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Software Obsolescence:

analysis and remediation strategies

Edlira Nano

Abstract

The aim of this doctoral dissertation is to analyze software obsolescence and existing remediation
strategies, in light of the significant environmental impact of digital technologies, particularly that
of electronic devices. To that end, I study two software ecosystems, Android and Debian, by using
a qualitative research approach.

The first case study focuses on the Android ecosystem, the world’s most widely used operating
system (OS), where devices are often replaced and rarely updated more than two years after their
release. I investigate what hinders Android development and maintenance, by conducting 12 inter-
views with key players in the ecosystem, supplemented by conference ethnography and analysis of
technical literature. The analysis shows that the way code flows are organized across the various
ecosystem actors inhibits updates, and outlines how these actors locate their maintenance efforts in
different places to serve their strategic interests. The lack of updates appears at the kernel level, i.e.,
at the core of Android builds, as the code from phone vendors and system on chip manufacturers
increasingly diverges from the original Linux kernel code. I show that Google, the main actor gov-
erning the ecosystem, addresses maintenance issues by shifting responsibility towards phone vendors.
However, as vendors are the least inclined actors to maintain their code, the problem persists, lead-
ing to premature end-of-life for devices and, consequently, their obsolescence. I analyze how, driven
by a concern for longevity, some vendors and alternative free open source mobile actors implement
remediation strategies to maintain devices.

The second case study focuses on maintenance within Debian, a widely used free and open source
operating system, based on the Linux kernel, maintained by a large international volunteer com-
munity. I investigate maintenance in Debian, by use of a community ethnographic approach during
gatherings. I conducted 11 semi-structured interviews, supplemented by informal discussions, par-
ticipant observation, analysis of online community tools and technical literature. The data were
analysed using thematic analysis. I show that Debian’s technical and social structure is designed
to support and facilitate maintenance. This maintenance takes place at various levels: technical
maintenance (code, tools), community maintenance (social and human interactions), work organi-
sational maintenance (work processes, teams, roles) and infrastructuring (collective maintenance of
inner infrastructure). At each of these levels, I analyse how maintenance in Debian is not only a
technical process, but involves social interactions within and outside of the community. I also look
at what helps maintenance and what hinders it.

Code in Debian is organized in packages. The analysis shows that the socio-technical relation-
ship between Debian developers and external upstream developers plays an essential role in both the
Debian package maintenance, and the upstream software maintenance. I highlight the crucial role
that the collective process of developing, maintaining and improving the technical and social infras-
tructure in Debian plays in maintaining the operating system. I examine The Long Term Support

program in Debian—offering 5 years of support on each release—highlighting an original business
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model that the community has established, providing it with the revenue needed for maintenance
while limiting corporate influence on maintenance decisions. Finally, the study identifies barriers in
maintenance: human relations within the community: resolving conflicts, avoiding burnout, retain-
ing members, attracting new ones seem to be important concerns for community members.

Reflecting on the conclusions drawn from the Android and Debian studies, I discuss the various
strategies observed in terms of code flows between actors, and how they inhibit or facilitate main-
tenance. Breaking points can be technical: silent break of software support, lack of updates and
upgrades, code obfuscation, proprietary or binary code, lack of documentation, hidden schematics,
anti patterns in coding practices. This is particularly evident in the code provided by chip and
smartphone vendors within the Android ecosystem. They can also be socio-economic, supported by
technical and legal procedures, creating dynamics of power and abuse of power in software ecosys-
tems. This is particularly true of Google in the Android ecosystem.

I discuss the play between openness and closure in software development and maintenance, as
well as the importance of free and open source software practices, together with open standards in
fostering code maintenance and building more independent and resilient systems. The study of these
alternative FOSS ecosystems that succeed in offering longer software support and extend the lifespan
of devices, shows that upstreaming and mainlining code are important maintenance strategies at
the software development level. But it is social interactions within the communities developing the
software and with external communities of users or developers, that are key to facilitate long term
maintenance.

In examining maintenance practices within Debian, I emphasize that software maintenance is not
limited to applying code updates, but is a socio-technical process that involves discussing, analyzing,
and preparing these updates so that they align with the needs of the user and developer communities
affected by them. The study on Debian shows that software updates do not necessarily result in
hardware being discarded. As we further explore, obsolescence in the digital realm is made possible
by business strategies and opportunities, through mutually reinforcing hardware and software tech-
niques. Through planning, software enclosure, pseudo-history, and lobbying, obsolescence has been
chosen and imposed, and lies at the heart of digital capitalism.

This dissertation concludes with a series of recommendations concerning, on the one hand, coding
practices and, on the other hand, some regulatory measures necessary to ensure software maintenance
while prohibiting the abuse of dominant positions. Furthermore, it seems essential to implement
public policies aimed at supporting and fostering fundamental software ecosystems such as operating

systems.

Keywords: obsolescence, digital obsolescence, software obsolescence, operating system, OS,
software maintenance, Debian, Android, software ecosystems, socio-technical ecosystems, free and

open source software, FOSS, digital capitalism.



Obsolescence logicielle : analyse et stratégies de remédiation

Edlira Nano

Résumé

Cette thése de doctorat vise a analyser I’obsolescence logicielle ainsi que des stratégies de remé-
diation, dans le contexte de l'impact environnemental des technologies numériques, en particulier
celui des appareils électroniques. A cette fin, j’étudie deux écosystémes logiciels, Android et Debian,
avec une approche de recherche qualitative.

La premiére étude de cas porte sur I’écosystéme Android, le systéme d’exploitation le plus utilisé
au monde, ot les appareils sont souvent remplacés et rarement mis a jour plus de deux ans aprés
leur sortie. J’ai étudié les obstacles au développement et a la maintenance d’Android a travers 12
entretiens avec des acteurs clés de 1’écosystéme, complétés par une étude ethnographique lors de
conférences et une analyse de la littérature technique. L’analyse montre que la maniére dont les
flux de code sont organisés entre les différents acteurs de I’écosystéme freine les mises & jour, et met
en évidence comment ces acteurs concentrent leurs efforts de maintenance a différents niveaux pour
servir leurs intéréts stratégiques. L’absence de mises a jour se manifeste au niveau du noyau, c’est-
a-dire au coeur des versions d’Android, car le code des fabricants de téléphones et des fabricants de
systémes sur puce s’écarte de plus en plus du code original du noyau Linux. Je montre que Google,
I’acteur principal régissant 1’écosystéme, aborde les problémes de maintenance en transférant la
responsabilité vers les fabricants de téléphones. Cependant, comme les fabricants sont les acteurs
les moins enclins & maintenir leur code, le probléme persiste, entrainant une fin de vie prématurée
des appareils et, par conséquent, leur obsolescence. J’analyse comment, motivés par un souci de
longévité, certains fabricants et acteurs alternatifs du secteur mobile libre et open source mettent
en ceuvre des stratégies de remédiation pour maintenir les appareils.

La deuxiéme étude de cas porte sur la maintenance au sein de Debian, un systéme d’exploitation
libre et open source répandu, basé sur le noyau Linux et maintenu par une vaste communauté inter-
nationale de bénévoles. J’étudie la maintenance dans Debian, en recourant & une approche ethno-
graphique communautaire lors d’événements. J’ai mené 11 entretiens semi-structurés, complétés
par des discussions informelles, une observation participante, ’analyse des outils communautaires
en ligne et de la littérature technique. J’ai ensuite effectué une analyse thématique des données. Je
montre que la structure technique et sociale de Debian est congue pour soutenir et faciliter la main-
tenance. Cette maintenance s’effectue a différents niveaux : maintenance technique (code, outils),
maintenance communautaire (interactions sociales et humaines), maintenance organisationnelle du
travail (processus de travail, équipes, roles) et maintenance infrastructurelle (maintenance collective
de I'infrastructure interne). A chacun de ces niveaux, j’analyse comment la maintenance n’y est pas
seulement un processus technique, mais implique des interactions sociales au sein et en dehors de la
communauté. Je m’intéresse également & ce qui favorise ’entretien et a ce qui le freine.

Le code dans Debian est organisé en paquets. L’analyse montre que la relation socio-technique
entre les développeurs Debian et les développeurs des outils externes en amont (upstream), joue un
role essentiel tant dans la maintenance des paquets Debian que dans la maintenance des logiciels en
amont. Je souligne le role crucial que joue le processus collectif de développement, de maintenance
et d’amélioration de l'infrastructure technique et sociale de Debian dans la maintenance du systéme

d’exploitation. J’examine le programme Long Time Support (LTS) garantissant cing ans de sup-
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port pour chaque version courante du systéme d’exploitation. Ce programme contient un modéle
économique original mis en place par la communauté, qui procure au projet les revenus nécessaires a
la maintenance, tout en limitant I'influence des entreprises sur les décisions internes de maintenance.

Enfin, ’étude souligne des obstacles a la maintenance. La pérennité des relations humaines au
sein de la communauté : résoudre les conflits, éviter I’épuisement, fidéliser les membres, en attirer
de nouveaux, semblent étre des préoccupations importantes pour les membres de la communauté.

En m’appuyant sur les conclusions tirées des études d’Android et Debian, j’analyse les différentes
stratégies observées en matiére de flux de code entre les acteurs, ainsi que la maniére dont elles
entravent ou facilitent la maintenance. Les points de rupture peuvent étre d’ordre technique :
interruption silencieuse du support logiciel, absence de mises & jour et de mises a niveau, obfuscation
du code, code binaire ou propriétaire, manque de documentation, schémas de fonctionnement non
disponibles, anti-patterns dans les pratiques de codage. Cela est particuliérement évident dans le
code fourni par les fabricants de puces et de smartphones au sein de ’écosystéme Android. Les
points de rupture peuvent également étre socio-économiques, soutenus par des procédés techniques
et juridiques, créant des dynamiques de pouvoir et agissant comme des instruments d’abus de pouvoir
dans les écosystémes logiciels. C’est particuliérement vrai pour Google dans I’écosystéme Android.

J’aborde 'interaction entre ouverture et fermeture du code dans le développement et la mainte-
nance des logiciels, ainsi que 'importance des pratiques en matiére de logiciels libres et open source,
associées aux standards ouverts, pour favoriser la maintenance du code et construire des systémes
plus indépendants et résilients. L’étude des écosystémes alternatifs libres et open source qui parvi-
ennent & offrir un support plus long et & prolonger la durée de vie des appareils, montre que les
pratiques d’upstreaming de code et de mainlining du noyau Linux sont des stratégies de mainte-
nance importantes au niveau du développement logiciel. Mais ce sont les interactions sociales, a la
fois au sein des communautés développant le logiciel et avec les communautés externes d’utilisateurs
ou de développeurs, qui sont essentielles pour faciliter la maintenance a long terme.

En examinant les pratiques de maintenance au sein de Debian, je souligne que la maintenance
logicielle ne se limite pas & ’application de mises & jour du code, mais qu’il s’agit d’un processus
socio-technique qui implique de discuter, d’analyser et de préparer ces mises & jour afin qu’elles
répondent aux besoins des communautés d’utilisateurs et de développeurs concernés.

L’étude sur Debian montre que les mises & jour logicielles n’entrainent pas nécessairement
I'obsolescence du matériel. L’obsolescence numérique est rendue possible grace & des stratégies
économiques et des opportunités, tantot matérielles, tantot logicielles, qui s’entremélent et se renfor-
cent mutuellement. A travers la planification, I’enclosure logicielle, la pseudo-histoire, le lobbying,
I'obsolescence a été choisie et imposée, et se trouve placée au coeur du capitalisme numeérique.

Cette thése se termine par une série de recommandations concernant, d’une part, des pratiques
de codage et, d’autre part, des mesures réglementaires nécessaires pour garantir la maintenance des
logiciels tout en interdisant ’abus de position dominante. En outre, il semble essentiel de mettre en
ceuvre des politiques publiques visant & soutenir et & favoriser des écosystémes logiciels fondamen-

taux tels que les systémes d’exploitation.

Mots-clés: obsolescence logicielle, systéme d’exploitation, maintenance logicielle, impacts envi-

ronnementaux du numérique, Debian, Android, logiciels libres, open source, capitalisme numérique.



Résumé substantiel

Obsolescence logicielle :

analyse et stratégies de remédiation

Edlira Nano

Introduction

Cette theése de doctorat vise a analyser I’obsolescence logicielle ainsi que des stratégies de remédiation,
dans le contexte de I'impact environnemental des technologies numériques, en particulier celui des
appareils électroniques. A cette fin, j’étudie deux écosystémes logiciels, Android et Debian, avec une

approche de recherche qualitative.

La production d’obsolescence logicielle: le cas de 1’écosystéme
Android

La premieére étude de cas porte sur ’écosystéme Android, le systéme d’exploitation le plus utilisé au
monde, ol les appareils sont souvent remplacés et rarement mis & jour plus de deux ans apreés leur
sortie (chapitre 2).

J’ai étudié les obstacles au développement et & la maintenance d’Android a travers 12 entretiens
avec des acteurs clés de ’écosystéme, complétés par une étude ethnographique lors de conférences
et une analyse de la littérature technique.

[’analyse montre que la maniére dont les flux de code sont organisés entre les différents acteurs
de I'écosystéme freine les mises & jour, et met en évidence comment ces acteurs concentrent leurs
efforts de maintenance & différents niveaux pour servir leurs intéréts stratégiques. L’absence de mises
& jour se manifeste au niveau du noyau, c’est-a-dire au coeur des versions d’Android, car le code
des fabricants de téléphones et des fabricants de systémes sur puce s’écarte de plus en plus du code
original du noyau Linux. Je montre que Google, I’acteur principal régissant 1’écosystéme, aborde
les problémes de maintenance en transférant la responsabilité vers les fabricants de téléphones.
Cependant, comme les fabricants sont les acteurs les moins enclins & maintenir leur code, le probléme
persiste, entrainant une fin de vie prématurée des appareils et, par conséquent, leur obsolescence.

J’analyse comment, motivés par un souci de longévité, certains fabricants et acteurs alternatifs du

vii
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secteur mobile libre et open source mettent en ceuvre des stratégies de remédiation pour maintenir

les appareils.

La maintenance dans le projet Debian

La deuxiéme étude de cas porte sur la maintenance au sein de Debian (chapitre 3), un systéme
d’exploitation libre et open source répandu, basé sur le noyau Linux et maintenu par une vaste
communauté internationale de bénévoles. J’étudie la maintenance dans Debian, en recourant a une
approche ethnographique communautaire lors d’événements. J’ai mené 11 entretiens semi-structurés,
complétés par des discussions informelles, une observation participante, ’analyse des outils commu-
nautaires en ligne et de la littérature technique. J’ai ensuite effectué une analyse thématique des
données. Je montre que la structure technique et sociale de Debian est congue pour soutenir et
faciliter la maintenance. Cette maintenance s’effectue a différents niveaux : maintenance tech-
nique (code, outils), maintenance communautaire (interactions sociales et humaines), maintenance
organisationnelle du travail (processus de travail, équipes, roles) et maintenance infrastructurelle
(maintenance collective de I'infrastructure interne). A chacun de ces niveaux, j’analyse comment la
maintenance n’y est pas seulement un processus technique, mais implique des interactions sociales
au sein et en dehors de la communauté. Je m’intéresse également & ce qui favorise I'entretien et a
ce qui le freine.

Le code dans Debian est organisé en paquets. L’analyse montre que la relation socio-technique
entre les développeurs Debian et les développeurs des outils externes en amont (upstream), joue un
role essentiel tant dans la maintenance des paquets Debian que dans la maintenance des logiciels en
amont.

Je souligne le role crucial que joue le processus collectif de développement, de maintenance et
d’amélioration de l'infrastructure technique et sociale de Debian dans la maintenance du systéme
d’exploitation. J’examine le programme Long Time Support (LTS) garantissant cinq ans de sup-
port pour chaque version courante du systéme d’exploitation. Ce programme contient un modéle
économique original mis en place par la communauté, qui procure au projet les revenus nécessaires a
la maintenance, tout en limitant I'influence des entreprises sur les décisions internes de maintenance.

Enfin, I’étude souligne des obstacles & la maintenance. La pérennité des relations humaines au
sein de la communauté : résoudre les conflits, éviter I’épuisement, fidéliser les membres, en attirer

de nouveaux, semblent étre des préoccupations importantes pour les membres de la communauté.

L’obsolescence, modéle économique du capitalisme numérique

Dans la suite de cette étude, nous interrogeons la vision de ’histoire du numérique, ou le remplace-
ment accéléré de chaque modéle par un nouveau est vu comme un progrés, et les définitions de
I’obsolescence qui la sous-tendent. Loin d’étre un phénoméne technique, une «loi» naturelle gou-
vernant ce secteur, elle reléve de la planification (comme l’admet 'expression anglaise originale «
planned obsolescence », obsolescence planifiée).

Pour comprendre la maniére dont I'obsolescence s’est imposée comme un modéle économique,
une stratégie d’organisation de I'industrie informatique, on interroge ici le processus de miniaturi-

sation du matériel, & travers notamment la «loi» de Moore et les feuilles de route qui mettent en
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place, organisent, et généralisent des stratégies d’obsolescences de produits informatiques, et leur
remplacement continu. S’ensuit une critique de I'informatique dans le nuage et les nouvelles oppor-
tunités d’obsolescence qu’elle offre et met en place. Enfin, nous explorons la dynamique historique
de la privatisation des logiciels que nous proposons de nommer « enclosure logicielle » ainsi que les
dynamiques modernes des usages informatiques telle la « nuagification » et ce que cela implique

comme nouvelles obsolescences.

Discussion

En m’appuyant sur les conclusions tirées des études d’Android et Debian, j’analyse les différentes
stratégies observées en matiére de flux de code entre les acteurs, ainsi que la maniére dont elles
entravent ou facilitent la maintenance. Les points de rupture peuvent étre d’ordre technique :
interruption silencieuse du support logiciel, absence de mises & jour et de mises a niveau, obfuscation
du code, code binaire ou propriétaire, manque de documentation, schémas de fonctionnement non
disponibles, anti-patterns dans les pratiques de codage. Cela est particuliérement évident dans le
code fourni par les fabricants de puces et de smartphones au sein de ’écosystéme Android. Les
points de rupture peuvent également étre socio-économiques, soutenus par des procédés techniques
et juridiques, créant des dynamiques de pouvoir et agissant comme des instruments d’abus de pouvoir
dans les écosystémes logiciels. C’est particuliérement vrai pour Google dans 1’écosystéme Android.

J’aborde 'interaction entre ouverture et fermeture du code dans le développement et la mainte-
nance des logiciels, ainsi que 'importance des pratiques en matiére de logiciels libres et open source,
associées aux standards ouverts, pour favoriser la maintenance du code et construire des systémes
plus indépendants et résilients. L’étude des écosystémes alternatifs libres et open source qui parvi-
ennent & offrir un support plus long et & prolonger la durée de vie des appareils, montre que les
pratiques d’upstreaming de code et de mainlining du noyau Linux sont des stratégies de mainte-
nance importantes au niveau du développement logiciel. Mais ce sont les interactions sociales, a la
fois au sein des communautés développant le logiciel et avec les communautés externes d’utilisateurs
ou de développeurs, qui sont essentielles pour faciliter la maintenance a long terme.

En examinant les pratiques de maintenance au sein de Debian, je souligne que la maintenance
logicielle ne se limite pas & ’application de mises & jour du code, mais qu’il s’agit d’un processus
socio-technique qui implique de discuter, d’analyser et de préparer ces mises & jour afin qu’elles

répondent aux besoins des communautés d’utilisateurs et de développeurs concernés.

Conclusion

L’étude sur Debian montre que les mises a jour logicielles n’entrainent pas nécessairement ’obsolescence
du matériel. Comme analysé dans le chapitre 4, ’obsolescence numérique est rendue possible
griace a des stratégies économiques et des opportunités, tantdét matérielles, tantdt logicielles, qui
s’entremélent et se renforcent mutuellement. A travers la planification, I’enclosure logicielle, la
pseudo-histoire, le lobbying, I'obsolescence a été choisie et imposée, et se trouve placée au coeur du
capitalisme numeérique.

Cette thése se termine par une série de recommandations concernant, d’une part, des pratiques

de codage et, d’autre part, des mesures réglementaires nécessaires pour garantir la maintenance des



logiciels tout en interdisant ’abus de position dominante. En outre, il semble essentiel de mettre en
ceuvre des politiques publiques visant & soutenir et a favoriser des écosystémes logiciels fondamentaux

tels que les systémes d’exploitation.

En nous appuyant sur notre analyse et les informations fournies par nos interlocuteurs, nous

avons identifié un ensemble de pratiques susceptibles de faciliter la maintenance des logiciels:

e les mises & jour ne devraient pas rendre le matériel obsoléte;

e les mises & jour ne doivent pas entrainer de modifications cassant la compatibilité et
doivent garantir la rétrocompatibilité sur de longues périodes (par exemple, au moins
10 ans);

e si des modifications entrainant une incompatibilité devaient étre apportées, les mises
a jour devraient étre mises de coté et faire I'objet de discussion et évaluation avec les
communautés d’utilisateurs et de développeurs concernées, jusqu’a ce qu'une solution

et un processus communs soient mis en place.

Etant donné que les pratiques de maintenance ne sont mises en ceuvre que lorsqu’elles cor-
respondent aux valeurs et aux objectifs des parties prenantes concernées, il est également
nécessaire de les faire respecter par le biais de la réglementation. Les recommandations
suivantes vont des mesures les plus simples a des transformations & plus grande échelle qui

permettraient d’améliorer plus radicalement la longévité:

e exiger des fabricants d’appareils qu’ils publient des plans de mise a jour et de mise &

niveau pour chaque appareil, et veiller & ce qu’ils soient respectés;

e exiger des fabricants d’appareils, des fabricants de puces et de composants ainsi que des
éditeurs de logiciels qu’ils mettent a disposition ’ensemble du code, des schémas et de
la documentation relatifs au fonctionnement du matériel dés lors qu’ils ne fournissent

plus de mises & jour, et a ’expiration de la période de garantie et de support;

e intégrer les pratiques de upstreaming et mainlining dans les licences libres et open

source;

e exiger que tous les composants d’un systéme d’exploitation, des chaines de boot, ainsi

que les micrologiciels fassent ’objet d’une maintenance pendant au moins 10 ans;

e tous les composants du systéme d’exploitation, des chaines de boot et les micrologiciels
devraient étre tenus de respecter (ou de définir) des normes publiques ouvertes, afin

d’éviter les dépendances vis-a-vis de logiciels propriétaires;

e considérer les systémes d’exploitation, les micrologiciels et les logiciels de chaine de boot

comme des infrastructures publiques, gérées comme des biens communs numériques.
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Abbreviations

AM
AOSP
API

COTS :
CPU

DD
DFSG
DIY
DM
DRM
DSC
FLOSS
FOSS

GM :
GNU GPL :

I1ICT
ITRS
IRDS

OS :

PC

SDK :
SoC :

TSMC
WEEE

: Application Manager (in Debian)
: Android Open Source Project

: Application Programming Interface

Commercial Off The Shelf

Central Processing Unit

: Debian Developer

: Debian Free Software Guidelines

: Do-It-Yourself

: Debian Maintainer

: Digital Rights Management

: Debian Social Contract

: Free/Libre and Open-Source Software, same as FOSS

: Free and Open-Source Software

General Motors

GNU General Public Licence
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Glossary

e Backporting: the process of porting a software update that was developed for a current version
of a software entity, to an older version of the software. It is a maintenance activity of the
software development process, typically used for relatively small scope changes, such as fixing

a software bug or security vulnerability, applying a patch.

e Downstream code: Also called downstream or the downstream. When code is derived from
some other code, it is called a downstream code, while the original code from which the
derivation takes place is called the upstream one. For example the Linux kernel is the upstream
of the Android kernel, the Android kernel is a downstream code of the Linux kernel. Se also

Upstream.

e Downstreaming: to downstream code is to take into account updates and changes that have
occurred into the upstream code from which the downstream code derives, into the downstream

code.

e Embedded software: software embedded in particular hardware, commonly known as embed-
ded systems. Specialized for the particular hardware that it runs on and has time and memory

constraints. Sometimes called firmware.

e Firmware: software embedded in particular hardware providing low-level control of this hard-
ware. In simple embedded devices firmware may perform all the controls for the device, while
in more complex devices, such smartphones or PCs, it provides the control of the device it is
embedded in to higher-level software such as the OS.

e Forge: software forge are developer platforms, central place, that allows developers to create,
store, manage, and share their code, documents, and files for a development project. Often
coming with an online interface (GitHub, GitLab, Gitea, Codeberg etc), forges include code
repositories and version control systems (often git) to organize code and allow collaboration.
They also often include several project management and code development tools such as task

management, testing, issue or bug tracking, code merging etc.

e Infrastructuring: the process of infrastructure development and the dynamic relationship be-
tween these infrastructures, the actors building, updating and using the infrastructure, and the
environment where the infrastructure evolves. Examined in Science and Technology Studies
(STS), in what is also called Infrastructuring Studies.

e Kernel: a computer program at the core of a the OS, that has complete control over everything

in the system. It is the portion of the OS code that is always resident in memory and facilitates

XV



xvi

interactions between hardware and software components. A full kernel controls all hardware
resources via device drivers, arbitrates conflicts between processes concerning such resources,
and optimizes the use of common resources, such as CPU, cache, file systems, etc., handles
input/output requests from software, translating them into data-processing instructions for

the central processing unit. See also the Linux kernel.

Mainlining: In free and open source software development, mainlining is an important wide-
spread coding and maintenance practice that refers to the integration of new developments into
the main mainline source code branch in the project’s repository. When developing a system
derived from the Linux kernel, mainlining the Linux kernel means: (1) your system has to follow
the mainline Linux kernel development (downstream its changes), and also (2) contribute back
code to the Linux kernel as often as possible (upstreaming). See also Downstreaming and

Upstreaming.

Patch: a small modification of code applied to a your code version when you cannot mainline
or upstream changes immediately. In maintenance of FOSS projects, the less patches a project
has, the more simple its future maintenance will be. The idea is to apply changes in an
upstream or mainline model, with the least patches possible. In this cases applying a patch
is seen as a temporary solution for updating the code, before the upstreaming and mainlining
process take place. Therefore, it is important when building the patch to prepare it for future

upstream and mainline. Applying a patch is called Patching.
Patching: Applying a patch. See also Patch.

Porting: process of making an OS work for a specific hardware or device. For example, porting
Debian to a new SoC hardware architecture such as an ARM SoC, or to a specific device such
as an MNT reform computer. Other example: porting Android to a new phone means making
the Android OS fully functional on this specific phone model, or developing an Android OS
build for this phone.

Rebasing: a development practice consisting in applying changes made to a derived code, to
the original code from which the derivation occurs by resolving code conflicts, malfunctions,

etc.

Repository: code repository, a data structure that stores metadata for a set of files or directory
structure, in order to store the code files and the history of changes made to them. Used on
Version control systems. While the version control system is used to keep track of all the

versions of a set of files, the repository keeps track of the files in the project.

The Linux kernel: a free and open-source kernel created in 1991 that is used in many computer
systems worldwide. It has been included in many FOSS operating system distributions, which
are called Linux OSes or simply Linux. Debian is one of them. Android also uses the Linux
kernel. The Linux kernel is also used in many embedded systems and IoT devices. See also

Kernel.

Upstream code: Also called the upstream, or upstream. When code is derived from some other
code, the upstream is the original software or code from which the derivation takes place, while

the derived code is a downstream code. For example the Linux kernel is the upstream of the
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Android kernel. The upstream of the Emacs software package in Debian is Emacs. See also

Downstream.

Upstreaming: when updating code derived from an upstream project, upstreaming is the
process of contributing back the new code to the upstream code. For example, when updating
the Android kernel in order to take into account a new type of SoC, upstreaming consists in

updating also the upstream Linux kernel.

Version control system: in software development, a software allowing to manage several versions
of source code or data for the project. It is often used to control source code in software
developed collaboratively while allowing multiple developers to collaborate on a project. The
first and most widespread version control system; git was developed to allow collaborative
development of the Linux kernel system. Often included in a software forge, it uses code

repositories.
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Foreword

During my college years, in the early 2000s, I learned computer science surrounded by professors,
researchers, and students who used Linux-based operating systems and other free and open-source
software. These tools were affordable for both the university and the students, they were also packed
with features that made it easy to work with hardware and software, view the code, modify it, break
it, and reinstall it as many times as necessary to better understand and learn how hardware and
software interact.

Through my software programming classes and activities, I learned how free software is not
merely about open-source code and legal licences that guarantee the technical aspects of these
principles, but that it is above all, a way of developing software within society and for society,
about developing tools together, developers, users, researchers, to serve the common interest. By
working collaboratively, building on the work of others, fostering improvement, adaptability, and
diversity, the code could be modified, forked, or repurposed. I also learned how to train myself in
this open, collaborative approach of developing software by also documenting my code, writing user
documentation, using forges, version control systems, repositories and bug-tracking tools, that free
and open source software were using long before the emergence of platforms such as Google Code
or GitHub. I was also shown how to contribute back to free and open-source software that I used or
considered important, by reporting or fixing bugs, writing missing documentation, or participating
in the development.

In the proteomics research laboratory where I worked for five years as a software developer, our
spectrometers—very expensive, massive and complex research instruments—could only be operated
from a dedicated workstation located nearby, using specific proprietary software purchased from the
supplier, in a very noisy and uncomfortable room, where simply wearing perfume could affect the
spectrometer’s calibration and, consequently, the analysis results. The data from the spectrometers
came in a closed, proprietary and poorly documented format, and we all relied on the research
community that had documented and standardized practices around this data format. The spec-
trometers themselves ran on proprietary software, that we were forced to trust, the source code
not being available for verification or traceability. I learned how, in scientific research studies, it
is important to be able to accurately trace the steps of the analysis and explain precisely how and
what operations the algorithms performed, in order to ensure the reliability of the results, assess the
margins of error, establish a reproducible process, and thereby confirm the integrity of the study.
All of which, were impossible due to our spectrometer software restrictions. We had to blindly trust
the vendor, the machine and their software.

I was genuinely impressed by my team’s skills in handling the problems caused by this limited

access to the software system of the spectrometer or by its opaque proprietary data format, and
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how they imagined indirect ways to insure integrity of our analysis in these conditions. This made
our lab’s day-to-day work more difficult, though certainly exciting, but a far cry from the idea of
software that I had experienced in my university training.

In the proteomics lab, my work consisted in developing a software analysing the data from the
spectrometers, and adapting this analysis to multiple research needs and studies in our field. In
practice, the first phase involved extracting the data from its proprietary format and converting it
into a documented open format. Next, we implemented algorithms to clean, quantify, and analyze
the data—the same work performed by our vendor’s software on the spectrometer workstations—
but this time, we could trace and explain each step of the analysis, ensure its reproducibility, allow
for precise adjustment of analysis parameters to reflect the diversity of our proteomics experiments,
while incorporating the latest research techniques in this field. Thus, one of the goals of my work was
to free us from the constraints imposed by the spectrometer software we purchased, by developing
our own software. We released this software under a copyleft free license, the GNU General Public
License (GNU GPL), to ensure that all derivative code would remain open-source and continue to
benefit the scientific community. My team and I also devoted a great deal of time into setting up tools
for collaborative community use and development of our software. We also put effort in documenting
and offering training for the use of the software. Users often told us about the software’s scientific
value in fine-tuning according to the experimental needs, and getting a traceable, reproducible
treatment pipeline for the analysis.

Some years later, the company that manufactured and sold our spectrometers, offered to buy
our software for an outrageous amount of money, in order to integrate it to their next generation
spectrometers. Their condition was to stop distributing our software as a free and open source one,
and give them the full ownership and distribution rights. I remember how my team and I discussed
of the irony of this offer: if we agreed, our software would become the new vendor’s software installed
in the noisy room near the spectrometer, the very one we had been working so hard to replace by
developing it. We refused the offer. But, we, scientists, users, developers, have experienced this
situation move in the opposite direction many times, free and open-source software being developed,
only to be acquired or unlawfully exploited and locked into proprietary systems—the very systems
they were supposed to replace.

In my personal life, I also experienced similar usage restrictions and problems. I remember the
CD-s I bought for my mother’s birthday that contained Digital Rights Management software (DRM),
preventing the CDs from being played by the stereo system that she had bought a year before from
the same vendor. I remember my first smartphone, an Android Motorola, that had Facebook and
Google search installed, constantly running, enforced on me, since I could not uninstall, deactivate
or even remove them from my front screen, and how that led me to consider buying a new one sooner
than I normally would have.

How is obsolescence related to these experiences? These software locks, lock-in mechanisms,
licence restrictions, imposed terms of use, that come in a context of power dynamics from big digital
companies, have influenced how I use or disuse these digital systems. They have led to discontinuities
or disruptions in my use of the software or hardware, they became obsolete to me, but also to
my friends, family or coworkers. At the same time, exploring hacking techniques, software, and
alternative hardware solutions to avoid these problems, to have better control of digital systems,
by engaging with communities that share this approach, has been an enriching experience for me.

This experience has helped me rediscover my interest for computer science, and have shaped my



Foreword 3

vision of computing systems that support, connect, and help build community, and that we govern
collectively.

What ultimately led me to work on software obsolescence for this PhD thesis, was the desire
to analyze it from a broader perspective than my own personal experience. By understanding
obsolescence mechanisms, its various causes and manifestations in and through software, as well as
ways to prevent, combat, remedy it, I am aiming to make a better sense of user experiences with
technology, but also, of the significant impact of technology on the environment, our lives, and our
society.
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1.1 Research motivation: the unsustainability of the digital

technology sector

The environmental crisis is one of the most important challenge of our society, as its causes and man-

ifestations, such as climate change, the destruction of the biodiversity, the degradation of habitats
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and natural resources, threaten the ecosystems we depend on as humans, and as a result our well-
being and survival. Long overlooked, the impact of human activities and how our technological and
socio-economic systems shape environmental sustainability is now the subject of significant debate.
The framework of planetary boundaries [2, 3, 4] and of sustainable development have become a topic
of public debates, discussed in the United Nations (UN) or the European Union (EU) sustainable
development goals'. The right to a clean, healthy and sustainable environment has recently emerged
as a universal human right (UN General Assembly Resolution A/76/L.75, 26 July 2022) [5]. Climate
activism and climate justice initiatives have increased in number and intensity among civil society
worlwide [6, 7].

The issue of the environmental footprint of digital technologies and related human activities
has also been the subject of specific research in recent years. This research shows that the digital
sector is experiencing steady and rapid growth, as is its environmental footprint, its direct and
indirect impacts, despite targets set for a more sustainable technology [8, 9, 10, 11]. A new field of
research has emerged on the environmental issues of computer science technology in a resource limited
world as evidenced by international scientific gatherings such as the annual ICT4S (Information
and Computer Science for Sustainability) conference or the Computing Within Limits workshop.
Scholars have been questioning the way our field and institutions should deal with environmental
and sustainability issues [12, 13, 14, 15]. The environmental issues have pushed many of them
to call for a new direction in the research in computer science by questioning our own research
practices [16] and topics. In this perspective Maraninchi suggests looking at the notion of ‘anti-
limits’ [17], to revisit the way software is designed in computer science [18]. Scholars have called
for a focus on Undone Science—topics of research and ways of practicing it that have not yet been
investigated—Dby striving to consider social movements and civil society critique, and by taking
an interdisciplinary perspective integrating ethics, science and technology studies, philosophy of
science [19, 20, 21, 22]|. From a policy and regulatory perspective, calls to analyze the environmental
impacts of increasing digitization programs, and to take into account the planetary boundaries for

sustainable development, have also emerged in recent years [13, 23, 24, 25, 26].

