setup. Having some experience with CMake already makes up

for the more difficult syntax in CMake compared to learning a whole new system.

The largest contributing factor for choosing CMake was agreed to be the amount of contributors
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it has and the fact that they are developed by and backed by a large company. Having this

backing whilst also being an open-source project, where it is possible to contribute by reporting

bugs and suggesting new features, sets CMake in a much better position when looking at future

perspectives.

One of the main pitfalls of Meson was due to the small number of contributors. With a smaller

number of contributors, the risk of the project being shut down or discontinued is greater. It

is greater because the risk of the handful of contributors deciding to leave the project, and not

get replaced, is much larger than with CMake.

At the end of the meeting, it was decided that CMake should serve as the system to develop

the demonstration software. The participants based this decision mainly on the widespread use

of CMake in the industry, the strong community support, and the fact that it is maintained by

a large team of contributors, one of them being the company Kitware.
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Chapter 3

Demonstrator: Design

This chapter outlines the design of the demonstration software. It considers the requirements

agreed upon by DLSW in Chapter 2, and the list of detailed objectives in Chapter 1.

To test the CMake build system on a larger scale, a current project at DLSW has been selected.

The project has been selected in agreement with the LINAK supervisor and is LINAK’s DF3

(Desk Frame 3 ) system.

This project has been chosen due to it’s modest size, it’s use of DLSW’s CLEAR SW platform,

and because it is compiled with Arm Compiler For Embedded (Arm compiler 6).

The goal of the demonstration software is to migrate the current build process from µVision

Keil to CMake. The demonstration software will showcase the following main features:

• Capability to build a current DLSW project.

• Generate a usable output using the Arm compiler 6 toolchain in *.hex format.

• Include modules from DLSW’s CLEAR platform.

• Be independent of the use of a specific IDE.

• Contain options for different compiler settings.

3.1 Demonstrator Overview

The setup of the demonstration software follows a general structure for the files and directories.

As there is no current structure for setting up a CMake project at DLSW, the following is a

suggestion of how the internal structure can be designed. The structure should facilitate an

easy understanding of where to find different functions and custom settings if reviewing the

build setup. The names of directories and files should be as descriptive as possible without

being overly verbose. Functions, lists, etc. should be separated as much as possible to improve
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readability, maintainability, and provide a better overview of common and project-specific

elements for future development.

To separate common and project-specific files, all common functions and toolchain files are

placed in a separate directory called cmake. All project-specific files, like scatter files, build

flags, etc. are placed in the root directory or in their own subdirectory, for increased readability.

A general directory tree can be seen in Figure 3.1. The final directory tree of the demonstration

project can be found in Appendix D.7

DF3

cmake

toolchains

<toolchainFiles>.cmake

<projectCommonFiles>.cmake

crc32

<crc32Files>.*

scatterFiles

<scatterFiles>.sct

src

CMakeLists.txt

<projectSpecificFiles>.cmake

CMakeLists.txt

Makefile

Figure 3.1: General Project Directory Structure

3.2 Component Design

To provide better readability, maintainability, and reduce redundancy in work, each project

component must implement a specific functionality, defined as the responsibility of the compo-

nent. The responsibilities of the main component in the project are defined below.

3.2.1 Toolchain Files

A set of toolchain files must be created, and they are responsible for defining the MCU, archi-

tecture, and toolchain-specific options to allow cross-compilation. The toolchain files must be

split up to reduce redundancy of work if a new MCU is added to the project at a later stage.

For this project, the MCU STM32G03x is used, and a toolchain file must be created to set all

40



3.3. PROJECT INTERFACE CHAPTER 3. DEMONSTRATOR: DESIGN

MCU-specific options, another file to define architecture-specific options, and a third file to

define the toolchain executables. They should be layered on top of each other in such a way

that the variables defined in the MCU file are passed to the architecture file and from there to

the toolchain-specific file.

3.2.2 Project Common Files

Common files for the project must consist of a set of files defining support functions for the

build. Functionality needed to make this project possible includes

• Functionality to fetch content from the SVN server.

• Functionality to create *.hex files and add a checksum value to the output file.

• Add a dependency from the output executable to a build-type-specific scatter file if the

toolchain defines it.

• Functionality to add a list of compile and linking flags to the build.

3.2.3 Main CMakelists

The main CMakeLists.txt file must be in the project root directory. This file will be responsible

for the configuration of the project, including all variables, functions, and settings used in the

project. It must do so by calling the CMake project() function to set the project name,

version, and languages used. The main CMakeLists.txt is responsible for handling all SVN

fetching, using the functionality from the project common files. The modules to fetch, the

module’s version, and the desired revision number must all be provided from this file and

passed to the implemented functionality.

After everything is set up, it is responsible for calling and processing the source CMakeLists.txt.

3.2.4 Source CMakeLists

The second CMakeLists.txt file in the project will be located in the src directory. It will use all

files fetched in the root CMakeLists and is responsible for defining the output executable of the

project. The CMake function add executable must be called to define the executable name.

It is responsible for providing all the relevant source and header files needed for compilation

and linking to create the target executable.

3.3 Project Interface

To create an easier interface for developers, a Makefile is created at the root of the project.

This interface file will be responsible for setting up the following targets and options:

• A target to initiate CMake configuration.
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• A target to initiate compilation and build.

• A target to delete build artifacts.

• A target to purge the build directory.

• A help target to print out information on how to interact with the interface.

• Relevant options and means to pass them to the configuration and build.

3.4 Summary

This chapter outlined how the project will be set up by describing the general project structure

and describing the responsibilities of the main components. The details covered in this chapter

will be carried over and used in the next chapter Demonstrator: Implementation, where the

functionality of the project is implemented and described in detail.

42



Chapter 4

Demonstrator: Implementation

This chapter looks at the implementation of the design decisions made in chapter 3. This

includes a detailed walk-through of how the project is set up and of all the individual files. The

implementation is carried out to achieve the objectives set in Detailed objectives, which will be

verified and discussed in chapter 5.

4.1 Fetching From SVN

The CMake setup of the DF3 project begins with the fetching of all the source files for the

project. All source files used for the project are currently on LINAK’s SVN server and need to

be fetched to the build machine before they can be included in the project. A set of macros is

created to fetch the modules, drivers, etc.

DF3/cmake/fetchFunctions.cmake

This cmake file defines several macros to fetch content from the LINAK SVN server. To fetch

content, the third party dependency manager CPM is used. CPM is a cross-platform CMake

script that adds dependency management capabilities to CMake. It is built as a wrapper around

CMake’s FetchContent module that adds version control, caching, API, and more. [15]

The most used macro is fetch clear module();

1 macro(fetch_clear_module MODULE_NAME VERSION REVISION

2 message(STATUS "Fetching CLEAR module: ${ MODULE_NAME }:${VERSION }
3 @ ${ REVISION }")
4 CPMAddPackage(

5 NAME ${ MODULE_NAME }
6 SVN_REPOSITORY ${ SVN_REPO }/CLEAR/mod/${ MODULE_NAME }/${VERSION }/lib
7 DOWNLOAD_ONLY ON

8 SVN_REVISION -r${ REVISION }
9 endmacro()

Code Block 4.1: CMake Macro to Fetch a CLEAR Module
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This example shows an implementation of how a CLEAR module can be fetched, where

MODULE NAME is the name of the module to be fetched, VERSION is the version to be fetched (e.g.

trunk, branch/<branch name>), and REVISION is the revision at which the module should be

fetched.

A status message is sent to the user through the command-line interface.

Then the CPM function CPMAddPackage is called, passing the input arguments. The function

fetches the content in the repository path, populates it so that it is available to the project, and

sets up several different variables to access the content. The variable <module name> ADDED is

set to true if the fetching succeeds. When DOWNLOAD ONLY is set to ON, CMake will not search

for or include any CMakeLists.txt that might be in the root directory of the fetched content.

The same approach is used to fetch drivers, common files, external libraries, and platform-

specific files:

fetch clear driver(TYPE VERSION REVISION): Since different MCU’s are used at DLSW,

a function has been made to be able to specify which MCU specific driver should be fetched.

TYPE is the argument to set to choose between different MCU’s.

fetch clear common(MODULE NAME VERSION REVISION): Much like the macro to fetch mod-

ules, this one fetches common files from CLEAR.

fetch extlib(EXTLIB NAME EXTLIB VERSION REVISION): Several external libraries are

used in the project and can be fetched with this macro. EXTLIB NAME specifies which external

library to fetch (e.g. boost).

fetch df3 platform files(TYPE VERSION REVISION): This macro is made specifically for

the demonstration project and is used to fetch platform specific files for DF3 (e.g. configu-

ration files).

fetch df3 app files(VERSION) Like the platform files, the application file macro is also

made for the demonstration project to fetch application specific files for DF3 (e.g.

appMain.c).

4.2 Custom Functions

Spread over several different *.cmake files, there are custom functions to overwrite built-in

functionality, check compile flags, and convert output.

DF3/cmake/addExecutableWithScatterFile.cmake

In this file, a custom function has been made to overwrite CMake’s own add executable

command.

1 function(add_executable TARGET)

2 _add_executable(${TARGET } ${ARGN})

44



4.2. CUSTOM FUNCTIONS CHAPTER 4. DEMONSTRATOR: IMPLEMENTATION

3 if(SCATTER_FILE_DIR)

4 string(TOLOWER ${ CMAKE_BUILD_TYPE } build_type)

5 set_target_property(${TARGET } PROPERTIES

6 LINK_DEPENDS "${ SCATTER_FILE_DIR }/${ build_type }.sct")
7 target_link_options(${TARGET } PRIVATE

8 "--scatter"

9 "${ SCATTER_FILE_DIR }/${ build_type }.sct")
10 endif()

11 endfunction()

Code Block 4.2: Overwrite add executable to Include Scatter File and Dependency

The function first passes all input arguments to the original command (Code Block 4.2 line 2).

It checks if the variable SCATTER FILE DIR has been set (set in the toolchain file). If it is, the

build type is passed in a lower case version to the CMake function set target property to

add a dependency between the executable and the scatter file. By doing this, if a change is

made in the scatter file, CMake knows that it must reconfigure the executable and apply the

changes. Lastly, the CMake function target link options is called to pass the scatter-file

inclusion flags to the toolchain linker.

DF3/cmake/checkAndApplyFlags.cmake

This file adds a function to call CMake’s built-in command check c compiler flag() to check

if the passed flag is supported by the toolchain compiler. If supported, it will be added as a com-

pile flag to the specified target. The user-defined function apply supported c compiler flag(

target scope flag) can be found in Appendix section D.5

It also adds three functions to add compiler and linker flags to an executable from the flag lists

defined in DF3/buildFlags.cmake.

1 function(add_exe_linker_flags target scope)

2 foreach(flag ${ exe_linker_flags })
3 target_link_options(${target } ${scope } ${flag})
4 endforeach()

5 endfunction()

Code Block 4.3: Add linker flags from exe linker flags list

The function traverses the list exe linker flags and adds all link flag options to the target

executable.

The functions add exe compile flags and add exe build type compile flags are also de-

fined in this file. The latter function adds a different list of compiler flags depending on if the

build type is Release or Debug. These functions can be found in Appendix section D.5

DF3/cmake/conversions.cmake

Three functions are defined in this file convert to hex, crc32, and target linker map
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1 function(convert_to_hex TARGET)

2 add_custom_command(

3 TARGET ${TARGET } POST_BUILD

4 COMMAND ${OBJCOPY } --i32combined --output=${TARGET }.hex ${TARGET }.elf
5 BYPRODUCTS ${TARGET }.hex)
6 endfunction()

Code Block 4.4: Convert Target to Hex Format

The function adds passes its input to CMake’s add custom command command. The function

adds a post-build command for the input TARGET. It uses the OBJCOPY variable set in the project

toolchain file (in this case, Arm’s Fromelf) and provides the required input parameters.

crc32() is also a post build function that takes the output.hex file and passes it as an argument

to the CRC (Cyclic Redundancy Check) crc32 executable to append a checksum value to it.

The function target linker map adds link flags to the toolchain linker, telling it to generate a

memory map file for the target executable and place it in the build output directory. The full

function can be found in Appendix section D.5

4.3 Toolchains

To cross-compilate the project, one or more toolchain files must be defined. The approach

in this project is to have separate files and collect as much architecture and MCU specific

information to avoid any redundancy if several MCU’s should be supported in the future. The

toolchain files are layered on top of each other. By doing this, only the MCU-specific toolchain

file must be included when invoking CMake.

DF3/cmake/toolchains/STM32G03x.cmake

The MCU-specific toolchain file for STM32G03x contains only the definition of a few variables.

An include guard is added at the beginning of the file because CMake will include the file

several times when configuring. Several includes are not needed and, in some cases, can lead

to errors.

1 if(STM32G03x_TOOLCHAIN_INCLUDED)

2 return()

3 endif()

4 set(STM32G03x_TOOLCHAIN_INCLUDED TRUE)

5

6 set(CPU_NAME STM32G03x)

7 set(SCATTER_FILE_DIR ${ CMAKE_SOURCE_DIR }/cmake/scatterFiles)
8 set(CPU_FLAGS "-DSTM32G030xx -D__MICROLIB")

9 set(ASM_FLAGS "--pd \"__MICROLIB SETA 1\"")

10 set(LD_FLAGS "--library_type=microlib --cpu=Cortex -M0+")

11 include(${ CMAKE_CURRENT_LIST_DIR }/cortex -m0plus.cmake)

Code Block 4.5: STM32G03x Toolchain
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The toolchain file sets a global variable for the CPU name. It defines the scatter file directory

and sets variables to contain compile and link flags chosen to be general for this MCU. Layering

takes effect at the bottom of this file when the cortex-m0plus.cmake file is included and

processed.

DF3/cmake/toolchains/cortex-m0plus.cmake

In the more general architecture-specific toolchain file cortex-m0plus.cmake a few CMake

variables are set to specify the system processor and architecture. Several compile and link

flags are appended to those defined in STM32G03x.cmake.

1 set(CMAKE_SYSTEM_PROCESSOR cortex -m0plus)

2 set(CMAKE_SYSTEM_ARCH armv6 -m)

Code Block 4.6: Parts of cortex-m0plus.cmake

This toolchain file is layered on top of the armclang.cmake toolchain file.

DF3/cmake/toolchains/armclang.cmake

In this top toolchain file system configuration variables, toolchain executables, initial compi-

lation and link flags, and specific build time flags are set. The build time flags are set in

overrideBuildTypeSettings.cmake and must be included directly in this toolchain file.