1.1.1 Device renewal: a non-exhaustive picture of the socio-environmental

impacts of extraction and manufacturing

Device renewal accounts for a large part of the greenhouse gas emissions of ICT—or the carbon
footprint—of information technology worldwide [27]. In France, the ADEME and Arcep study
report states that as for 2022, consumer devices account for 50% of the digital carbon footprint, while
data centers account for 46% [28, p.19]. A widespread methodology—also used in these reports—is
the life-cycle assessment (LCA) of environmental effects through the life-cycle of the devices being
assessed: from the extraction of raw materials required, the manufacturing or production process,
the transport to the user emissions, the use or operational emissions to the end-of-life or disposal
emissions, as illustrated in figure 1.1.

It is well admitted that the material extraction, manufacturing and end-of-life phases of devices
(user devices or data center equipment) account for the majority of the emissions—in the ADEME
& Arcep report they account for 60%, while the use phase for 40%. Therefore the device renewal

issue is central to sustainability in the ICT sector.

1See the UN’s and EU’s sustainable development goals, last accessed in April 2026.
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https://commission.europa.eu/strategy-and-policy/sustainable-development-goals_enproceedings
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Figure 1.1: Material life cycle, The National Institute of Standards and Technology (NIST), 2011,
Wikimedia Commons, public domain.

But, the impacts of ICT and of device renewal in particular, go far beyond carbon emissions.
While computer science research has long focused on quantitative approaches to mostly direct emis-
sions, there is a growing recognition of the rebound effects together with indirect quantitative and
qualitative effects of digital technology.

The mining processes for the extraction of digital minerals, followed by their purification for chip
and electronic device manufacturing, consume great amounts of fossil energy, water and chemicals
polluting the habitats, degrading the biodiversity and the life of surrounding populations, on top
of causing political, economical and social crisis [29, 30]. For example the cobalt and coltan ex-
traction in the Democratic Republic of Congo—also called conflict minerals, used in smartphones,
batteries(cobalt) and capacitors in all electronic devices(coltan)—has played an important role in
the political tensions and conflicts in the whole Central African region, as Vogel in his book Congo’s
Conflict Minerals: War, Profit & White Saviourism, based on in-situ analysis, shows [31]. He
describes how the problems were deepened by programs pretending to solve them, such as Clean
Sourcing or Conflict-free ethical mining certifications that “prioritized satisfying the conscience of
Western consumers rather than bettering Congolese livelihoods [...] permitting some Fortune 500
companies to secure extractable mineral reservoirs at the expense of expendable bodies’.

Another example is that of the mining of Lithium—used in most of the modern batteries in digital
devices but also electrical transport engines—which exacerbates water scarcity and health issues in
Nigeria [32]; indigenous human rights in Chile ? and raises socio-environmental and democracy
3

governance issues in France Similarly, the purification of minerals and chip production causes

2Resisting in the age of lithium: the right to a healthy environment in Indigenous territories in Chile, Feb. 2026,
UN Office of the High Commissioner, archived.
3See the Lithium issues of the online journal Les Temps qui restent, 2025 - 2026, archived, last accessed in April,
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water pollution and scarcity issues in Grenoble France, home to STMicroelectronics and Soitec
semiconductor manufacturing plants 4, while new chip factories in the United States significantly
affect land, energy and water supplies as well as airways [33].

The above mentioned issues are only some of the socio-environmental issues of digital device or
infrastructure production. In the article Reflections on the impact of digital infrastructure and racism
in traditional communities, author Neves-Barros talks about the “environmental racism” of digital
infrastructure and e-waste management in the Global South, about its “predatory business model |...]
that recreate new forms of slavery and undermine autonomy’ [34]. The Digital colonialism studies
emphasize the instrumental role of digital rights activists in knowledge production [35], while new
joint initiatives by scholars, activists and policy makers at the intersection of the climate crisis and
digital rights emerge [36], contributing to a broad and situated reflection on socio-environmental,

systemic and political issues at stake.

1.1.2 Device renewal: end-of-life and e-waste

As for the end-of-life of devices, it is important to note that the electronic waste (e-waste) problem
remains today largely unresolved and insufficiently assessed [37]. In their dedicated program called
The Global E-waste Monitor, the United Nations define e-waste as “any discarded product with a plug
or battery’. They add that e-waste “is a health and environmental hazard, containing toxic additives
or hazardous substances such as mercury, which can damage the human brain and nervous system’®.
The latest report from the program in 2024 showed that the amount of e-waste that we produce
worldwide is constantly increasing (21% of increase in the 5 years from 2015 to 2020). Data from
2022 in the report show that e-waste is rising five times faster than the amount being recycled, and
that only 25% of it is being officially recycled worldwide.

In his book called Reassembling Rubbish: Worlding Electronic Waste [38], Lepawsky questions the
official and legal definition of e-waste as a post-consumer problem, and describes how unconsidered
waste occurs at all stages of electronic devices existence. Even within the official post-consumer fram-
ing, e-waste, is often left out of footprint considerations. Authors Braungart and McDonough [39]
as well as Mewes [10] argue that reasons for that may be the fact that after products are sold to
consumers, they are no longer part of major considerations or of externality evaluation—the problem
is left to municipalities, consumers, or whoever can make value off the waste.

I experienced how the economic value of the waste was indeed a decisive waste management
factor, when, in November 2022, together with my research team, we visited Loxy, a waste electric
and electronic equipment (WEEE) treatment center in the Tle-de-France region®. There were two
types of e-waste at Loxy, the items that could be resold, and the rest—considered ‘obsolete’ on
the waste market—that ended up being shredded or landfilled. For example for CPUs (Central
Proccessing Units)—shown in Figure 1.2—decisions on whether they were to be resold or shredded
came in the form of regularly updated lists of models that were in demand on the resale market.
There were no technical considerations, such as performance for example: more powerful processors

were marked for shredding, maybe because they were older, while less powerful but newer ones, were

2026.
4Grenoble demands ‘water not microchips!’, Le Monde Diplomatique, July 2023, last accessed in April 2026.
5The UN Global E-Waste Monitor 2024 report, last accessed in April 2026.
6Newsletter n°6 of the Limites Numériques team: End of life & digital waste, March 14, 2023, last accessed in
April, 2026.
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sometimes marked for resale. Part of the employees at Loxy were dedicated to monitor and analyse

the resale market and to use eBay as a resale online shop.

Figure 1.2: CPU waste bin at Loxy WEEE treatment center.

The above non-exhaustive overview of the impacts associated with device production and renewal—
from their manufacturing to their end of life—leaves little room for doubt: we must take action to
address this problem. Extending the lifespan of devices appears to be the minimum remediation

strategy—certainly insufficient—but let us start from there.

1.2 Research questions: What drives software obsolescence

and how to remediate it?

Recent studies define the lifespan of devices in terms of obsolescence [40, 41], viewing it not only as
a technical or engineering quality, but also as being influenced by socio-cultural and socio-economic
factors. In this framing of a socio-technical ecosystem, obsolescence is not simply about technology
existing within society, but rather a dynamic interplay where social structures, human behaviors,
and technological artifacts each shape and influences the other.

Environmental sustainability issues also arise in software engineering and its maintenance. Soft-
ware accounts for unsustainability [42] and affects that of IT products and services they deliver|43,
44]. As software is increasingly embedded in almost every digital device or device elements—personal
computers, smartphones, tablets, connected devices such as cars, watches, home appliances, but also

servers in data centers—understanding software obsolescence has become crucial in understanding
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obsolescence and addressing sustainability issues of devices.

Device renewal is particularly important in the case of smartphones, that appear to be the poster
child of ‘disposable technology’, i.e., devices that are neither maintained, nor meant to be repairable
or recyclable, but rather replaced [45, 46, 47] and causing e-waste [48]. Magnier and Mugge’s
survey of European consumers shows that decrease in performances and software problems are the
main factors leading to a perceived loss of value in devices [46]. In our article called Obsolescence
Paths: living with aging devices, we show how software issues play an important factor in smartphone
obsolescence for users: upgrades, storage issues, and malfunctions that accumulate, showing precisely
that hardware and software obsolescence are entangled, and should be considered together.

Smartphone manufacturers offer and promote new models of devices at increasingly frequent
rates. If we take a look at the two world-leading smartphone manufacturers, Apple and Samsung,
we see that Apple released a new model every year since 2007, and since 2017 three to five models a
year 7; while the latter released an average of 9 new models per year from 2014 until 2018, and not
less than twenty new models per year since 2019 8. In parallel, new versions of Operating Systems
(OS) for smartphones are also released frequently. The OS market is largely dominated by Apple
i0S (29% of worldwide OS mobiles) and Google Android OS (70%) © since 2012, after the collapse
of the Nokia SymbianOs, collapse that began soon after the first iPhone was commercialized in
2007, followed by the first Google Android phone commercialized in 2008. Since then, both iOS and

Android OS release a new major version every year '°.

In order to investigate what drives software obsolescence, our first case study presented in chapter
2, focuses on the Android ecosystem, the world’s most widely used operating system, where devices
are rarely updated more than two years after their release. We investigate what hinders Android
development and maintenance issues fostering obsolescence.

As a second case study, in order to better understand software maintenance and remediation
strategies to software obsolescence, we chose to investigate the Debian OS, a widely used, more
than 30 years old, operating system also based on the Linux kernel, maintained by a community
organized as a non-profit organization. Debian has a reputation for durability, stability, and reliable
maintenance among users, developers and professionals worldwide. We present this study in chapter
3. In the same time we analyze how, driven by a concern for longevity, some alternative free open-
source mobile actors are implementing remediation strategies, in particular software development
strategies, to offer longer support to smartphone devices and extend their lifetime in both chapters
2 and 3.

Last but not least, in this PhD thesis we drew from previous and ongoing work on obsolescence
from science and technology studies, in order to better understand how obsolescence manifests itself
and plays out in our society, from a wider socio-technical and socio-economic perspective, that we
present in chapter 4. This chapter is a collaboration with obsolescence scholar Jeanne Guien [49].

By doing so, we seek to answer to the following questions:

e When analysing the Android software ecosystem, its development and maintenance practices,

what can we learn on software related issues causing obsolescence? (chapter 2).

"Timeline of iPhone models, Wikipedia, last accessed in Jan, 2026.

8List of Samsung Android smartphones, Wikipedia, last accessed in March 2026

9Usage share of Operating Systems Worldwide, Wikipedia, last accessed in April, 2026.
10 Android version history and iOS version history, Wikipedia, last accessed in April, 2026.
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How is maintenance organized in a community driven, free and open source, socio-technical

system such as Debian? What fosters and what inhibits maintenance? (chapter 3).

What can we learn from mobile alternative systems and Debian regarding software long-term
maintenance, obsolescence remediation strategies and device life extension? (chapters 2, 3 and

5).

In the overall socio-technical landscape, what drives digital obsolescence and how do software

and hardware drive the obsolescence of each other? (chapter 4).

What obsolescence remediation strategies and recommendations do we draw from this study?
(chapter 5).

This thesis is organized in chapters, as follows:

1.

This introduction, presenting the research context, research methodology and background on

obsolescence (chapter 1).

Chapter 2, called Producing software obsolescence: the case of Android OS maps the Android
ecosystem, its actors and the plays between them in producing software. We show how and
where maintenance occurs in the Android ecosystem, yielding to mobile device obsolescence.
In parallel, this chapter shows maintenance strategies of some mobile alternative actors from

FOSS systems and phone companies.

Chapter 3, called Maintenance strategies in Debian shows our in-field study among the Debian
OS community, analysing how maintenance is structured, what sustains long-term maintenance
in Debian, and what puts it at risk. This analysis completes and expands that of alternative
mobile strategies and gives a better comprehension of software development and maintenance

practices to avoid obsolescence.

In chapter 4 we expand our discussion on obsolescence in order to understand how hardware
and software drive the obsolescence of each other, and how obsolescence serves as a model for

the digital capitalist economy.

Last but not least, in chapter 5 we summarize the findings of our two case-studies: the Android
ecosystem and Debian OS. Building on our broader analysis of obsolescence in chapter 4, we
discuss briefly what we learned as factors fueling obsolescence in and by software on one hand,
and what maintenance strategies towards longevity we analysed as obsolescence remediation
strategies. To conclude, we formulate a number of recommendations on coding practices on
one hand, and on regulatory measures needed to enforce sustainable coding practices and avoid

software obsolescence.

1.3 Background on obsolescence

Obsolescence often refers to the state of a material, device, part, software, product or even infras-

tructure that is no longer maintained or in use, even if it is still functional. Obsolescence has been

the subject of various research studies, and different types of obsolescence have been defined. When

I first began this thesis, my first naive attempt was to find a definition of obsolescence. During my
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work I found many of them, and realised that obsolescence is, to say it in the words of Proske &
Jaeger-Erben, “not a neutral description of a particular state of an object” [50].

Up to this moment, I continue to find new definitions of types of obsolescence, each differing
from the context in which they were used and analysed, the institution or entity from which they
come, their position in the broad technical, political, economic and social spectrum and their own
interests in the subject. I will not give another definition of obsolescence, neither will I succeed in
showing the multiple definitions I found. Instead, I propose to discuss here the approaches that have
shaped my understanding of the subject, highlighting those that have sparked my critical thinking
or that have further inspired and motivated this study.

1.3.1 Managing software obsolescence for industry needs

Software maintenance has been a long-standing concern in software engineering research and in-
dustry. While early methodologies attempting to deal with Commercial Off The Shelf (COTS)
obsolescence are related to hardware and spare-parts, software obsolescence became a topic of con-
cern in the early 2000s [51, 52, 53]. One of the most widespread software obsolescence definitions
in computer science comes from Peter Sandborn, a software engineering researcher, whose work in
obsolescence is centered on methodologies for predicting, managing and avoiding it in an industrial
COTS setting. He defines it in the following terms [54]:

“Software obsolescence (more specifically COTS — Commercial Off The Shelf software

obsolescence) is generally due to one of three main causes:

1. Functional Obsolescence: Hardware, requirements, or other software changes to the
system obsolete the functionality of the software (includes hardware obsolescence

precipitated software obsolescence; and software that obsoletes software).

2. Technological Obsolescence: The sales and/or support for COTS software termi-

nates:

o The original supplier no longer sells the software as new (end-of-sale)
e The inability to expand or renew licensing agreements (legally unprocurable)

e Software maintenance terminates - the original supplier and/or third parties no

longer support the software (end-of-support)

8. Logistical Obsolescence: Digital media obsolescence, formatting, or degradation lim-

its or terminates access to software.”

To summarize, this definition states that software obsolescence in digital devices can be the result
of an update of one software rendering another obsolete, or the termination of technical, licensing
or contractual support of the software, or the update of a software that cannot be executed in a
certain hardware.

In all of his scientific papers or books, Sandborn likes to repeat the following phrase, attributed
to Bill Gates—founder and CEO of Microsoft— putting it usually in the first paragraphs of the
introduction, as if to justify the relevance and urgency of software obsolescence management: “The
only large companies that will succeed are those that make their own products obsolete”. 1 wanted
to read more about obsolescence from Bill Gates so I naturally looked for the context in which he

had said or written this phrase. It was quite a long journey to find the original statement though,
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maybe because it was said a long time ago, but what struck me in the process of finding the original
source, was that this quotation was repeated a lot. I found it on all kind of media: research articles
in different fields, books and essays, financial journal articles, well-known magazines like the Times,

and even in a catalog selling hunting bows (shown in Figure 1.3).
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Figure 1.3: Screenshot of a hunting bows selling catalog from 2003 containing the quote on obsoles-

cence attributed to Gates. Source: Archive of 2003 Mathews catalog, p.2, archived in Dec. 2025.

In his papers, Sandborn references the quote as taken from a news article from 2003, called
The Bill Gates Method, in what appeared to be a magazine of Advancement Placement Team, a
company specialized in accounting and financial placement counseling (see Figure 1.4). The source
article listed 8 key-points of an alleged Gate’s method in handling business, had no authorship, and
although the quote from Gates appears in a longer form, it is not referenced.

After hours and days of search, in journal archives, websites and their archives, books, articles, I
could not find the original context containing this exact quote from Bill Gates. Maybe this popular
quote had been altered while being used in so many contexts. But in an autobiography book, co-
authored with C. Hemingway in 1999, called Business @ the Speed of Thought: Using a Digital
Nervous System [55, p. 152] Gates talks about obsolescence at Microsoft in a quite similar way,
aligned with the referenced quote:

“In three years, all the products my company makes will be obsolete. What matters is

whether we make them obsolete, or whether someone else will do it for us.”

If obsolescence seems to be, by Gates words, what drives production and market competition
at Microsoft and more largely in software companies, the fascination that this vision holds in other
fields—as I discovered while searching for the original quote—is just as interesting. It demonstrates
that obsolescence is widely accepted as a successful business strategy, as a way to handle business,
and that mastering it is a winning strategy in business to business competition. For Sandborn, this
is a way of convincing of the importance of obsolescence management in industry. Obsolescence is
treated by both Gates and Sandborn as something frightening, a fatality that threatens business
models, but that in the same time fosters them, if one knows how to manage it and use it to his
advantage.

In his research work, Sandborn develops models and methodologies to predict software obso-
lescence through forensics and prevention methods, that he applies to several industrial contexts
in order to avoid it, working with them and for them. Other scholars have built on his models of
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m News “Opportunity is missed by most people because it is dressed in
overalls and looks like work.” ~ Thomas A. Edison

Available Applicants

ACCOUNTING ASSISTANT ~ SEEKS $12/HR
Fast, reliable candidate has over three years'
accounting experience handling a variety of
duties at the corporate office of a small furniture
store chain. Responsible for company’s
bookkeeping including A/R, A/R, keying all
invoices and payments from customers, new
vendor/item setup, collections, bank recs, and
sweeps (transferring money from each store to
‘main account). Utilized QuickBooks and Excel
daily. Pleasant with a can-do attitude. Ready to get
started today!

CREDIT/COLLECTIONS ~ SEEKS $14/HR
Using superior customer service skills, this credit
analyst confidently handles escalating calls to
resolution. Has over five years' experience with
large commercial collections. Makes decisions
regarding account increases, reductions, holds,
and collections working within guidelines. Keeps
tax certificates and files intent to lien letters. Has
also worked in shipping departments and
understands the full cycle, from delivery to
billing. Resolves accounts using knowledge of
POD's, BOL's, and carrier claims. Experienced
with AS400, Oracle, Excel, and Access.

JUNIOR ACCOUNTANT ~ SEEKS $25K
BS Accounting, 3.4 GPA. Friendly recent grad is
ready to put degree and experience to use! Gained
valuable skills working part-time through college
as an A/R clerk at a publishing company and
through a tax internship. Maintained/adjusted
customer accounts after payments/credits, posted
payments, collections, account recs, and prepared
federal/state income tax returns. Eager to get a
foot in the door. Available immediately!

BOOKKEEPER/OFFICE MANAGER ~ SEEKS $35K
With ten years' experience as business manager
for an interior design studio, this polished,
articulate candidate is ready for a new challenge!
Handled A/P, A/R, sales tax, invoicing, G/L entries,
payroll and 940 deposits, bank recs, P&L reports,
inventory control, and staff supervision. Worked
closely with outside CPA to produce accurate
monthly financial statements. Versed in MYOB
and QuickBooks. Super flexibility and initiative.

CONTROLLER ~ SEEKS $55K
CPA, BS Accounting. Sharp go-getter has
experience setting up and managing entire

accounting functions for a start-up manufacturer
as well as five years' experience as controller for

mid-size distributor. Responsible for preparing
monthly financial statements, bank relations and

reporting, tax filings, purchasing, HR functions,
lease documentation/discounting, business plan
and overseeing ial audits.

Versed in SBT and Peachtree. Great at managing

processes and people. Available now!

The BILL GATES Method

1. THINK AND DO
Bill Gates says it is fun to learn new things. He
spends time doing 'think weeks, where he
reads all the stuff smart people have sent him.
But to Gates, education is a means to an end -
and that end is action. Gates says: "Let's use our
heads and think - and do better software than
anyone else.

2. ONLY HIRE VERY, VERY SMART PEOPLE
Gates always insisted on hiring only the very
brightest talent, or what Microsoft calls, "high
1Q people.” He believes the biggest problem
with hiring mediocre people is that they take
up space that could be occupied by brilliant
people.

3. KNOW YOUR BUSINESS BETTER THAN
ANYONE ELSE
Bill Gates' personal technological knowledge is
one of the key components of Microsoft's
success.

4. CREATE THE INDUSTRY STANDARD
Microsoft's company slogan is, "We set the
standard.” Gates has been known to buy out
whole companies in order to gain their
technology and brain trust. He has been
insistent that his company be both first and
best in the marketplace.

5. GET TO THE POINT
Bill Gates hates to waste time. He is not afraid
to say some ideas are dumb and not worthy of
his time.

6. WORK LONG, WORK HARD, WORK SMART
Although Bill gates could easily retire quite
wealthy, he prefers to work 12 to 16 hour days.
Microsoft demands that deadlines are met,
performance is high, and tangible results
achieved.

7. WHEN YOU CAN'T ORIGINATE, ELEVATE
THEN SELL, SELL, SELL
Bill Gates has bought a lot of small companies
with some good ideas. He has said since his
youth, "Let's call the real world and try to sell
something to it."

8. FUTURE THINK
Gates believes in order to beat competition you
have to be several moves ahead. Gates states,
"If you sit still, the value of what you have
drops to zero pretty quickly. Every company is
going to have to avoid business as usual. The
only big companies that succeed will be those
that obsolete their own products before
somebody else does."

-21-03.html

Figure 1.4: The Bill Gates Method, 2003, Internet Archive of APT News, last accessed in Dec. 2025.

managing obsolescence in numerous industries such as the military, aviation, rail, automotive or

industrial machinery manufacturing, all concerned with ensuring the longevity of the software and

hardware systems they integrate in their organizations and work processes [56, 57, 58|.

The management of obsolescence software issues seems to be taken very seriously by companies

too, eager to manage their inner chain of production or operations involving software. During this

thesis I found out about the International Institute for Obsolescence Management (IIOM), a not-for-

profit organisation that “exists to advance the science and practice of Obsolescence Management’'!.

The institute has chapters in many countries, the French Institute of Obsolescence (IFO), the UK and

Ireland one, in the United States, etc. All institutes are dedicated to discussing the best methods

for ‘managing’ obsolescence, building international standards and links between companies. The

French chapter’s annual Obso-Days is a multiple days conference bringing together professionals

from the aerospace and defense industries, as well as, quoting, “obsolescence experts’ convinced that

HInternational Institute for Obsolescence Management, last accessed in March, 2026.


https://web.archive.org/web/20060510064700/http://www.placementpartner.com/apt%20news/news7-21-03.html
https://web.archive.org/web/20260114211517/https://www.iiom.global/

1.3. Background on obsolescence 15

managing obsolescence is a “vector of agility and, alongside innovation, a lever of sustainability’'2.
They even participate in a specialized master’s program, within the Paris Institute of Mechanical
Engineering, titled Sustainability-Obsolescence-Scarcity, enabling students to become “obsolescence
experts’. During this study we attended some of the online seminars from the UK and French
chapters of IIOM, and followed for several months online news and activity reports. We noticed that
these institutes and conferences are organized and attended mostly by companies, their managers
and executives, and that all actors tackle inner operational and production obsolescence problems
for their companies, trying to avoid it and manage it better. We did not encounter obsolescence
management for consumer goods, digital devices or software being sold by these companies in these
meetings, this was clearly not a goal. It was almost always about the companies inner production and
operational supply chains, or industrial devices where durability and reliability are highly involved—
as in trains, airplanes or military equipment.

We further discuss this apparent antagonism in chapter 4, and analyse how it happens to be the
two facets of the same: managing obsolescence is about knowing how to avoid it in some contexts
(such as industrial needs), or exacerbate and provoke it in some other ones (such as consumer goods

production and sale).

1.3.2 Software obsolescence from a systemic socio-economic perspective

By studying the market and social history of some everyday objects, such as disposable cups, paper
tissues, advertisement store fronts, deodorants, disposable menstrual products and also smartphones,
Guien [59, 60] argues that obsolescence is at the very heart of the business model for consumer goods
and has been theorized as such since early management studies in the 1930’s. From this historical and
socio-economic perspective presented by Guien, basing her analysis—among other work— on Susan
Strasser’s Waste and Want: a Social History of Trash [61] firt published in 1948, we understand that
obsolescence should not be understood as a state of being for objects or products, but rather as being
produced, managed and planned, in a society structured around the constant ongoing production of
disposable products and the promotion of consumption of new ones. Guien’s work was an important
inspiration in understanding the socio-economic and socio-technical aspects of obsolescence for this
PhD thesis, in particular her 2021 book Consumerism through its objects'?®, based on her PhD thesis
in philosophy of science [59].

I had the chance to work with Guien during this PhD in writing a book chapter on obsolescence
as a business model of digital capitalism [49]. Chapter 4 is an extended version of this book chapter,

where I add further personal observations and material.

1.3.3 Planned obsolescence definitions shaping ambivalent narratives

The idea behind what has been called planned obsolescence, is one of suspicion towards companies in
deliberately shortening of the lifespan of a product to force people to purchase replacements. Proske
et al., define it as the “deliberate shortening of the product lifetime by the manufacturer” [62]. The
term is believed to come at least as early as 1932 with Bernard London’s pamphlet called Ending the

Depression Through Planned Obsolescence '*, but examples of use under different names have been

128ee IFO’s Obso Days 2025, Institut-obsolescence.info, last accessed in Dec. 2025.
13Titre traduit du francais Le consumérisme & travers ses objets.
Bernard London’s pamphlet, 1932, Wikimedia Commons, last accessed in April 2026.
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analysed in the automobile and cycling industry as early as the end of the 19th century, beginning
of the 20th century [63]. In his pamphlet London wanted the US government to impose a legal
obsolescence on personal-use items, to stimulate purchasing after the 1929 economic crisis.

In 1986, economy scholar Bulow, provided details on the way planned obsolescence occurs and is
linked to monopolies and oligopolies by showing that: on one hand monopolist companies will prefer
to plan obsolescence by selling “goods with inefficiently short lives’ and “to rent rather than sell’ the
durable ones; while the oligopolist companies could opt for selling more durable goods if they are
entering the market, but otherwise will have a general incentive “to collude to reduce durability’ of the
goods that they sell [64]. The role of monopolies and oligopolies in increasing planned obsolescence
was confirmed afterwards, for example in Orbach’s work [65].

In 1954 Brooks Stevens, an American industrial designer popularised the term in a talk at an
advertising conference in Minneapolis, but his definition of planned obsolescence as an industrial
designer’s mission was novel, as it highlighted the act of instilling the desire for replacing goods into
the customers, without mentioning the other systemic economic production aspects: “Instilling in the
buyer the desire to own something a little newer, o little better, a little sooner than is necessary. ™ 1°.

In 1960, the journalist Vance Packard published a consumerism critical book, called The Waste
Makers, describing ‘the systematic attempt of business to make us wasteful, debt-ridden, perma-
nently discontented individuals’ where he divided the definition of planned obsolescence into two
subcategories: planned obsolescence of functionality, which corresponds to the historical definition,
and a new one, that he calls “the planned obsolescence of desirability’ [66, chapter 7]. He defines it

as:

“a strategy [...] to persuade the public that style is an important element in the desirability
of one’s product. Once that premise is accepted, you can create obsolescence-in-the-mind

merely by shifting to another style.”

Also called psychological obsolescence or obsolescence of style by others, this definition builds upon
the one from Stevens, using design and advertisement, but Packard takes the opposite view here,
vehemently criticizing in his book the psychological manipulation of consumers and going as far as
pointing out the resource exhaustion and impacts on waste of this planned obsolescence.

What struck me most while reading Packard, is that he notes how this obsolescence of desirability
and style, masks and hinders genuine product improvement, by making designers focus on desirability
and style factors, or masking defaults with cosmetic changes, rather than focusing on improving
functionality. This critical approach of obsolescence as a brake to real improvement seems at first,
antagonist to the ‘myth of innovation’. Innovation is often presented as an improvement in quality
of functionality or as technological progress. In the same time, as Gates does in his above quotation,
some accept and welcome obsolescence in order for innovation to take place, saying that obsolescence
fosters market competition and technological progress [67]. The term innovation in itself contains
the idea of novelty, a novel product replacing older ones in quick innovation cycles, each following
s-curves, the standard model of measuring technological product adoption and spread. The more
obsolescence we have, the vaster the replacement of products, and the better and quicker innovation
spreads. Hence, in this narrative, obsolescence helps innovation.

But what Packard criticizes here, is that this innovation is only an illusion, as style or desirability

obsolescence masks and prevents some real product improvements, which should be one of the main

15The Milwaukee Art Musem (MAM) archives on Brooks Stevens, mam.org, last accessed in Feb. 2026.


https://web.archive.org/web/20260213214353/https://mam.org/collection/archives/brooks-stevens/#biography
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characteristics of technological innovation. Innovation and obsolescence become different aspects of
the same problem: the pursuit of economic profit at the expense of technical quality. We find this
antagonism also in the Creative Destruction concept that economist Schumpeter coins: the idea
that new methods of production survive by eliminating existing ones, creating the conditions to
growth in capitalism and the free-market—better products, greater profits—but rely on destruction
and obsolescence to achieve it [68]. Innovation is not about product quality or improvement: it is a
business model relying on obsolescence. This link between obsolescence and innovation, is also what
we have tried to describe with Guien in [49] and chapter 4.

In an article called Toward a Throw-Away Culture: Consumerism, ‘Style Obsolescence’ and
Cultural Theory in the 1950s and 1960s, Whiteley traces back how the perception of this psycho-
logical /style/desirability planned obsolescence has changed through the years [69]. In the 50’s it
had a positive cultural perception in the US. Whiteley describes then style obsolescence, as the
“...[‘American way’ of design—high consumption, rapid obsolescence and design as a social lan-
guage’. Continuing into the 60’s, he describes how criticism of consumerism and obsolescence began
to rise, pointing out the resource exhaustion, waste management and its social and environmental
negative impacts.

It is interesting to note here that in France, the definition given in 2020 to obsolescence from
ADEME (Agency for the Environment and Energy Management), a French state institution in
charge of the ecological transition, in the report called Economic Assessment of Extending the
Lifespan of Consumer Goods and Capital Goods, also used two aspects in describing obsolescence.
The first aspect is the breakdown. The second one is what ADEME called ‘cultural obsolescence’

or ‘perceived obsolescence’ [70, p. 10]. Let us cite the translation of the definition of the latter:

“Cultural or perceived obsolescence involves discarding equipment even though it still
works, in order to keep up with changing needs, trends, or innovations. It can also lead
to hoarding, a phenomenon particularly evident with textile products. It is accelerated by

constantly evolving marketing strategies and ubiquitous advertising.”

Not only does this definition strip away the critical systemic economic aspects of planned obsolescence
examined so far, but it makes use of a ‘culture’ without defining it, as if culture was the same among
countries, different populations or even socio-economic categories of a same region. Culture here
appears to be defined by a mix of fashion, style, and innovation, where the user-consumer is the
main actor having leverage on the obsolescence, seen as an individual consumer problem. This
report is followed by numerous videos and articles produced by ADEME containing a slew of guilt-
inducing advice urging users to become “good’ or “responsible consumers’ by repairing items subject
to breakdown or by resisting the urge to replace them when ‘perceiving’ obsolescence®.

This definition was revised by the ADEME in a new report from 2026, aimed at researchers,
called Consequential analysis of eco-design levers for digital services [71, p. 51]. The definition of

obsolescence is here a new one, as follows:

“Generally speaking, a product’s “obsolescence”—that is, its loss of value before it wears

out physically—encompasses all the reasons for discarding it.

e ‘Functional obsolescence’ refers to a product no longer meeting new expected uses,

for technical, requlatory, or economic reasons. This is the case, for example, when

16See for example this article or these videos on cultural obsolescence by ADEME, last accessed in April 2026.


https://web.archive.org/web/20251015195802/https://www.ademe.fr/presse/communique-national/allonger-la-duree-dusage-des-objets-un-gain-pour-la-planete-et-pour-le-porte-monnaie/
https://www.dailymotion.com/video/x9gqql4
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a product suffers an irreparable breakdown.

e ‘Evolutionary obsolescence’ refers to the fact that a product no longer meets the
desires of users who wish to purchase a new model due to changes in functionality
or design. Today, the average individual usage period for smartphones in France
is estimated to be between 23 and 37 months, whereas the potential lifespan is 5 or

even 10 years for certain mobile devices.”

This time, the definition taps into user “desires” (“envies” in French), and their “wishes” (“souhaits’
in French) to replace. Moreover, this obsolescence is now described by the concept of ‘evolution’,
not defined, but presented a few words later as regarding “changes in functionality or design’. These
changes are not described, their causes or socio-economic contexts not analysed from the perspec-
tive of markets, industries or business factors, but always from the perspective of users, their desires
and wishes, vague undefined emotions that contrast with the rationality suggested by technological
evolution. Even the definition of the functional obsolescence, the usual historical perspective of
obsolescence presented above, has shifted to the users’ point of view, by saying that obsolescence
happens when their “ezpected uses’ (“usages attendus’ in French) are not being met. This vague
and undefined expression refrains from challenging the industry ways of producing goods, but—once
again— holds the users as responsible for obsolescence.

The recommendations of the ADEME report in combating ‘evolutionary obsolescence’ are also
focused on user-consumer responsible behaviour, encouraging them to somehow limit their own
irrational influence from fashion and trends (but only “to some extent”): “by consuming responsibly,
in line with one’s actual needs, by maintaining one’s products, and by limiting, to some extent, the
influence of trends that encourage premature replacements’.

It is precisely the question of ‘desire’ that obsolescence scholar Guien analyses in her book
The Desire for Nowvelty: Obsolescence at the Heart of Capitalism [72]'7. Far from denying the
existence of this ‘desire’ for new products and novelty, Guien traces its historical origins from the
colonization and the importation of products considered exotic—during which fashion truly began
to develop in France—to the evolution of this phenomenon up to the 18th century with the advent of
industrialization and its roots in the capitalist system. Guien shows here how novelty, far from being
a simple aesthetic or social phenomenon, serves an economic logic: that of planned obsolescence.
She then continues into examining how marketing, design, and advertising in the 20th century
transformed novelty into a commercial imperative and how the “promise of novelty’ has fueled a
consumer society that, under the guise of modernity and comfort, hides harmful environmental and
social effects. The way consumer desires and behaviour affects planned obsolescence have also been
analysed by Proske et Jaeger-Erben in their analysis of modular smartphones for longevity [50].
Here the authors define obsolescence as “a process of communicatively and materially devaluing a
product’, where “the human-object relationships are not only key to understanding obsolescence, but
also essential for strategies to prolong product lifetimes, to increase their functionality and, through
this, the value of a product to its user’.

Last but not least, as Barros et al. observe how, in recent years, there is a change in the
patterns of planned obsolescence strategies employed by digital companies, shifting from aesthetic
to technological obsolescence [73]. By taking the example of the mobile phone industry, authors

highlight how new planned obsolescence strategies are embedded in product characteristics and

7 Traduction du titre original en francais Le désir de nouveauté: I’obsolescence au coeur du capitalisme.
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functionalities, much more than on style. In chapter 4 we argue that style, product characteristics
or functionalities, are all opportunities for obsolescence in the digital capitalism economy, invoked
sometimes in turn, sometimes together, driving the obsolescence of each other. The slimness of the
latest iPhone and Samsung S25 phones in 2025 was once again a physical characteristic presented
as a style, advertised as being the latest ‘trend’. Even though this same slimness has caused phone
bending issues and scandals in the past, such as the iPhone 6 and 7 bendgate that have been the

subject of consumer legal complaints 8.