1 set(CMAKE_C_COMPILER armclang)

2 set(CMAKE_ASM_COMPILER armasm)

3 set(CMAKE_AR armar)

4 set(OBJCOPY fromelf)

Code Block 4.7: Toolchain Configuration, armclang.cmake

The toolchain executables must be present in the environment path of the build machine, or a

full path to the executable must be provided.

1 set(CMAKE_TRY_COMPILE_TARGET_TYPE STATIC_LIBRARY)

Code Block 4.8: CMake Try Compile Variable, armclang.cmake

Setting CMAKE TRY COMPILE TARGET TYPE will affect how the test compiles are run, when CMake

is running compile tests in it’s configuration step. CMake tests this to make sure that the

compiler used is present and works. When set to STATIC LIBRARY a static library will be built

as a test. This is useful when cross-compiling because it avoids invoking the linker, which might

not work at this point because the necessary flags, scatter file, or linker script inclusion, are

not yet defined.

The flags defined in the previous toolchains are passed and appended to the corresponding

CMake variables to be included in the build.
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1 set(CMAKE_C_FLAGS_INIT

2 "${ CPU_FLAGS }"
3 CACHE

4 INTERNAL "Default C compiler flags.")

5 set(CMAKE_ASM_FLAGS_INIT

6 "${ ASM_FLAGS }"
7 CACHE

8 INTERNAL "Default ASM compiler flags.")

9 set(CMAKE_EXE_LINKER_FLAGS_INIT

10 "${ LD_FLAGS }"
11 CACHE

12 INTERNAL "Default linker flags.")

Code Block 4.9: CMake Initial Flags, armclang.cmake

The flags are set and stored in CMake’s cache. The CMake cache is a set of persistent variables

that is used to store configuration settings. These values will remain set and will be used on

multiple runs within a project build tree. The cached values can be modified through CMake’s

GUI, via the command line, by reconfiguring the build, or by purging the build result directory

and invoking CMake again [8]. The INTERNAL option tells CMake that the value is for internal

use and will not show up in the variable list if the CMake GUI is used.1

DF3/cmake/toolchains/overrideBuildTypeSettings.cmake

CMake has a set of default flags set for different build types, for example, for a release build,

the flags ”-03 -DNDEBUG”. For this project, a different optimization is required and the default

flags need to be overwritten.

1 set(CMAKE_C_FLAGS_RELEASE

2 "-Oz"

3 CACHE

4 STRING "Default C compiler release build flags."

5 )

Code Block 4.10: Override Default Build Flags

A more aggressive optimization flag focused on minimizing the size of the generated exe-

cutable is desired, and the previous value(s) will be overwritten with ”-Oz”, in this example.

CMAKE C FLAGS RELEASE will be appended to the compiler flag list when CMAKE BUILD TYPE is

set to ”Release”. Like the flags defined and set in armclang.cmake, these values are cached,

so they are carried over across builds. The option STRING makes the variable available for

modification in the CMake GUI.

1CMake’s GUI has not been further investigated and its use is not included in this project.
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4.4 Build Options

In the root directory of the project, the files buildFlags.cmake and buildOptions.cmake are

located.

DF3/buildFlags.cmake

The build flags that are not related to a specific architecture, MCU, or build type are all defined

in this file. They are appended as variables in a string list and are used in the add exe *

functions defined in DF3/cmake/checkAndApplyFlags.cmake.

DF3/buildOptions.cmake

Default options and custom build options are defined in this file. If no value is provided for

the variable CMAKE BUILD TYPE, it will default to an empty string. This behavior is not desired

because the build type variable is accessed to set specific flags, scatter file, etc., for the build.

1 if(NOT CMAKE_BUILD_TYPE AND NOT CMAKE_CONFIGURATION_TYPES)

2 message(STATUS "Setting build type to '${ default_build_type }'
3 as none was specified")

4 set(CMAKE_BUILD_TYPE "${ default_build_type }" CACHE

5 STRING "Choose type of build"

6 FORCE)

7 endif()

Code Block 4.11: Set Default Build Type

If the build type is not defined by the developer, it defaults to default build type, and informs

the developer that it is set. Option FORCE is used, which means that if CMake is reconfigured

without being given a build type, CMAKE BUILD TYPE will be overwritten with the default value.

Project options are also defined in this file.

1 option(CMAKE_DEBUG

2 "Enable various CMake debug functions , e.g. compile flag check"

3 OFF)

Code Block 4.12: Project Option Example

The option command in CMake is used to provide a boolean option to the developer that can

be optionally selected when invoking CMake. This example defines the option CMAKE DEBUG,

gives a brief description of what the option enables or disables, and an initial value if it is not

explicitly set.

In this project CMAKE DEBUG is for example used in the function add exe compile flags in

DF3/cmake/checkAndApplyFlags.cmake.
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4.5 Main CMakeLists

The main CMakeLists.txt file is in the root directory. This file is responsible for defining the

project and must be present for CMake to function.

1 cmake_minimum_required(VERSION 3.27 FATAL_ERROR)

2

3 project(DF3

4 VERSION 1.00

5 DESCRIPTION "DF3 project in CMake"

6 LANGUAGES C ASM

7 )

Code Block 4.13: CMake Project Declaration

The function cmake minimum required must be present as the first line in the main CMake-

Lists.txt. If it is not defined or is not called with valid arguments, CMake will throw an error

and abort the configuration. It is possible to leave out the project function, although it is not

recommended. If left out, CMake will pretend that there is a call to the function with default

settings [11].

The CMakeLists.txt is responsible for including all the custom macros, functions, build options,

etc. Because the main CMakeLists is in the root directory, everything included here will be

globally available, unless explicitly set otherwise. This means that the CMakeLists.txt file in

the subdirectory will have access to it.

1 include(buildOptions.cmake)

2 include(cmake/fetchFunctions.cmake)

3 # ... Truncated ...

4 fetch_df3_app_files(V${ PROJECT_VERSION_MAJOR }-${ PROJECT_VERSION_MINOR })
5 fetch_clear_module(module_1 trunk 12345) 2

6 # ... Truncated ...

7 add_subdirectory(${ CMAKE_SOURE_DIR }/src)

Code Block 4.14: Include Build and Option files

After the inclusion of all helper files, the source files are fetched from SVN, using the macros

defined in fetchFunctions.cmake. When everything is fetched, a call to CMake’s function

add subdirectory is made, adding the DF3/src folder to the configuration. CMake then looks

in the added directory for a CMakeLists.txt file and immediately processes it before continuing

in the current CMakeLists.txt file.

4.6 Source CMakeLists

In the second CMakeLists.txt located in the DF3/src directory, everything related to the output

executable is described. This includes appending compile and link flags, adding source files,

2module name and revision redacted

50



4.6. SOURCE CMAKELISTS CHAPTER 4. DEMONSTRATOR: IMPLEMENTATION

and including interface directories to the executable.

1 add_executable(${ PROJECT_NAME })
2

3 # Add compile and link flags defined in DF3/buildFlags.cmake

4 add_exe_compile_flags(${ PROJECT_NAME } PRIVATE)

5 add_exe_build_type_compile_flags(${ PROJECT_NAME } PRIVATE)

6 add_exe_linker_flags(${ PROJECT_NAME } PRIVATE)

7

8 # Output Conversion , CRC and Memory Map calls

9 convert_to_hex(${ PROJECT_NAME })
10 crc32(${ PROJECT_NAME })
11 target_linker_map(${ PROJECT_NAME })

Code Block 4.15: Add Executable, Append Flags, and Call Conversion Functions

The functions previously described for adding executable flags and conversions are called here.

All must be called after the executable has been defined in the add executable function. The

two functions convert to hex and crc32 are called here, but will only be executed after the

project is built, due to the variable POST BUILD being set within. See Code Block 4.4.

add executable takes in the argument of the project, and adds an executable to be built from

any source files associated with it. The file name of the executable will, when cross-compiling

with armclang, be ”${PROJECT NAME}.elf”. This function has been overwritten as shown in

Code Block 4.2, to include the build type associated scatter file.

The rest of the file consists of specifying the source files for the executable and listing the

interface directories it should search when looking for included header files.

1 target_sources(${ PROJECT_NAME } PRIVATE

2 ${ module_1_SOURCE_DIR }/source_1.c 3

3 ${ module_1_SOURCE_DIR }/source_2.c
4 # ... )

5 # ... Truncated ...

6 target_include_directories(${ PROJECT_NAME } PRIVATE

7 ${ module_1_SOURCE_DIR }/if 4

8 ${ module_2_SOURCE_DIR }/if
9 # ... )

Code Block 4.16: Adding Sources and Interface Directories

target sources and target include directories have the same general syntax. The first

input argument is the target for the following list of files or directories. A keyword of either

INTERFACE, PUBLIC, or PRIVATE is given, which specifies the scope of the files or directo-

ries. For target sources a list of source files used for building the target is provided. For

target include directories directories are listed, and they are used when the compiler pro-

cesses #include directives in the source code.

3filenames redacted
4modulenames redacted
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The source files and include directories were first created as multiple static and interface li-

braries. A static library was created for each included module and all relevant source files were

listed for the linking process. The header files were likewise collected into interface libraries for

easier separation and readability. This method was shown to work very well until LTO (Link

Time Optimization) flags were added to the compilation and linking process. The workaround

for this issue was to target all the source files directly to the executable and have them all

linked to it directly. The reason for this behavior was later discovered in the ARM compiler

6 toolchain documentation. The toolchain linker armlink does not support bitcode objects

from libraries [12]. In other words, source files cannot be compiled with LTO enabled, linked

to libraries, before being linked to create the executable.

An option has been made to set specific compile flags for a single source file.

1 if(DEFINED SOURCE_FILE AND DEFINED COMPILE_FLAG)

2 file(GLOB_RECURSE TARGET_FILE

3 "${ FETCHCONTENT_BASE_DIR }/${ SOURCE_FILE }")
4 set_source_files_properties(${ TARGET_FILE } PROPERTIES

5 COMPILE_FLAGS "${ COMPILE_FLAG }")
6 endif()

Code Block 4.17: Add Compile Flag to Source File

The file function searches all the subdirectories in FETCHCONTENT BASE DIR to find

SOURCE FILE. If found, the output variable TARGET FILE will be set to the complete path to

the file. When the source file and compile flag variables are set, CMake will apply the flag for

that specific file during compiling.

For the developer to specify the source file and compile flag, CMake needs to set these values

when invoked.

1 cmake -B <builddir > -G Ninja -DSOURCE_FILE="source 1.c" -DCOMPILE_FLAG="-O2"

Code Block 4.18: Invoke CMake with Source File and Compile Flag

4.7 MakeFile Shim

To better interact with the CMake system and create a standardized interface to apply several

arguments to CMake without having to write them out every time, a Makefile has been created

at the root of the directory. In the Makefile, several targets are defined to invoke CMake, Ninja,

reconfiguration, etc.

1 BUILDRESULTS ?= buildresults

2

3 .PHONY: default

4 default: | $(BUILDRESULTS)/build.ninja
5 $(Q)ninja -C $(BUILDRESULTS)
6
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7 # Runs whenever the build has not been configured successfully

8 $(BUILDRESULTS)/build.ninja:
9 $(Q)cmake -B $(BUILDRESULTS) $(OPTIONS) $(INTERNAL_OPTIONS)

Code Block 4.19: Makefile Targets

The default target has an order-only dependency (defined by ”|”) on the build.ninja file inside

of the build results directory. The order-only dependency will be built before default if it does

not exist, but any changes to the dependency will not cause default to be rebuilt.

The OPTION variable can be set by the developer when invoking Make, and it will be appended

when CMake is invoked. INTERNAL OPTIONS are a set of predefined options within the Makefile

and could, for example, be an option to enable LTO, decide the build type, etc.

1 BUILD_TYPE ?=

2 ifneq ($(BUILD_TYPE),)
3 INTERNAL_OPTIONS += -DCMAKE_BUILD_TYPE=$(BUILD_TYPE)
4 endif

5

6 LTO ?=

7 ifneq ($(LTO),)
8 INTERNAL_OPTIONS += -DENABLE_LTO=ON

9 endif

Code Block 4.20: Makefile Internal Options

With the implementation of this file, a new way to invoke the system and build has been

created. For example:

1 make LTO=1 BUILD_TYPE=Debug

Code Block 4.21: Invoking Build With Make

4.8 Summary

This chapter showed the implementation details of the project components and showed the

most important parts of the code with individual descriptions. The implementation has made

it possible to accommodate most of the project objectives, only leaving out a few of the ”Could

have” objectives. An implementation review and verification of the results is discussed on the

next pages in chapter 5.
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Chapter 5

Verification & Discussion

This chapter looks at the implementation, tests it, and verifies that it meets the project ob-

jectives. It comment on how the different parts were made possible and if any problems were

encountered during implementation and verification. A presentation of the demonstrator was

made to DLSW and the feedback is included and discussed.

This chapter proceeds to discuss future perspectives for setting up an automated build system

using CMake, mentioning identified shortcomings of the project and possible ways to solve it.

The project as a whole is discussed, looking at the planned time schedule compared to used

time, and more.

5.1 Implementation Review

The implementation is set up to achieve all the objectives listed related to the demonstration

software in the 1.3 sections Must Have, Should Have, and part of Could Have.

5.1.1 Must Have Implementation

Must Have (c): This objective specifies that there must be a demonstration software and that

it must be able to generate a *.hex output of the executable, using the Arm Compiler 6 for

embedded.

To use the Arm Compiler 6 toolchain on larger projects, a professional license is required. The

project is able to build with the toolchain by using DLSW’s KEIL MDK-ARM license, accessed

via a FlexNet licensing. This license is configured within the IDE µVision Keil. Furthermore,

the compiler directory must be placed in the Keil install path.
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Keil v5

ARM

ARMCompiler6

bin

...

If the compiler license is not setup properly or the compiler is not placed within this specific

folder, the license check will not complete and the project will fail when CMake tests the

compiler at the start of configuration.

Once the toolchain and license are set up, the objective is tied to the implementation in section

”Source CMakeLists”, the toolchain files layered through ”STM32G03x.cmake”, and the hex

conversion function in ”conversions.cmake”. When CMake is invoked with the toolchain file, it

will build the executable with the listed source files and include directories, before converting

the *.elf output to a *.hex file.

Must Have (d): The demonstration software must integrate with an SVN server to fetch the

desired SW for the project. The implementation that makes this possible is included in ”fetch-

Functions.cmake”. The macros defined here are used in the main CMakeLists.txt file ”Main

CMakeLists”.

5.1.2 Should Have Implementation

Should Have (a): The demonstration software should use DLSW’s CLEAR SW platform. The

DLSW project chosen to set up as a demonstration software in CMake was specifically chosen

because of the use of the CLEAR platform, and almost everything that is fetched from the

SVN server is from this platform.