1.3.4 The misleading ‘programmed obsolescence’ regulation and narra-
tive

In French, the term “programmed obsolescence,” mistranslated from the English ‘planned obsoles-
cence’ reinforces the notion of a secretly programmed hidden flaw causing obsolescence in electronic
devices. It suggests that the model of obsolescence is a software-programmed malfunction inserted
in devices. Thus, it is often presumed in France that obsolescence is something programmed by
software, hidden in the machine, that users, journalists or technicians have to investigate in order
to discover.

This tendency is also present in the French law. In 2015 France was the first country to make
planned obsolescence a criminal offense by law n°® 2021-1485. Amended in 2021 this law simplifies
the definition, but also emphasises the ‘programming’ aspect by defining it as “the use of techniques,
including software, by which the party responsible for placing a product on the market aims to
deliberately reduce its lifespan”’. Complaints filed in France have targeted smartphone brands such as
Apple, accused of intentionally slowing down, deteriorating the performance of devices by performing
a software update. The problem with this definition is that it relies on ‘intentions’. Not only it is
difficult to prove intent in court, but to add to the burden, the burden of proof lies with the victims.
That is how, in 2025, 10 years after being put in place—despite several complaints filed against
Epson, Apple or HP—no court ruling has yet been issued. This fosters a sense of impunity and
raises concerns about democratic trust among civil society organisations!'®.

The problem with this definition is not only a regulatory one. As we argue in our work with
Guien [49], and as stated in chapter 4 this definition ironically hides the unhidden aspects of obso-
lescence, that companies, advertisers and digital companies have built, theorized, proudly presented
as marketing or economic models, using different intertwined opportunities to create obsolescence.

Last but not least, let us here mention the unplanned obsolescence and consequences on digital
technology and infrastructure in the case of natural disasters on the rise amid the environmental
crisis. Authors Di Natale et al. argue for reuse of chips at design time as a sustainability key
solution to shortage [74] while Courtillat-Piazza, Quinton & Marquet reflect on the un-sustainability
of growing digitization trends in case of long-term chip shortage [75]. Authors Jang et al. [76]
argue that in a collapse scenario, software presents challenges harder to mitigate, as the detrimental
effects of long term disconnection, software data corruption, and malware are numerous and have
little to not at all been analysed and addressed. I believe that here again, FOSS systems have a
significant role to play. Their unofficial status, development behind the scenes, have helped FOSS

18 Apple Confirms It Knew About iPhone ‘Bendgate’, 24 May 2018, last accessed in July 2025.
19 Programmed obsolescence: Ten years after the law was passed, no court ruling has yet been issued, op-ed, August
2025, Le Monde, last accessed in March 2026.


https://web.archive.org/web/20250725053034/https://www.forbes.com/sites/gordonkelly/2018/05/24/apple-iphone-problem-iphone-6-iphone-6-plus-bend-touchscreen/
https://web.archive.org/web/20250824193902/https://www.lemonde.fr/idees/article/2025/08/20/obsolescence-programmee-dix-ans-apres-l-adoption-de-la-loi-aucune-decision-judiciaire-n-a-encore-ete-rendue_6632165_3232.html
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systems in being more resilient, adapting to crises and relying less on centralized big infrastructure or
dominant technology such as Google services. This is for example the case of UnifiedPush, an open
standardized protocol and set of tools that can replace the Google Push Services in connected devices,
that we further describe in chapter 2. The collaborative, open source, often decentralized nature of
FOSS alternatives facilitates modifications and adjustments as needed. It is also by making use of
decentralized public archiving solutions such as Software Heritage?? that can help ensure software
resilience, in situations of crisis where software binaries that run on centralized platforms are not

available anymore.

1.3.5 Software maintenance, digital commons and alternative solutions
for sustainability using FOSS

In the software industry at large, despite the emphasis on innovation in public discourse, much
of the software work is centered on maintenance. As Webster et al. point out, “maintenance is an
unavoidable activity required to keep systems synchronized with the reality they are modeling, a reality
that changes continuously’ [77]. As the environment in which the code evolves, the functioning code
“decays” [78]. Synthesizing surveys in the literature, Canfora and Cimitile estimate that software
maintenance consumes between 60% and 80% of the total life cycle cost of software projects [79].
But they also note that, according to these same surveys, a large share of these maintenance costs
(75% to 80%) relates to enhancements rather than corrections. In this sense, maintenance goes

beyond correcting bugs, with a large portion related to evolutive maintenance.

Wieser et Troger have shown that for long-lasting products, continual software updates and
support become very important factors, and that discontinued software support is a replacement
reason [80]. But on the other hand, from the user’s perspective, little is done to prepare them for
the update and upgrade: these processes appear as difficult to manage to users, with little to no
information or user interface designs provided for better understanding or control [81]. In FOSS
systems, maintenance is central to the work of the communities that develop them. In their work on
the labor of maintaining and scaling FOSS systems, Geiger, Howard and Irani detail how maintainers
in the community have a central role, and how “maintenance is not only about repairing and fixing.

It is crucially about updating and changing to stay relevant” [82].

Alternative solutions in divesting from Big Tech companies, are also considered by scholars as
ways of avoiding or stopping their unsustainable social and environmental impacts [83]. In The
Commons: A Social Form that Allows for Degrowth and Sustainability, Euler points out how the
commons, social forms “constituted by social practices (commoning) that are based on voluntariness,
autonomy and needs-satisfaction”, do not have an inbuilt growth compulsion as is usually the case in
capitalism, and thus better allow for sustainability. In their paper Digital Commons for the Ecological
Transition: Ethics, Prazis and Policies authors Shulz et al. discuss precisely how some well known
FOSS systems such as Linux, Wikipedia or OpenStreetMap, that have established themselves as
digital commons, deal with environmental concerns and ecological transition. The authors identify
patterns of sustainability in digital commons, challenges and limitations and identify ways forward

in achieving long-term environmental sustainability.

20The Software Heritage initiative website, last accessed in April 2026.


https://web.archive.org/web/20260423071855/https://www.softwareheritage.org/
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1.3.6 Social practices around maintenance and care

Beyond the software industry, scholarship on “maintenance and repair studies" developed at the
intersection of various fields, from geography [84], to sociology [85]. This work broadly attempts
to tie the literature on Care to the material consideration related to maintenance and repair [86].
It draws notably on Anne Marie Mol [87] and Maria Puig de la Bellacasa work on articulating
“maintenance and repair as processes dedicated to restoring order” [86]. This approach invites to
consider tools and technical artifacts not as solid and permanent but as fragile objects, with a
constant need for care to remain functional. This scholarship has studied infrastructures, cars,
homes, and more, but is much more limited when it comes to software and ICT. Let us note here
Serra-Fontalvo’s review of literature and practices addressing obsolescence in product design [88].
In software, Marisa Leavitt Cohn’s study of maintenance at NASA [89] is an exception.

Daniela Rosner and Morgan G. Ames, building upon field studies of repair practices, also note
that “breakdown and repair are not processes that designers can effectively script ahead of time;
instead, they emerge in everyday practice” [90]. This relates to the fragile nature of digital tech-
nologies emphasized by Steven Jackson: breakdowns are constitutive of technological systems and
happen all the time [91]. But their identification and the worthiness of maintenance is constantly
negotiated. Den Hollander [40, 41] also suggests that obsolescence and product lifetime are not just
technical qualities, but affected by social, economical and interaction factors that can be influenced
and changed over time.

By focusing on the relationships and the social arrangements taking place in software production
and the technical constraints shaping development, scholars in science and technology studies con-
textualize software production not only as a technical issue, but as a socio-technical one, in which
technical constraints will shape social order, as much as social and organizational forms will define
how software is produced. This can be seen in Kocksch and Jensen recent study of cybersecurity
practices in small and medium enterprises [92], places in which fragility must be managed and risk
constantly negotiated.

At a more macro level, Maldini et al. discuss how research literature and current regulations on
product lifetime extensions are often based on the unproved assumption that industrial production
does not come as an adaptation to user demand, but elements tend to suggest that overproduction

occurs frequently [93].

1.4 Research methodology

This PhD thesis relies mostly on qualitative research methodology by case study research, involving
data such as semi-structured interviews, community and conference ethnography, and documentary
data). A detailed methodology description can be found in each of the two case studies of this PhD:
for Android in chapter 2 and for Debian in 3.

1.4.1 Semi-structured interviews

The semi-structured interviews that I conducted during the three years of this PhD research play
the most important role in it. These were interviews with selected developers, but also activists
from civil society organizations, policy and advocacy actors or company executives. They helped

shape my research and provided the most important data to analyse.
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1.4.2 Community ethnography

During this research I did conference and community ethnography, by following in person several
week-long community gatherings in the case of the Debian study, and several multiple day conferences
on the mobile subjects in the case of the Android study. During these gatherings, I could identify and
perform in person interviews, have informal discussions and participate in community organizing,

discussions and working sessions that helped me better understand social and technical issues.

1.4.3 Multi-dimensional online data gathering

Technical exploration of online documents, forums and software techniques were important com-
plementary data in my research. This was made possible by reading technical documentation and
scientific literature, following specialized media content, as well as forum discussion, both public or
community inner ones. I also followed chat conversations, and mailing list discussions, especially in
the case of Debian. Media research and open-source investigation techniques in which I have trained,
facilitated this work.

1.4.4 Data analysis

In the Android case study, controversy mapping helped me map the Android ecosystem, its actors
and identify points of frictions in my topics of software maintenance and obsolescence. In the Debian
case study the data I gathered was analysed using thematic analysis. Transcribing and analysing

interviews helped me identify the main topics and issues to analyse further.

1.5 Positionality statement

I am an active member of La Quadrature du Net, a French nonprofit organization defending digital
rights, as well as of April, a French nonprofit defending and promoting free software technology and
its ethical and social values 2!. The experience I have gained by participating in these organizations,
was a great help to me in my thesis: the analytical techniques, data-oriented research methods,
and participating or having access to civil society movements proved invaluable. For one year while
working on this thesis, I worked as a paid employee one day a week for La Quadrature du Net, as
part of my thesis supplementary research activities. In this context, I helped the association set up
a working group on environmental and technological issues. In my view, this research work and the
community engagements have enriched each other, both through their mutual contributions. They
are not always easy to balance, but overall they complement each other, by providing a step back
on issues or by offering a different perspective.

I have been continuously installing and testing alternative mobile OSes for the past 10 years,
and discussing within the community of hackers problems and solutions related to software on old
smartphones. I have also organized workshops on helping users install alternative FOSS operating
systems or software, depending on their needs or security threat model.

I am a Debian OS user, and have participated in install party workshops helping people install
FOSS Linux systems and software on their personal computers. I have had the opportunity to meet
with Debian community members and attend a community gathering prior to my thesis.

218ee La Quadrature du Net’s and April’s websites.


https://www.laquadrature.net/about/
https://april.org
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In my research team, Limites Numériques 22, my colleagues and co-authors have backgrounds
in design and computer science. We collaborate in a broader research project studying digital
obsolescence and device longevity from a technical and social point of view. As such, we have followed
and organized numerous exploratory workshops and discussions both with developers, hackers and
users on software usage, settings, tweaking, or hacking. This has helped me design my research
methodology and gather research data. But above all, it has allowed me to engage in rewarding
collaborations in an environment that has enriched and broadened my knowledge in new fields such

as human-centered design in computer science and human-computer interaction.

2?https://limitesnumeriques.fr


https://limitesnumeriques.fr




Chapter 2

Producing software obsolescence: the
case of Android OS
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2.1 Introduction

Smartphones appear to be the poster child of “disposable technology”, i.e., devices that are neither

maintained, nor meant to be repairable or recyclable, but rather replaced [45, 46]. By way of
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illustration, more than 1.2 billion smartphones were sold worldwide in 2024, with an average lifespan
around 3.5 years. By comparison, embedded software typically have lifespans of 7 to 15 years. And
the software on the Voyager 1 space probe software is still running nearly 50 years after its launch,
with software updates performed in 2023.

The lack of updates is one of many reasons why consumers renew their smartphones. Although
social and psychological factors are at play in renewal decisions, software factors do have a significant
role [94]. Without software maintenance, devices tend to become slower and less reliable, but also
less secure.

In the Android ecosystem, devices are rarely updated, despite the release of a new version
of the Android operating system (OS) every year. The proliferation of Android phone vendors,
device models, and active OS versions, known as the Android fragmentation problem, generates
maintenance issues at both the OS and application levels [95].

Recent studies define the lifespan of devices in terms of obsolescence [40, 41], viewing it not
only as a technical or engineering quality, but also as being influenced by socio-cultural and socio-
economic factors. As Cohn argues in her work on software maintenance [89], we hypothesize that
the Android update process should also be investigated through a social and organizational lens.
Rather than a simple OS, Android can be understood as an ecosystem of organizations involving
actors with different values, who interact through code exchanges, shared libraries, documentation,
test benches, commercial partnerships, competing or complementary business models, to name but
a few.

In order to study the socio-technical challenges associated with the development and mainte-
nance of Android, we carried out a multifaceted fieldwork. We conducted 12 interviews with key
players in the Android mobile ecosystem (developers of the Linux kernel, Google, Fairphone, Com-
mown, and alternative mobile OSes or libraries). We supplemented these interviews with conference
ethnography, and an analysis of technical literature.

Building upon this corpus, we seek to answer the following questions:

e How is Android structured? Who are the actors involved, and what is the Android building

process?
e What inhibits Android updates? Where does software obsolescence manifest itself?

e What are the strategies of actors in Android or non-Android ecosystems in tackling mainte-

nance issues?

After presenting some background and related work on Android and its maintenance, we detail
our methodological approach. We then present our results as follows: first, we show how the Android
operating system is structured into different software layers, the organizations involved in developing
each of these layers, and the detailed pipeline for building the Android system. We then show what
inhibits updates, and where obsolescence occurs in practice: which actors are involved and how.
We analyze the development flow of the Android ecosystem, how actors interact in building and
maintaining (or not). This allows us to identify maintenance breakpoints, that lead to premature
end-of-life of devices and, consequently, their obsolescence.

Our findings show that there is not one Android OS, but rather one specific Android build for
each smartphone model. The lack of updates appears at the kernel level, i.e., at the core of Android
builds, as the code from phone vendors and system on chip manufacturers increasingly diverges from

the original Linux kernel code. Google, the main actor governing the Android ecosystem, addresses
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maintenance issues by seeking to create a dedicated private space within the OS for industrial actors
(phone vendors, system on chip manufacturers), whereas the open-source community would prefer
these same actors to contribute and share their knowledge. However, as vendors are the least inclined
actors to maintain their code or share their knowledge, the problem remains. Given this tension, we
observe how the remediation and maintenance strategies diverge, how the maintenance responsibility
shifts from one actor to another, and how, driven by a concern for longevity, some phone vendors
and alternative free and open source mobile projects implement remediation strategies to maintain
devices.

Drawing on the Android ecosystem and existing literature analyzing complex socio-technical
ecosystems involving open source actors, we discuss the values and interests of actors, how they enact

power, and the interplay between openness and closure in software development and maintenance.

2.2 Background on Android and related work

Android is the leading operating system worldwide. According to Google, it held 70% of the mobile
OS market share in 2023, with approximately 3 billion active Android devices !, with the remaining
30% mainly held by Apple iOS.

A specificity of Android and its ecosystem is that it is structured around a major technology
company, Google, but relies at its core on the Linux kernel, a free and open-source software (FOSS).
It also involves industrial smartphone assemblers and manufacturers (known as OEMs, for Original
Equipment Manufacturers, sometimes also referred to as “vendors”). This ecosystem is a unique
mix of communities and organizations that interact with each other in building and maintaining the
system.

In this chapter, we focus on the specific challenges related to maintaining and ensuring the
evolution of the Android operating system on smartphones, both old and new. What interests us
here is the “dumpster fire” [96] of socio-technical problems at the interface of the operating system,
firmware (software embedded in hardware) and hardware, and how the various actors in the Android

ecosystem engage (or not) in maintenance efforts.

2.2.1 Maintaining the Android OS and Android applications in a frag-
mented ecosystem

A major version of Android is released every year, with the latest being Android 16 in June 2025 2.
These new versions of the Android OS are not distributed or installed on all active devices: at any
given time, several Android OS versions are active simultaneously among them. Figure 2.1 shows
the distribution of Android OS versions on active devices in April 2025, one month before the release
of the new version 16. Android 15 was present on only 4.5% of the devices, versions 10 to 14 (six
to two years old, respectively) were all widely used®, and more than 50% of the market was running
an OS that was at least four years old OS (Android 12 and earlier version).

This proliferation of Android OS versions, mostly old ones, installed on many devices at any given

time, has been called the Android fragmentation problem. It began being discussed and analyzed

1Google blog - Android Updates 2023, accessed on Jan. 29 2025.
2Wikipedia - Android version history, last accessed in Sept. 2025.
3 Android distribution data from Google, April 2025, last accessed in Oct. 2025.
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Figure 2.1: Marketshare of Android OS distributions in April 2025.

in specialized media* or business reports® as soon as 2010. Over time, fragmentation continued
being discussed as being at the core of maintenance concerns of both the Android OS and of the
applications running on top of it by both Android developers® as well as scholars [95, 97, 98].

In 2012, fragmentation is described by Singh, as a two-sided problem: a hardware-based and
a software-based fragmentation”. This description is further analysed by Han et al.: hardware
fragmentation refers to the lack of hardware uniformity on Android—with Android devices holding
different System on Chips (SoC), screen types, modems, etc.—which generates a lot of edge cases
and bugs for developers to handle; while software fragmentation refers to end-user devices running

on different versions of Android OS [97].

At the software level, Android application developers face portability and compatibility issues,
meaning that their code does not readily support multiple devices or multiple Android versions (and
underlying libraries) [97]. Authors Wei, Liu and Cheung show that app developers have to cope with
the ways in which various smartphone vendors defined default values, the way they expose some
of their Application Programming Interfaces (API) in idiosyncratic ways, etc [95]. When updated
to fit more recent OS versions and to follow the newest Android Software Development Kit (SDK),
apps tend to be optimized for newer, more powerful devices. This can lead to performance issues
on older phones such as taking a long time to respond, needing more resources, therefore leading
to battery use and slow-downs, which in turn lead to faster replacement of devices by users [94].
Linares-Vasquez et al. also note that apps leveraging changing APIs tend to receive lower user
ratings [99]. Because App developers are concerned with ratings [100], worsening ratings could lead

them to artificially deprecate old applications, to avoid maintenance efforts and bad ratings.

Last but not least, by running old OS versions, phones are exposed to security risks, leading
to a high rate of device renewal in work environments, but also in communities and contexts that
emphasize software security [101, 102]. This narrative is also pushed by industrial actors who often
emphasize security as a reason for OS upgrades, or for changing hardware. Recent scholarship on
security brings some nuance. Korn and Wagenknecht propose to consider ‘security research’ as an
ambivalent form of repair and maintenance [103]. They examine how frictions arise in what they
call “social arena of repair” between industrial actors and hacker and security activists. Kocksch

notes that computer security is situated and should be seen as living with fragility [92].

4See V. Madhav, Fragmentation in Android: Boon or Bane, 2010, last accessed in Feb. 26, 2025.
50Opensignal report on Android fragmentation in 2012, and then yearly until 2015, accessed on Feb. 26, 2025.
6Linux World News discussion on fragmentation, accessed in Feb. 2025.

"See S. Singh, An Analysis of Android Fragmentation, 2012, last accessed in Feb. 2025.


https://web.archive.org/web/20250227122326/https://mobiletopics.wordpress.com/2010/12/13/fragmentation-in-android-boon-or-bane/
https://en.wikipedia.org/wiki/Opensignal
https://web.archive.org/web/20120516225314/https://opensignalmaps.com/reports/fragmentation.php
https://web.archive.org/web/20250219234746/https://cdn.opensignal.com/public/data/reports/global/data-2015-08/2015_08_fragmentation_report.pdf
https://web.archive.org/web/20250220130834/https://lwn.net/Articles/830979/
https://web.archive.org/web/20250227130314/https://www.tech-thoughts.net/2012/03/analysis-of-android-fragmentation.html
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2.2.2 Smartphones, SoCs and new maintenance vulnerabilities

Android OS has several specific features as an operating system developed for mobile devices. The
main component of a smartphone is the system on chip (SoC). A SoC is a single chip containing
all the key components of a system soldered side by side: one or more microprocessors, the mem-
ory, one or more graphics processors to manage display or AI calculations, modems (for mobile
networks or WiFi) and sensors (Bluetooth, infrared, biometrics, etc.). The very fine soldering of
these components in a single chip saves space, uses less energy, and allows the creation of portable
battery-powered devices such as smartphones. Their design and manufacturing in a single piece
allows mass industrial production at lower costs [104]. SoCs are complete embedded systems that
began being commercialized in the early 2000. Their technical development has led to the emergence
of IoT devices and smartphones as well as companies dedicated to SoC and smartphone production
such as Qualcomm, MediaTek, Samsung Exynos.

SoCs come with embedded software which is code that provides low-level control of its compo-
nents and manages peripheral hardware. When a smartphone is in use, SoC’s embedded software
manages all the interactions that happen with phone components (touchscreen, cameras, speaker,
microphones, etc). A SoC carries both hardware and software architectures, that are co-developed
simultaneously during the design flow [105]. This creates new intertwined hardware and software
maintenance vulnerabilities: replacing a faulty component in the finely soldered SoC is difficult,
even for professional repairers, while embedded software adds a layer of dependency that, according
to Greengard “makes it easier for manufacturers and rights holders to block repairs and control the
aftermarket’ [106]. While civil society organizations engage more and more in Right To Repair
campaigns® insisting on the fact that reclaiming full ownership of hardware and software in order
to control devices is an important strategy for addressing obsolescence, there is still a need to bet-
ter study the role that SoCs play in the obsolescence of smartphones or other embedded systems.
Moreover, the IIoT, Industrial Internet of Things, seems to foster obsolescence behaviours, from
the higher disposable aspect of the objects being produced and constantly pushed to the market
without proper maintenance management, to newer forms of software and cloud-induced operational

disruptions which accelerate the process by which these devices become e-waste.

2.3 Methods

My investigation was carried out on three complementary levels. I conducted 12 interviews with
actors of the Android OS ecosystem. I also carried out conference ethnography at both in-person
and online conferences and developer gatherings of Android ecosystem actors (listed in appendix
A). T also analyzed historical and technical documents on specialized websites, media and developer

online spaces.

2.3.1 Interviews

I conducted formal semi-structured interviews with twelve informants from September 2023 to
November 2024. Some of them took place in person during conferences or gatherings, while others

were conducted online. For each interview, I presented the purpose of the interview and explained

8See e.g. Right to Repair Europe, PIRG USA, or organizations on the iFixit worldwide map.
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how the information would be used. In an interview consent form, informants who agreed to partic-
ipate could choose to appear anonymously or with their real name and professional activities. One
participant preferred anonymity. Furthermore, every participant received a copy of the paper that
was submitted, with an invitation to review and discuss what they would consider as misrepresen-

tations or errors.

Informants

# Name Organization/Project Function Date Duration

1 Agnés Crepet Fairphone Head of Software Longevity & Information Technology 2023-09-14 1h

2 P2 (anonymized) Google Developer Fall 2023 1.5h

s MicroG & . .

3 Marvin Wissfeld LineageOS for microG Main developper of microG 2023-12-22 1h

4 Emanuele Rocca Debian & ARM Debian developer and maintainer, ARM developer 2023-11-25 1h

5 Ben Hutchings Debian & Linux kernel IM""”‘?““” for Debian Linux kernel packages and 2024-05-20 1h

inux-firmware repository

6 Arnaud Ferraris Mobian Mobian founder and team leader 2024-11-19 1.5h
Federico Ceratto & .

7 Jochen Sprickerhof Mobian Developers 2024-05-16 1h
Denis Carikli & ; .

8 David Ludovino Replicant OS Main developers 2024-07-01 2.5h

9 ﬂ%féarirérbeessSchauer Marin Debian & MNT reform  Developer for MNT Reform port in Debian 2024-05-19 1.5h

10 Elie Assémat Commown Cofounder 2023-09-20 1.5h

In charge of advocacy towards France and EU

S ) 2024-09-16 1.5h
administrations

11 Adrien Montagut-Romans Commown

12 Simon Gougeon UnifiedPush Main developer 2025-12-05 1.5h

Table 2.1: List of interviews conducted during the study of the Android ecosystem.

I interviewed 12 main informants presented in Table 2.1. A significant part of my work consisted
of identifying informants with deep knowledge of Android and its ecosystem. Given Google’s cen-
trality, together with my thesis supervisor we contacted several developers working at the company
while being transparent about our research topics and questions. After several months we received a
final email stating that the corporate position was not to communicate with researchers about An-
droid on these sensitive topics. Nevertheless, we interviewed an informant working at the company
before we received the “official” position.

At the smartphone manufacturer and vendor level, we conducted interviews with Fairphone
employees, a company that builds and markets a “fair and durable” device, as well as Commown, a
company promoting smartphone longevity through an original business model.

At the OS level, my study of the Debian OS presented in chapter 3 was very helpful. Having
access to the Debian community gave me the opportunity to interview developers working on the
Linux kernel upon which Android is built together with interviews of various Debian OS developers.
Both clarified distributed development practices related to maintenance.

Notably, I interviewed two developers with experiences on adapting the Linux kernel on a new
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System on Chip (SoC), a process called porting. These interviews clarified how the kernel com-
municates with hardware embedded software (also called firmware) at the SoC level, in order to
implement full device functionality at the OS level (through drivers).

I interviewed several developers and community members of Android-based alternative OSes,
such as LineageOS, LineageOS for microG and Replicant. I interviewed the main developers of
two important tools for the Android OS: UnifiedPush, a decentralized open-source protocol and
libraries for push notifications in Android that follows the IETF Web Push standards; and microG,
a free open-source implementation of the Google Play Services. I also interviewed non Android,
mainline Linux-based OS developers from PostmarketOS and Mobian. These helped me understand
community coding practices and policies implemented over time, in order to facilitate development
and maintenance in smartphone OSes that derive from Linux, but differ from Android’s industrial

dominant ecosystem both in coding values and practices.

Analysis process

The interviews were crucial in understanding the Android development ecosystem, actors, interac-
tions and identifying friction points, or points of interest for our research questions. Because they
took place at different stages of my research, over an extended period of one and a half year, they
played different roles. Some were decisive in that they brought to my attention an unexpected is-
sue that proved important in my understanding. These key issues then guided my next interviews:
when something caught my attention during an interview or the analysis process, I organized new
interviews and continued conference and desktop research to explore these specific issues and deepen
our understanding.

The interviews were audio-recorded with the consent of the interviewees. Most of them were first
transcribed to text by using the Vosk offline open-source speech recognition toolkit?, and then I did
a second, more thorough manual transcription. The transcripts served my study in several ways:
deepening my understanding, highlighting uncertainties and questions to be clarified, triggering
new interviews or research. I kept a text journal of the most important quote excerpts from these
transcripts, and what they triggered or highlighted. Many of them also appear in this article.
Further quote excerpts were added from conferences that I attended in person or watched online,
all being freely available in audio, video or text-transcribed versions. This selection was motivated
by the relevance to our mapping of the ecosystem, to the interactions between actors, and finally,
to our findings and discussion points. During the writing process, the quotes were carefully checked
within their context before being used. At the end of the writing process, they were also checked
by quoted informants themselves, that were invited to review them in the context of this written
chapter and corresponding article, and make changes if necessary.

Mappings of the interactions within the ecosystem, of the Android stack, and of the development
pipelines played an important role in the analysis. The iterative process of creating, discussing, and
fine-tuning the resulting figures with my team, enabled to identify limitations in our understanding
of Android, map interactions among actors and organizations, and instantiate abstract discourse to
specific development activities. These diagrams also enabled us to confront our understanding with
external informants familiar with the Android ecosystem. They could (in)validate our understanding

of Android, signal elements they discovered thanks to this work, or direct our attention to shortcuts

9The Vosk Speech Recognition Toolkit repository


https://github.com/alphacep/vosk-api
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or missing elements in our mappings.

2.3.2 Conference ethnography

I participated in person in several conferences, multiple-day community gatherings and followed nu-
merous online conferences on the technical aspects of Android OS development and update process,
including: the annual Linux plumber conference (online), the annual Linux kernel recipes conference
(online), the Open Firmware conference (online), Capitole du Libre (online in 2023, in person in
2024), the Free Silicon conference (in person) about free and open-source design and manufacturing
of chips, the Debian OS annual conference (online) two European Debian OS community gather-
ings (in person), as well as the FOSS on Mobile Devices conference day at FOSDEM in 2024 and
2025 (online). A list of the most relevant conferences and talks used in this work can be found in
appendix A. This conference immersion also enabled me to conduct interviews in person, get rec-
ommendations, and learn through direct discussions with developers from the Linux, Android and

alternative OS communities some dynamics that did not surface in more formal communications.

2.3.3 Technical documentation immersion

To complement the ethnographic work, I analyzed the official Android developer documentation
by Google, technical documentation on alternative Android OS based systems such as LineageOS,
LineageOS for microG, /e/OS, Replicant, GrapheneOS and on alternative non Android mobile
OSes based on Linux, such as PostmarketOS and Mobian. I also discussed about these issues with
computer scientists, developers, or hackers working directly on Android or smartphone related issues.
These helped me better understand specific problems or techniques such as fragmentation, porting,
upstreaming, mainlining, backporting. I also followed specialized news and analysis media such
as lwn.net (a Linux news and information website), 9tobgoogle.com (news about Google) Android
Authority (news about Android) or OS News (news about operating systems), and selected articles
from Ars Technica, The Verge or Wired magazines. 1 also leveraged developer community forums
and mailing lists for specific information about OS releases (e.g. xda-developers, Reddit, Fairphone

or /e/OS community forums).

Reports and research work by and on the Right to repair movements in different continents [107,
108, 109, 110, 111] together with the interview of participant 11, one of Commown’s co-founders,
working almost exclusively on advocacy issues, were important to understand software-hardware
repair and maintenance issues worldwide, as well as the state of regulations in the US, where the
movement for Right to Repair originates, in France, and at the European Union (EU) level. At the
economic and legal level, the reports on the Android antitrust infringement cases against Google
in Europe [112, 113], in the US [114], in UK [115, 116], recently in Japan'®, and in particular, the
detailed investigations on Google that some of these reports detail, helped us to understand Android
practices, to confirm or mitigate some of our findings, and to learn more about contractual relations

between Google and vendors.

100n the Japan Fair Trade Commission’s Google Decision: Some Early Reflections, Sangyun Lee, Kyoto University,
April 2025, last accessed in Nov. 2025.
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2.4 Results

We now outline the socio-technical challenges of developing and maintaining Android. We first
present an overview of the Android software layers, focusing on the ones that are relevant to up-
grading and maintaining Android. We present the organizations involved in developing these layers,
and the Android build pipeline (2.4.1). Building upon this technical picture, we detail how obsoles-
cence happens in practice (2.4.2) and what inhibits maintenance (2.4.3). Simultaneously, we present
how the actors involved tackle (or not) maintenance problems (2.4.3), the strategies they develop to

enable software maintenance on aging smartphones and their limits (2.4.3).

2.4.1 An overview of Android

As the most widely used operating system in the world, Android should not be seen only in the
technical sense assigned to operating systems in the Computer Science literature, i.e. a tool to
abstract device hardware and manage resources for its users and their applications (the OS kernel).
We study Android as a complex ecosystem, involving hardware manufacturers, phone vendors, app
developers, and end-users, all interacting with each other in technical but also commercial, industrial,

legal and social ways.

Android software layers and actors.

To give a sense of the Android architecture, in Figure 2.2 (left) we offer a simplified overview of
its software layers, and for each of them we explain their role and the actors involved in their
development, maintenance and governance.

The Hardware and Firmware layer (bottom) represents the code embedded into the hardware
of smartphone devices. Every piece of smartphone hardware, be it modems, cameras, sensors,
touchscreens or System on Chips (SoC), comes with embedded software, often called firmware.
Embedded software is necessary to ensure the functioning of the hardware and to provide low-level
control of the hardware to higher-level software such as the operating system. This software is
developed and maintained by the hardware manufacturing companies for the Android ecosystem.
They are responsible for providing fixes when bugs or security issues are discovered, or for updating
the software when a new version of the Android operating system requires it.

The Operating System (OS) abstracts device hardware and manages the device resources

for its users and their applications [117]. The OS communicates with the hardware via dedicated
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Figure 2.2: Android software layers (left) and Zoom into the Android OS composition (right)
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software libraries often called drivers, which interact directly with their firmware. Google is the
main developer of the Android OS, defining a general scheme for these drivers and the system
to interact with hardware components. The drivers and OS modifications are provided by phone
vendors and phone hardware manufacturers in order to ensure that the specific cameras, modems
or other components are functional in the OS.

Finally, the Application layer is where anyone can introduce new software, with the aim of
developing applications (apps) that make the phone directly usable to its users.

On top of these three software layers, we identified two cross-layers. First, the Background
system-wide services and apps containing applications and libraries that often run in the back-
ground (are not immediately visible to the user), are pre-installed in the phone, and have special
privileged access to the whole Android system. These can be created by Google, phone vendors or
network operators and include services or applications such as localization, data tracking, adver-
tisement injection, push messaging, permissions management, network services, etc. Most of the
time they cannot be uninstalled by users, and if blocked or uninstalled by experienced users using
special techniques there is a risk of altering phone functionalities. They are most of the time pro-
prietary code software of Google or phone vendors, as for example Google Play Services (a Google
system-level package of services that almost all Android apps depend on), Samsung Push Services
(a Samsung system-level package of services that Samsung apps depend on), etc.

The second transverse layer is the System on Chip & hardware integration one, which
we identified as a collection of software code, firmware and drivers, hardware documentation and
schematics, or “hacks”, that are needed in a mobile phone to support its particular SoC, and all other
hardware such as touchscreen, battery, etc. They can be located both in the OS layer for their core
functionalities (for example, a generic driver making a camera work), but can also be very specific
to the device, or in the application layer (to make the camera perform in a device-specific way, make

brighter pictures, have special features, etc.). Without them, the device cannot function properly.

From a Linux kernel to an Android build.

The Android installed on a smartphone is the result of multiple actors: from the Linux community
to Google, SoC manufacturers, phone vendors, and network operators. In the following, we detail
the various software artifacts involved in the production of Android as it is deployed (see Figure 2.2,
right).

An Android build corresponds to a version of Android created for a specific device model. For
each smartphone model, a specific Android is built and installed on it, which is ultimately the
Android build experienced by end-users. These builds are all based on Android Open Source (AOSP)
developed by Google, but diverge in what Marvin Wissfeld (participant 3) explained as follows:

“FEach phone has its own OS, there is no universal installable image for Android like we
are used to in desktop computing. The AOSP is open source, but we cannot deploy it
on physical hardware, for that we need additional drivers or firmware, that are available
only for the specific hardware the phone is made of, and are not open source in general.
A custom ROM, an Android build for a device, is what you put on top of the AOSP
plus drivers and firmware strictly needed to get the hardware running, and many of the
services and applications that Google and manufacturers put on top of it. AOSP itself is

not for real hardware, is not relevant to end users, it is running only on emulators.”
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At its core, Android is based on the free and open-source Linux kernel. A kernel is a basic
fundamental software component at the core of an OS, providing important hardware functionalities
and facilitating hardware and software interactions. Over 1000 contributors forming the Linux
community contribute to each release, which involves over 8 million lines of code. Every 9 to 10
weeks a new stable mainline kernel is released and published on kernel.org. Usually once a year, a

stable kernel is picked and designated as a long term support (LTS) kernel.

Google develops and releases a new version of AOSP every year. To do this, an LTS Linux kernel
will be used by Google to create the Android Common Kernel (ACK) at the core of every new
AOSP version to be released. An ACK is an LTS Linux kernel with extra code from other branches
of the Linux kernel such as “new Android features under development in the Linux community’,
and “Vendor/OEM features that are useful for other ecosystem partners’?. Any version of AOSP
contains an ACK and all the necessary functionalities of an OS that make its specificity: in the case
of Android the way the system interacts with hardware components (e.g. the touchscreen or the
camera), how hardware components interact with each other (e.g. the battery with the CPU), how

the user interacts with the system (e.g. through a custom UI layer).

Luca Weiss, an Android developer at Fairphone, describes how the ACK is then used!'3: “ Based
on [an] ACK branch, the SoC manufacturers take it, add some support for their SoC on top, and
then finally, device manufacturers get this code base and put their device-specific changes on top’.
First SoC manufacturers develop their kernel by adding a large amount of SoC specific code on top
of an ACK kernel, this ACK corresponding to a given Android AOSP version and a given LTS Linux
kernel. For every device manufactured with a given SoC, vendors take this SoC’s specific kernel and
add to it the extra hardware-specific code and drivers (for the touchscreen, battery, camera, etc.).
The resulting kernel is what is sometimes called a vendor kernel, or sometimes, “frankenkernel”™—a

term that we will discuss further below.

On top of the vendor kernel, vendors take the corresponding AOSP version released by Google,
usually add to it drivers needed by the phone components, creating an Android OS build able to run
only on this specific phone device. In this phase, vendors also customize Android by adding their
own user interfaces, system-wide services or apps as part of the transversal Background layer. When
these phones are marketed by network providers, the latter also customize the Android system by
adding their own user interface, system-wide services or applications. most of the time these changes

(drivers, services and applications) are not open-source code.

The specific nature of the Android OS, consisting of one build per device, and how these builds
accumulate specific software from various actors, is one of the first main findings of our study. We
noticed that this is not something that is widely known or understood, even among developers or on
specialized media. From a software perspective, smartphones are indeed quite different from personal
computers, where the same generic OS (whether based on Linux or Windows) can be installed by
the user regardless of specific key hardware components such as the motherboard, the processors, or
the memory they hold. In Android smartphones, the SoCs, holding both key hardware and software
components, play a central role in the specificity of the OS builds, on top of which actors each add

their own software layer of specific hardware features, services or applications.

11OEM: Original Equipment Manufacturer
12From the AOSP official documentation, accessed on Jan. 13, 2025.
13Mainline Linux on Fairphone? Yes, please!, Capitole du Libre, Toulouse, Nov. 2023, last accessed in Dec. 2025.
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2.4.2 QObsolescence in action

Given the Android build pipeline described in the previous section, we will now clarify how specific
Android builds pose maintenance issues and can become obsolete in the ecosystem. In Figure 2.3, we
illustrate this build process, from the Linux kernel to Android builds, for two specific smartphones:
the Motorola Moto G7 and the Fairphone 3.

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
| | | | | | | | | | J

Mainline Linux Kernel
New stable version every 10 weeks

Linux
community Dec. 2016 Jan. 2023
New LTS | LTS Linux End of life
every year | Kernelv 4.9
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Kernel (ACK) ACK 4.9 ACK D
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Android 9.4.9 e EndClis
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End of lif
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d of lif
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Figure 2.3: Android builds for Fairphone 3 and Moto G7 phones with update breaks appearing at

different points

How lack of updates appears.

Every year, Google releases a new version of Android based on two or three of the latest Linux
LTS kernels and creates an ACK for each LTS kernel used. Each ACK will be the core of the new
Android versions specific to a device. For example, Google Android OS version 9 was released both
as version 9-4.4 (based on the ACK coming from LTS 4.4), and as version 9-4.9 (based on LTS 4.9).
As we will explain later, maintaining or disrupting maintenance for one of these versions has an
impact on the obsolescence of the devices that were put on the market with these Android versions.
In Figure 2.3 we only detail the Android development process based on LTS 4.9 (marker A).

The Motorola Moto G7 and the Fairphone 3 were both put on the market in 2019, and were
both shipped with the same Qualcomm Snapdragon 632 SoC. Both smartphones were running on
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Google’s Android version 9-4.9 (marker B), and contained a kernel built by Qualcomm specifically
for the Snapdragon 632 SoC in 2019 (marker C). The LTS kernel 4.9 of these Android builds, was
released in 2016 by the Linux kernel development community.

When they were released, in 2019, the Android builds on both smartphones were
based on a 3 years old Linux kernel. The LTS 4.9 had been released in 2016, and the Linux
community defined its “end-of-life” (end of official support) in January 2023. According to A. Ferraris
(participant 6), Google needs time to develop an ACK based on a given LTS kernel (one or two years),
after which SoC manufacturers in turn need extra time to develop the SoC’s specific kernel on top
of this ACK (another one or two years).

Qualcomm, the SoC manufacturer, never upgraded its kernel after the 4.9 LTS kernel.
Qualcomm only applied some of the security updates that LTS 4.9 received from the Linux commu-
nity. Qualcomm applied these updates to its SoC kernel for only two years before stopping updates
altogether in 2021. Motorola then applied these updates to its Moto G7 phone before stopping in
2021, two years after the phone’s release. At that time, the Qualcomm frankenkernel was based on
a five-year-old Linux kernel that had been upgraded five times to newer versions, each of which had
been updated many times with bug fixes or security patches.

These two observations reveal poor maintenance practices in the Android ecosystem: few soft-
ware updates and early end of support. This is quite unusual when compared to development and
maintenance practices of some of the most well-known operating systems derived from the Linux
kernel in the Desktop world, such as Debian, Ubuntu, Fedora, Red Hat OS, etc. They generally
closely follow the updates and upgrades of the latest LTS kernels, by implementing all bug fixes
and security patches, as well as new features and developments contributed to the Linux kernel as
hardware evolves. Study participants emphasized how alignment with LTS kernel releases facilitates
frequent but small changes, as opposed to larger, more complicated changes, when updates are in-
frequent and take place after long periods. Luca Weiss from Fairphone explains '* when talking

about Qualcomm’s frankenkernel 4.9 for Snapdragon 632:

“ The code that we got from Qualcomm [of frankenkernel 4.9] is about 2.5 million lines of
difference compared to the 4.9 LTS kernel that is being released upstream. And it is about
18000 commits. This also shows why it is not really possible for a device manufacturer

to rebase all of this 2.5 million lines and make them work.”

“Rebasing” is a development practice consisting in applying changes originally made to a derived
code (in this case the frankenkernels), to the original code from which this code derives (here the
LTS Linux kernel). This implies solving code conflicts and malfunctions that the rebasing may
introduce, while making sure everything works how it should. The biggest the changes between the
derived code and the origin are, the more difficult the rebase becomes.

The changes made by Google to the LTS Linux kernel are also significant and not aligned with
the LTS kernel, as explained by Arnaud Ferraris from the Debian and the Mobian mobile project:

“When Google makes the kernel for Android [ACK], it modifies the whole core part of the
Linuz kernel with the scheduler, memory management, power management, to make it
compatible with the Android OS. Google tries to upstream this code so that it is available

in the Linux kernel, so when the Linux kernel gets updated Google does not have to

14Gee 13.
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deal with it anymore, unless Google changes these parts. But the process of upstreaming
patches into the kernel takes time: there will always be a first version, comments from
the Linux kernel team, things that the Google developers had not thought of—the kernel
maintainer will have their own Linuz logic—and code will generally need to be modified
several times before we gradually arrive at a final version. So, despite a genuine desire to
do things upstream, we still have an ACK from Google that has a lot of downstream code
when it is passed on to the SoC manufacturer. But, downstream code is code maintained
only by Google. Every time the Linux kernel is updated, the downstream code must also
be updated from Google, and then passed to SoC manufacturers once again. This code
may become upstream at some point in the future. But at a given time, it is downstream
code. Why? Because upstreaming takes time, and Google’s pace is not that of the Linux

community, they are not completely in sync, they have their own Android pace.”

Upgrades lacking backward compatibility.

Beside the lack of software update previously observed, we observe new breaking points that appear
when Google upgrades, on a yearly basis, from one version of Android to another.

As illustrated in Figure 2.3 (marker D), in 2021, two years after the release of the Moto G7
and Fairphone 3, Google introduced kernel backward incompatibility in the new Android
version 12, which was based on kernel ACK 5.4, and no longer on ACK 4.9.. Android
OS upgrades were no longer available for 4.9 kernels. This marked the end of the support from
Qualcomm of its 4.9 frankenkernel for the Moto G7, the Fairphone 3 and all other phones holding
this SoC (which was confirmed by P1). In 2021, Motorola had upgraded the Moto G7 only once,
from Android 9 to version 10'®. When Google stopped providing the 4.9 version when releasing
Android 12, Qualcomm stopped updating the phone’s frankenkernel to the ACK of Android 12 and
Motorola stopped upgrading the phone to newer Android versions (marker E).

But this backward incompatibility did not make upgrades impossible. As Agnés Crepet (partici-
pant 1), head of the Software longevity and IT team at Fairphone told us, they managed to upgrade
its OS on Fairphone 3, despite the lack of support. When Google released Android 12, and Qual-
comm stopped updating the SoC’s frankenkernel, Fairphone maintainers took over. Luca Weiss, who
was then a volunteer developer on the PostmarketOS project, an alternative community-driven mo-
bile OS, was hired in the team because of his knowledge of the kernel and of the mainlining process.
The updating process of the abandoned Qualcomm SoC frankenkernel took time and was finalized
after Android 13 was released, so the company decided to release an upgrade of Fairphone 3 directly
to this new Android 13 in 2022 (marker F). This update was possible in great part because of the
community work from the alternative OSes—PostmarketOS and LineageOS mostly—that had taken
over maintenance work on Qualcomm’s abandoned frankenkernel by applying security patches and
functionalities needed to keep compatibility to the Linux kernel or Android newer versions whenever
possible. Their work is made available to the community in open-source repositories, while device
trees—data structures describing all the device components needed by the kernel to use and manage
those components—are shared together with available documentation. Various discussion spaces

for users and developers to interact also exist'®. Based on this work, the newly formed Software

15See Motorola’s update announcement followed by specialized media Techradar analysis, December 2020, archived,
last accessed in Dec. 2025.
16See the LineageOS user and developer wiki, the blog that announces the new development releases and discusses


https://web.archive.org/web/20250917151627/https://motorolanews.com/optimized-for-you-android-11-coming-soon-to-motorola-phones/
https://web.archive.org/web/20250710072810/https://www.techradar.com/news/motorolas-android-11-update-plans-include-lots-of-phones-and-lots-of-omissions
https://wiki.lineageos.org/
https://lineageos.org/blog/
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Longevity team of seven people at Fairphone succeeded in updating an Android build after both

Google and the SoC manufacturer had stopped doing so.

Upgrades introducing new features that break compatibility.

One year later, the release of Android 14 brought new breakdowns in updates. As Weiss explains '7:
“With Android 14 released in 2023, Google is introducing some new features that are not present at
all in kernel 4.9. AOSP is dropping support for these kernel versions sort of aggressively, as they
do not support any of the new features that [Google] wants to use in Android 1. In July 2024,
Fairphone announced to its users '® that the FP3 phone would not be upgraded to Android 14 and

beyond anymore (marker G):

“We invested considerable time and resources into exploring ways to integrate the new
Android system with the existing kernel, and even contemplated upgrading the Linuz
kernel itself. We also engaged in discussions with Google Android Engineering. The
legacy Linux kernel (4.9) used in the Fairphone 3 [...] would not support Android 14 at
all”

FP3 would thus end software support in 2026, but would nevertheless continue to receive security
updates on Android 13 until then. With 7 years OS support, this makes the Fairphone 3 one of the
longest supported Google certified Android OS phones, and as some specialized media say, the only
phone manufacturer that maintains the OS after SoC support shut down'?.

We noticed that the LineageOS community managed to circumvent the above incompatibilities
and keep the Fairphone 3 updated after Qualcomm, Google, and even Fairphone stopped supporting
it. In November 2025 LineageOS with Android 15 could still run on Fairphone 3 (marker H). We dis-
cuss the circumvention strategies allowing longer maintenance from both Fairphone and LineageOS,

but also their limits, in section 2.4.3 below.

2.4.3 Disruptions to maintenance practices in the Android code flow

Based on our interviews, conferences and documentation analysis, we identified issues related to how
changes to code developed by each actor are propagated within the Android ecosystem. The layers
in the Android operating system shown previously in Figure 2.2, appear as code flows circulating
from one actor to another. The breaking points, which we described previously, occur at different
levels and affect code maintenance differently. Figure 2.4 illustrates these code flows, or lack thereof,

and the resulting maintenance breakpoints.

Divergent maintenance practices inhibiting updates and creating technical debt.

In our interview, Arnaud Ferraris (participant 6) from the Mobian project, a Linux derived OS for
mobile, talks about the great amount of added code that makes maintaining difficult in Android:

changes. The same can be found for PostmarketOS, and LineageOS based OSes that maintain Fairphone 3 such as
LineageOS for microG or /e/OS.

17See 13.

18 Announcement of end of support for Fairphone 3 in July 2024, last accessed in Dec. 2025.

19See Fairphone 8 gets seven years of updates besting every other OEM, Ars Technica, July 2023, last accessed in
Jan. 2025.


https://postmarketos.org
https://lineage.microg.org/
https://doc.e.foundation/devices/FP3
https://web.archive.org/web/20251205151916/https://forum.fairphone.com/t/update-on-android-14-for-fp-3-extended-maintenance-of-a13-till-2026/110426
https://web.archive.org/web/2/https://arstechnica.com/gadgets/2023/07/fairphone-3-gets-seven-years-of-updates-besting-every-other-android-oem/
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Figure 2.4: The development flow of an Android build, red crosses indicates a lack of contribution

to the original code-base.

“This ACK by Google with downstream code in it passes into the hands of the SoC
manufacturer, they add their own system drivers to manage hardware, then it is passed
on to the phone manufacturer who will add other drivers. So we already have three levels
of forked kernels, and when we finally look at the cumulative amount of changes that this
represents, it’s huge. If I take the example of the OnePlus 6 phone—a phone we support
in Mobian using a community-developed mainline-based kernel—this was over 5 million

lines of code compared to the base Linux kernel used.”

In free and open source software development, mainlining is an important wide-spread coding
and maintenance practice that refers to the integration of new developments into the main mainline
source code branch in the project’s repository. When developing upon the Linux kernel, mainlining
is a two sided development flow: (1) systems derived from Linux follow the mainline Linux kernel
development, and also (2) contribute back code to the Linux kernel as often as possible, through a
process known as upstreaming.

Ferraris further explains the different development practices between phone manufacturers and
free software communities:

“There is a big difference most of the time between the kernels from phone or SoC manu-
facturers and kernels maintained by a free software community: manufacturers will create
a software mess that suits their needs, while free software communities will make sure to

make the minimum changes necessary for it to work and be accepted into the upstream
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Linuz kernel. When developing we always try to keep this notion of upstreaming in mind
[-..] for the sake of sustainability and for the comfort of everyone, both users and devel-
opers, it’s better for the changes to be upstream, and we try to think in advance how to

make the changes we need so that they can be accepted in the kernel.”

Upstreaming enables mobile OS actors following the mainline Linux kernel, such as Postmar-
ketOS and Mobian, to directly benefit from the various contributions to the Linux kernel. It also
enables kernel maintainers to handle upstreamed contributions in manageable bits, isolating prob-
lems, using simpler tests and dealing with them on a daily basis. Other Android based OS actors,
such as LineageOS, GrapheneOS, Replicant, even if they do not mainline the Linux kernel, follow
upstreaming practices as much as they can, and collaborate in understanding and developing free
drivers for phone components for which the code is neither public nor documented.

As illustrated in 2.4.2, in the Android ecosystem, Google creates the ACK from the Linux kernel
without mainlining it and only partially upstreaming code into it. SoC and phone manufacturers
use these ACK to create the frankenkernels by adding code that is not designed to be contributed
back to the Linux community: assembled from various internal codes, designed to meet their in-
ternal development needs and undocumented for external use, hence the prefix "franken". As the
Linux mainline kernel evolves, the difference with SoC frankenkernels continues to grow, making it
increasingly challenging to share and propagate code between them over time, as Ferraris explains:

“It is code that is written internally, never submitted to the community. A manufacturer
will have dozens of very different hardware references and generally, almost always, wants
to have a single code base for all of them. As a result, they develop extremely complicated
code filled with switches, if statements, internal compilation options used to enable or
disable certain parts depending on the specific hardware they’re enabling for a specific
build. What’s more, there is no public documentation for any of this code. Sometimes
things seem magical when you read the code. It makes sense to manufacturers, but when
we read it, because we don’t have any documentation, we don’t understand at all why
they’re doing it, and we wouldn’t be able to explain it to the Linux kernel maintainer, or
make it work, let alone develop an upstream-compatible Linux kernel driver with it. This

also makes reverse engineering complex.”

The use of nested if statements and switches is a known cause of what in computer programming
is called spaghetti code, code that is fragmented, entangled, and thus difficult to understand and to
maintain [118].

The divergence in development strategies outlined above, has created historical tensions in main-
tenance practices between FOSS communities such as the Linux kernel community, and hardware
manufacturers such as phone vendors in our case. The Linux community aims to build a kernel that
runs on as much hardware as possible and for as long as possible, whether that hardware is old or
new. Manufacturers focus on developing code for new hardware by adding to their own existing code
base. By using the Linux kernel, which implements the core functionalities of operating systems,
they reduce the costs and time required for launching them [119]. But they show little interest in
maintaining this code or contributing code back to the kernel in order to keep their hardware up-
dated over time. The responsibility for code maintenance is transferred from manufacturers to the

Linux kernel community or to the FOSS mobile communities maintaining old hardware. This shifted
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maintenance constitutes what is called technical debt in software development [120]. In software us-
ing the Linux kernel, the lack or delay of upstreaming, as well as obfuscated and undocumented

code, are common factor in technical debt [121].

Maintenance barriers: software obfuscation and circumvention strategies.

As maintenance shifts from vendors to the FOSS communities, access to hardware specifications
and documentation becomes important. Luca Weiss, Android developer at Fairphone, explained
during a public conference, how access to private documentation shared by Qualcomm exclusively
with phone vendors, enables to maintain SoCs, mainlining them with the Linux kernel, rewriting

proprietary drivers in open source, and share them with the open source community:

“Having access to secret documents now that I am working at Fairphone definitely makes
things easier. Schematics, data sheets and documentation are confidential material.
Schematics make it easier to build the device trees, or hardware descriptions that the ker-
nel needs, because some things are not obvious from the way the vendor-provided kernel

has this written. Data sheets make it easier to write new drivers in case it’s necessary.”

Additionally, hardware and smartphone vendors place a great emphasis on keeping code pri-
vate whenever possible. The copyleft GNU General Public Licence (GPL) of the Linux kernel
requires manufacturers to provide the code from the frankenkernels under GPL-compliant licences.
As mentioned previously, this code is provided by vendors, but being too chunky, complex and
undocumented, it is of little or no help for the open-source community in maintaining it. For
phone components source code is never available, vendor drivers being almost always proprietary
closed code. As articulated by participant 2, cameras for instance play an important role in vendor
marketing strategies: differentiating devices on camera performance and features are key selling
points in the smartphone market. Since software plays a key role in camera performance and their

distinguishing features, vendors keep it private and well protected. Ferraris confirms:

“Beyond the SoC' in every phone there will be a screen that will need a very specific driver,
the same goes for touch panels, and cameras are yet another problem because there is a lot
of intellectual property involved in them. In the manufacturers kernels there is nothing to
be found about these, everything is in the Android user space or elsewhere, in proprietary

binary code form. How it works is well hidden.”

Because of this opaque nature, the binary code and drivers coming from manufacturers is often
called blobs among Linux kernel developers and open-source communities. Trying to have the less
blobs possible, by replacing them with functional open-source code, is an important issue, as these
blobs do complicate maintenance when changes occur in the OS or in the kernels, or when security
issues involving them arise.

A tension exists between Google and the Linux kernel community on these code blobs. Google
attempts to create safe spaces for vendors directly into the Linux kernel structure, and to remove part
or all of them from its Android layers. Linux kernel developers that place great emphasis on open
source code are reluctant to create these safe spaces for vendors to put their binary code. They fear
that instead of pushing vendors to open-up their code or at least contribute to the kernel community
with documentation, these safe-spaces will push them to continue non-transparent development

practices, which are precisely what complicates their maintenance and updating work.
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This tension is clearly illustrated in a meeting report from a two-days workshop within the Linux
kernel team dealing with camera hardware [122] involving kernel developers and Google employees.
The report shows that Google contributes back, upstreaming code to the Linux kernel camera
modules. This is useful both for the Linux kernel and for Google in the development of Android
and Chrome OS, both based on Linux. During the meeting Google tries to push its idea to create a
vendor specific code space inside the Linux kernel camera framework, where vendors can upstream
blobs and keep the intellectual property of their devices safe. The reaction of the Linux kernel
team maintainers clearly illustrates the tension: [122]: “Upstreaming a driver requires opening up
the driver interfaces [in Linuz kernel practices|. There appears to be near-unanimous consensus on
this apart from Google. It is not an option [for the Linux community] to upstream a driver that has
support for undocumented closed features. Basically [Linuxz kernel] maintainers can not put their
name on something that contains unverifiable (for them) and unusable (by all except the vendor)
features.”

Extremely large commits, spaghetti code and blobs are considered anti-patterns that negatively
impact program comprehension [118], specifically during maintaining tasks [123], while program
comprehension and documentation are considered central to effective software evolution and main-
tenance practices in software engineering studies [124, 125]. As illustrated above, all of these patterns

appear in the Android OS ecosystem.

Google’s two-tier Android development strategy: reinforcing fragmentation when try-

ing to address it.

Google has recognized the persistent Android OS fragmentation problem, (i.e. multiple versions
of the Android operating system present on active devices at any given moment), with multiple
active Android devices not being upgraded to the latest Android OS version. The company has
implemented several strategies to facilitate updates in order to reduce this fragmentation. In 2017,
when launching project Treble?, Google Android development team declares: “we’ve consistently
heard from our device-maker partners that updating existing devices to a new version of Android is
incredibly time consuming and costly’. Treble consists in implementing a modular base for the low-
level architecture of the OS in order to better isolate vendor code. Later in 2020, Google also launches
the Generic Kernel Image (GKI) project to address kernel fragmentation by “moving SoC and board
support out of the core kernel into loadable vendor modules so they can be updated independently.”?'.

By isolating vendor code both in the ACK and in AOSP, Treble and GKI attempt to help
Android actors offer faster roll-out updates. This technical isolation is welcomed from vendors
willing to maintain their phones, as Agnés Crepet from Fairphone (participant 1) told us. But
it does not enforce changes to their updating policies and coding practices. Regardless of the
underlying technical stack improvement, the obfuscated vendor code remains, and updates still
depend on the willingness of vendors in maintaining their code and devices. Data from 2025 attests
that fragmentation is still pervasive (see Figure 2.1) and Android OS updates have not significantly
improved on user devices since 2017.

The vendor code isolation also facilitates Google’s own work of developing and maintaining AOSP

as vendor blobs interfere less with the rest of Android. But the approach here differs from that of

20Here comes Treble, 2017, Google Developers blog, last accessed in Feb. 2026.
21Generic Kernel Image documentation, last accessed in Feb. 2026.


https://web.archive.org/web/20260208092347/https://android-developers.googleblog.com/2017/05/here-comes-treble-modular-base-for.html
https://web.archive.org/web/20250303222924/https://source.android.com/docs/core/architecture/kernel/generic-kernel-image
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the Linux kernel community on blobs that consists in integrating them as much as possible in the
system, in order to facilitate maintenance. Google has no need for vendor blobs to be completely
open-source, documented or intelligible. By isolating vendor space, Google can continue developing
AOSP while leaving its partner vendors free to “blobify” and maintain secrecy over their specific
hardware code.

This allows for another shift in maintenance responsibility, from Google to vendors. But vendors’
lack of maintenance remains unaddressed. And it is precisely the lack of maintenance of vendor
code—Android OS builds specific to every device that are being little or not maintained—that leads

to the Android fragmentation situation.

Google’s double-standard Android updates strategy: from deprecation to forced de-
pendencies.

In the Applications and Background services of Android (Figure 2.2), updates are fine-tuned to serve
Google’s business model and interests. As Marvin Wissfeld (participant 3), that develops microG,

a free open-source implementation of Google Play Services, notes:

“[Google] stopped updating apps on AOSP, the clock app, the messaging app. They update
only in the sense that they make sure they are still compatible, but do not add new features.
They fully update only the proprietary versions coming with the Google-licensed Android.
In the Google messaging app they integrated their own messaging proprietary system.
They leave AOSP behind, add small features to the Google versions of the apps, and
put on top of them a dependency on Google Play Services. ... [Manufacturers| take the
proprietary Google apps requiring Google Play Services.”

As an AOSP derived OS, LineageOS development closely follows that of Android: when Google
releases a new Android version, LineageOS releases a new complying version. Google’s lack of up-
dates in AOSP are quite silent, as official Android release announcements do not usually mention
them. By analysing LineageOS new version release announcements (called changelogs), one can
better spot this lack of maintenance and sometimes complete deprecation of essential Android apps.
For example, in the Android 14 release in 2023, Google deprecated the Dialer and the Messaging
applications in AOSP, with a discrete message revealed by specialized media®?, written in the repos-
itory of the source code for the deprecated apps, saying: “This app is not actively supported and
the source is only available as a reference. This project will be removed from the source manifest
sometime in the future’.

In this case, a shift of maintenance towards open-source communities is clearly at play. When
the corresponding LineageOS (version 21) was released some months later, it announced that it had

taken over the maintenance and further development of the deprecated apps:23:

“Since AOSP deprecated the Dialer, we have taken over the code base and did heavy
cleanups, updating to newer standards (AndroidX) and redesigning/...]. While Messaging
was also deprecated by AOSP, at least the Contacts app was not. Nonetheless we gave

22Google further guts the AOSP by deprecating the dialer and messaging apps, OSnews, June 13, 2023, last accessed
in Dec. 2026.

23LineageOS version 21 announcing new Android 14 release in Changelog 28, February 14n 2024 last accessed in
Jan. 2026.


https://web.archive.org/web/20251219173113/https://www.osnews.com/story/136235/google-further-guts-the-android-open-source-project-by-deprecating-the-dialer-and-messaging-apps/
https://web.archive.org/web/20260107144856/https://lineageos.org/Changelog-28/
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both of them an overhaul and made them also follow the system colors and look more

integrated.”

Google’s strategy of selective updates in AOSP is accompanied by contractual agreements be-
tween Google and its vendor partners. These agreements ensure that vendors systematically install
an Android version with Google proprietary services and applications. Such contracts frequently
stipulate the exclusive use of Google applications, for instance by prohibiting vendors from in-
stalling another search engine. In some instances, the contracts may also preclude vendors from
marketing devices using an alternative Android-based operating system. As elaborated in 2.5.3,
these practices have been the subject of lawsuits and rulings against Google for abuse of dominant
position in several countries worldwide.

As Wissfeld notes, Google Play Services integrate telemetry, gathering user data used for adver-
tisement purpose, advertisement that is injected back in the applications via these same services??.
The Google Play Services also serve Google’s business interests as one of the dominant actors of web
and mobile advertisement?®.

How forced dependencies inhibit sustainable maintenance and resilience.

When the use of Google applications and services essential to the Android OS is not contractually
enforced, it is de facto ensured. Wissfeld (participant 3) told us that he has seen these services
evolve and become more and more present in the Android ecosystem. While essential system apps
get less updates in the AOSP version, they gain Google Play Services dependency in their final
official Android build.

Indeed, the most widely used Android development environments and libraries, such as Android
Studio or the Firebase platform, both developed by Google, integrate unavoidable dependencies to
Google Play Services and Google’s Firebase Cloud Messaging. As a result, most Android applica-
tion developers integrate these services in their apps. Google’s Firebase Cloud Messaging (FCM),
formerly known as Google Cloud Messaging (GCM), implements the push notification system that
enables applications, such as messaging or emailing ones, to use Google servers for sending notifica-
tion messages to the apps on the user phones (e.g. each time a new message arrives). Given that
one of the essential uses of a smartphone is messaging, the push messaging systems are crucial in
mobile ecosystems. The technical implementation of FCM is dependant on Google Play Services: in
order for FCM to function, Google Play Services have to be present in the user’s phone. However,
neither FCM nor Google Play Services are implemented in AOSP. As a result, most vendors market
Android phones with Google apps and Play Services, and almost all Android apps integrate the Play
Services and use the Google FCM system.

Moreover, the Google Android device certification system, the Play Protect Certification, a set of
tools for testing Android devices offered by Google to phone vendors and users in order to label their
Android phone as “certified by Google’, includes mandatory checks of the presence and activation of
Google Play Services. Mandatory for device vendors having a contractual agreement with Google,
this certification mixes AOSP compatibility tests with Google services and apps tests. Moreover, it

is marketed by Google as a safety guarantee for Android phones, while its absence is presented as a

24See Ads Safety, the user data telemetry and advertisement injection service integrated in Google Play Services,
last accessed in January 2026.
25See Google Ads program for mobile apps, Google.com, last accessed in January, 2026.


https://web.archive.org/web/20251116143644/https://support.google.com/android/answer/12461628
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severe security issue in Google’s communication?%:

“Devices that aren’t Play Protect certified may not be secure [...] may not get Android
system updates or app updates. Google apps on devices that aren’t Play Protect certi-
fied aren’t licensed and aren’t real Google apps. Apps and features on devices without
Play Protect certification may not work correctly. Data on devices without Play Protect
certification may not have a secure backup.”

Thus, certification becomes another way of enforcing Google dependencies in practice, and presenting
their lack as a severe security issue.

In alternative Android-based OSes such as LineageOS, LineageOS for microG, or /e/OS (a Lin-
eageOS derivative OS), dependencies from Google are partially removed via use of microG, that
reimplements the Google Play Services, removes telemetry and advertisement, but still allows in-
stalled apps to use the Google servers via FCM. Open and standardized alternatives that allow to
remove all Google dependencies and keep functional systems have been developed in recent years.
One of them is UnifiedPush, an open-source system for push notifications in mobile ecosystems
implementing the Web Push IETF open standards (RFC 8030, RFC 8291 and RFC 8292)27, that
has been implemented by various open-source systems such as Element, Conversations, Nextcloud,
many Mastodon clients, and some browsers based on Firefox. Simon Gougeon (participant 12),
creator and main developer of UnifiedPush, explained to us how using an open standard for push

notifications offers resilience in the long term:

“The Google push notification system is centralized, fully depends on Google. Huaiwei in
China has its own centralized push notification system. In countries or situations where
Google, Huaiwet, or other actors are not present, or their presence can change for eco-
nomical or geopolitical reasons, UnifiedPush can provide standardised push notifications
for Android phones. Also, in a context of climate crisis, if a region loses its access to
the Internet, Google’s push notification system is not available anymore. If a regional
network takes is implemented until the global Internet access is restored, UnifiedPush can
quickly be deployed in it and help keep phones connected. This is the advantage of open
decentralized standards, they have resilience and can take over when centralized services
are not available, not desirable or have failed.”

Following our interview, Gougeon published a retrospective article on UnifiedPush, developing
on the issues he had discussed with us®®: “When a service is controlled by a single entity, nothing can
be done when they consider your device too old to be supported’. For him, services as fundamental as
push notifications in mobile systems should be implemented inside the main Android code as open
standard APIs. Reflecting on the future of UnifiedPush he says “The best thing that could happen
to UnifiedPush on Android [...] would be for it to no longer exist. If Google gives us in Android
a system API to let the user define their push service we would not need UnifiedPush anymore.
[...] Hopefully, working on UnifiedPush can push in that direction by increasing the demand, and
highlighting the need’.

26 Google Android Help Center, last accessed in Dec, 2025

27IETF: International Engineering Task Force, the main international technical standards organization for the
Internet. See IETF Web Push push notifications standard documents, last accessed in Jan. 2026.

28Simon Gougeon, 5 years of UnifiedPush, F-Droid.org, Jan. 8, 2026, last accessed in Feb. 2026.
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2.4.4 Successes and limits of obsolescence circumvention strategies

imits of obsolescence circumvention strategies

The obsolescence circumvention strategies and maintenance efforts do not come without draw-
backs for the FOSS communities and some phone vendors that put effort in it. Fairphone and
LineageOS achieved to maintain the Fairphone 3 after Qualcomm abandoned its frankenkernel and
Google removed support for Android OS 12, but faced difficulties in implementing these update
strategies on the long run.

Update problems became particularly important with the release of Android 12 in 2021, which
broke the backward compatibility with kernel 4.9 and below. One reason is that eBPF, a tool to
manage network traffic in the Android kernels, replaced the old iptables. Updating devices running
on kernel versions 4.9 “proved challenging due to the sheer number of commits and structure changes’,
while for devices using older kernels the upgrade was not possible anymore??.

The update process of taking parts from a newer version of a software system and porting them
to an older version of the same software is called backporting. It is a common practice when preferred
maintenance solutions like upstreaming or mainlining, are not taking place. Backport code is often
applied as patches in order to incorporate changes into an old code-base (the term patching is also
used).

To maintain the Fairphone 3, Fairphone and LineageOS backported changes introduced in An-
droid 12 to its old frankenkernel (based on kernel 4.9), which both Qualcomm and Google had
stopped supporting. They also included security patches from the Linux kernel team, which Qual-
comm had stopped offering. After the release of Android 15, Fairphone announced®’ that it would
stop offering Android upgrades to Fairphone 3, due to the eBPF structural changes that became too
complicated to backport. Yet LineageOS with Android 15 can still run on the Fairphone 3, thanks
to backports provided by the open-source communities, even after Fairphone stopped its upgrades.
But, for vendors aiming at the Google certified phones, like the Fairphone does, the stricter rules and
controls of Google’s Play Protect Certification, make things more complicated than for alternative
actors, used to release OSes with sometime bugs and missing features, and to fix them in subsequent
updates when possible.

Nevertheless, as Google adds new features with each Android release, backports become increas-
ingly difficult to maintain. For developers in the open-source communities we interviewed, backports
are seen as a temporary and inadequate solutions to the update problem. Because backports are
code that is neither mainlined nor upstreamed, but comes as patches of code applied at a given
moment, when the ecosystem evolves, patches need to be updated independently every time. Thus,
patches face the same update issues as frankenkernels from vendors do: they are difficult to maintain,
especially when they come in big chunks of code.

Some alternative mobile OS projects such as PostmarketOS or Mobian, choose to completely de-
tach themselves from Android and its frankenkernels by directly following the Linux mainline kernel

development for mobile phones. Older devices are regularly abandoned by LineageOS maintainers,

29LineageOS 19 (corresponding to Android 12) new release announcement changelog, April 2022, last accessed in
Jan. 2026.

30 A post on the Fairphone forum announcing the first Android 14-based build of LineageOS for Fairphone 3, last
accessed in Dec. 2025.


https://web.archive.org/web/20260112070012/https://www.lineageos.org/Changelog-26/
https://web.archive.org/web/20250000000000*/https://forum.fairphone.com/t/rom-unofficial-unofficial-lineageos-21-for-fairphone-3-fairphone-3/107141
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while mainline projects like PostmarketOS and Mobian succeed in maintaining very few devices, but
having a much more reliable maintenance system because mainlining and minimization of patching
is here a primary focus. But all of these communities face the same frankenkernel and patching
problems. As smartphones grow older and new hardware is released, the burden of kernel mainte-
nance grows, while the number of users and maintainers for older devices shrinks, thus decreasing
the possibility to sustainably maintain code.