Should Have (b): It is easy to switch between different toolchains. To switch between different

toolchains, a new toolchain file must be created. If, for example, the armcc toolchain is desired,

an armcc.cmake file can be created, setting the same variables as in ”armclang.cmake” but

with armcc relevant values (setting CMAKE C COMPILER to ”armcc” instead of ”armclang”).

However, it is not fully implemented in the demonstration project, since it requires more than

just substituting the compiler to make for a successful new build. If this project is tried compiled

with the armcc toolchain, the compile flags for the project are no longer valid. Furthermore,

the source code syntax also needs to be compliant with the compiler used. Correcting all this

would require an amount of work and time that has not been available or relevant for this

project.

Should Have (c): The system should be independent of the use of a specific IDE. The demon-

stration project is inherently IDE independent since it can be invoked from the command line.

Different IDE’s might offer better syntax highlighting, auto completion, or hover text than

others, but none of them are required to use the system.
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5.1.3 Could Have Implementation

Could Have (a): The system could have options to set different compiler settings. This objective

has been implemented on a general level by choosing between different build types. This can

be done by defining the build type directly from the command line. This is described in section

4.7 and the build type specific settings are found in overrideBuildTypeSettings.cmake.

File specific compiler settings can be set by defining the variables described in Code Block 4.17

5.2 Verification

After the development of the system, a series of tests were carried out to verify its functionality.

The detailed objectives found in the project goals section 1.3, have been broken up and rewritten

to better suited for testing.

5.2.1 The project must compile with Arm Compiler 6 for Embedded

5.2.2 The project must produce a *.hex file output.

5.2.3 The project must fetch SW from an SVN server.

5.2.4 The project should include CLEAR SW.

5.2.5 The project should be able to easily switch between toolchains.

5.2.6 The project should be independent from a specific IDE.

5.2.7 The project could have options to set different compiler settings.

Furthermore, the output of the system has been tested on the target hardware (DF3).

The method of testing the system during development has been to print out various variables

in the configuration stage, to check if the values within the files are as expected. The CMake

function message(DEBUG "<debug message>" is set and called throughout the code. These

messages will only be printed to the terminal by setting CMAKE LOG LEVEL=DEBUG.

5.2.1 Compile with Arm6

To verify that the project can be compiled with the Arm Compiler 6, the toolchain file for

the processor STM32G03x was passed to CMake when invoking the build. The expected result

was that CMake identifies the C compiler as armclang 6.16, the project was built, and an *.elf

output was produced.

1 make CROSS=STM32G03x

2 Re -run cmake no build system arguments

3 -- Building for: Ninja

4 -- The C compiler identification is ARMClang 6.16.0

5 -- The ASM compiler identification is ARMCC
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6 -- Found assembler: C:/ Keil_v5/ARM/ARMCompiler6 .16/ bin/armasm.exe

7 -- Detecting C compiler ABI info

8 -- Detecting C compiler ABI info - done

9 # ... Truncated ...

10 [139/139] Linking C executable src\SW03002025.elf

Code Block 5.1: CMake Configuration Output

As seen in Code Block 5.1 lines 4, 7, and 8, the compiler was successfully identified and the ABI

(Application Binary Interface) detection was successful. The module fetching and compilation

steps have been truncated and in line 10 the toolchain linker is linking the object files to create

an executable *.elf file.

5.2.2 Produce *.hex file output

To verify the implementation function to convert from *.elf to *.hex format, the build output

was investigated when invoking Ninja with verbose output and by checking if the expected

*.hex file was in the output folder. In the build output, it was expected that the toolchain

executable fromelf would be invoked with the correct values.

1 ninja -C buildresults --verbose

2 # ... Truncated ...

3 [139/139] ...

4 && fromelf --i32combined --output=SW03002025V1 -00. hex SW03002025.elf

Code Block 5.2: Build Output: Fromelf Conversion to *.hex

When examining the build result folder, the expected *.hex file was found.

DF3

buildresults

...

src

SW03002025.elf

SW03002025V1-00.hex

...

...

5.2.3 Fetch From SVN

When a module has been successfully fetched from the repository, the variable ${name} ADDED

is set to true. To verify that the fetch functions work, this variable was checked, and the

content was manually inspected and compared with the content of the files on the SVN server.

The content was fetched at different revisions, and each time the content matched the SVN

repository at the given revision.
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5.2.4 Include CLEAR Software

This objective closely links to the previous section and was verified when a URL was passed to

the SVN CLEAR directory and the fetching succeeded.

5.2.5 Switch Toolchains

To verify that switching between toolchains was possible and could be easily done, a new

toolchain armcc.cmake was created and included instead of the armclang.cmake toolchain in

the cortex-m0plus.cmake toolchain file.

1 - include(${CMAKE CURRENT LIST DIR}/armclang.cmake)
2 + include(${CMAKE CURRENT LIST DIR}/armcc.cmake)

armclang.cmake has been copied and rewritten to set CMAKE C COMPILER to armcc instead of

armclang

1 - set(CMAKE C COMPILER armclang)

2 + set(CMAKE C COMPILER C:/Keil v5/ARM/ARM Compiler 5.06u5/bin/armcc.exe)

When invoking Make using the expected output is that CMake identifies the compiler to be

armcc. As described in the implementation section 5.1.2 Should Have (b), the project is not

expected to build with this configuration.

1 make CROSS=STM32G03x

2 Re -run cmake no build system arguments

3 -- Building for: Ninja

4 -- The C compiler identification is ARMCC 5.6.528

Code Block 5.3: CMake Configuration Output, armcc

CMake was able to identify the compiler when switching from one toolchain file to another.

5.2.6 IDE Independency

CMake is inherently IDE independent and only needs a text editor tool for the development

of the system itself. Using specific editors, like VS Code, does offer help in the form of syntax

highlighting, hover information, and auto-completion, but is in no way a requirement. To invoke

CMake, a command-line interface like PowerShell or Command Prompt is required.

5.2.7 Set Compiler Settings

To test the project’s ability to set different compiler settings, a series of different builds were

carried out, changing the build type and setting flags for individual source files. To verify the

output, the compile commands.json file in the build directory was investigated.
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DF3

buildresults

...

compile commands.json

...

For the Release build, it is expected to find the Release exclusive flags "-flto" and

"-DSOFTWARE NUMBER=1".

1 {
2 "directory": "C:/ thesis/df3/buildresults",

3 "command": "C:\\...\\ armclang.exe ... -flto -DSOFTWARE_NUMBER =1

4 -o src \\...\\ source_1.o -c C:\\...\\ source_1.c",

5 "file": "C:\\...\\ source_1.c",

6 "output": "src \\...\\ source_1.o"

7 }, 1

8 # ...

Code Block 5.4: DF3 Release Build

For the Debug build, it is expected to find the Debug exclusive flags "-DDEBUG" and

"-DSOFTWARE NUMBER=2".

1 {
2 "directory": "C:/ thesis/df3/buildresults",

3 "command": "C:\\...\\ armclang.exe ... -DDEBUG -DSOFTWARE_NUMBER =2

4 -o src \\...\\ source_1.o -c C:\\...\\ source_1.c",

5 "file": "C:\\...\\ source_1.c",

6 "output": "src \\...\\ source_1.o"

7 }, 1

8 # ...