Overall, it clearly appears from these observations, that the actors and factors driving obsoles-

cence also limit the strategies implemented by alternative actors to combat it.

2.5 Discussion and perspectives

Our results show that the Android OS production pipeline generates frictions and lacks of incentives
to support maintenance and upgrades in the ecosystem. We reflect now on the values and macro

forces shaping this situation.

2.5.1 On the various types of software maintenance and their role in
obsolescence

Towards the end of this study, we realized that the act of updating software is not or little questioned
per se by the actors of the Android OS ecosystem. Our informants all assumed that updates are a
necessity and that their absence is what causes obsolescence. This is what is defined as Lehman’s
law of continuing change [126]: “a program that is used undergoes continual change or becomes
progressively less useful.”

But do updates always respond to a need to mitigate obsolescence and make devices last longer
in a useful and safe way 7 We notice that each actor had its own way of approaching and envisioning
updates and that all had different rhythms. It starts with the continuous development at the Linux
kernel or derived OSes that follows, willingly or unwillingly, the endless changes in the hardware
market. Then comes the yearly upgrades of Android that sometimes introduce new features, or new
development behaviors that break retro-compatibility or make device updates more difficult. From
phone vendors we observed few scattered updates before abrupt stops. Some alternative actors had a
continuous maintenance process (PostmarketOS, Mobian), while others responded to breakdowns by
attempting various forms of repairs or standardisation of practices (Fairphone, LineageOS, microG
or UnifiedPush).

Both the diverging nature of updates as well as their different timing among actors of the Android
ecosystem, play a central role in the fragmentation. Also, it remains unclear to what extent enforcing
forms of backward compatibility could enable smartphones to remain functional without updates,
as their broader software environment evolves.

Nevertheless, updates should at least be considered as ambiguous regarding the role that they play
in maintenance. Updates are not necessarily only acts of maintenance and care for the devices and
the ecosystem. They can and do also trigger incompatibilities and obsolescence. While updates are
generally presented as a way to avoid obsolescence, updates from an actor become the obsolescence
of another. Maintaining then becomes the obligation to cope with unwanted updates or the act of

feeding the “monster” that the software to be maintained has become.
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2.5.2 Values and choices in OS production and maintenance

From these different types of software maintenance we observe that “official” Android providers
(Google, phone vendors) and alternative Android or non Android mobile providers define software
quality in different ways, according to divergent values and interests. These different values then lead

to different temporality in producing or maintaining code, and different software quality criteria.

Different values lead to different code quality criteria

Software support is a time and cost-relevant activity. Vendors and chipset manufacturers value
putting new hardware products on the market at a frequent pace (every 6 months or every year)

and have limited incentives to update their products.

The drivers, frankenkernels and software they produce are mostly oriented towards new devices.
Once the device is on the market, they do not offer clear update policies for consumers, perform little
updates and the end of support of old devices comes silently and quite often as quickly as two years
after release. The recent European regulation (EU) 2023/1670 laying down ecodesign requirements

31 in effect since June 2025, enforces OS security updates and

for smartphones among other devices
upgrades for at least 5 years after the product has been released. How this directive will play out in
reality, how smartphone vendors will implement it in practice, and how monitoring will be carried
out, remains to be seen.

The Linux and alternative OS actors value open-source code, documented development practices,
code longevity, and even hacking techniques, considering them legitimate. For them, updates and
maintenance are continuous processes, following coding practices that foster collaboration and ease
of updating. Alternative Android or mainline-Linux kernel communities place a greater emphasis
on running on old, no longer supported architectures and having control on the software stack.

Google values its control over the ecosystem, as evidenced by recent changes aimed at gaining
more control. In May 2025, the company announced®? that Android OS would be subsequently
developed internally in a fully private and closed-source way, before the code is pushed to its public
branches once development is finished. This unilateral decision of closing development raised many
concerns: for alternative OS actors maintenance becomes even more difficult as they can no longer

perform maintenance as a continuous process>?.

Variations in the temporality of code production and maintenance

These diverging values affect the temporality of code production and maintenance practices among
actors. Alternative actors are efficient in updating and maintaining, while developing functionalities
or community collaboration methods are slow processes requiring much more effort. Vendors have
slow maintenance and update rates, for short times, while often producing new frankenkernels for

new devices.

31Buropean Regulation (EU) 2023/1670 summary, last accessed in May 2025.
32Exclusive: Google will develop the Android OS fully in private, Android Authority, 26 May 2025, last accessed

in Jan. 2026
33 AOSP isn’t dead, but Google just landed a huge blow to custom ROM developers, Android Authority, 12 June

2025, last accessed in Dec. 2025


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM:4696267
https://web.archive.org/web/20260112143511/https://www.androidauthority.com/google-android-development-aosp-3538503/
https://web.archive.org/web/20251219164120/https://www.androidauthority.com/google-not-killing-aosp-3566882/
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Variations in code quality criteria

Code quality is also considered differently. Google and phone vendors will put greater efforts on user
experience and standardisation. They will only green-light OS updates that fully pass functional and
feature oriented quality tests at release time on every new device, while leaving aside maintenance
work.

Alternative OS will favor code openness, privacy, security, sometimes accepting a lack of func-
tionality (e.g. frequent issues with GPS or cameras on LineageOS, or with audio and battery gauge
on PostmarketOS) while being fully transparent about this. Code quality in these communities will
rather relate to the ability to facilitate collaboration and long term maintenance. The users are
part of the development and maintenance process: they are expected to test and report bugs as
developers fix them and push updates. Infrastructure and tools are provided for this functioning:
forums where users and developers can interact and react on bugs and updates, as well as more

technical tools for bug reporting or code contributions into the project repositories.

2.5.3 Power in the Android ecosystem

Google plays a central role in the Android Ecosystem. It owns the trademark and what can be called
Android, it controls AOSP, its code and coding process, as well as the proprietary services and the
core applications present on most Android phones. It also licenses the Android name and logo to
manufacturers through the Android Compatibility Program (ACP)34. Android phone manufacturers
that want to license Google’s apps and services, are required by Google to enter an agreement called
the Android Compatibility Commitment (ACC) [115, 116]. Previously called, almost ironically, the
Anti-Fragmentation Agreement (AFA), it obliged vendors not to distribute any device based on an
alternative Android OS alongside devices running on Google-Android. An antitrust legal case against
Google by the European Commission (EC) in 20183°, deemed it to be anti-competitive and to hinder
the development of Android alternative OSes [112]. According to the EC conclusions, these tying
practices consolidate Google’s dominance and abuse of power in the Android ecosystem and exploit
status quo-bias from users who are tied to Google Apps on everyday smartphone activities [127].
Similar antitrust infringement cases against Google have taken place in the US [114], in UK, in
India[128], and more recently in Japan3°.

As a consequence, Google replaced AFA with ACC in Europe and vendors could then distribute
alternative Android OSes on all of their devices. But they still have to follow the ACC guideline
stating that only devices that signed the agreements can use and display the term “Android’, a
registered trademark of Google®”. These cases and changes in agreements between vendors and
Google did change the situation a little in some regions. The vast majority of vendors continue to
offer Google-equipped only Android phones. But some small phone vendors now offer, alongside the
traditional Google-equipped Android phones, an alternative version with preinstalled de-Googled
OSes: Fairphone since version 3 comes also with /e/OS, Shift phones come also with ShiftOS L or
/e/OS, HIROH comes only with /e/OS, to name a few.

34See Android Brand guidelines and Compatibility Program, last accessed in Feb. 2025.

35European Commission case against Google, last accessed in Feb. 2025.

360n the Japan Fair Trade Commission’s Google Decision: Some Early Reflections, Sangyun Lee, Kyoto University,
April 2025, last accessed in Nov. 2025.

37Google starts blocking uncertified Android devices from logging in, Ron Amadeo, 2018 Ars Technica, last accessed
in Jan. 2025.


https://web.archive.org/web/20250222185156/https://developer.android.com/distribute/marketing-tools/brand-guidelines
https://web.archive.org/web/20250220082154/https://source.android.com/docs/compatibility/overview
https://curia.europa.eu/jcms/upload/docs/application/pdf/2022-09/cp220147en.pdf
https://web.archive.org/web/20251016125316/https://legalblogs.wolterskluwer.com/competition-blog/on-the-japan-fair-trade-commissions-google-decision-some-early-reflections/
https://web.archive.org/web/20250119015232/https://arstechnica.com/gadgets/2018/03/google-starts-blocking-uncertified-android-devices-from-logging-in/
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According to Google [115], AFA and ACC are responses to the threat of incompatibility or
fragmentation to Android. But our study suggests quite the opposite. Alternative Android OSes are
concerned with maintaining updated devices, developing strategies of remediation to counter the lack
of updates or maintenance largely responsible for the fragmentation problem. As for maintenance
and updates, the definition of fragmentation is a matter of perspective, which varies depending on
the point of view and values considered.

The same goes for power. SoC manufacturers, phone vendors and network providers have agency.
The case of Fairphone demonstrates that vendors with limited resources can maintain Android builds
twice as long as average, when they are willing to. As for Google, as repeatedly demonstrated by the
various antitrust cases worldwide, it is able to exert power over vendors when it directly serves its
interests. But when it comes to enforcing updates, Google’s approach is much less coercive. Google
ensures that the ecosystem provides a safe environment for vendors, by protecting their intellectual
property and traditional production methods, and relies on their goodwill for maintenance. Mean-

while, Google’s incentives to integrate its services and applications into the OS are much stronger.

2.5.4 On the many forms of openness

Google has always emphasized the open nature of Android. Google acquired Android Inc. together
with its developers and founders, in July 2005, and in November 2007, announced®® the first An-
droid platform and OS version. The announcement also stated that Android development would
be handled by the Open Handset Alliance®®, a consortium of many international phone vendors
and network providers, led by Google. Here is how they were presented in 2007: ‘“the first truly
open and comprehensive platform for mobile devices. It includes an operating system, user-interface
and applications — all of the software to Tun a mobile phone, but without the proprietary obstacles
that have hindered mobile innovation. [...] We hope to enable an open ecosystem for the mobile
world by creating a standard, open mobile software platform. We think the result will ultimately be
a better and faster pace for innovation that will give mobile customers unforeseen applications and
capabilities. [...] Our goals must be independent of device or even platform’.

Our work shows that this openness is confusing in the Android ecosystem. Android is indeed
based on open-source code developed in FLOSS communities, Google also produces some open-source
code at the AOSP level, but inside and on top of them, lie layers of proprietary closed-source code,
undocumented hardware or software functionalities, missing policies, and forced behaviors. The
resulting OS is a “frankenware” system that the FLOSS communities have trouble understanding
and maintaining. The narrative that is also pushed by Google is that of the security as a reason for OS
upgrades and big changes in behaviour. But, as Korn and Wagenknecht argue, security maintenance
is ambivalent [103], since some actors possess the privilege to take security decisions (industrial actors
such as Google in this case) while others (alternative actors here) do not. Maintaining in the name of
security then appears as another way of exercising power in the ecosystem, even if it means creating
new maintenance issues that outweigh the original maintenance problem.

Recent developments around Android seem to confirm Google’s confusion regarding the system’s
dual open and closed nature. In March 2025, Google announced a shift away from the open-source

model for the Android operating system: source code would no longer be continuously published to

38Google Blog: Where’s my Gphone?, last accessed in Oct. 2024.
39Wikipedia - Open Handset Alliance, last accessed in March 2024.


https://archive.ph/Vs8fW
https://web.archive.org/web/20250306000843/https://en.wikipedia.org/wiki/Open_Handset_Alliance
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Android’s public code repositories; instead, Google would develop it privately and release the source
code in bulk, from time to time*®. While industry actors continue to have privileged access to code,
other actors do not. This endangers maintenance work by alternative open-source actors such as
LineageOS or GrapheneOS, since sudden big chunks of code as explained previously are less easily
updated, maintained or dealt with*!.

Furthermore, by announcing in September of 2025 a new mandatory Application Verification
Program, requiring that app developers undergo a process of personal identity check and facial
recognition verification, Google is throwing a wrench in the works for alternative open-source apps
and app stores such as F-Droid—the main alternative open-source Android app store—and is grad-
ually preventing them from continuing their operations. This made F-Droid and associated app
developers launch the initiative Keep Android Open 42 signed by an important number of FOSS
organizations and actors around the world, asking developers and legislators to act against this
program as well as Google’s growing dominance within the Android ecosystem.

FLOSS communities have formed their identity on the notion of code openness, reflecting on it
not only as a technical value, but as a form of social development activity, and of political activism
for building software as digital commons, considering them through the same lens as important
public infrastructure, such as public roads, a metaphor used by Eghbal in her work on the making
and maintenance of open source software [129]. But as FLOSS projects grow and become embedded
in complex ecosystems like Android, involving Big Tech and other industry actors, they become part
of what can be seen as what Ekbia and Nardi have called “heteromation" [130]: a set of practices
of industrial actors to extract economic value from under-compensated or free labor in computer-
mediated networks. Moreover, they analyse that this does not only conflict with values of openness
towards digital commons in FOSS systems, this also affects deeply their ecosystem and the broader
software ecosystem that we as users experience. As Geiger, Howard and Irani show, the activities
and experiences of maintenance work change and are seriously challenged [82], as FOSS projects are
embedded within these broader ecosystems.

2.6 Conclusion

In this chapter we studied maintenance practices around the Android operating system: a complex
ecosystem that involves open source actors, as well as large and diverse industrial actors. Android
OS is the result of their cumulative work, a complex software with billions of lines of code, which
can run on highly diverse hardware and which is deployed on billions of devices. Despite this
relative success, Android OS versions are short lived, Android smartphones are rarely updated, and
compared to other devices, their lifespan is short.

Building on interviews with developers in the Android and other Linux-derived ecosystems, we
show how Android OS differs from a traditional desktop OS: an Android OS build is unique to
each device, which dramatically complicates the maintenance process. By mapping the Android

ecosystem, the interaction between its actors, and the development flow of Android builds, we

40Google makes Android development private, will continue open source releases, Ryan Whitwam, ArsTechnica,
March 26, 2025, last accessed in March 2026.

4L AQOSP isn’t dead, but Google just landed a huge blow to custom ROM developers, Mishaal Rahman, Android
Authority, June 12, 2025, last accessed in March 2026.

42KeepAndroidOpen initiative and open letter signed by 66 organizations from 21 countries, last accessed in April
2026.


https://web.archive.org/web/20251219171420/https://arstechnica.com/gadgets/2025/03/google-makes-android-development-private-will-continue-open-source-releases/
https://web.archive.org/web/20260314193544/https://www.androidauthority.com/google-not-killing-aosp-3566882/
https://web.archive.org/web/20260405160950/https://keepandroidopen.org/

2.6. Conclusion 53

show how the actors of this ecosystem have diverging and often conflicting update and software
maintenance strategies.

SoC developers and phone vendors have little incentive to maintain the code of the Android
kernels that they build for each device, let alone contribute back (upstream) to the Linux kernel
on which they are based. This would imply following community conventions and practices that
allow for code sharing, documentation, easy updates and better long term maintenance. This lack
of contribution also shapes the way these actors code. They focus on their internal specific needs,
producing code that increasingly differs from the open source code base, is little or not documented
and contains several anti-patterns. This means that even if available, later opened or reverse-
engineered, the code is particularly challenging to understand, reuse or maintain, denoting a lack of
care and consideration for the community upon which it builds.

Key player in the ecosystem, we found that Google exercises its power in a selective manner,
focusing on creating channels for selective updates, and enforcing its own proprietary services and ap-
plications while being reluctant to enforce upstreaming from SoC manufacturers and phone vendors.
Long-term maintenance responsibility and work is transferred to free and open-source actors such
as the Linux kernel community, alternative mobile OS systems such as LineageOS, Mobian, Post-
marketOS, microG, UnifiedPush to cite a few, or to some phone vendors which emphasize longevity
such as Fairphone. Because of lack of documentation, code accessibility, lock-ins and Google’s appli-
cations and services, as well as its increasing dominance on the ecosystem, alternative actors have to
put significant effort and develop circumvention strategies in order to maintain only some Android
builds on specific devices for seven, sometimes up to ten years, or build open standards that could
benefit to all.
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3.1 Introduction

The Debian Operating System is one of the oldest and most widespread OS. Based on the Linux
kernel, composed of free and open source software, Debian has a reputation of a stable and reliable
OS among computer science professionals and the FOSS community. Debian serves as a basis for an
increasing number of other derived distributions',—210 at the time of this writing—mnotably Ubuntu,

L According to Distrowatch, last accessed in March 2026.
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Linux Mint, Tails, Kali Linux, Yunohost, Raspbian, to cite only a few of them. A timeline of the
Debian family distribution tree, is shown below in Figure 3.1:

Debian’s development began in 1993. It is nowadays used on a large number of servers world-
wide?. Debian supports many different hardware devices: personal computers, servers, embedded
devices, microcontrollers, super calculators etc. It also supports a wide variety of hardware archi-
tectures, called Debian ports®, and in particular legacy architectures that are no longer supported
by other operating systems. For example in Figure 3.2 we can see a social media post about the
installation of Debian on an Intel 4004 CPU from 1971.

In online tech media, and in particular in general-interest articles offering advice on what
lightweight OS could be installed on old devices, Debian or derived distributions are systemati-
cally cited?. For each of the supported architectures, Debian OS guarantees free of charge support
for 5 years through the Debian Long Term Support (LTS) program. A paid Extended Long Term
Support (eLTS) program exists for enterprises and professionals that can offer up to 10 years of
support.

In The Debian system book, Krafft explores Debian, its historical foundation, and its organisation
specificity [131]. Debian is not just an OS. Called the Debian Project, Debian is also a community
of more than thousand active developers around the world as shown in Figure 3.3, contributors,
individuals and member organizations. To cite the official Debian website project®, the Debian
community forms an “all-volunteer” and “carefully organized structure’®, following the Debian Phi-
losophy”, a set of rules and guidelines that the community adheres to, formalized in the various

following documents:

e the Debian Constitution, describes the organizational structure and the way the project makes

formal decisions;

e the Debian Social Contract (DSC) and the Debian Free Software Guidelines (DFSG) describe
the commitment to free software and to the free software community;

e the Diversity Statement, states how “Debian welcomes and encourages everyone to participate,

no matter how you identify yourself or how others perceive you’;
e the Code of Conduct provides conduct rules for participants of online community tools;

e the Developer’s Reference document, provides an overview of the recommended procedures

and the available resources for Debian developers and maintainers;

e the Debian Policy, describes the policy requirements for the Debian distribution, the technical

requirements that package must satisfy, etc.

Debian calls itself “the universal system”, and its community demonstrates a commitment to

quality of maintenance, based on user needs, its open availability and wide spreading of the system.

2Debian and Ubuntu were used on 48,5% of all web-servers in 2023 according to w3cook.

3The Debian ports page, last accessed in March 2026

4See e.g. Best Linux distros for reviving an old PC, Tom’s Hardware, April 2025; Top 10 operating systems for
old PCS, Techies Nation, 2025 Edition. Last accessed in April 2026.

5See Debian people: Who we are and what we do, in the official Debian website, last accessed in March, 2026.

6See Debian’s Organizational Structure, last accessed in March 2026.

7See The Debian Philosophy, last accessed on March, 17th 2026.
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Figure 3.1: Debian family tree timeline. Andreas Lundqvist, Donjan Rodic. Modified by Michaeld-
suarez. GFDL 1.3, via Wikimedia Commons.
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This is crazy. Someone managed to run #Linux (v4.4) on an #Intel #4004 #CPU from 1971, one of the first
commercially available microprocessors ever.

The craziest part: It became possible by writing a #MIPS #R3000 #emulator in 4004 #assembler that fits into the
4096 bytes of addressable memory. The emulator then runs the kernel. My mind is blown.

dmitry.gr/?r=05.Projects&proj=...

Traduire

Dmitry.GR
Linux/4004 - Dmitry.GR

Dmitry.GR: Slowly booting full Linux on the intel 4004 for fun, art, and absolutely no profit

a0 = w n
Figure 3.2: Screenshot of a Mastodon social network post pointing to Dmitry Grinberg’s blog post
describing the Debian install process on an INTEL 4004 CPU from 1971, last accessed in April 2026.

This is observed in the Debian Manifesto®, a document written by Ian Murdock, Debian’s creator
in 1993, where he stated:

“Many distributions have started out as fairly good systems, but as time passes attention
to maintaining the distribution becomes a secondary concern./[...] Debian may be used
by many more individuals and organizations than is otherwise possible, the focus will be
on providing a first-class product and not on profits or returns [...]. The Debian design
process is open to ensure that the system is of the highest quality and that it reflects
the needs of the user community. By involving others with a wide range of abilities and
backgrounds, Debian is able to be developed in a modular fashion. Its components are of
high quality because those with expertise in a certain area are given the opportunity to

construct or maintain the individual components of Debian involving that area.”

On the official website, in the Reasons to choose Debian®, one can read that Debian offers “sta-
bility”, “runs on numerous architectures or devices’ offering “extensive Hardware Support’, “smooth
upgrade processes’, “free of charge Long Term Support for 5 years’, and software expertise as “package
maintainers do not only take care of the Debian packaging and incorporating new upstream versions.
Often they’re experts on the application itself and therefore contribute to upstream development di-
rectly’.

In this study, I hypothesized that through time, Debian has built solid knowledge and practices
in maintenance of software, update and upgrade issues, and software longevity that could help us
learn more about software maintenance and remediation strategies to software obsolescence.

In order to study the socio-technical challenges associated with the development and maintenance
of Debian, I carried out a multifaceted fieldwork within the Debian community. I participated in
four of its gatherings from November 2023 to July 2025. During these gatherings I conducted semi-

structured interviews with a diversity of community members: package developers and maintainers,

8the Debian Manifesto, debian.org, last accessed in April, 2026.
9Reasons to choose Debian, debian.org, last accessed in April 2026.
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Figure 3.3: Generated map of Debian developers and locations as shown on map.debian.net as of
March, 19th 2026. Map data from OpenStreetMap.

team leaders, community organizers, enterprises supporting and using Debian. I had numerous in-
formal discussions with community members, participated in working sessions, attended multiple
public talks and inner community discussions. I supplemented this community gatherings ethnogra-
phy work with immersion into the online community websites and tools, together with an analysis
of technical and research literature on Debian and maintenance related issues. Together with my
research team, we performed a thematic analysis of the data gathered.

Building upon this corpus, I seek to answer the following questions:

e How is maintenance work in Debian structured and carried out? What are the different forms
of maintenance conducted by the community?

e How is a Debian package developed and maintained in Debian? What is the Long Term
Support (LTS) release and how does it tackle maintenance issues? What coding and social

practices are involved in the processes of package and release maintenance?

e What inhibits and what favors maintenance in Debian?

After presenting related work on maintenance, open source software development and commu-
nities, and on Debian in particular, I detail my methodological approach. Our findings show that
maintenance work in Debian is structured at different levels: the technical one, the social relations
one, the infrastructure one and the organizational one. I detail this structure in section 3.4.1. Our
results highlight the maintenance boosts (section 3.4.2) and barriers (section 3.4.3 that the Debian
community encounters in its work.

Finally, drawing on the way that Debian deals with maintenance issues, I analyse and discuss
the externalities that Debian provides to the larger software maintenance field, and the effects that
Debian has on the broader software and hardware ecosystem (section 3.5). This is also an opportunity

for me to discuss a broader research questions:

e How can maintenance strategies in Debian help remediate software obsolescence in general?


map.debian.net
https://www.openstreetmap.org/copyright
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3.2 Related work on Debian

The Debian project and its community have been analysed in a quite large number of research
studies from a variety of fields and points of view: from the technical and engineering point of view,
focusing on its evolution as a system [132, 133], on its maintenance at the package level [133, 134],
to the community organizational one [135, 136] and its evolution [137]. As an important FOSS
ecosytem, with strong ethical values regarding the free software movement, Debian has also been
the subject of multiple research from this legal, social and ethical perspective [135, 138, 139, 140].

3.2.1 An OS made of packages

Debian is the first Linux distribution to have structured its code in small units, called packages, that
can be assembled together to form the whole Debian OS distribution. Packages are developed and
usually maintained by one main person (called "maintainer"), sometimes a group of maintainers,
without the need for each of them to be experts at developing a whole system, but rather by putting
the pieces together in a bigger chunck that is the Debian system. It is at the level of the system that
the discussions about how to organize it, what packages to include, as well as the work on dealing
with inter-dependencies between the packages, and providing system-wide tools are located.

This modularity of Debian is one of the reasons that makes it a big community, as developers
can contribute small amounts of code at the package levels. Ian Murdock, the founder of Debian,
was himself quite impressed by seeing how this package-based system grew into a big community
project very quickly *°.

But putting small pieces together in a coherent complex OS system is not an easy task, and not
only from a technical point of view. In her work on recomposition [141] in 2003, author Rebecca
E. Grinter emphasizes how, in building a system with pieces that have mutual dependencies, in-
dividuals engage in many forms of recomposition by communicating extensively, establishing roles,
or informally engaging in it, while adapting the organization towards this goal. In Debian, the
packaging management system that glues together the packages into the OS while resolving their
inter-dependencies at installation and update times, has been extensively researched and improved
by computer science studies [142, 143, 144, 145], in broad European Research projects (the Edos
and Mancoosi projects) [146]. Release management in Debian has also been studied as a process,
regarding system updates, security issues and management of inter-dependencies [147]. This re-
search has helped advance technical work in system management more broadly, benefiting to other
FOSS systems as well, and to maintenance work of software systems in general. In particular, they
have helped to: better understand software interdependence in operating systems; avoid and man-
age conflicts during updates; build small and coherent operating systems by efficiently sharing and

managing dependencies or avoiding code duplication that could unnecessarily bloat them.

3.2.2 An evolving project, restructuring itself around values and through
challenges

As Debian is now a more than 30 years old ecosystem, it has evolved through time, in both its

technical functional aspects as an OS, but also as a community. This is precisely what anthropologist

10The birth of Debian in the words of Tan Murdock himself, Glyn Moody, ArsTechnica, January 6th, 2016, last
accessed in March 2026.
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Gabriella E. Coleman has analysed in her book Coding Freedom: The Ethics and Aesthetics of
Hacking, an ethnography work on FOSS developers, where she describes the social world of the
Debian project [140] and how the community gathers and restructures around the OS.

Her paper called Three Ethical Moments in Debian [148] from 2005, has been of particular
importance in my understanding of Debian, the ethical values that structure the project and its
community. In both technical and social aspects, Coleman shows how Debian evolves in particular
moments and through time. As Coleman testifies, Debian is a moving structure, adapting and re-
structuring itself around various values, technical, legal and social, that are constantly discussed and
debated in the community.

This is how Coleman describes one of the three ethical moments, the “ethical enculturation” of

members in the Debian community, through the process of becoming a new Debian maintainer:

“Although ethical enculturation is ongoing and distributed, the most pertinent instance of
it in the Debian project is the New Maintainer Process—the procedure of mentorship and
testing through which prospective developers apply for and gain membership in Debian.
Fulfilling the mandates of the NMP is not a matter of a few days of paper shuffling. It
can take months of hard work: a prospective developer has to find a sponsor and advocate,
learn the complicated workings of Debian policy and technical infrastructure, successfully
package a piece of software that satisfies a set of technical standards, and meet at least
one other Debian developer in person for identity verification. This period of mentor-
ship, pedagogy, and testing ensures that developers enter with a common denominator of
technical, legal, and philosophical knowledge, and thus enter as trusted members of the

collective.”

This description by Coleman matches what I witnessed from my interviews and discussions with
community members regarding the process of becoming Debian maintainers. From Coleman’s de-
scription, it appears clearly that becoming a maintainer in Debian is not just a technical enrollment
process. Debian development has a learning curve that requires commitment and time, not only
because of technical considerations, but also because it is a social community with its own cultural
and ethical values. Debian is open to every new contributor, but a great amount of work and effort
is needed in order to properly contribute to code, to comprehend common rules, ethical and legal
values, and follow processes that often embody important community principles.

Although the three ethical moments in Debian that Coleman describes, i.e. “enculturation; the
ethics of legal contrast and construction; punctuated crisis’ were observed many years ago, it was
interesting, once I dived into my own ethnography work, fifteen years later, to acknowledge that
they were still present in the community as Coleman had witnessed and described years before.
Coleman’s work added depth to my understanding of current issues and topics of interest in Debian,
and were crucial to my findings in this research study.

For example, the fact that packages are now more often maintained in teams in Debian, and
not by individual developers, is a change that came from what Coleman calls ‘punctuated crisis’.
Incorporate package maintenance into team dynamics as much as possible, and not isolate the
package maintaining process at the individual level, was something that first appeared to me as a
given process in Debian, as if it had certainly always been that way from the start, since it affects
positively the resilience of packages. But in practice it was not there from the beginning, working

in teams and maintaining in groups was an important shift in maintenance taken through time,
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affecting the ways the developers work and the collective processes of maintaining. Realizing that
work practices in Debian were not given realities, but came through discussions, sometimes conflicts
and restructuring, was key to my understanding that in Debian maintenance is an ongoing collective
process that changes through time, and not a recipe or set of rules that one has to follow, as the
numerous documentation on package maintenance might, at first glance, lead one to mistakenly

believe.

The ‘punctuated crisis’ that Coleman describes, highlight the moving nature of Debian and its
re-structuring through time. But to my point of view, changes in Debian also happen in a more
gradual way, as problems arise and the community identifies recurring patterns, discussing them on

several occasions, and working together towards gradual, less abrupt, changes.

3.2.3 Not just a software system

In their anthropological work on FOSS communities, authors Coleman and Hill [149] have focused on
how ethics of the Debian project in its community are reinforced through the sustained collaborative
development of code, but also through discussions and decisions around licenses and policies. By
describing what they call the “ethical cultivation” in Debian as observed in their ethnographic work
within the community—the ways the community gathers around ethical values—the authors draw
a model of what they call “ethical volunteerism based on institutional independence, volunteer labor,

and networks of trust’ that structures Debian.

Debian is not just a technical ecosystem, as the community of members—that are not only
developers—and the collaboration between them play a key role in the functioning of the project
as a whole. Debian acts as what Messerschmitt and Szyperski have described in their seminal
definition of software ecosystems [150], “collections of software products that have some given degree
of symbiotic relationships’. Authors Mens et al., in their work on evolving software ecosystems [151]
describe “bigger and more geographically distributed communities of developers’ that have made it
possible to develop complex software systems by being geographically dispatched, using online tools
over the Internet, especially in the open source development scene, and in Debian in particular.

Building upon this idea, in her work on reverse engineering software ecosystems [152], Lungu
argues that “a software system does not exist by itself’, but as a part of a broader “software ecosystem
of projects that is developed in the context of an organization, a research group of an open-source
community’. The inter-dependencies inside a project are then not just seen as technical inter-
dependencies of packages in a release, but as Hinchey argues [145]: “developers contributing to this
ecosystem may be involved in multiple projects and share implicit or explicit knowledge across these
projects’. Hence, the evolution of a project may be affected and affect connected projects also. This
is particularly the case of Debian, as its relations with the broader FOSS community and the broader
community of software ecosystems have an important role, as our findings in this research will also

confirm.

Building upon these studies, Debian appears to be better analysed as a software ecosystem in
the context of its surrounding ecosystems: the broader FOSS ecosystem, and further, the broader
software development ecosystem. Community relations in Debian as well as relations to the broader
connected ecosystems of software where Debian evolves, are to be seen as important factors in

analysing Debian maintenance and its externalities.
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3.3 Methods

My research in Debian was carried out on three complementary levels. First, I followed the De-
bian community in person during several gatherings from 2022 to 2025, and conducted community
ethnography [153], by focusing on the maintenance work in Debian. These gatherings involved inner
community work in the form of hacking camps during one or several week days, usually followed by
two or three days of a formal conference gathering, with public conferences on Debian, gathering
more members of the community, and being open to the large public. We also listened to selected
online available conference talks regarding Debian taking place at Debian events worldwide.
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Figure 3.4: Ethnography research on Debian. The Debian logo is licenced under Copyright (©) 1999
Software in the Public Interest, Inc., LGPL v3.

Second, during these gatherings I conducted 11 semi-structured interviews and had several infor-
mal discussions with various members of the community: Debian developers, package maintainers,

event organizers, team managers, documentation writers, enterprises sponsoring Debian, etc. I also
participated in working sessions.

Last but not least, I complemented my research by online information gathering reading technical

documents or conferences on Debian, but also by following discussions on the different community
online spaces.

My data corpus is represented on Figure 3.4.
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Figure 3.5: Timeline of attended Debian gatherings.

3.3.1 Community gatherings ethnography

I participated in person in four Debian community gatherings shown on Figure 3.5: the 2025 annual
Debian conference in Brest and three European Debian conferences—miniDebConf Cambridge in
November 2023, miniDebConf Berlin in May 2024 and miniDebConf Toulouse in November 2024.
These multiple-day gatherings involved inner community work in the form of hacking camps during
one or several week days (also called Debian hacking camps). These are usually followed by a
more formal conference gathering, taking place during Fridays, Saturdays and Sundays, with public
conferences and talks, gathering members of the community while being open to the large public.
These gatherings also involved social moments during lunch times and dinner, organised tours or
other informal events.

During these gatherings, I conducted formal interviews, informal ones and numerous discussions
with community members. I also participated in working sessions, sometimes silently, sometimes
being able to ask questions and once being able to participate in the work. The gatherings enabled
me to meet with different actors of the Debian community: community members working in different
Debian teams members, on both technical and non-technical issues, coming from various countries
and sometime continents, speaking different languages and of various backgrounds. I met developers
working on Debian, community members involved in organizing, enterprise employees working with
Debian, Debian members working in enterprises that are involved in Debian, use Debian or are
related to technical issues involving Debian. The gatherings allowed me to conduct interviews that
were very important in understanding core issues in my research as well as informal discussions that
helped me understand dynamics that did not surface in more formal communications. They were
also an occasion to discuss my ongoing research work, and get recommendations and feedback on it
from community members.

The gatherings played different roles in my research. The miniDebConf in Cambridge in Novem-
ber 2023, the first gathering, played the role of acclimatization. There I presented my PhD research
as a lightening talk and welcomed people to come and talk to me about my research study. Many
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community members came naturally to discuss with me about their work or giving me suggestions
about people to interview. During this meeting I conducted two formal interviews (#1 and #2 in
table 3.1) and attended several conference talks directly linked to my research.

The miniDebConf Berlin in May 2024, the longest field study of this research, served as a deep
immersion and long observation gathering for me and my research. By the end of this gathering I
felt as if I was a part of the Debian community, I felt welcomed by members and experienced their
openness to discuss anything related to Debian. This is where I participated in working sessions and
had numerous informal discussions and social interactions.

In the miniDebConf in Toulouse in November 2024, one year after my Debian field study had
begun, I had a better idea of the main topics of interest that my research and field study was
leaning towards, and had refined my research questions. This gathering helped me perform targetted
interviews and consolidate my research. During the event I presented my research topic in a dedicated
talk, my refined research questions, and my first results. I then welcomed the community to discuss
them with me. I experienced once again a very welcoming atmosphere and interest in my research
questions. I was very touched by one person that came after the conference and told me how
happy they were that these topics were being discussed. I conducted several very important formal
interviews during this gathering. I once again felt as if I was myself part of the Debian community.

The final Debian gathering, the Debian 2025 in Brest, was an occasion to consolidate my research.
I conducted a final interview, had several discussions with older interviewees to ask for clarification
or catch up on some issues, and attended numerous talks on Debian. As this was a much more
bigger and international event, interactions with community members were less intimate but more

varied.

3.3.2 Semi-structured interviews and informal discussions

I conducted 11 semi-structured interviews with informants from September 2023 to July 2025. In-
formal interviews or discussions also took place during the same period. Their informal character
lies in the fact that they began naturally, were not scheduled, nor prepared, often not audio-recorded
(by opposition to formal ones) but took the final form of long discussions on the research object
very similar to the formal interviews. Personal notes were taken during or immediately after these
informal interviews.

All of the interviews and discussions took place in person during conferences or gatherings. For
each of them, we presented the purpose of the interview, the research work and explained how the
information would be used. In an interview consent form, informants who agreed to talk to us could
choose to appear anonymously or with their real name and professional activities. Furthermore,
every participant received a copy of the writings (articles or thesis manuscript) that was submitted,
with an invitation to review and discuss what they would consider as misrepresentations or errors.

I selected 17 important semi-structured interviews, informal discussions, and working sessions as
shown in Table 3.1. These are the main data that I used for the thematic analysis presented below
in 3.3.5.

3.3.3 Participant observation and working sessions

In miniDebConf Berlin in May 2024, the longest field study of this research, as well as in miniDebConf
Toulouse in November 2024, a Debian camp took place during the first week days, before the public
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# |Name Team | Work subject Function Date Event Type Duration
miniDebConf
1 |Emanuele Rocca  [Debian & ARM porting Debian maintainer & ARM developer 2023-11-25 Cambridge Interview 1h
Federico Ceratio &
2 |Jochen Sprickerhof [Mobian team Mobian developers 2024-05-16 | miniDebConf Berlin Interview 1h
Package maintainer, mentor &
3 |Federico Ceratto Debian community community organizer 2024-05-17 | miniDebConf Berlin Interview 1.5h
Johannes Schauer Debian developer &
4 |Marin Rodriguez Debian & MNT Reform MNT Reform port in Debian 2024-05-19 [ miniDebConf Berlin Interview 1.5h
Maintainer for the kernel team packages &
5 |Ben Hutchings Debian kernel team the linux-firmware repository 2024-05-20 | miniDebConf Berlin Interview 1h
Debian maintainer, developer at Ammonit
enterprise using Debian for wind and solar Interview, field
6 |debacle Debian & Ammonit measurements 2024-05-19 [ miniDebConf Berlin notes 1h
Jochen Sprickerhof, Working session,
Federico Ceratto & |Debian developers, field notes, online
7 |debacle OrganicMaps package Packaging OrganicMaps in Debian 2024-05-17 [ miniDebConf Berlin research 1h
‘Working session,
Debian developer, Repackaging anarchism, a no longer field notes, online
8 |Federico Ceratto repackaging work session  |maintained package 2024-05-17 | miniDebConf Berlin research 2h
\Working at sipgate, sponsoring the Debian
Sipgate: VolP and mobile event, using Debian internally and Interview, field
9 |Rudolph Bott telephony operator company |contributing 2024-05-19 [ miniDebConf Berlin notes 1h
Informal
10 |Event organizers miniDebConf Berlin org team |Community & event organizers 2024-05-19 | miniDebConf Berlin discussion 1h
Debian maintainer & Debian |CoAuthor of the Debian Package Book :
11 |Mechtilde Stehmann |women project Building packages with Git-Buildpackage | 2024-05-20 | miniDebConf Berlin |Informal interview| 1.5h
Maobian & miniDebConf
12 |Armnaud Ferraris Linux on mobile teams Team leader, maintainer, developer 2024-11-17 Toulouse Interview 1.5h
miniDebConf
13 |Raphaél Herzog Debian LTS team & Freexian |Team leader, maintainer, developer 2024-11-18 Toulouse Interview 1.5h
miniDebConf
14 |Laure Herzog Debion LTS team & Freexian|Developer for Kali Linux & Debian 2024-11-18 Toulouse Interview 1h
miniDebConf
15 |Carles Pina i Estany |Debian Python team Package maintainer 2024-11-17 Toulouse Interviews 2h
miniDebConf Informal
16 |Andreas Tille Debian project leader Debian project leader 2024-11-17 Toulouse discussion 0.5h
Debian developer, working miniDebConf Informal
17 |Helmut Grohne on the Debian /usr merge Merging /bin & fusr/bin in Debian 2024-11-18 Toulouse discussion 0.5h

Table 3.1: List of Debian relevant interviews, discussions and working sessions.

conference gathering during the weekends. Every morning during the camps we held a stand-up
meeting where we presented ourselves, our link to the Debian community, and our daily topic of
work. This process helped me introduce myself and fit in naturally with the community.

The hacking camps are auto-organised spaces where people can work on Debian in groups or
individually, can work remotely for their professional tasks, can participate in the social moments
and informal coffee breaks, or discuss freely with community friends or colleagues. The hacking
camps were very suitable for participant observation. Sometimes I would participate or listen to
a discussion near me, related or not to my research topic, and other times I would work on my
research via an interview, informal discussion or working session with community members. The
Berlin hacking camp which lasted a whole week, helped me gather the most of participant observation
notes and have varied interactions within the community. There, I participated as an observant in
some working sessions between team members. I also participated actively in one of them, a session

where we investigated what blocked the update of a precise Debian package.

3.3.4 Online community immersion and technical information gathering

To complement the ethnographic work, I followed online Debian discussions on the different com-
munity spaces such as mailing lists, forums, and collective IRC and Matrix chats.

I also analyzed historical and technical documents on the different Debian websites, serving dif-
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ferent purposes, such as: technical development platform websites (salsa, git-packaging, qa debian),
community news and information websites (Debian planet, Debian news, Bits from Debian) as well

as community organization websites (the Debian wiki, the Debian gatherings websites.).

Almost all of the public conferences taking place in Debian gatherings are video or audio recorded
and made available on the internet by the Debian video team. This allowed me to listen to selected

online talks and explore certain topics in greater depth.

3.3.5 Thematic analysis process

The semi-structured interviews were audio-recorded with the consent of the interviewees. I au-
tomatically transcribed them to text first by using the Vosk offline open-source speech recognition
toolkit !, and then I performed a second, more thorough manual transcription. I kept a text journal
of the most important quote excerpts from these transcripts, and what they triggered or highlighted.

Many of them also appear in this article.

I performed thematic analysis [154, 155] on the data corpus shown in Table 3.1 composed of the
full text transcriptions from the semi-structured interviews, and the field notes from the informal
discussions and the working sessions. The coding of the data revealed themes and subthemes. These
results were discussed on several occasions with my thesis director and team colleagues, through a
process of iteration, coding review and cleanup, until we had the impression that no more iterations
were needed. At the end of this process, the main results presented below had showed up as themes

and subthemes. Thematic analysis was a novelty to me, so this also served as a learning process.

3.3.6 My position in the Debian community

As a long-time Debian user and as a FOSS developer and activist, I already was aware of certain

aspects of the Debian OS and community.

In 2018, 5 years before this PhD began, I had volunteered to participate in the miniDebConf
Marseille that took place in my city. On this occasion I had the chance to listen to conferences,
participate in social events and get familiar with some community members. Thus, the Debian

community and gatherings were not completely unknown to me when I began this PhD research.

Nevertheless, attending Debian events as a researcher was not the same position as that of the
FOSS activist or Debian user and volunteer. In order to clarify this situation to the community as
well as with myself, I clearly announced my research work in every gathering, on several occasions,
as my main reason of attendance. The community was very welcoming. About halfway through
my study, I presented my preliminary research questions and first results to the community, and we

could discuss them collectively.

The last phase of this research is yet to come: first I am planning on sending my results to the
interviewees and ask for their feedback on their participation; second I am planning to present my
research and discuss it with the whole community, hopefully, during a future in person gathering,

otherwise by online interaction.

HThe Vosk Speech Recognition Toolkit repository
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3.4 Results

Figure 3.6 shows an overview of the thematic analysis results that I will now detail. We characterize

how the Debian community is structured around maintenance work and how this maintenance in

Debian is located at technical and non technical levels (section 3.4.1). By focusing on the package

development and maintenance practices during our interviews and field work, we could outline some

software development practices and social practices particularly involved in package maintenance

and longevity. By analysing the Long Term Support release model we were able to investigate

financing and organisational strategies that Debian has implemented in order to offer a 5 year long

support on the releases.

Our findings highlight what technical, social and organisational factors help boost maintenance

in Debian (3.4.2), and what are the main obstacles and challenges that the community deals with

in tackling maintenance of the Debian system, but also of its own community (3.4.3). Further

reflecting on these results, we highlight in section 3.5 how this maintenance in Debian extends

outside of Debian itself, and has positive impact on broader software and hardware maintenance,

preventing and addressing their obsolescence or premature end of life.
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Figure 3.6: Maintenance in Debian as identified through thematic analysis.

3.4.1 Maintenance work in Debian

Thematic analysis of our data helped us identify how the technical and social organisation in Debian

is carried out for and in support of maintenance. This maintenance is located at different levels in

Debian, following the main subthemes in Figure 3.7:
e at a technical level,
e at the working processes, organisational level,
e at an infrastructure level,

e at a social level.
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Figure 3.7: Maintenance location in Debian as identified through thematic analysis.

Code maintenance in Debian

Code in Debian is organized in units of packages to be developed and maintained. A Debian release
is then a set of selected packages that are carefully put together so that they can form an operating
system, on top of which users can add additional application packages. The packages that form
the Debian system follow requirements stated by the Debian Policy related to technical functioning
and inter-dependencies between them, while their software licences have to comply with the Debian
Social Contract (DSC) and the Debian Free Software Guidelines (DFSG).

Packages are dynamic entities that follow a lifecycle of development and maintenance. New pack-
ages are requested, developed and then introduced into Debian. They are subsequently maintained
on an ongoing basis through security updates, bug fixes, or code changes needed from update of
packages on which they depend, or inherited from the source code from which these packages are
derived.

Maintenance plays an important role in the life of a package. Packages may be declared aban-
doned and consequently removed from Debian releases. They can be awaiting re-inclusion, when

their maintenance stops, which may occur due to a lack of Debian maintainer for this package, or
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because the source code from which the package originated, the upstream code, is no longer main-
tained. A life and death evolutionary study on Debian packages has been undertaken by Raymond
Nguyen and Ric Holt [156]. In their work they draw a biography of Debian packages by examining
four essential attributes: their age, their bugs, their maintainers and their popularity.

During the study I witnessed the creation of the OrganicMaps package, a map open-source
application available for Android. This first came as a discussion between participants n°7 in 3.1.
One of them was a user of the app, while the two other participants were members of the Mobian
team, the team porting Debian to mobile devices. The latter were also interested, and had the
best knowledge for adapting phone applications into Debian packages. Little by little during the
hack camp in Berlin, they began to build the package, spot the changes needed to be made on
the upstream project, the OrganicMaps app, and initiated contact with the person developing the
application (the upstream developer) in order to ask for the changes to be made upstream.

Another working session during the hacking camp consisted in maintaining the anarchism package—
a package offering a way of locally downloading and consulting in various formats the online An An-
archist FAQ book. The package was showing errors when built for the new Debian coming release
called trizie. During the working session we identified problems depending on upstream developers,
and began searching their contact in the Debian package information tool. We realized that similar
attempts had been previously made to contact upstream developers, without success: the package
upstream developers were not responding. Maintaining it inside of Debian was considered during
the session, by evaluating the work needed. After carefully checking existing bug issues filed on the
package, we filed a wishlist bug in the Debian bug tracking system, as a request for the package to
be updated by its team of Debian maintainers. As I noticed two years after, in February 2026, the
Debian package tracker tool for anarchism '? shows that upstream maintenance is still not being
met, but that Debian developers have upgraded the package, fixed the blocking errors and have
included it in the latest Debian stable release, trizie.

Packages can depend on each other. Part of the maintenance process of a package in Debian is
resolving package dependencies and maintaining them, as one package change can involve updating
and maintaining dependent packages. This Debian package inter-dependency system itself has been
the subject of significant research and improvement [142, 143|, and is a key component of the Debian
system. The package management system is therefore an important component of the Debian system,
that need to be maintained and improved. Several research studies have done so [144, 145] and
several research European projects, e.g. the Mancoosi project ' have been dedicated to the issues
of analysing and improving FOSS distributions, their updates, upgrades and packaging systems, in
particular in Debian.

In Debian, there are several tools to help automatically build a package (Packaging Tools),
test and check for errors (the Lintian tool), review their state (the Debian tracker), repositories to
host their source code and follow the changes (Salsa), or to report and track bugs (the Debian Bug
Tracking system) 4, to cite only a few of them. These tools help package maintainers and developers
in their maintenance work, as well as others to better know and follow the current state, as well as
the development and maintenance processes in Debian. These tools have evolved during time, and

are also the subject of technical maintenance work, as we witnessed in several conference talks and

12See Debian tracker data for anarchism package.
13The Mancoosi project, last accessed in March, 2026.
14See the Packaging Tools wiki page, Lintian, salsa, The Debian Bug Tracking System.
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community discussions dedicated to them.

Work processes, teams, roles: Debian’s inner organisation towards maintenance

The Debian organization appears to be structuring itself for and around maintenance. Organized in

5 . . . .
15 working on various. There is a Kernel team, a Security one, the Mentors

approximately 200 teams
team, the Community one, the Women team, the Data Protection, the DebConf, the Backports, the
Mailing Lists team, etc. Teams have their own tools—website, documentation, repository project—
and their own communication systems—emails, website, mailing list, etc. At least one official guide
for helping create, manage and announce teams exists. Team members can have different team roles,
depending on the team: team leaders, project coordinators, subproject etc. The inner organisation of
a team seems to be decided among team members in a self-managed, self-determined way. Working
in teams seams more sustainable than individual isolated work: if a volunteer is not available, work
can be taken over by other team members.

Coming back to the packaging management work, dedicated roles have been imagined by the
community: package maintainers, package developers, package sponsors or package mentors. A
package maintainer, also called Debian maintainer, is a relatively new member of the community that
takes over the work of packaging and maintaining one or more package. The Debian maintainer can
maintain a package without having to go through the process of becoming a Debian developer (DD),
but has limited rights in Debian. A Debian Developer has further packaging rights, in particular
the one to sign and upload the package to the Debian official packaging system, so that they can,
after dedicated processes, become part of the Debian OS releases. A DD is also a Debian community
member that has the right to vote in Debian elections. Becoming a DD follows a specific documented
process in Debian. Another dedicated process is available to Debian developers allowing them to
gain superior upload rights for any package, not only the ones they are maintaining, into the Debian
official repositories.

It is interesting to note how these hierarchy and processes to become maintainer, developer or
gain full upload rights, are codified. Carles Pina i Estany (participant n° 15) a junior package

developer of less than a year, described in an interview his process of becoming a DD:

“You can apply for being a developer and then you follow a process where other Debian
members ask to you a lot of questions: it is about the Debian philosophy, licenses, tech-
nical aspects, how to collaborate in Debian, how the voting and the elections work, etc.
The idea is to see if you understand the philosophy and if you are ready to work in a cer-
tain way that is expected from the community. All questions are public, but you respond
privately, by email. [...] If you want to have full rights in uploading packages, you then
have another set of questions where they ask more technical details on how to package

things. These questions are public as well.”

These processes are taken over by a Debian role called application manager (AM). Carles Pina i

Estany continues:

“They can ask questions which are not always in the template. When you answer, your
application manager asks follow-up questions. For example they say: ‘explain the differ-

ences between license A and B’, and then you explain by mail. The questions are public,

15See the Debian teams wiki page, last accessed in Feb. 2026.
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the mails are private. The AM has access to this, and I think all other AMs do: it is
a kind of front-desk team. Then there is another step where someone else validates this
conversation exchange. It is an interesting exchange and it can get quite long, with long

emails.”

From a technical point of view, becoming a package maintainer and developer is a long process,
but where you are not left alone in Debian. Dedicated roles called Debian package sponsor, also called
Debian mentors help new maintainers to package. According to the official Debian documentation:
“Sponsorship means that a Debian Developer uploads the package on behalf of the actual maintainer.
The Debian Developer will also check the package for technical correctness and help the maintainer
to improve the package if necessary. Therefore the sponsor is sometimes also called a mentor.” 16

Carles Pina i Estany describes the mentoring that he benefited from:

“Before becoming a DD I did not have the right to upload my packages. This was the role
of the sponsor: you send a package to someone to review—[Name Surname/ in my case
has been sponsoring many of my packages—he gets them, checks the quality, tells me
things that maybe I missed or that he would change or improve, or he thinks we should
do differently, I do them and then when he’s happy and I am happy he pushes them to
Debian.”

Carles Pina y Estany told us that in becoming a DD, experience is key “as every package is
different and comes with its own issues, and when you build 10 packages or more, you begin to better
know how to do this work’. But without the mentors and team help, in his case the Debian Python
team, he is not sure if he would have had the motivation or the possibility to continue alone.

We took here the example of the packages, a technical issue, but Debian developers are not
only technicians. Carles Pina y Estany explains that “lone/ can be part of many different teams, be
a Debian developer and not do any packaging: in the publicity team, in servers team, translation
team”. Other roles were also present in specific teams, specific to the team’s work, as we will further
describe below, when describing the social maintenance in Debian.

Teams, processes and roles seem to have an important role in defining and maintaining the
structure of the Debian community: roles helping to welcome new members, to include them in

community work, to help them gain further rights in it.

Infrastructure maintenance in Debian

There is a solid and diverse hardware and software infrastructure helping Debian exist as a sys-
tem, and as a community. The physical infrastructure is made of more then 150 servers that
are maintained by the Debian system administration team and that are necessary to build De-
bian packages, and host the Debian technical inner working tools: Salsa, the bug tracker, Lintian,
security.debian.org, ftpmaster.debian.org, QA, and many more. Another important hardware infras-
tructure are the Debian servers that act as web mirrors available at different locations worldwide
in order for all Debian users to download and install the Debian system, but also, to update and
upgrade them. This mirroring system is dynamically constructed so that it is the nearest server

which gives a user the packages to download. These mirrors are not only Debian owned: they

16Debian Mentors web page.
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are sometimes hosted and provided to Debian by universities, companies or cloud providers. This
hardware infrastructure also includes the numerous Debian websites and wikis documenting Debian.

During Debian gatherings, several conference talks focused on this physical infrastructure, the
needs to maintain it, to update to newer servers, or the need for more of them. The question on
how to get them at a free or reasonable financial cost was also raised and several discussions on why
and how to deal with the problems were exposed.

The software infrastructure in Debian consists of all the software tools that the community
has developed and maintains for its inner needs: the bug tracking system, Lintian, the Quality
Assurance tools, to cite only a few of them. These are tools that are sometimes fully developed
internally, or open source tools that have been adapted to Debian needs before being put into
service. Before Debian has very specific guidelines and internal processes, this is often the case with
external tools. The development of these software infrastructure tools was also often discussed in
talks. The development cycle seems to follow numerous phases of development, testing, discussion,
improvement, before being officially adopted and deployed in production.

The numerous Debian websites serve as entry points to the Debian system, offering information
and installation information, but also to the community, offering social ways to meet and coordinate
work. They also serve an important purpose: documentation. Indeed, the Debian websites and
wikis seem to document everything: how to install or update the system as a user, how to build and
maintain a package as a Debian maintainer, how to build a team, to report bugs, etc. These tools are
maintained by dedicated teams and members of the community. For example the Publicity team,
maintains the official news, announcements websites and social accounts (such as Bits from Debian,
the official Debian blog). Each team maintains its own documentation regarding its team work. All
of these websites and documents are translated in a large amount of languages by volunteer members
on a per case basis.

Mechtilde Stehmann, participant n° 11, described her work in writing and maintaining the Debian
Package Book 7, a book documenting each step of the packaging work, and showing by examples
some common difficulties and ways to handle them. In the long process of writing, she had to
extensively discuss things with other fellow Debian developers involved in packaging, and consider
the diversity of difficulties that a person trying to package could run into. She told us how difficult
this part was, and how, even if automatic packaging tools and processes exist, every package is
unique, and every Debian developer has built its own techniques in making packaging easier. She
told us how documentation is not just about writing a simple technical recipe. In a community like
Debian it is also about co-development, discussing issues, and building together.

Another example is that of the Quality Assurance (QA) in Debian, and its dedicated team that
develops and maintains a set of tools which “aim is to improve the Debian system as a whole, not
only a specific set of packages’ as written on the team’s web page. These tools range from the
Lintian tool that builds and checks packages, to the Debian Package Tracker and the Developer’s
Packages Overview that inform about packages and developers, deal with mass filing of bugs, with
emergency maintenance of important orphaned packages. But, as the team states on its web page:
“IQuality Assurance] also serves as a central place for discussion about distribution-wide problems
and improvements regarding quality’ 8. What these examples show here is that infrastructure work

participates in the collaboration and co-construction of Debian. They also show the articulation

17The Debian Package book, last accessed in March 2026.
18See Quality Assurance in Debian.
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role that infrastructure plays in the Debian community: serving as a bridge between external needs
regarding the Debian system and inner Debian community needs, between community members and
external ones. This is what has been described as infrastructuring work: an ongoing collaborative
socio-technical process towards the long-term, the longevity of the system [157].

These examples show how the infrastructuring work in Debian plays a collaborative socio-

technical role in the maintenance of the Debian system.

Social maintenance in Debian

Social relations in Debian are crucial. Most of the essential processes in Debian are social relation-
ships between members of the community: mentoring Debian maintainers in building a package,
learning how to develop and maintain in a community with package dependencies, technical and
ethical requirements, filing an issue is communicating it to the broader community, etc.

These social relations extend outside of Debian. The process of building a package for an external
software, the relationship with the original author of the software, the upstream author, is crucial.
Free open-source systems give the right and the possibility, as source code is available, to freely take
it and modify it, without having to ask for permission to the authors, the upstream developers. From
a maintenance point of view, in Debian this is not a good idea, as upstream developers are the best
fitted to maintain and develop their own software. The Debian packaging work consists in taking
into account and integrating in the workflow the upstream maintenance work: bug fixes, security
fixes, new features, upgrades to new systems etc, should be ideally made on the upstream project.
This relation is two-sided: the upstream project developers and Debian package maintainers, can
help each other by maintaining their specific parts: the Debian developer can report bugs, licence
issues, or even code patches; the upstream developers can help Debian packaging with good licensing
requirements and good coding practices (documentation, available code, bug report systems etc). A
good relationship between the two actors is key to easy maintenance of the package. As Carles Pina

i Estany, who maintains several python packages in Debian, told us:

“I talked to all of the upstream developers for the packages that I maintain in Debian,
because during the packaging I discovered bugs and so I also helped the upstream code
to correct them. The majority were very happy to have their package in Debian and to
collaborate. All of them responded, but one of them, not active anymore. So actually this
is the one package that worries me. At some point I even went to a Python conference to
explain how to make your package easy to be maintained by Debian, because an important
thing in Debian is to avoid dependencies that are not really needed. For example, one
of the packages I had, uses something that I am not sure it needs, maybe it could be

avoided.”

The importance of the relationship with upstream appeared in many interviews and interactions.
It is interesting to note that, as we witnessed during our working session on the updating of the
anarchism package, this social interaction is also codified in the package maintenance processes: the
upstream is regularly checked for updates by automatic tools sending automatic mails to Debian
package maintainers when they detect an update. Errors in the building process are automatically
reported via mail to upstream maintainers. The Debian Package Tracker tracks all interactions
or events regarding a package. The tool is latter automatically linked to the QA for the package,

showing bug fixes and corresponding emails exchanged between all parties working in maintaining



3.4. Results 75

the package. Once again, this demonstrates the role of infrastructuring work in maintenance, and
how social interactions intertwine with technical work in the maintaining processes in the Debian.

The social component in Debian is even more visible in non technical work. A Debian developer
is not only a technician that maintains code and packages: members of the Community, Debian
Women, Diversity, Accessibility teams, support inner community members but also Debian users,
and help making the community as well as the Debian system welcoming and accessible. The
Debian Diversity team puts focus in welcoming everyone by preventing discrimination, establishing
a Diversity Statement and making sure it is followed, or providing help and a point of contact for
LGBTIQA+ people 9. The Accessibility team, one of the oldest teams I remember in Debian,
creates tools in order for the Debian system to meet the requirements of users with disabilities,
while also playing a role in the Diversity, Community and Publicity teams in making the community
more accessible.

At the Debian release level, authors Di Cosmo et al., in their paper on package upgrades in
FOSS distributions and in Debian in particular [144] further observe that: “Distribution maintainers
act as intermediaries between ‘“upstream” software authors and users, by encapsulating software
components within abstractions called packages’. This intertwining between technical and social
aspects of Debian, and how they help and build on each other, is also visible in the Debian Popularity
Contest, an initiative, but also a package that once installed gathers statistics from users on the
Debian packages that they use, in order for Debian to better put maintenance efforts is what users
use the most. In their work on modeling software inter-dependencies by using Debian, German et
al. highlight how in FOSS systems it is common to build new software by taking advantage of a rich
and complex environment of other FOSS available programs and libraries [142]. They describe the
Debian Popularity Contest by saying:

“The Debian Popularity Contest is an attempt to map the usage of Debian packages. Its
main goal is to know what software packages are actually installed and used. This infor-
mation is used in order to determine the order in which packages are put on [installation]
CDs [...] and it is also used during quality assurance activities as a criteria on which

packages to focus.”

3.4.2 Maintenance boosts in Debian

Maintenance boosts and barriers are also located at different levels shown in Figure 3.8: at the
technical maintenance practices level, at the community social practices one, at the infrastructuring
one and at a new level, the financial one. We now detail each of them.

Technical maintenance boosts in Debian

Upstreaming code was mentioned regularly in our interviews or observations as being a fundamental
principle in developing code in Debian and more widely in FOSS, when building upon an existing
software. All of our interviewers explained how fixing the bugs, removing unnecessary dependencies,
fixing licensing issues during the Debian packaging process, were better done as updates in the
upstream code by upstream developers themselves. If not, on the next update of the upstream

code, when the Debian package would also need updating, the same problems would appear again

19See Diversity team creation announcement, 29th of June, 2019.
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Figure 3.8: Maintenance boost factors in Debian, as identified through thematic analysis.

and maintenance work would once again be needed, duplicated. Doing things upstream resolves
the problems at the root, maintenance is necessary only once, and maintenance work does not
accumulate while the software upstream keeps being updated.

At the kernel level, the Debian kernel team puts its focus on mainlining the Debian kernel to the
Linux one, i.e. closely following every little update or upgrade of the kernel in a continuous pace
(sometimes only hours or few days separate a Linux kernel release from a Debian kernel one). By
doing so, as the Android OS example shows, Debian stays updated with all security issues, upgraded
to the latest Linux kernel, and maintenance work is an ongoing process of updating little chunks of

code at a regular pace.

Let us now focus on some other tools helping Debian maintenance that we encountered during
our research. Reproducible builds, mentioned several times, is a relatively new project in Debian.
Its aim is to make sure that when rebuilt in the same conditions, a source code results to identical
binary code builds. The tool also shows whether generated binaries correspond to the original source
code or not. Thus, reproducible builds guarantee the security of the build environment and of the
source code itself. As research work have shown [158], reproducible builds helps maintenance by
increasing the integrity of software supply chains. As Carles Pina i Estany (participant 15) said

when talking about simplemonitor, one of the packages he maintains:
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“The standard Debian package pipeline tests for reproducible builds. It also helps finding
bugs. Simplemonitor was not reproducible, which means that the code was corrupted,
either there was a bug or a line of code that should not have been there. In that spe-
cific case, depending on the time zone that you were building the package, the generated
binary was not the same, and also some unit test was not passing. It was because the
simplemonitor developer is in the UK and never tested it with an environment in minus

twelve hours timezone like I did. I reported this bug upstream and it was fized.”

Similarly, Software Heritage, “an initiative of building a long-term universal archive for software
source code, capable of storing source code files and directories, together with their full development
histories’[159, 160, 161] was mentioned as a tool to help with code licensing issues. Federico Ceratto,
participant 8, a senior package developer and community member described to us the importance
of licence checking in Debian when building a package, as Debian has a strict licensing policy
(described in the Debian Free Software Guideline). He explained how this was a very tedious work,
not only because of the legal aspects, most of the time because licensing information is missing
upstream. When a package has several library or software dependencies, which is usually the case,
every dependency has to be checked for its licence and its compliance to DFSG.

“While packaging you might have to do a little bit of work that you are not supposed to
do. FEspecially for checking licences. For example once I had to build a package using
upstream logos which were not GPL, but the project was. I looked to find the same icons
and their licence on the web but I could not. I had to redesign the exact same icons with
a GPL library, while I am not an icon designer at all. Today I was talking to [pseudonym
of another Debian member| on their work on Software Heritage, where they are building
this massive database archive of all free software contents in the world. In my use case
it is exactly what this can solve: if I have an image I can look up on this database to
see if there is the same content somewhere else. Because in this database the content is
addressed by the content of the file and not just the file name, if I find an image called
logo.png (or source code) and somebody else has the same image but called cat.png, (or
same source code content) it will tell me if it is the same. This could have really helped
me in finding the licence of the logos.”

While the important role of archives in preserving history, cultural heritage, fostering research and
studies, is quite established—in particular in humanities, arts or social sciences—this example shows
their interest in developing and maintaining software.

Ceratto explained how the Debian Free Software Guidelines (DFSG) are not just a policy re-
quirement, but also a helpful tool in assessing license compatibility in a package:

“Occasionally you find a weird license that you actually have to look at. The DFSG helps
you assess and understand if a licence is resistant or not. It’s like exercises to help you
assess if you can use this software freely. For example one of the exercises is ‘if you
are on a desert island disconnected from the rest of the world, can you use the licence?’
Because some of them say you can use freely but you have to login here or you have to
email there, this will not work, you have to be able to use the software even if you are

not connected to the Internet on a desert island.”
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It is interesting to note here how the DFSG serve multiple purposes. If we take a look at the
principles (see figure 3.9) they describe the founding ethical and legal principles of Debian as a
free and open-source project. From what Ceratto described, they also act as a technical and legal
tool for verifying the nature of a license while developing in Debian. And finally, from the exercise
highlighted here, they also act as a tool to reflect on the world and how Debian fits into it. As such
they do not only help with technical maintenance, but they are part of the ethical enculturation of

community members that Coleman describes, within Debian and also outside of it.

The Debian Free Software Guidelines (DFSG)

1. Free Redistribution

The license of a Debian component may not restrict any party from selling or giving away the software as a component of an aggregate software distribution containing programs from several different sources. The
license may not require a royalty or other fee for such sale

2. Source Code
The program must include source code, and must allow distribution in source code as well as compiled form.

3. Derived Works
The license must allow madifications and derived works, and must allow them to be distributed under the same terms as the license of the original software.

4. Integrity of The Author’s Source Code
The license may restrict source-code from being distributed in modified form only if the license allows the distribution of “patch files”with the source code for the purpose of modifying the program at build time.
The license must explicitly permit distribution of software built from moedified source code. The license may require derived works to carry a different name or version number from the original software. {This is o
compromise. The Debion group encourages oll authors not to restrict any files, source or binary, from being modified.)

5. Mo Discrimination Against Persons or Groups
The license must not discriminate against any person or group of persons,

6. No Discrimination Against Fields of Endeavor

The license must not restrict anyone from making use of the program in a specific field of endeavor. For example, it may not restrict the program from being used in a business, or from being used for genetic
research

7. Distribution of License
The rights attached to the program must apply to all to whom the program is redistributed without the need for execution of an additional license by thase parties.
8. License Must Not Be Specific to Debian

The rights attached to the program must not depend on the program’s being part of a Debian system. If the program is extracted from Debian and used or distributed without Debian but otherwise within the terms
of the program’s license, all parties to whom the program is redistributed should have the same rights as those that are granted in conjunction with the Debian system.

9. License Must Not Contaminate Other Software

The license must not place restrictions on other software that is distributed along with the licensed software. For example, the license must not insist that all other programs distributed on the same medium must
be free software.

10. Example Licenses

The “GPL", “BSD", and “Artistic” licenses are examples of licenses that we consider “free”,

Figure 3.9: The Debian Free Software Guidelines, as of April 2026.

Organizational maintenance boosts in Debian

We previously talked about the organizational maintenance practices of Debian, teams, roles and
processes and how they structure maintenance work in Debian. These organizational practices
appeared often in our observations as boosts to maintenance. For example Carles Pina i Estany

(participant 15) explains, when talking about becoming a member of the Debian community:

“I was just a Debian user, not a developer, and I needed some python software to be in
the system. I looked at how it was supposed to work, and I saw that I had to open a
request for packaging (RFP) bug, and that is what I did. No one did the package. So I
decided I would do it. This was a year and a half after my RFP. I then changed the bug
from RFP to an Intent To Package (ITP) bug and said in it I will do the packaging, if
anyone wants to do it with me get in touch, we can do it together.”
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These structures offer the community ways of being aware of the work that has been done and
is left to be done, ways of easily integrating the community, of joining a team or a project that
is already underway, of peer learning or of collaboration between teams. The maintenance process
in Debian appears as a community-driven approach, boosted by the community tools and inner
organization, pushing towards building things collectively, as opposed to putting the main focus at

the individual level.

Social maintenance boosts in Debian

Debian’s reputation was mentioned by several informants as an important factor that fosters up-
stream collaboration. Since Debian has a strong reputation of technical excellence, when a Debian
member contacts an upstream developer, most of the time upstream developers are happy and proud
to collaborate and help. The opposite is also true: upstream collaboration is highly valued in De-
bian, and is part of its ethical principles of building FOSS in a collaborative way, as stated in the
Debian Social Contract.

Inner social interactions in Debian also have an important role: discussing online and in person
during gatherings, not only technical issues but also about governance and voting issues, discussing
the Debian Social Contract and all the tools that help and make possible these interactions be-
tween an internationally highly scattered community, are all seen as essential to Debian community
existence and maintenance.

Tensions exist, and are visible during meetings or online discussions. Tools like codes of conducts,
mediation, discrimination or violence prevention roles are developed and discussed. Authors Coleman
and Hill described in their work on Debian [149] how the social production of ethics takes place,
how it is reinforced through the sustained collaborative development of code, but also discussions
and decisions around licenses and policies, and how in Debian in particular, this is structured
around ethical volunteerism, institutional independence, and networks of trust between community
members. Moreover, Coleman, by analysing three important ethical moments in Debian [148], shows
how the ongoing and sometimes conflicting social re-evaluation of values in the community takes
place, and how values related to accountability, freedom, transparency, openness, and mutual aid are
moments of transformation and re-interpretation that help the community to continue functioning

and working together.

Financial boosts in Debian Maintenance

The Long Term Support (LTS) consists of a 5 year long guaranteed support period of the current
stable Debian releases for all architectures. This work is undertaken by the LTS team, but is
financially supported by Freexian, an enterprise founded by a senior Debian community member

and LTS team member, Raphaél Herzog, participant 13, that explained in our interview:

“Fach Debian release is supported for five years: the Security team handles support for
the first three years, and the LTS team for the remaining two, thus we have 5 years of
guaranteed support on each Debian release. There is a lot of collaboration between the
Security team and the LTS one: even though one team is primarily responsible for the
first three years, the LTS team still helps out during those, and vice versa, the Security

team gives us advice and provides feedback on the work related to LTS.”
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Figure 3.10: Debian LTS and eLTS periods for Debian stable releases 9 to 13 explained on the
Freexian website.