Code Block 5.5: DF3 Debug Build

A new compile optimization flag was passed to one of the source files, which was also reflected

in the output

1 make BUILD TYPE=Debug SOURCE_FILE =" source_1.c" COMPILE_FLAG ="-O1"

1 {
2 "directory": "C:/ thesis/df3/buildresults",

3 "command": "C:\\...\\ armclang.exe -DSOFTWARE_NUMBER =2 -O1

4 -o src \\...\\ source_1.o -c C:\\...\\ source_1.c",

5 "file": "C:\\...\\ source_1.c",

6 "output": "src \\...\\ source_1.o"

7 }, 2

Code Block 5.6: DF3 Setting Compile Flag For ”source 1.c”

1Output truncated (...) and filenames redacted
2Output truncated (...) and filenames redacted
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5.2.8 Test On Target

To verify that the output *.hex file was valid, it was programmed on the DF3 hardware using

LINAK’s LIN Programmer tool. The expected outcome of the test was that it could be pro-

grammed without warnings and, when connected to a control handset, it would be able to start

an initialization sequence.

The test was carried out together with two DLSW architects and the outcome was as expected,

without any warnings or other complications.

Figure 5.1: Successful DF3 programming

5.2.9 Performance Comparison

A performance comparison between CMake/Meson and Keil was not carried out in req#2.7.1

analysis, as explained. During the implementation, it was observed that the build time when

using CMake and Ninja was visibly faster than when building with Keil. This was recorded,

and measurements were made for both systems. Both systems were set to build with parallel

jobs equal to the amount available on the build machine. Ten sets of measurements were taken

for each system and an average time was calculated.

Build System Avg. time [s] Min. time [s] Max. time [s]
CMake (Ninja) 23.1 20.4 23.9

Keil 41.3 40 43

Table 5.1: Perfomance Comparison Cmake and Keil

The results show that building with CMake and Ninja is approximately 79% faster than the

build time in Keil. This is a significant performance improvement and will save developers a

lot of time when developing projects in the future. Measurements can be seen in Appendix

section D.6.

5.3 Presentation at LINAK

The end of the project included a presentation of the demonstration project to select members

of DLSW and two developers / architects from LINAK’s MEDLINE & CARELINE software
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department. The presentation included a walk-through of the project structure and the imple-

mented functionality. It provided the teams with preliminary information on what is possible

when building a project with the help of CMake.

5.3.1 Presentation Structure

The presentation started with a quick explanation of the project directory and file structure.

This was followed by a detailed walk-through of the following:

• The three toolchain files

• User defined functions

• Build options and flag definitions

• The projects CMakeLists

• Makefile interface

After the project had been presented, a short reflection on key requirements where mentioned,

including Reproducibility, Performance, Ease of Use, and IDE Compatibility.

Identified current shortcomings of the project where mentioned, including the inability to fetch

directories from the SVN server that has either been renamed or has been deleted entirely. For

the demonstration software, workarounds were made by fetching renamed content under its

new name but at the same ”old” revision. No deleted file or directory was encountered during

implementation, and a solution has not yet been investigated further.

5.3.2 Presentation Feedback

The participants were generally content with the demonstration and excited to see how this

can be optimized and scaled in the future. The presentation showed that it is possible to create

a Keil equivalent build using CMake. It showed that the chosen DF3 project could be built

with Arm Compiler 6 and run on target hardware. Furthermore, it was shown that the CMake

build is better than Keil in areas such as build time performance.

The participants agreed that a general structure, a build-framework, must be created when

scaling the project up in the future. Several things such as available parameters, build config-

urations, structure of cmake files and their individual responsibilities, and the local directory

structure. All common and project-specific items must be identified and clearly separated. This

way all common items can be collected and only exist in one place, avoiding any redundancy

in work when creating new projects.

Participants discussed the importance of being able to fetch deleted or renamed content. They

came to the conclusion that the ability to achieve this is a requirement that is of the utmost

importance. Files and directories will be merged, renamed, or deleted during the evolution of

the CLEAR platform, and this should not have an impact on the ability to build older projects.
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5.4 Future Perspectives

This section will list future possibilities and recommendations when scaling the build system

to encompass more than a single project.

5.4.1 Individual Module CMakelists

DLSW already has a CMake structure in place, where all CLEAR modules have their own

CMakeLists.txt file in the root directory. These files create libraries and interfaces for the

individual modules to be included and used in other CMakeLists. However, these lists cannot

be used in a project setup in their current state. The main reason for this is that the armclang

compiler with LTO enabled cannot link static libraries. This was described in section 4.6.

The current CMakeLists needs to be restructured, and one way to do this is to create lists of

source files and pass the source files directly to the project CMakeLists for further processing.

By doing this, the project CMakeLists does not need to have knowledge about the internal

structure of an included module. This could help reduce the maintenance of the project, as it

does not need to have white-box knowledge of all included modules.

5.4.2 Debugging Facilities

Another important factor for future development when scaling the project is the use of debug

facilities. Debugging is a large part of developing embedded software and a solution must be

found to solve this. The current method is to debug within Keil, which uses ARM’s CMSIS

(Common Microcontroller Software Interface Standard). There exist extensions for VS Code to

debug arm processors using the CMSIS library, and this would be a good place to start when

investigating debug methods in the future.

5.4.3 Fetching of Renamed or Deleted Modules

A feature that must be investigated and found a solution for, is the ability to fetch content

from the SVN server that has been renamed or deleted. The importance of which is mentioned

in 5.3.2 Presentation Feedback. There might be an SVN-specific solution or a solution within

CMake to achieve this. On the basis of the knowledge of CMake and the widespread usage in

the industry for a number of years, it is expected that a solution to this problem can be found.

5.4.4 Integration With Jenkins

This was part of the ”Could Have” objectives for the project and was not implemented during

development. This makes it a great candidate to investigate a solution for when scaling the

project. DLSW already has a structure to run CMakelists through Jenkins with their unit

testing structure. To implement this functionality for the project, a Jenkinsfile must be

created at the root of the project.
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5.5 Course of Events

The project progressed as expected and only a few obstacles were encountered along the way.

The risks and mitigation strategies identified at the start of the project provided great support

throughout the project. As the possible risk described in Risk Table A.5, implementation and

/ or compatibility issues were identified when a new tool or new system functionality was used.

These were mitigated by creating a smaller and simpler implementation to test the issue at the

core in order to find a proper solution. The best example of this was found when implementing

the executable details in section 4.6.

5.5.1 Time Plan Evaluation

As seen in Appendix A: Problem Formulation, an initial time plan was made for the project.

The plan was followed only with minor changes that affected the date that milestone #2 was

met. Milestone #2 defined the transition from research and analysis to design and implementa-

tion, with the choice of a build system for the demonstration setup. Originally it was planned

to be reached on the 31st of October, before the 2 week personal time off, but ended being

decided on the meeting held on Tuesday the 21st of November. It is a push of 21 days, but

when subtracting the time away, it only set back the project by three days. The time lost

was reclaimed during the development of the demonstration software, which was presented to

DLSW on Monday the 11th of December. The final time schedule can be found in Appendix

A.2
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Chapter 6

Conclusion

This project created a demonstrator software showing how it is possible to set up a software

project using the build system generator CMake. It did so by first investigating, analyzing, and

comparing the two build system generators, CMake and Meson. It considered a list of require-

ments agreed upon with DLSW for the analysis. On the basis of the analysis, DLSW decided

to abandon Meson and develop the demonstrator software using CMake. The demonstrator

was designed, implemented, and its functionality was verified before a list of future scaling

suggestions and possibilities were given.