Regarding the role that Freexian plays in the LTS work he explains:

“As you know a Debian release comes out regqularly, without an established schedule, it
goes out when ready, but in practice we have a mew Debian release every two years.
Historically we used to maintain these releases for only three years, by the Security team.
Then Ubuntu came, a distribution derived from Debian, but offering 5 years of support.
This put us on a positive concurrent position, and we tried to see if we could offer 5
years in Debian. The idea was to make enterprises pay for further maintenance work: if
they used Debian and needed stable releases to be maintained longer, they could pay for
it, and we could ask for their financial support. Freexian began to finance and manage
the LTS work among Debian developers around 2014. Under the LTS model, Freexian
collects a monthly amount from our enterprise sponsors, divides it into hours, and then
allocates those hours to LTS contributors, who can specify the maximum number of hours
they want to work. It’s up to them to monitor the list of updates that need to be done
and assign themselves specific tasks. FEnterprises do not have their say in the work
dispatch and management. This is important because, as Debian community and LTS
team members, we know better what needs maintenance, what depends on what, while
enterprises could focus only on visible packages, or what they directly need, and leave out
important invisible ones.”

Another maintenance system, called the extensive Long Term Support, eLTS, managed and
financed by Freexian, aims at pushing the stable release maintenance up to 10 years, if financing
allows to, as Figure 3.10, taken from the Freexian website shows.

Herzog explained:

“Unlike LTS which is an official Debian project hosted on the Debian servers and infras-
tructure, eLTS is not an official Debian project and is hosted on Freexian servers. Apart
from the infrastructure, nothing really changes, it is exactly the same people involved. For
the LTS we support all packages, the enterprise client does not choose. In the eLTS tier,
it’s the opposite: Freexian sets the price, and the customer defines the list of packages
to be maintained. For example they can say I need security support for these packages
that I have on my servers, and we tell them it will cost this much. The price we fix will

change over time : the second year costs more than the first one and so on, because even
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if the support work is the same, the more the years pass the less demands we will have,
so we ask more in order to compensate. From a financial standpoint, the eLTS tier is far
more lucrative than LTS these days, we charge much more for that support: with LTS,
enterprises can choose the amount they want to sponsor, so they don’t pay much. With
eLTS they have no choice: if they want support, they have to pay what Freexian asks for,
and so in terms of revenue, it’s much higher on eLTS than on LTS. Part of that money
is reinjected back to LTS then, which receives much less financial support. Part of that
money we also use for financing long term projects in Debian, invisible but important
work that risks not being financed or undertaken otherwise.”

To illustrate Herzog’s final sentences, an important structural work has been undertaken in
Debian—and in all Linux derived distributions these recent years—the usr merging work. It consists
in merging two structurally and technically important system directories: the /bin directory into the
Jusr/bin one, the two having been separated for historical reasons not relevant anymore. Because
this merge aims at being retro-compatible, i.e. done without breaking the system tools, but also all
external tools that made the distinction between the directories, this is a huge work that needs to
be assessed and discussed collectively. We discussed this work and the way it was undertaken with
Helmut Grohne, participant 17, that was being financed partly by Freexian in advancing the matter.
We also witnessed several community discussions on it.

The financing model of the LTS and eLTS programs, allows Debian to stay a volunteer-based
community, keeping enterprise direct influence outside of it, while making them pay a part of the
maintenance of a system that they use and need. This financing model was not implemented, as
participants told us, without frictions and debates in Debian regarding the ethical values in the
community. This solution was adopted, confirming the findings from Coleman [148], as a social

re-evaluation of values in the Debian community as it re-structured itself in a self-preserving way.

3.4.3 Maintenance barriers in Debian

Maintenance obstacles in Debian are mostly technical and infrastructural. But the most feared ones

are human and social factors regarding the community and its members.

An aging infrastructure and documentation

Carles Pina i Estany described how the aging documentation is sometimes a problem to maintenance

work:

“To me one big problem of Debian is the documentation. Debian has evolved the last
twenty-thirty years, documentation exists in many places, many ways and many vari-
ations that contradict each other. Different teams suggest different approaches so it’s
very hard to sit down, create and do, or even just know if this is the new way of doing
packaging and not the other one. Having a sponsor who checks and tells you what to

follow is very important in any case, but especially because of this.”
Regarding the aging tools, he gave an example:

“I had some unit tests running in non standard ways in Debian, unit test from the

upstream. In Debian we have a set of tools that help with this, but if upstream chose
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Figure 3.11: Maintenance barriers in Debian, as identified through thematic analysis.

another set of tools it is not always straight away compatible. So you need to add up
certain things so these type of tests work. The Debian tool for this, called the debian-
helper (DH) has many layers, it’s built layer after layer after layer. If all works you are
happy, but if it is not the case that is when you need to start scratching the layers to see
what happens and it is not clear how to do it. Again, it is a 30 years old tool and it is

not the most easy to use straight away.”
When reflecting on solutions to the aging problems, Estany added:

“Some of the problems we are dealing with is not packaging but because it is some 30
years old scripts and infrastructure, written in multiple scripting language, python, perl,
and in multiple versions of them. To change these tools for more modern ones, it needs
lots of backward compatibility because, we have maybe 30 000 of packages in Debian now
that need to keep working and developers that do need to be able to know how to use new
tools. It is old knowledge. But it is one thousand of developers doing it in their free time,

so you cannot go and say well now we’re changing all the way of packaging.”

This last reflection from Estany on how to deal with aging issues, how to maintain, how to not
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force upgrades but also take into account the human factor, the work processes and backward com-
patibility with other tools, appeared to us as something essential to the Debian project and values.
Maintaining in Debian is not about forcing changes, even if this change is towards a better techni-
cal solution. Maintaining software is not just updating and upgrading. The updating - upgrading
processes affect other software, they can break retro-compatibility, break development working pro-
cesses, affect the work of the developers, and also of users. Maintaining in Debian is about analysing
all the impacts of upgrading and updating, discussing the changes within the community and with
the people affected by them in and outside the community, and trying to collectively find solutions,
and taking the time needed for analysing the impacts, discussing them, and planning for change and
adaptation.

This finding is, in my opinion, an important one of this study. In The Labor of Maintaining and
Scaling Free and Open-Source Software Projects, Geiger et al. discuss the issue of developer burnouts
in Debian as the package or tool they are developing scales up, and the need for maintenance
increases, resulting in overwhelming number of messages, issues, bugs and notifications to deal
with [82]. The authors describe the emotion toll of developers while engaging in technical work,
but also in community or user support work. They analyse that maintaining is a process that has
influence on people’s labor and their reactions to them, affecting their long-term well-being in their
communities. We will further discuss this in the next section (3.5).

Enterprise dark-pattern practices affecting maintenance in Debian

Ceratto (participant 8) described illegal telemetry and spyware features barriers in some upstream
packages:

“Sometimes there are software that do polling: they connect to external websites, online
services, to send telemetry, statistics, for advertising for example. We pace them out.
Because in Debian we have policies where software should not create privacy breaches,
have spyware-like features or dark-patterns like these, unless the user clearly wants this.
This all should be opt in as the GDPR states, but Debian was careful about all this before
GDPR, many years before, and we do not want them. The Lintian tool will tell us, it
checks all sort of things with packaging. When we do this the upstream might complain
that we do not have the right to remove spyware, it happened sometimes, but then if the

package upstream is not cooperating on these we may decide not to package.”
He also pointed out the following problem:

“Do you know the slogan: ‘The single vendor open-source is the new close-source’? This
happens more and more. The code is open but it is entirely controlled by a company that
might do things to make it difficult to maintain as a fork, package, and in the end this
is mot real open source.”

Ceratto described several examples that he had encountered following this pattern. One of them
was about a database service company—ClickHouse—that developes an open-source product that
they maintain only for a limited time, after what they ask for a payment for the support service.
When trying to package the database and working upstream with them, the company directly told
Ceratto that this was not in their interest, that their interest was to release frequently and support
only for one year, and not support anything else that could go beyond (in this case Debian). To
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Ceratto, this message was perceived clearly as a need for their product to be obsolete, so that they
could sell support on it.

Ceratto feared that this trend is being generalized:

“You get some security updates, and then you have to pay to get more, and the update
code is not being released. Fven open-source companies do it now: Suse, RedHat have
done it: if you pay you get priority fizes. And some fiwes may enter into the open source
versions, some may never go there, or some may enter but later in time. Here in Debian
everybody will agree that this is not safe, this is not security. I know It is an expensive
work sometimes. But generally speaking the same company that is very careful with its
own products, would never use something like what they sell. In their external products

they purposely insert obsolescence.”

Ceratto and Ferraris (participant 12), both members of the Mobian project, explained the prob-
lem with industrial actors not maintaining their hardware code, and providing it in blob forms or
patches that are not upstreamed, not mainlined and little to no maintained. They detailed how this

makes maintenance work at Debian very complicated. Ceratto:

“Sometimes upstreams do not fully cooperate and reject a patch that we provide for their
code, but they still keep the patch locally and be careful not to break it when they change
their code. This is still somehow good. Sometimes it happens that they do not want to,
and Debian has to rebase the patch again and again every time they change their code
upstream. For simple applications this rebasing is manageable. But we have some compa-
nies that are well known for releasing their own patches, never porting them to mainline
kernel, so those who want to use that hardware have to maintain 200 patches. Impossible.
For example kernel patches that are being decayed in Mobian. It is hundred of patches,
rebasing all of them requires tons of work, making Mobian releases very difficult, that is

also why Mobian is not yet an official Debian project, maintenance is too complicated.”
Ferraris, head of the Mobian team, further explained:

“For Mobian we need to provide packages that can’t be accepted into Debian, because
they’re, let’s say, hacks, not optimal, since there are better ways to do things but they
take more time. We maintain patches for certain packages that already ezist in Debian,
and would not be compatible with running the software on a traditional computer rather
than a mobile device, because these are pieces of code that are more device-specific and
alter the behavior compared to computers, but they perform better on mobile. But then
we would lose functionality, ease of use, and ultimately quality of life on a desktop or
laptop if we degrade them in Debian. So for the moment we keep these Mobian packages
in a separate repository. Mobian, ultimately, will be a Debian system, to which we add
a few Mobian packages on top to ensure it works well on the few mobile devices where

Mobian runs.”

Meanwhile, Ferraris and his team continue to work on integrating these separate packages into
Debian. They had already been working on it for several years at the time of our interview in
November 2024. For Bookwarm, the Debian stable release at the time of the interview, they had
reduced the number of patches left to be integrated from 80 to 40, and for the next stable release six
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months after, Trixie, they were hoping to cut it in half again. But once again, this was for maintaining
very few smartphone devices in Mobian, less than ten devices at the time of this interview.

To summarize, we have identified through these quotations the following development anti-
patterns that make maintenance difficult: addition of telemetry or spyware features, the excessive
control that a company has on software (even if it is open source), selling updates and support
as proprietary features, proprietary blob code, industrial actors not maintaining code, code that is
never upstreamed, not mainlining the Linux kernel, patches are not a long-term solution in code
maintenance. Many of these anti-patterns had already been pointed out in our previous chapter on

the Android ecosystem.

The container trend problem

At the technical level, Ceratto highlighted something important about modern container trend
systems, that make maintenance work for Debian, as well as for other Linux system distributions,
more difficult.

“Static linking occurs when you build a binary and you statically link code to the libraries
you are using, so these libraries are shipped as part of your binary code. Many popular
languages like Rust or Go do this by design. There is a parallel to be made here with
modern container trends, like docker or flatpak, that give you a simplified way to run an
application on your system. Both static linking as well as flatpak and docker proceed in
the same way: they throw everything inside a black box, and if there is a vulnerability
it is very difficult to patch it. When you use a docker image, if there is a vulnerability,
or a security update, you are not going to get it automatically unless you put it inside
manually in the image, which very few users do. There was a paper where the researchers
investigated in the last maybe five years the security of the contents of the docker hub and
they found that more than fifty percent of the containers there had a significant amount
of vulnerabilities that were not addressed. Flatpak is the same, shipping a lot of stuff in
one blob. The problem is that these tools are more and more encouraging people to deploy
this way, because it is easy, it looks shiny and modern, you do not need to bother to make
efforts to be maintained the Debian way, perceived as heavy or old. As a consequence,
developers care less about distributions, but this comes with lack of maintenance and
vulnerability issues that are not addressed or taught to young developers as important

maintenance practices.”

To our understanding, these trend of encapsulating that Ceratto explained, operate some kind
of shift of maintenance responsibility, from software developers to users, thus creating what we can
call a maintenance debt, as users will in practice not be able to maintain the container boxes that
encapsulate the software they use. This is maybe also something that has to do with two different
ways of considering software in a system: Debian’s way of maintaining is to deal with maintaining
packages, and then deal with interdependencies between them at the system level. Containers isolate
themselves from the system, as the idea is to be able to run them independently on every system:
they act as small independent software systems, which is also where their value lies. But then the
maintaining of containers is to be seen as the maintaining of an independent system, and to be

compared to the maintenance of Debian, of Android OSes etc, not to that of a package.
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Social and human maintenance barriers

Last but not least, our interviews highlighted an important concern in the Debian community:
the maintenance of the social and human factors in Debian. How to avoid burnouts, attract new
members and lower the entry barriers in an aging community, but also how to make inner interactions

in Debian smoother? For Espany this was a primary concern:

“In Debian we have some 30 years old tools that some people are very happy to use, but
new people have trouble using. For example mailing lists is not a communication system
that young people like. This is a problem, but how to deal with it? Old versus new tools,
people with different mindsets. It is very comfortable to stay with what you know, but
it is mot comfortable not to have new community members. What worries me the most
is not the sustainability of the technical aspects, but of the human ones. How to attract
and retain new contributors in Debian? How to increase the diversity of the contribution

pool? How to prevent or deal with burnout of teams and people doing volunteering work?”

Espany concluded our interview by quoting what he believes—though he is not certain—to be
a statement by Ian Murdock, founder of Debian in 1993: “Maintaining of Debian is not about
interaction of packages, but interaction of people’. 1 was not able to verify this statement, but I

understood it to be a major concern for him, and consistent with our findings in this study.

3.5 Discussing the Debian maintenance

OS maintenance in Debian is about long-term hardware support

Debian’s maintenance process has multiple external positive impacts on the maintenance of other
open source software. The first that comes to mind is the help in maintenance it offers to upstream
packages. Most of the informants we discussed with, told us about sending patches and bug fixes to
upstream code as the most important part of maintaining a package.

A second positive impact is that of the range of hardware architectures being maintained and
ported to Debian, and the effort that the community puts on doing so. To quote the Debian official
statement mourning the loss of its founder Ian Murdock, in 2016, “Debian would go on to become
the world’s Universal Operating System, found on everything from the smallest embedded devices
to the largest cluster systems, to the Space Station because "of course it runs Debian" which has
been ported across multiple architectures and types of hardware’. We witnesses the importance of
porting Debian to new architectures for the community during our different gathering participation.
The new Debian ports were received with enthusiasm, and the community’s interest in the porting
process was very evident.

One of our first interviews was with Emanuele Rocca, participant 1, who had recently been
able to port Debian to a Lenovo Thinkpad X13, holding a Snapdragon 8cx SoC based on ARM
architecture. This announcement and the talk that Rocca gave during miniDebConf Cambridge 2023
on the subject made the community very enthusiastic. The joy of being able to port Debian, while
explaining the technical challenges, was clearly palpable during our interview with Rocca. Debian’s
ambition of being ported to all kind of hardware systems has an impact on their obsolescence: by

porting Debian into new hardware systems, once the initial vendor support stops—which we know
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from the study of Android, could happen quickly—relying on Debian releases prevents the software-
induced end of life of these hardware systems. During my experience in install workshops—helping
people revive their old computers in local Linux User Groups (also called Linux install parties— I
and my workshop colleagues have no hesitation in testifying to this reality. In these install partys
we often deal with old computers that are unable to run on their initial OS, Windows or sometimes
MacQOs, either because no update is available anymore, or because the updated OS requires too
much resources that the old hardware is not able to provide. And very often, by installing a Debian
or other Linux OSes on them when it is available, these devices become functional again, running
smoothly and capable of handling modern applications, while being updated to the most recent
releases of the Linux kernel and Debian OS.

It is not a coincidence if numerous of these install parties present themselves as obsolescence
remediation spaces: this reflects a recurring pattern in their activity. In November 2025, with the
end of support of Windows 10, causing the obsolescence of more than 400 millions of computers
worldwide?° these install user spaces launched different European initiatives?', for workshops where
they helped the people to avoid Windows-induced obsolescence by installing Linux OSes.

What we notice here is an important difference in approach between Debian and some other
widely used proprietary operating systems, such as Windows. When Windows 11 is released, hard-
ware is being discarded. The same goes for OSes from Apple or even Android, when a new version
is released, older hardware are and given lower priority than the new ones and often discarded. In
Debian the effort is quite the opposite: when a new OS is released, hardware is not discarded. While
new ports of Debian to new devices—not necessarily new as in recent on the market—are welcomed,
old to very old hardware can still run on the newest OS versions, as illustrated in figure 3.2 and in
numerous other examples that we witnessed in the community and during Debian install workshops.
OS maintenance in Debian is about long-term hardware support, not a way of discarding them.

There is a relation here with what the community calls the ‘universality’ of Debian. From our
observations this universality of the Debian system seems to be experienced in many ways: sometimes
directly addressing hardware and software obsolescence, in other cases covering different use needs.
For professional users it is a mark of reliability and stability at no cost, as participants n° 6 and n°
9, working for companies using Debian describe, supporting our observations of numerous company
workers observed during the gatherings. For users of old hardware it is a solution to extend the
lifetime of their devices. For developers and FOSS communities Debians serves as a basis brick
to build derived operating systems covering different specific needs: security tailored distributions
like Tails or Kali Linux, educational focused ones like Primtux, accessibility focused ones like Linux
Mint or Emmabuntu, hardware based ones like Raspbian for Raspberry Pis, server focused ones like
Yunohost etc.

I discussed the ‘universality of Debian’ and how it is understood, with debacle, participant n° 6,
a Debian community member, working for Ammonit—an enterprise using Debian in its embedded

wind and solar measurement hardware:

“You asked me why we chose Debian at Ammonit. Debian has proven stable through
time, since more than 30 years now, that is also why we want to keep working with it.

It is maybe not the best choice for each of our three use cases that we have in Ammonit,

20Gee PIRG’s summary of the obsolescence problem regarding Microsoft’s Windows 11 upgrade: Why the end of
support for Windows 10 is uniquely troubling, Sept. 2025, last accessed in April 2026.
218ee the End of 10 initiative, or the Adieu Windows one, last accessed in March 2026.


https://web.archive.org/web/20251208221000/https://pirg.org/articles/why-the-end-of-support-for-windows-10-is-uniquely-troubling/
https://web.archive.org/web/20251208221000/https://pirg.org/articles/why-the-end-of-support-for-windows-10-is-uniquely-troubling/
https://web.archive.org/web/20260117010920/https://endof10.org/fr/
https://web.archive.org/web/20260322211428/https://adieuwindows.april.org/
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but it does the whole work very well. We have this slogan, Debian the universal system,
this idea is true in the case of Ammonit. Having Debian in the three situations is the
best choice for us: developers use the system that they develop for and embed in the
measurement boxes, they also use it on the servers that manage the boxes, so they better
know what problems there are, they can better develop the tools we need, and collaborate
with the Debian community to solve problems and add new features with their help, and
then update and maintain the whole within the Debian community, who does it so well.
By using Debian in the three situations, we also learn more, that is the main benefit in
my opinion. We could use Yocto [a Linuz distribution dedicated to IoT] for the embedded
systems, but we would loose knowledge, because we would not be able to master everything

inside of our systems.”

Debian maintenance is not about enforcing update-upgrades: it is a socio-technical

process of assessing how to implement them without causing harm

One of Debian’s release mantras is “We release when it is ready’, also called Release WhenReady 2,
meaning releasing only when the software meets the criteria for stability and usability that the
community agrees on. The release process and time management has evolved during Debian’s
history 2%, ReleaseWhenReady being the current Release Policy, even if it is debated and contested.
In practice, Debian new releases in recent years follow a regular rhythm of every two years, give or
take a few months. This time-freedom that the community decided to take in the beginning of the
2000s, when it realized that rushing to meet arbitrary deadlines compromised the quality, is quite
surprising as it goes against what we observe in IT enterprise management doctrines, where time
constraints, ‘deadlines’ and time-based management systems act as professional standards and put
quality or worker health issues aside [162, 163].

Our study results suggest that this mantra is also about maintenance, as a process whose goal
is not to technically update and upgrade tools, but about getting ready on the social and technical
aspects for these updates and upgrades to take place. As discussed previously in 3.4.3 updates and
upgrades can cause system instability, break retro-compatibility, affect work processes of developers,
affect the users, and in turn create new maintenance needs in other technical or social aspects. These
can also cause a shift of maintenance responsibility to users or other communities as we have already
seen in the Android case by enforcing brutal changes, as Google did for example by enforcing eBPF
(discussed in 2.4.3). The process of maintaining in Debian is about assessing the impacts of the
changes, in different aspects at on different communities, discussing collectively the better way to
achieve them, and taking the time needed for it.

This is also how Debian deals with support in the eLTS program. As Herzog (participant 13)

explained:

“In fact, we have modeled customer churn somehow, because enterprises that pay for the
eLTS do not need ten years of support, often they just want a year or two to prepare
and complete their migrations. So at the start we have a lot of customers willing to pay,

but by the end of the ten years support that number drops, even though the maintenance

22ReleaseWhenReady according to the Debian Wiki, last accessed in April 2026.
23Evolution of the Debian Release Philosophy: Release When Ready, Rune Slettebakken, August 2024, last accessed

in April 2026.


https://wiki.debian.org/ReleaseWhenReady
https://web.archive.org/web/20260308041817/https://runslett.com/the-history-of-the-debian-distribution/
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work for a package remains the same. So, we charge more and more for each year of
maintenance, which also encourages people to migrate, which makes sense for enterprises,
because if it is not expensive enough, it’s ultimately too easy for them to stick with aging
architectures. Whereas the complexity of the maintenance work for us in Debian keeps
growing: backporting a patch to software from five years ago is not easy to begin with,

but on software from ten years ago, it’s even harder.”

This also appeared clearly at a conference talk from Evolix?4, an enterprise sponsoring multiple
Debian events and whose founders and workers are closely involved in Debian. Evolix offers hardware
and software hosting and support based on Debian to a wide range of enterprise clients. As their talk
highlights, maintaining Debian systems for their clients is often a question of carefully preparing the
migrations, in order to avoid discontinuities or instabilities, making sure that updating and upgrading
will be smooth and well prepared, taking the maintenance time and effort it needs to be ready (even

if the actual upgrading process takes less than a hour).

Maintenance is about collaboration

The Debian Social Contract (DSC), a fundamental document in the Debian community, presenting
the values and principles of Debian, is a contract that Debian members make with the largest
free software community. As shown in Figure 3.12, the contract emphasizes, especially in its second
principle, the importance of giving back, distributing Debian’s work freely (following the Debian Free
Software Guidelines), “communicating bug fizes, improvements and user requests to the "upstream"
authors of works included in our system” and “placing Debian as a part of a bigger community, and
of a bigger world where Debian plays its role”.

These community values are also reflected in the way maintenance is handled within Debian. For
several years now, individual package maintenance in Debian has been pointed out as a weakness
that could lead to discontinuity. Several community discussions have pointed out the resilience issues
of individual maintenance, Debian past leaders have advocated to replace individual maintenance
with collective one. As a result, package maintenance is increasingly being carried out by groups
of people, usually within a team. This collective approach to maintenance tasks that Debian has
implemented more strongly in recent years, fosters resilience: if one of the maintainers is unable to
perform their duties, team members can step in to take over. This also involves mutual support,
learning together, exchanging ideas and discussing maintenance issues, etc.

What this teaches us is that sustainability and maintenance in Debian is a collective process,
within the inner community, but also into the wider community of FOSS, and a step further into

the wider world of software and system maintenance.

Study limitations

The Debian gatherings that I attended all took place in Northern Europe, and thus the informants
and participants in this study have not much diversity, and are most of the time Northern European.
In Berlin I was happy to meet with a more diverse community of Debian members coming from
Eastern European countries. The Western over-representation is a bias in the Debian community as
well, not only in the gatherings that I attended. Overtaking this type of study in Debian communities

24Upgrading a thousand Debian hosts in less than an hour, Evolix talk in miniDebConf Toulouse, November 2024.


https://toulouse2024.mini.debconf.org/talks/1-upgrading-a-thousand-debian-hosts-in-less-than-an-hour/
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Debian Social Contract
Version 1.2 ratified on October 1st, 2022.

Supersedes Version 1.1 ratified on April 26th, 2004, and Version 1.0 ratified on July 5, 1997.

Debian, the producers of the Debian system, have created the Debian Social Contract. The Debian Free Software

Guidelines (DFSG) part of the contract, initially designed as a set of commitments that we agree to abide by, has

been adopted by the free software community as the basis of the Open Source Definition.

“Social Contract” with the Free Software Community

1. Debian will remain 100% free

We provide the guidelines that we use to determine if a work is “free” in the document entitled “The Debian Free
Software Guidelines”. We promise that the Debian system and all its components will be free according to these
guidelines. We will support people who create or use both free and non-free works on Debian. We will never
make the system require the use of a non-free component.

2. We will give back to the free software community
When we write new components of the Debian system, we will license them in a manner consistent with the
Debian Free Software Guidelines. We will make the best system we can, so that free works will be widely
distributed and used. We will communicate things such as bug fixes, improvements and user requests to the
“upstream” authors of works included in our system.

3. We will not hide problems

We will keep our entire bug report database open for public view at all times. Reports that people file online will
promptly become visible to others.

4. Our priorities are our users and free software
We will be guided by the needs of our users and the free software community. We will place their interests first
in our priorities. We will support the needs of our users for operation in many different kinds of computing
environments. We will not object to non-free works that are intended to be used on Debian systems, or attempt
to charge a fee to people who create or use such works. We will allow others to create distributions containing
both the Debian system and other works, without any fee from us. In furtherance of these goals, we will provide
an integrated system of high-quality materials with no legal restrictions that would prevent such uses of the
system.

5. Works that do not meet our free software standards
We acknowledge that some of our users require the use of works that do not conform to the Debian Free
Software Guidelines. We have created “contrib” and “non- free” areas in our archive for these works. The packages
in these areas are not part of the Debian system, although they have been configured for use with Debian. We
encourage CD manufacturers to read the licenses of the packages in these areas and determine if they can
distribute the packages on their CDs. Thus, although non-free works are not a part of Debian, we support their
use and provide infrastructure for non-free packages (such as our bug tracking system and mailing lists). The

Debian official media may include firmware that is otherwise not part of the Debian system to enable use of
Debian with hardware that requires such firmware.

Figure 3.12: The Debian Social Contract, as of April 2026.

in other continents, could have an impact on the results and findings, especially on maintenance
barriers and at the social relations level.

I acknowledge that I am implicated in FOSS projects, as a volunteer, by advocating for them and
contributing is socio-technical ways, without financial conflict of interest. This gives me a sensitivity
to the subjects, a familiarity with the community members, but also maybe lack of distance. This
has been something I have reflected upon, discussed with my thesis supervisor as well as researchers

facing the same situation, and tried to consider when analysing the data.

3.6 Conclusion

In this chapter we studied software maintenance in Debian, a widely used operating system based
on the Linux kernel, maintained by a non-profit volunteer community of more than a thousand of
members worldwide, following the principles of collaborative free and open source development.
For two years, we attended four community gatherings, conducted formal and informal interviews
with Debian maintainers, developers and community members, supplemented with participant ob-

servation, working sessions, analysis of technical literature and of online community spaces. We
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analysed our data using thematic analysis.

Our findings show that maintenance work in Debian is located at different levels: at the technical
level, at the organizational level, at the social level and at the infrastructure level. We show that
Debian is structured around maintenance work, and that this maintenance work is a socio-technical
process. Our study details the role of social maintenance in Debian: the social relationships between
Debian members and external upstream developers play an essential role in the maintenance process,
while the socio-technical relations inside the community, sustained by a large infrastructure of tools,
documentation and software, help maintain the community. Maintenance in Debian is not just tech-
nical, it goes through effort in maintaining social relations, community infrastructure and continuous
collaboration among actors inside and outside of the system. Sustainability within the community:
resolving conflicts, avoiding burnouts, attracting new members, creating an inclusive and diverse
techno-social environment, retaining members, seem to be important concerns for maintaining the
social foundations.

Our findings underscore the importance of the collective process of maintaining. Maintenance in
Debian is not about performing technical updates and upgrades, but about taking the necessary time
and effort into preparing systems to get ready for them, by avoiding ruptures and thus obsolescence.
It is a collaborative socio-technical process of assessing, discussing and preparing the best approach
to perform the update-upgrades.

Our study highlights the impact that maintenance in Debian has on the maintenance of soft-
ware and hardware broadly speaking. At the hardware level: OS maintenance in Debian is about
supporting old hardware, not discarding them. It is also about indiscriminately supporting new
architectures, not only the most sold ones. At the software level: maintenance in Debian positively
affects the maintenance of other free and open source software or OSes, but also more broadly, of
all hardware-ecosystem that use Debian.

These findings highlight the importance of exploring the concept of maintenance in the light
of Debian practices, offering an alternative narrative on software maintenance and on obsolescence

management.
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It is common to attribute cases of obsolescence to computer-related causes: a chip that blocks a
printer, an operating system that reduces battery performance, software that prevents repairs. In
French, the term programmed obsolescence, a mistranslation of planned obsolescence from english,
suggests that the model of obsolescence is a computer malfunction, pre-programmed by an internal
mechanism. In France, the 2015 law that made it a criminal offense was amended in 2021 to simplify
it, but also to emphasize this aspect: Law No. 2021-1485 defines planned obsolescence as “the use
of techniques, including software, by which the party responsible for placing a product on the market
aims to deliberately reduce its lifespan’. Complaints filed in France have targeted smartphones, video
games or printers’.

Digital technology would thus be a field particularly prone to obsolescence, and a means of causing
it. This observation, often made with a critical intent, fosters a fatalistic stance: if obsolescence
arises within and through digital technology, isn’t it inevitable? Critics and defenders of obsolescence

sometimes agree on a single idea, one that has become commonplace in the media and government

Ithe iPhone obsolescence case: hop.org, Feb. 2020; the Ubisoft video-game obsolescence case: quechoisir.org, Sept.
2020; the HP printer obsolescence case: halteobsolescence.org, Nov. 2024.
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communications: the digital world changes quickly, “everyone knows that’?>. We are experiencing
a “digital revolution” an “inevitable disruption” that requires us to “reinvent ourselves’. In this
scenario, obsolescence is the collateral damage of progress that cannot be stopped, whether we
lament it or not, as in the Creative-Destructive innovation ideal that economist Schumpeter coins—
the idea that new methods of production survive by eliminating existing ones, creating the conditions
to growth in capitalism and the free-market(better products, greater profits), but rely on destruction
and obsolescence to achieve it [68]. Historians, and some economists like Schumpeter himself, have
questioned this approach, criticizing the notion of ¢transition, pointing out that innovation introduces
friction within a system, can cause loss of quality or functionality [66, chapter 7], and even delays
in the maintenance and repair of technical infrastructure [164].

In this chapter, we will examine this view of the history of digital technology, in which the
accelerated replacement of each model by a new one is seen as progress, and the definitions of the
obsolescence that underlies it. Far from being a technical phenomenon or a natural law governing
this sector, obsolescence is a matter of planning—as the English expression planned obsolescence
acknowledges. To understand how obsolescence has established itself as an economic model and
a strategy for organizing the IT (Information Technology) industry, we will revisit the process of

hardware miniaturization, and the dynamics of privatization of software.

4.1 First the hardware: from miniaturization to cloud com-

puting

4.1.1 Miniaturization and planned obsolescence

The history of computer hardware production, from the first scientific calculators to personal com-
puters, has been marked by miniaturization. The manufacture of integrated circuits—or chips—
along with the new possibilities of mass production of these chips during the 60s, made it possible
to reduce the size and manufacturing costs of computers. In 1971, Intel assembled all the electronic
components needed for a processor onto a single silicon wafer, microprocessors, which themselves
would enable the production of microcomputers [165]. But these products remained expensive, and
demand was limited. Intel’s subsequent success is due to a production plan, later dubbed ‘Moore’s
Law’ after Gordon E. Moore, Intel’s co-founder. This formula is meant to capture the pace of
innovation in the field of microprocessors and printed circuits: the power and integration of micro-
processors increase at a steady rate, while costs decrease. However, as Sacha Loeve writes, a reading
of Moore’s articles and the history of their dissemination show that the ‘law’ is in reality the result
of deliberate planning for the obsolescence of his products [166, 167].

In 1965, while serving as director of R&D at Fairchild Semiconductor, Moore published an
article [168] in which he argued that it would be profitable to mass-produce integrated circuits
for the civilian market. At the time, cathode-ray tubes dominated the industry, and his company
worked primarily for the Unites States National Aeronautics and Space Administration (NASA).
According to Moore, a margin over production costs could be maintained by gradually increasing
the complexity of integrated circuits in a mass-production scenario for the civilian market. The

question remained: how fast should this increase occur? At what point should an innovation be

22045: the year man becomes immortal, Lev Grossman, Time.com, 10 Feb. 2011.
3The white paper on digital revolution, Syntec Numérique, last accessed in April 2026.
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introduced to renew the economies of scale enabled by mass production? Moore proposed doubling
the complexity of integrated circuits every year.

At the time, this proposal went unheeded. The first to apply it was Moore himself, in 1971,
shortly after he co-founded Intel and launched the first microprocessor, the Intel 4004, which would
enable Moore’s plan to become profitable. New models would be regularly released, incorporating
more and more transistors, though at a slower pace than what was proposed in 1965.

In Intel and Moore’s announcement, this plan—which was later (and imperfectly) implemented—
was presented as a prediction that was retrospectively (and perfectly) verified, that they called a
‘law’. In a 1975 article, Moore describes the history of integrated circuits as one of “ezponential
growth” and “progress’ in “new technologies” [169]. He announced that the rate of circuit integration
would henceforth double every two years, a “slowed pace’ that nevertheless attested to a “trend’ or
“pace of progress in electronics.” The same ambiguity between predicting and provoking appears in
an article in 1997, where he argues that the rate of integration has doubled “every eighteen months
or s0”, constituting an “exponential growth” characteristic of “new technologies” [170]. Moore thus
presents the result of his own choices as facts without an author, his propositions as predictions,
even as he constantly modifies the pace (one year, two years, eighteen months) and the units of
measurement (cost-per-integration-density ratio, MIPS). As the head of the company dominating
the sector, he had the means to de facto impose production standards and the language used to
describe them. Moore’s articles, originally management ones, became communication tools, adopted
by various players in the digital sector.

Indeed, as Loeve analyzes, the term Moore’s Law is often used to promise the multiplication of
something by a constant factor on a periodic basis. Approximately every two years since the 1970s,
microprocessor manufacturers have promised smaller chips. Starting in the 2000s, the nanotechnol-
ogy sector has used this rhetoric to secure public and private funding, promising quantum computers
for everyone, which 25 years later are still not here [171]. As Loeve points out [166, p. 100-102],
the International Technology Roadmap for Semiconductors (ITRS), renamed as the International
Roadmap for Devices and Systems (IRDS)—a consortium of semiconductor manufacturers—has
produced an annual “roadmap” since 1968. One can read on the official website that the roadmap is
intended to serve as “the primary reference for the future of university researchers, consortia, and
industrial researchers to stimulate technological innovation” *. In 2005, it announced that Moore’s
Law would be surpassed thanks to two new roadmaps: More Moore for component miniaturization,
and More than Moore for the diversification of applications (Internet of Things, biotechnology, etc.).
These two aspects converge toward System on Chips (SoC), as illustrated in figure 4.1 taken from
the official roadmap document.