The demonstrator software using CMake shows that it is possible to set up an already existing

project from DLSW, and have it running on the target hardware.

The project meets all the objectives listed in section 1.3 Must Have, Should Have, and parts of

Could Have. It did not provide a method to debug a *.hex file on the hardware target, and the

demonstrator software is not running on a Jenkins server.
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APPENDIX A. PROBLEM FORMULATION
2 PROJECT GOALS

1 Company Background

LINAK was established by the current CEO and owner Bent Jensen’s grandfather in 1907.
After Bent Jensen took over the company from his father in 1976, he revolutionized it by
inventing the electric linear actuator in 1979. With the introduction of this technology, LINAK
quickly established itself as a leader in the industry.

Today, LINAK is still an industry leader with a commitment to innovation and a commitment
to providing the highest-quality products and services to customers around the world. As of
2019 LINAK counted more than 2400 employees spread across 35 countries. The headquarters
is located in the town of Guderup in southern Denmark covering an area of 55,000m2. 1250
employees work in the Guderup headquarter within manufacturing, group management, R&D,
logistics, and administrative functions. LINAK has established factories outside of Denmark in
USA, China, Slovakia, and Thailand.

LINAK consists of 4 business segments.

• DESKLINE specialises in ergonomic systems for office desks, workstations, kitchens, and
shop and conference room interiors

• HOMELINE excels within comfort furniture

• TECHLINE handles durable actuator solutions for heavy-duty applications operating in
the harshest of environments

• MEDLINE & CARELINE focuses solely on developing intelligent systems for healthcare
applications

2 Project Goals

LINAK’s DESKLINE segment is experiencing an increasing challenge in the development pro-
cess for their software. With a growing software platform, the time it takes developers to setup
and build projects is increasing. Setting up projects manually can lead to the introduction of
human errors, which can further increase the amount of resources spent during this process.
DLSW (DESKLINE Software) is currently limited to using the IDE µVision Keil to set up,
build, and debug their software. The use of µVision Keil also has a considerable annual cost
associated with it.

One way to improve the work process of individual developers and reduce the cost associated
with building a software project is by implementing a build automation tool. Automating the
build process can help reduce the time an individual developer uses to set up projects, almost
eliminate human errors, and improve overall development efficiency. Therefore, the goal is
to investigate the available build automation tools and propose the best solution to achieve
automation when building projects.
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APPENDIX A. PROBLEM FORMULATION
2.1 Objectives 2 PROJECT GOALS

2.1 Objectives

In order to achieve the goal, several objectives can be identified. These will each assist in
proposing a build automation tool.

• Research automated software building procedures to gain knowledge and learn from pre-
vious experiences.

• Investigation of two different build automation tools to get a deeper understanding of
which features they offer.

• An analysis of the automation tools and compare them against each other according to
their features and the needs of DLSW. Select the most relevant to use.

• How does the solution(s) fit in with DLSW’s current CI strategy?

• Design and create a prototype software using the chosen tool.

2.2 Main Activities

2.2.1 Investigate Build Automation

A build automation system in an embedded environment automates software compilation, de-
pendency management, and binary generation. In this part, the general theory behind build
automation is investigated along with any related languages.
This will include investigation of the Cmake software, the build automation tool Make and
relevant theory behind. A second automation tool is identified for further investigation.

2.2.2 Investigate Automation Tools

Two different automation tools are further investigated, one of which is Cmake. They will
be investigated with focus on their individual features, compatibility with DLSW’s current
practices and other relevant factors.
All identified criteria will serve as input to the analysis and comparison of the tools.

2.2.3 Analysis of Automation Tools

An individual analysis of the Cmake build automation software and the second chosen software.
Analyze how implementing a build automation software will improve the current CI strategy
at DLSW. The analysis is based on the criteria identified in the investigation above.
The two methods will be compared to each other based on the analysis and will be presented
to the DLSW manager and architects for strategic decision making.

2.2.4 Prototype Software Implementation and Verification

The prototype software will be made using the chosen automation software. This process
involves showcasing essential key features, testing the usability, etc. The implementation will
be tested using a combination of different modules both locally and with the integration of
fetching modules from an SVN server. This will be used to determine the feasibility of a full-
scale implementation at DLSW.

2
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APPENDIX A. PROBLEM FORMULATION
2.3 Detailed objectives 2 PROJECT GOALS

This part will also describe any problems encountered during the testing process and will be
handed over to DLSW together with the theory and prototype software.

2.3 Detailed objectives

1. Must Have

(a) Investigation of build automation and Makefiles.

(b) Analysis of two different build automation solutions.

• CMake must be one of these.

(c) A prototype software implementation:

• Must generate a project .hex file using ARMv6 compiler.

(d) Integration with an SVN server to fetch desired SW.

2. Should Have

(a) Include project setup using DLSW’s CLEAR SW platform.

(b) Ability to easily switch between different compilers.

• ARMv5, ARMv6, gcc

(c) Be independent from the use of a specific IDE.

3. Could Have

(a) Options to set different compiler settings (optimization etc.).

(b) Investigation and analysis of additional solution(s).

(c) Have the prototype software running on a Jenkins server.

(d) A method to debug a .hex file, built using the chosen solution, on a hardware target.

4. Won’t Have

(a) Continuous delivery/deployment analysis.

(b) Production SW solution for DLSW.

2.4 Limitations

Due to the amount and complexity of available tools for automating embedded builds, this
project will be limited to the examination of two different tools.
The following different tools are selected for investigation

• Cmake

• Meson or Bazel

3
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APPENDIX A. PROBLEM FORMULATION
3 WORK METHODOLOGY

Due to the scale of implementing a build automation tool into the already established work
environment at DLSW, the project will not provide any production software. It will investigate
the feasibility of using an automation tool and showcase essential functionality.

3 Work Methodology

The approach for the project will be similar to that of the V-model. To start the project,
all relevant theories of automation software will be investigated. Based on this investigation
two solutions will be subject for further investigation. This will lead to an analysis of the two
solutions, comparing them to each other, and presented to DLSW for the strategic choice of
which one to start developing. Then a prototype software showcasing the chosen solution will
be created, followed by testing and evaluation.

Regular meetings will be held with the company and university supervisors respectively.

3.1 Risk Assessment

Before the project starts, all relevant risks have been identified. Each risk has been rated
according to probability and impact on the project. For each of the risks a mitigation strategy
has been identified.

Risk tables can be found in the appendix.

3.2 Initial Time Schedule

The initial time schedule shows the main activities of the project, any subcategories to these,
and allocates time to each phase. It is initially divided into 3 main phases, Research and
Investigation, Analysis and Prototype SW. These reflect the main activities and roughly
the different parts of the project report.

There are 3 milestones in the project, marked with ♦ in the schedule.

1. 11th of October: Criteria for automation system agreed upon by all stakeholders

2. 30th of October: Choice of automation system for prototype development

3. 6th of December: Presentation of prototype solution

Time schedule on the next page.
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APPENDIX A. PROBLEM FORMULATION
3.2 Initial Time Schedule 3 WORK METHODOLOGY
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Figure 1: Time schedule version 1.0
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A.1. IDENTIFIED RISKS APPENDIX A. PROBLEM FORMULATION

A.1 Identified Risks

Risk: Unavailability of LINAK stakeholders for feedback and decision
making.

Probability Low
Severity Medium
Mitigation Regularly work at the LINAK office to maintain open com-

munication and ensure timely feedback and decision making.

Table A.1: Risk: Unavailability of LINAK stakeholders for feedback and decision making.

Risk: The learning curve of the individual tools is too steep, leading to an
excessive amount of time spent on learning.

Probability Medium
Severity Medium
Mitigation Build investigation prototypes during research to get a grasp

of the time needed as soon as possible.

Table A.2: Risk: The learning curve of the individual tools is too steep, leading to an excessive
amount of time spent on learning.

Risk: LINAK work laptop breaks down, leading to loss of data and access to
LINAK SVN server.

Probability Very Low
Severity High
Mitigation Back up report, notes, code, etc. outside of the work laptop

hard drive. Continue working on other tasks until another
laptop is ready.

Table A.3: Risk: LINAK work laptop breaks down, leading to loss of data and access to LINAK
SVN server.

Risk: Compatibility issues between investigated tools and LINAK’s
workflow, codebase etc.

Probability Low
Severity High
Mitigation Involve stakeholders at LINAK in the decision process and

test tools with DLSW’s codebase

Table A.4: Risk: Compatibility issues between investigated tools and LINAK’s workflow, code-
base etc.
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A.1. IDENTIFIED RISKS APPENDIX A. PROBLEM FORMULATION

Risk: Compatibility issues between chosen tools, libraries and development
environments.

Probability Low
Severity Medium
Mitigation Test compatibility early and ensure all tools work seamlessly

together.

Table A.5: Risk: Compatibility issues between chosen tools, libraries and development envi-
ronments.

Risk: Lack of documentation of the chosen tools, LINAK’s procedures and
their code base.

Probability Low
Severity Medium
Mitigation Investigate available material early in the project to ensure

available documentation is gathered in a timely manner

Table A.6: Risk: Lack of documentation of the chosen tools, LINAK’s procedures and their
code base.
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A.2. FINAL TIME SCHEDULE APPENDIX A. PROBLEM FORMULATION

A.2 Final Time Schedule
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Test Project

B.1 Source Files
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B.1. SOURCE FILES APPENDIX B. TEST PROJECT
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B.2. CMAKE FILES APPENDIX B. TEST PROJECT

B.2 CMake Files

B-4



B.2. CMAKE FILES APPENDIX B. TEST PROJECT

B-5



B.2. CMAKE FILES APPENDIX B. TEST PROJECT

B-6



B.2. CMAKE FILES APPENDIX B. TEST PROJECT

B-7



B.2. CMAKE FILES APPENDIX B. TEST PROJECT

B-8



B.3. CMAKE PERFORMANCE FILES APPENDIX B. TEST PROJECT

B.3 CMake Performance Files
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B.4. MESON FILES APPENDIX B. TEST PROJECT

B.4 Meson Files
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B.5. MESON PERFORMANCE FILES APPENDIX B. TEST PROJECT

B.5 Meson Performance Files
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Appendix C

Meeting Summaries

This appendix chapter contains meeting request and summaries.

C.1 Criteria meeting

The meeting was set to present a list of requirements and, together with DLSW, to expand on

and add any relevant requirements. The purpose of the requirements was to develop a common

understanding between the project and DLSW as to how the different build system genera-

tors should be analyzed. The meeting request can be found below, showing the requirements

identified prior to the meeting.

Important topics discussed during the meeting includes:

• Build machine will only be Windows at DLSW now and in the foreseeable future.

• Reproducibility is a must-have.

• The output MUST be correct and the same at every run.

• The system must not be noticeably slower than the currently used system (Keil)

• Are the systems allowed for commercial use?

After the meeting, the final list of requirements was made and sent to DLSW for approval. The

list can be found in the report at section 2.6

Meeting request for the criteria meeting on October 10.

(Original in Danish. translated to English for the report)

"Hello,

The meeting will be a presentation of criteria for a building system that

must be met for the system to be relevant for implementation at DLSW.
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C.1. CRITERIA MEETING APPENDIX C. MEETING SUMMARIES

Following the presentation, we will engage in a discussion about the

criteria and consider whether some should be removed and/or new ones added.

The outcome of this meeting will form the basis for the analysis that

I will conduct on the two selected building systems (CMake and Meson).

The following is a list of my proposals for the technical capabilities

that the system should have, as well as the desired qualities.

Further explanation of the qualities will be provided during the meeting.

Minor changes to the list may occur.

Capabilities:

• Compile source code to binary code

• Out-of-source builds (Build is placed in a separate build folder)

• Dependency management (installation/fetching, version checking etc.)

• Allow specification of multiple output targets within a

single build system.

• Support multiple build machines and multiple compilers

• Support incremental building

• Support cross-compilation

• Version control integration

Qualities:

• Repeatability

• Reproducibility

• Standard

• Correctness

• One-touch

• Ease of use

• Performance

• Scalability

• Easy to debug

• Futureproof

• IDE compatibility "
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C.2. ANALYSIS MEETING APPENDIX C. MEETING SUMMARIES

C.2 Analysis meeting

The analysis was sent to DLSW for read-through on 31 October. A subsequent meeting was

arranged and held on November 21 to discuss the content of the document. The purpose of the

meeting was to give a brief overview of the analysis and use it to make a choice between the two

build system generators. As the analysis had been sent before the meeting, Evaluation Matrix

was presented and the main differences between the systems were discussed. this includes:

• CMake being a more mature system than Meson.

• CMake has a larger user base and is widely used in the industry.

– Meson is a newer and smaller system with a smaller user base.

• Meson builds native and cross-build when invoked.

– This allows unit tests and compilation for the target in the same build.

• Meson syntax is easier to use and understand.

Performance tests had not been performed prior to sending the analysis results, and these were

covered during the meeting.

The meeting concluded with CMake being chosen as the build system generator to use to build

the demonstrator software.

C.3 Demonstrator presentation

This meeting presented the demonstrator software. Details of this meeting and feedback from

DLSW are written in the report section 5.3.
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Appendix D

Demonstrator Code

This appendix chapter contains the CMake and Makefile code, performance output and direc-

tory tree for the demonstrator software.

Appendix D Contents

D.1 Main CMakeLists.txt .............................................. D-2

D.2 Source CMakeLists.txt ............................................. D-4

D.3 Makefile Interface ................................................. D-6

D.4 Toolchain Files ................................................... D-9

D.5 Functions, Options and Flags ....................................... D-13

D.6 Performance Output .............................................. D-21

D.7 Directory Tree ................................................... D-22
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D.1 Main CMakeLists.txt
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D.2 Source CMakeLists.txt
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D.3 Makefile Interface
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D.4 Toolchain Files
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D.5 Functions, Options and Flags
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D.6 Performance Output
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D.7. DIRECTORY TREE APPENDIX D. DEMONSTRATOR CODE

D.7 Directory Tree

DF3

cmake

toolchains

armclang.cmake

cortex-m0plus.cmake

STM32G03x.cmake

overrideBuildTypeSettings.cmake

addExecutableWithScatterFile.cmake

checkAndApplyFlags.cmake

conversions.cmake

CPM.cmake

fetchFunctions.cmake

crc32

crc32.exe

crc32.ini

scatterFiles

debug.sct

release.sct

src

CMakeLists.txt

buildFlags.cmake

buildOptions.cmake

CMakeLists.txt

Makefile
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