The More Moore roadmap is a continuation of the miniaturization: in 2020, three major man-
ufacturers announced they were producing “5-nanometer (nm)’ chips, a new target following the
“y nm?” announced in 2018, preceded by “10 nm” in 2016, “14 nm” in 2014, and so on since 1961°.
Every two years, these ITRS roadmaps schedule the release of new semiconductors that are more
miniaturized than the previous ones, and manufacturers follow. Thus, in 2022, TSMC (Taiwan
Semiconductor Manufacturing Company), the industry leader, announced it had achieved “3 nm”,
then in 2025, “2 nm”, and the IRDS projected the “1 nm” for 2027.

It is no surprise that this planning is unfolding so smoothly, given that behind these nanometers,

4From Moore’s Law to NTRS to ITRS to IRDS, last accessed in May 2025.
5See the MOSFET scaling in the Semiconductor device fabrication diagram, Wikipedia, last accessed in April 2026.
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Figure 5 Moore’s Law and More

Figure 4.1: Figure taken from the IRDS roadmap on “Moore’s law and more’. Source: irds.ieee.org,
last accessed in April 2026.

we no longer find innovations in miniaturization but a marketing label. Indeed, as early as 2009, ‘X
nanometers’ no longer referred to the size of chips or a technical process, but a product marketing
model. TSMC’s vice president acknowledged this himself in 2019 ©:

“Today, these numbers are just numbers. They’re like models in a car— it’s like BMW
5-series or Mazda 6. It doesn’t matter what the number is, it’s just a destination of the
next technology, the name for it. So, let’s not confuse ourselves with the name of the

node with what the technology actually offers.”.

These entrepreneurs are in fact reviving a model introduced by General Motors (GM) in the
1920s, which involved numbering products to give the impression of constant performance improve-
ments [59]. They are thus very much the heirs of Moore and his ambivalence: they plan their
production as a series of periodic updates, while claiming that this plan is the result of a ‘law’.
Others have attempted to model obsolescence, such as scholar Peter Sandborn (as we previously dis-
cussed in the introduction 1.3.1), who has also worked with industries and companies to help them
predict and avoid parts and software obsolescence in their internal production processes. The French
Institute of Obsolescence (IFO), a branch of the International Institute of Obsolescence Manage-
ment (ITOM), is dedicated to discussing the best methods for “managing obsolescence” for industrial
production. During their Obso-Days annual conference, so-called “obsolescence experts’ present it

as a “vector of agility’ and a “lever of sustainability’ ”.

6Philipp Wong, in , 10 Sept. 2019, last accessed in April 2017.
7See IFO’s Obso Days 2025, Institut-obsolescence.info, last accessed in Dec. 2025.
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Meanwhile, big tech executives put obsolescence in practice for consumer goods they companies
sell. Bill Gates, founder of Microsoft, declared in 1999: “In three years, all the products my company
makes will be obsolete. What matters is whether we make them obsolete, or whether someone else will
do it for us’ [55, p. 152]. Obsolescence is not only admitted, but presented as inevitable. Similarly,
Raymond Kurzweil, a futurist who became Google’s chief engineer in 2012, wrote in 2005 that
‘Moore’s Law’ is a law of evolution governing biological, technical, and cosmic development [172].
Obsolescence is presented as an independent phenomenon from which one can profit provided one
assumes it and anticipates “technological trends’ [172, p. 3].

Supporters of transhumanism, effective accelerationism, big tech executives and the mainstream
media have taken up these ideas [173] 8. They have become commonplace in corporate communi-
cations: in 2024, Jensen Huang, CEO of Nvidia, gave a speech at the COMPUTEX conference in
Taipei. In a room filled with 6 500 IT professionals, he explained that “the future of computing is
accelerating’ and that “With our innovations in Al and accelerated computing, we’re pushing the
boundaries of what’s possible and driving the next wave of technological advancement’ °. In reality,
the event was intended to unveil a new Nvidia “semiconductor roadmap” “Our company has a one-
year rhythm. Our basic philosophy is very simple: build the entire data center scale, disaggregate
and sell to you parts on a one-year rhythm, and push everything to technology limits’. Every year,
a ‘new generation’ of data center graphical chips purported to be more powerful, cheaper, and more
energy-efficient. Huang’s conclusion: “the more you buy, the more you save’.

This business model for organizing the ongoing repurchase was the same as that of Moore for
Intel or of General Motors: a roadmap for new models on a “one-year rhythm” announced at a
high-profile media event, during which the models of the year are unveiled to an audience already
convinced they are witnessing the privileged unveiling of a historic event. Nothing new, then, in this
event-driven marketing, whose role is to sustain a performative discourse over time: announcing the
imminence of a new era within a ritualized context, produces a vision of history which, because it is
disseminated and shared, imposes itself as the very form of social time. In France, despite Moore’s
approximations and rewritings, his ‘law’ is still taught to computer science students. I recall precisely
how teachers presented Moore’s law to me in my first university years, as a computational property
of electronic materials. In a specialized master’s program offered by the Paris Institute of Mechanical
Engineering and title Sustainability-Obsolescence-Scarcity obsolescence is a variable to be controlled,
slowed down, or accelerated depending on opportunities.

Thus, obsolescence in the digital realm guides production in a manner that is both deliberate—it
is planned and these plans are published—and disguised—it is presented as a law of nature. Strategic
obsolescence is obscured by narrated obsolescence. This naturalization of industrial choices is a
constant in the history of obsolescence and can also be found in the history of the textile industry,
architecture, or machine tools [72].

4.1.2 Embedded systems: new vulnerabilities

The history of miniaturization also includes the widespread adoption, beginning in the 2000s, of

embedded systems connected to the Internet via cloud computing. As the fundamental physical

8The rise of end times fascism, N. Klein & A. Taylor, the Guardian, April 2025, last accessed in April 2026.
9¢Accelerate everything’ NVIDIA CEO Says Ahead of COMPUTEX, Nvidia blog, June 2024, last accessed in April
2026.
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building blocks of smartphones and the Internet of Things (IoT), these systems present new risks of
obsolescence and digital dependency.

The main component of embedded systems is the SoC, a single chip containing all key components
integrated side by side: computing or graphics processors, memory, and sensors. SoCs also integrate
embedded software or firmware, making them autonomous systems ready to be embedded in any
object, thereby digitizing it: cars, refrigerators, washing machines, light bulbs, and even connected
water bottles [1] (see also illustration in figure 4.2). The ultra-fine soldering of components saves
space, reduces energy consumption, and enables the creation of battery-powered portable devices.
In a smartphone, the SoC is a key component, comprising one or more microprocessors, memory,
one or more graphics processors to handle the display or AI computations, modems (cellular net-
work, Wi-Fi), and sensors (Bluetooth, infrared, biometrics, etc.). On top of this are the peripheral
components (touchscreen, cameras, speaker, microphone), all of which depend on the SoC, which
manages them and handles interactions with the user. This lack of modularity creates new hardware
vulnerabilities for devices with SoCs: replacing a faulty component of the SoC is physically almost
impossible, even for professional repair technicians. The embedded software in the SoC, provided
by the manufacturer, adds a layer of dependency and lack of interoperability, creating a strong de-
pendence of users on manufacturers, as code and documents from these software are almost never
revealed by the manufacturer. Thus, the software layer embedded in the SoCs creates a new set
of device vulnerabilities, which makes repair or do-it-yourself (DIY) practices even more difficult.
Yet these are important strategies for addressing obsolescence, extending the lifespan of devices,
maintaining them, caring for them, or even expanding and repurposing their use [106, 174].

SoCs are not the only reason for the difficulties in repairing the devices that contain them,
such as smartphones, tablets, connected watches, etc. Repairing smartphones and other connected
devices is all the more difficult and expensive because their design makes disassembly complex and
risky. The Right to Repair Coalition has previously criticized Apple and Samsung for designing non-
removable battery systems: in 2007, the first iPhone was sold with a soldered-in battery that only
Apple service centers could replace '°. According to the company and enthusiastic media outlets,
the non-removable battery and the requirement to have repairs done at Apple are the conditions
necessary for a slim phone protected from water ingress. Other manufacturers have followed this
model, which has become the de facto standard. But ‘de facto’ does not mean ‘by itself’, without
persistent intervention by interested parties. This becomes evident when civil society opposes them:
we then see lobbies defending the model established by the company. The European regulation on
batteries and battery waste, adopted in July 2023 !, came too late and has not yet remedied this
situation, according to the Right To Repair EU coalition 2.

Another example is that of the universal charging port USB-C. It wasn’t until 2024 that EU
regulations requiring it for smartphones, tablets, and other portable devices came into effect—a
topic that had been discussed since 2009 but was subject to significant lobbying. Similarly, the slim
design of devices, supposedly demanded by the public, makes the hardware more fragile. In 2014,
Apple was embroiled in the bendgate scandal: the frames of the iPhone 6 and 7, too thin, would bend

10Has the Age of Self-repair arrived? Access to smartphone parts may be improving, but smartphone design is not,
April 2023, repair.eu, last accessed in April 2026.

HRegulation (EU) 2023/1542 of the European Parliament and of the Council of 12 July 2023 on batteries and
battery waste, eur-lex.europa.eu, permanent link.

12Making Batteries Removable and Replaceable: a closer look at the new EU Guidelines, bad news for users,
Repair.eu, February 12 2025, last accessed in April 2026.
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Figure 4.2: Picture of an illustration of existing connected devices using STMicroelectronics chips,
from a personal copy of the book “Toujours puce’, from Lecarpentier Elsa & Maud [1].

in users’ pockets. Despite Apple’s denials, internal documents show that the company was aware
of the issue '3. Yet it continued down this path: in 2025, Apple launched the ultra-thin iPhone
Air, while the advertisement for the Samsung S25 in the same year declared it “beyond slim” (“the
thinnest of the thin” in the French version).

According to Cory Doctorow, Apple “treats drops, slips, cracks, or battery aging as features,
not defects” 4. The expression “it’s not a bug, it’s a feature’, a quip originating in the world of
software development, has become a meme mocking these so-called innovative defective products '°.
Doctorow details other strategies that Apple have used and continues to use in order to control the
market and hinder repairs: the use of patents or trademark law; weakening repair laws; contractual
agreements forcing shredding instead of repair ' to name just a few.

13 Apple Confirms It Knew About iPhone ‘Bendgate’, 24 May 2018, last accessed in July 2025.

14 Apple’s Cement Overshoes, Cory Doctorow, pluralistic.net, May 22 2022, last accessed in April 2026.

151t’s Not a Bug, It’s a Feature, Nicolas Carr, August 19 2018, wired.com, last accessed in April 2026.

16See Apple Forces Recyclers to Shred All iPhones and MacBooks, Vice, April 29 2017 and Apple iphone recycling
program has secrets, Bloomberg, 18 April 2024, last accessed in April 2026.
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The increasing amount of these devices in recent years, thus creates new e-waste. As an ex-
ample of the innovation and its Creative-Destructive ideal, the launch of Apple’s AirPods in 2016
was accompanied by the disappearance of the 3.5mm audio jack on smartphones, rendering wired
headphones incompatible. A forced transition to wireless earbuds has taken place over the past
few years from every phone company (including Fairphone), thus shifting from a simple standard
to an embedded system containing a dedicated chip and a non-removable lithium-ion battery, at
a much higher environmental cost. During our visit at Loxy, the WEEE treatment center in the
Tle-de-France region!” reported to us that they have noticed an increase in waste in recent years
of embedded disposable devices such as e-cigarettes, Bluetooth earbuds, or connected surveillance
cameras, each containing a lithium battery and one or more electronic chips. In figures 4.3a and

4.3b we show some pictures of the recycles bins at Loxy filled with them.

(a) Disposable e-cigarette waste bin. (b) Connected surveillance cameras waste bin.

Figure 4.3: Waste bins filled with IoT devices at Loxy WEEE treatment center.

4.2 The great privatization: obsolescence through software

The hardware-related obsolescence strategies are not the only obstacles to extending the lifespan of

digital devices. Obsolescence opportunities can also be software-related.

4.2.1 Software enclosure

Until 1969, computers were sold with an operating system included in the purchase price at no extra
cost. In 1969, IBM separated hardware and software for the first time, offering the software as a

separate component in its sales offering for the System/360 (S/360), a series of interoperable and

7Newsletter n°6 of the Limites Numériques team: End of life & digital waste, March 14, 2023, last accessed in
April, 2026.
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modular computers. Thanks to its modularity and hardware and software interoperability, the S/360
series became an industry standard within a few years, making IBM the market leader in professional
computers [165]. Following a lawsuit for abuse of a dominant position, IBM’s competitors won the
right to sell or lease S/360-compatible computers. IBM then decided to unbundle its software
offering from computer sales and accompany it with a copyright-licensing system ensuring its full
and exclusive ownership of the software [175]. This maneuver allowed IBM to maintain its dominant
position in the computer market. Watts Humphrey, director of systems and applications at IBM, was
a member of the working group responsible for this unbundling, composed of lawyers and technicians.
According to his own words [176]:

“Qur charge was to recommend how to unbundle software, not whether it should be un-
bundled. We debated a family of asset protection alternatives, including patenting, trade
secrets, and copyright. [...] It was not clear that software could be patented, and the
volume of software products and versions would quickly overwhelm the patent process.
[-..] While we viewed copyright as a weak form of protection, it was all that we had. To
improve the level of protection, we coupled the copyright with a license and counted on

the license to provide the real protection.”

The separation between hardware and software was not a technical consideration, it was a business
decision, aiming at creating a new software market, according to Humphrey. Looking back, as
a software and system developer, he considers it to be a bad decision: “By unbundling systems
programs, we have imposed an artificial barrier to the advancement of technology’. Once again, we
reproduce here the ‘Creative Destructive’ aspects of innovation: innovation is not about improving,
it is about replacing products by planning their obsolescence.

This economic-legal model of creating a new business market for software, using the law—
patterns, copyright trade secrets in this case—is a process very similar to what legal scholar Katha-
rina Pistor describes in her book The code of Capital: How the Law Creates Wealth and Inequal-
ity [177): “With the right legal coding, any object, claim, or idea can be turned into capital’. Pistor
takes several examples to illustrate: the inclosure act enclosing common-land in 1600; indigenous
land appropriation in Western colonialism; intellectual property rights enclosing art or ideas. Pointed
out by scholars like Boyle [178] as the enclosure of “the commons of the mind’, or Aigrin [179] and
Maurel [180] that have expanded it to digital commons as the “enclosure of knowledge commons”.
We argue that the unbundling of software from hardware follows the same logic of creating capital
and inequalities by enclosing software.

This law-coded software enclosure—unprecedented at the time—was adopted by a fledgling Mi-
crosoft in the 1970s. Microsoft designed all its operating systems, including Windows, as separated
from the hardware, marketed under a single-use copyright license that granted no access to the
source code, permitting neither modification, copying, nor reverse engineering. Intellectual property
rights amplified the user’s dependence on their own machine, first through the operating system,
and later through proprietary programs, such as the Microsoft Word office suite, which could only
be installed on Windows, the data it produced were a closed format decided by Microsoft, and whose
paid, single-use license expires frequently.

Microsoft also practiced software-hardware tying—under a commercial agreement between Mi-
crosoft and manufacturers, the sale of a computer is tied with a Windows license—forcing users to

purchase both products together, and thereby establishing Windows as a de facto standard oper-



102 4. Obsolescence: a business model of digital capitalism

ating system. This practice, dubbed racketware, although it is repeatedly denounced by consumer
advocacy groups, is now the de facto standard of selling electronic devices.

This software-induced market domination allows Microsoft to create a captive market and force
massive equipment upgrades. Thus, Windows 11—released in October 2021 as the successor to
Windows 10—is incompatible with all processors manufactured before 2018. This affects, according
to estimates, one-quarter of the installed base, or more than 400 million PCs. By announcing the
end of support for Windows 10 in October 2025, Microsoft forces obsolescence on user devices—a
waste of resources that has been widely condemned in many countries.

These software-induced de facto standards do not result from ‘trends’ but from choices: the
choice of consumer capture models, which are disseminated through competition and supported by

technical, legal, or political forms of coercion.

4.2.2 Smartphones and connected devices: accelerated obsolescence

The software layer embedded by design in SoCs is subject to the same processes of business-oriented
lock-in and control by companies dominating the sector. The discontinuation of updates and mainte-
nance, aided by the shift to cloud computing, leads to abrupt disruptions in usage and a faster pace
of device replacement. Android smartphones are a prime example of this dynamic as we already
discussed in chapter 2.

These issues affect all devices with embedded systems. In 2023, Arlo announced that its video
surveillance cameras would cease to receive updates four years after their release, due to “a number of
reasons, including changing market demands, technology innovation, development of alternate and
more efficient software platforms, and/or improvements in product and cloud security’. And the
company began offering discounts and purchase coupons to “encourage’ consumers to buy a newer
model 8.

More recently, Google announced the end of software support for its Nest connected Thermostats
of 1st and 2nd generation in October 2025. The thermostats would no longer receive software updates
“which may lead to decreased performance with continued use’. It would not be able to connect to
the Google servers anymore or to The Nest application from Google, but “users will recive 50%
discount to purchase the latest tado® thermostat’'®. In November 2025, hacker Cody Kociemba
reverse-engineered the thermostats to restore their functionality—a practice prohibited by law—
while hacker Team Dinosaur developed an open-source software to make the thermostats regain the
main lost functionalities. Their work was financed by the FULU Foundation, a non-profit acting for
Digital Ownership Rights 2°.

Changes in features, access conditions, or abrupt service terminations by companies remotely
controlling connected devices have become commonplace. The Public Interest Research Group—a
US & Canada consumer rights non-profit—has compiled a non-exhaustive database of such cases.
Called the “Electronic Waste Graveyard of expired software and connected services’ it estimates that
in 10 years since 2014 these practices have generated 45 million kilograms of electronic waste world-

wide?!. This was before the end of Windows 10 support. These are strategies of what Cory Doctorow

18 Arlo will end support for these older cameras in April, zdnet, Jan. 2023, last accessed in April 2026.

19End of support for Nest Learning Thermostats, support.google.com, last accessed in April 2026.

20This Group Pays Bounties to Repair Broken Devices—Even If the Fix Breaks the Law, 12 Dec. 2025, Wired, last
accessed in April 2026.

21Electronic Waste Graveyard, PIRG, last accessed in April 2026.


https://web.archive.org/web/20240616195328/https://www.zdnet.com/home-and-office/smart-home/arlo-will-end-support-for-these-older-cameras-in-april-heres-what-you-need-to-know/
https://web.archive.org/web/20260227051701/https://support.google.com/googlenest/answer/16233096
https://web.archive.org/web/20260403232711/https://www.wired.com/story/fulu-repair-bounties-nest-molekule/
https://web.archive.org/web/20260319215715/https://pirg.org/edfund/resources/electronic-waste-graveyard/
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has called the “enshittification” of digital technology, be it devices, software or services [181]: a pro-
cess in which connected devices, online products and services decline in quality over time. While
these practices are denounced and subject to laws and lawsuits, and consumer protest movements
are multiplying, they continue to be widely used by companies [182].

4.2.3 The open source hardware movement

Figure 4.4: Picture of an open hardware SoC schematics and prototype from the ALSOC team at
LiP6, provided by Marie-Minerve Louérat.

During this PhD, in several occasions, I met with researchers and FOSS community members
working on the issues of open source hardware. The open source hardware movement—not very well
known compared to its software counterpart—advocates for open standards, free and open source
software and open documentation of hardware design and manufacturing.

At the research team ALSOC of the Laboratoire d’Informatique de Paris 6 (LIPG6), researchers
develop open source software and design techniques for open SoCs. In figure 4.4 I show a picture of
the design schematics and a prototype of one of their open hardware SoCs. In 2024 the team hosted
the annual Free Silicon Conference (FSiC2024) with a special session on sustainability?2.

Another example of open source hardware is that of the MNT Reform computer that was de-
scribed to me by Johannes Schauer Marin Rodrigues (participant n° 4 (table 3.1) at a Debian gath-

ering in Berlin. The MNT Reform is an open hardware laptop, modular, repairable, functional®?.

22Free Silicon Conference Sustainability session FSiC2024, last accessed in April 2026.
23MNT reform open hardware laptop, official website, last accessed in April 2026.


https://largo.lip6.fr/equipe-alsoc/
https://web.archive.org/web/20260103032257/https://largo.lip6.fr/en/events/
https://web.archive.org/web/20260423205911/https://mntre.com/reform.html
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Figure 4.5: Picture of the MNT Reform open hardware laptop of Johannes Schauer Marin Rodrigues.

During my research on Debian, Johannes Schauer Marin Rodrigues explained his work on the
Debian port of MNT Reform computer (4.5) and the importance of open hardware:

“It is very difficult today, very few projects have open source hardware. The MNT reform
is as open and transparent as possible, not completely because it is not yet possible, but
this is definitely one of the most open hardware that one can get from a laptop. Some of
it’s hardware and firmware, all software and documentation is open source: the firmware
which drives the system management controller, the design files for the motherboard and
system-on-module are open. It is modular, very easy to change and adapt the components,
all is documented. I develop the Debian port, and it is today the main official OS on the
laptop.”

The interest of these open hardware lies in the highly repairable, hackable hardware but also
open source software that facilitates maintenance.

Although it remains a niche area—few people are developing or buying such products, as the
challenges involved in designing, let alone manufacturing, are enormous—it nevertheless demon-
strates that open hardware is possible and is a solution to the problems of the lack of updates from

closed firmware, drivers and frankenkernels.

4.3 Cloud computing: permanent connectivity, disposable in-

frastructure and disposable data

The widespread adoption of embedded systems is made possible by the cloud: software delivered as
IT services, no longer running on local computers but on remote servers, located in data centers,
connected to the Internet. The cloud has existed since the early days of the Internet, when websites
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needed to be hosted on servers. However, the term gained widespread use as the use of remote
services expanded to all sorts of previously disconnected applications: listening to music, watching
movies, office automation, document and media storage, to name but a few. This includes connected
devices, which rely on the cloud to function and become obsolete as soon as the corresponding cloud
service is turned off.

This process, which we propose to call cloudification is accompanied by constant connectivity
and a new form of data disposability. Before cloudification, an Internet connection was a temporary,
provisional state—requiring active intervention by the user to establish and terminate it—and was
perceptible—accompanied, for example, by the sound of modems. Today, it is silent and permanent.
Data that used to be stored locally, in digital libraries or on physical media—hard drives, DVDs, CDs,
etc.—are now stored on servers the user no longer owns, but consumes on demand via streaming over
the Internet thanks to unlimited data plans. With each streaming session, this data is downloaded
locally, used, and then silently discarded; each new use or rewind involves downloading it again and
then discarding it again. These data does not belong to the user, who will no longer have access to
it if they stop using the service or if the cloud service is no longer available.

The disposability of these data is a form of obsolescence that is particularly rendered invisible.
Although single-use, online data have a material existence that is both multiple and disposable: the
storage space they require on servers and data centers, but also on all personal computers where they
pass through multiple cycles of copying and erasure. With each cycle of consumption and disposal,
they consume remote, local, and infrastructural resources, which in turn require other resources for
development, operation, and maintenance.

Also rendered invisible is the materiality of the cloud: data centers requiring large amounts of
energy and water to operate, underground and undersea networks of copper cables or fiber optics,
antennas for 2G, then 3G, 4G, and 5G standards, etc. The wireless connection is not wireless at all,
it consists of intercontinental cables, wired networks, telecom antennas, and satellites [183].

Each of these infrastructures has its own vulnerabilities or exacerbates existing issues 2*. The
rollout of 5G in 2020 accelerated the obsolescence of 2G and 3G networks and numerous connected
devices (cars, elevators, phones, IoT devices) 2°. The same issue applies to investments in so-called
AT systems, which require a major overhaul of data centers and their servers to accommodate new
dedicated graphics chips and cooling systems.

Chips and systems do not necessarily replace the old ones but are added to them—we are clearly
in a model of technological evolution through accumulation and hybridization, rather than through
successive substitutions of one model for another, as described by Jean-Baptiste Fressoz [184].

Furthermore, these systems entail the launch of new products: smartwatches, smartphones incor-
porating dedicated Al chips, and 5G plans, touted by increasingly invasive communication tools that
emphasize the ‘modernity’ of the infrastructure. Their obsolescence, to become socially acceptable,
is presented as coextensive with innovation. This type of discourse is echoed at the highest levels
of governments. In 2020, Emmanuel Macron announced that France would commit to 5G because

“it is the turning point of innovation” 2. In 2025, he declared at the AI Summit, “when the world

24Investigation: In Marseille as elsewhere, the takeover of territory by digital infrastructure, La Quadrature du Net,
November 2024, last accessed in April 2026

25Why most countries are struggling to shut down 2G, restofworld.org, 7 March 2025, last accessed in April 2026.

26Speech by President Emmanuel Macron to representatives of the digital sector, elysee.fr, 14 Sept. 2020, last
accessed in April 2026.


https://web.archive.org/web/20260428203041/https://www.laquadrature.net/en/2025/01/06/investigation-in-marseille-as-elsewhere-digital-infrastructures-are-taking-over-the-territory/
https://web.archive.org/web/20260312150730/https://restofworld.org/2025/shutting-down-2g-networks-phones-obsolete/
https://web.archive.org/web/2/https://www.elysee.fr/emmanuel-macron/2020/09/14/discours-du-president-emmanuel-macron-aux-acteurs-du-numerique
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is accelerating, we cannot decide to slow down, we must go all out’ ?7. Industrial investment is
presented here as a natural evolution, even though there is no consensus on the necessity of such
technology [185, 186].

4.4 Conclusion

Since the 1960s, there have been numerous cases of obsolescence caused by hardware and software.
Simply listing these cases and describing their technical causes is not enough, given that the history
of computing is so deeply embedded in narratives that portray obsolescence as a natural process.
Furthermore, any regulation that treats obsolescence as a misdemeanor is countered by regulations
that link it to intellectual property. It is therefore necessary to deconstruct this discourse. Rather
than speaking of phenomena and causes of obsolescence, we will speak of strategies and opportunities
for obsolescence. Through planning, communication, the de facto standardization of closed models,
pseudo-history, and lobbying, obsolescence has been chosen and imposed, both as a strategy and as
a narrative.

The history of computing is not merely a complex history of technological evolution. It encom-
passes a set of practices but also a history of constructing economic, legal, and rhetorical models
aimed at planning production to artificially pace the release of products to market. But also aimed
at enclosing software and digital systems, in order to secure ownership of innovation. And finally,
aimed at producing discourses that present these maneuvers as the result of a vast law of nature.
While many digital standards have become established de facto, ‘de facto’ does not mean ‘by itself’
without efforts to impose them: technical constraints and lobbying take over from legal constraints
when resistance arises. Finally, it is by rendering invisible resistance, maintenance, care, hack-
ing, repair, FOSS digital commons—all of which have been ever-present throughout the history of
computing—that obsolescence has taken center stage at the heart of digital capitalism, as a business

model.

27"Emmanuel Macron : lintelligence artificielle, “il faut y aller & fond”, 7 Feb. 2025, Le Parisien, last accessed in
April 2026.
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Chapter 5

Key takeaways and conclusion
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5.1 Key takeaways

In this doctoral dissertation I analyze software obsolescence and existing remediation strategies, in
light of the significant environmental impact of digital technologies, particularly that of electronic
devices. To that end, I study two software ecosystems, Android and Debian, by using a qualitative

research approach.

5.1.1 Android findings and key takeaways

The first case study focuses on the Android ecosystem, the world’s most widely used operating
system (OS), based on a Linux kernel, where devices are often replaced and rarely updated more than
two years after their release. I investigate what hinders Android development and maintenance. I
conducted 12 interviews with key players in the ecosystem, supplemented by conference ethnography
and analysis of technical literature.

The analysis shows that the way code flows are organized across the various Android ecosystem
actors inhibits the updates, and outlines how these actors locate their maintenance efforts in different
places to serve their strategic interests. The lack of updates appears in particular at the kernel level,
i.e., at the core of Android builds, as the code from phone vendors and system on chip manufacturers
increasingly diverges from the original Linux kernel code.

Reflecting on the Android findings, I notice the various strategies observed in terms of code

flows between actors, and how they inhibit or facilitate maintenance. Maintenance breaking points

107
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can be technical: silent break of software support, lack of updates and upgrades, code obfuscation,
proprietary binary code, lack of documentation, hidden schematics, anti patterns in coding practices.
This is particularly the case in the code provided by chip and smartphone vendors within the Android
ecosystem. Google, the main actor governing the ecosystem, addresses maintenance issues by shifting
responsibility towards phone vendors. However, as vendors are the least inclined actors to maintain
their code, the problem persists, leading to premature end-of-life for devices and, consequently, their
obsolescence.

Another cause of software obsolescence are the power dynamics within Android. Google, the
primary driver of its development, plays a subtle game of opening and closing the code in the OS,
and consolidates its dominance of the ecosystem in line with its economic interests. Maintenance
of Android code by Google follows these interests. Although Google upstreams code to the Linux
kernel to some extent, it does not mainline the Linux kernel. Moreover, its OS updates or upgardes
often break retro-compatibility, and leave important pieces of the open Android code behind. At
the same time, Google is focusing on key features within the ecosystem that have been developed
as proprietary Google services and imposed on phone vendors through contractual means. This
makes the entire ecosystem and its participants dependent on Google for essential services such as
the Google Play Services.

In this ecosystem, driven by a concern for longevity, some vendors like Fairphone, Commown
and some alternative free open source mobile actors such as LineageOS, Mobian, postmarketOS,
implement remediation strategies to maintain devices and extend their lifetime. Based on their
input, and the results of our study, I present a non-exhaustive list of socio-technical practices that

help them offer OS updates even after SoC manufacturers, phone vendors or Google stop maintaining.

As a software development entity, looking to achieve long-term software support:
e mainline the Linux kernel;

e upstream code;

e reverse-engineer devices;

e share code and collaborate with other related FOSS projects;

e document code;

e share proprietary schematics with the FOSS communities;

e open source code;

e follow open development practices that foster collaboration;

e climinate / minimize proprietary code that is not maintained, nor controlled by the community;
e climinate / minimize blobs by patching;

e climinate / minimize patches by upstreaming their code,

e openly communicate about work processes, release timelines, problems, needs;

e ask for user feedback when releasing new code;
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e dedicate spaces to user feedback (forum, issue or bug trackers).

As a vendor looking to extend the lifetime of its devices:
e have a dedicated team for the OS and software updates;

e facilitate or offer the possibility to install alternative OSes on the device, especially when your

OS support is finished;
e offer a dedicated software client support service, by phone or online forums;

e collaborate with the alternative software communities that offer open source support to your

devices, especially when the chip manufacturer stops offering you software support;

e openly communicate your software support plans, timelines, and updates.

5.1.2 Debian findings and key takeaways

The second case study (chapter 3) focuses on maintenance within Debian, a widely spread free and
open source operating system, also based on the Linux kernel, maintained by a large international
volunteer community, following free open source code development practices and principles. I inves-
tigate maintenance in Debian, by use of a community ethnographic approach during gatherings. I
conducted 11 semi-structured interviews, supplemented by informal discussions, participant obser-
vation, analysis of online community tools and technical literature. The data were analysed using
thematic analysis.

I show that Debian’s technical and social structure is designed to support and facilitate mainte-
nance. This maintenance takes place at various levels: technical maintenance (code, tools), commu-
nity maintenance (social and human interactions), work organisational maintenance (work processes,
teams, roles) and infrastructuring (collective maintenance of inner infrastructure). At each of these
levels, I show how maintenance in Debian is not only a technical process, but involves social inter-
actions within and outside of the community.

I investigate, at each of these levels, what boosts maintenance in Debian, and what hinders it.

Maintenance boosts are located at both the socio-technical level of the packages, the work or-
ganizational one and at the financing one. Code in Debian is organized in packages. The analysis
shows that the socio-technical relationship between Debian developers and external upstream devel-
opers plays an essential role in both the Debian package maintenance, and the upstream software
maintenance.

I identify the crucial role that the collective process of developing, maintaining and improving
the technical and social infrastructure in Debian plays in helping maintaining the project.

Our analysis identifies how The Long Term Support program in Debian—offering 5 years of
support on each release—is an original business model that the community has established, provid-
ing it with the revenue needed for maintenance while limiting corporate influence on maintenance
decisions.

Finally, the study identifies barriers in maintenance: human relations within the community:
resolving conflicts, avoiding burnout, retaining members, attracting new ones seem to be important
concerns for community members.

I now summarize some socio-technical practices that foster maintenance as observed in Debian.
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At the software development level:

e mainline the Linux kernel;

e upstream as much code as possible;

e eliminate / minimize blobs and proprietary code;

e apply patches to eliminate blobs and proprietary code;
e minimize / eliminate patches by upstreaming;

e minimize package / software dependencies;

e develop and maintain good work relationship with the upstream developer community of your

code;
e document your code; document your package; document your work;
e when developing or updating code, do not break retro-compatibility;

e if retro-compatibility is difficult to maintain, discuss the issues in teams and in the community

of users or other developers to seek for solutions, and take decisions collectively;

e communicate about your work, achievements and issues with other members of the community

of users or developers;

e ask for help or propose to help on community spaces.

As a community developing and maintaining software:

e develop and maintain the community hardware and software infrastructure;

e discuss issues within teams, between teams, with users, in community gatherings;

e develop work processes and document them;

e assign mentoring roles for new package maintainers;

e assign welcoming and support role for newcomers in the community;

e develop and maintain accessibility and diversity in the community and in your software;
e develop tools to automate work: package building tools, package tracking tools, testing tools;
e take important decisions collectively;

e port the OS in new devices architectures and share this experience;

e ask for user feedback and organize spaces where this feedback is possible;

e develop and maintain relations with other FOSS systems, developers or users;

e share your code / documentation in and outside of your community and organize spaces for

contributions.
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5.2 Obsolescence, a business model in digital capitalism

Expanding on the study on Android, I present several other hardware-related as well as software-
related obsolescence strategies in connected devices and computers that illustrate how obsolescence

opportunities are obstacles to extending the lifespan of digital devices.

In this study I also examine the prevailing view of the history of digital technology—where
the rapid replacement of each model with a new one is seen as progress—and the definitions of
obsolescence that underpin it. By drawing a connection between scholars’ critical analysis of Moore’s
Law—which, rather than being a ‘law’, served as a roadmap for planing the production of chips
and computers as a series of periodic updates, I argue that obsolescence follows the same path.
Obsolescence in the digital realm guides production in a manner that is both deliberate—it is

planned and these plans are published—and disguised—it is presented as a law of nature.

I argue that the privatization of software, through legal means such as Intellectual Property,
patterns, restrictive licences, coupled with unfair business practices such as tie-in sales, misleading
advertising, and market domination strategies, is a form of enclosure of software and operating
systems. The study of Android also illustrates this point, where the Linux kernel—a digital common
FOSS system [187]—serves as a basis to Google for enclosing Android, the most used operating
system in the world. Obsolescence in the digital realm is made possible by business strategies and
opportunities, through mutually reinforcing hardware and software techniques. Through planning,
software lock-in, pseudo-history, and lobbying, obsolescence has been chosen and imposed, and lies

at the heart of digital capitalism.

5.3 Recommendations

In the light of our findings, we present a non-exhaustive! list of recommendations concerning, on
the one hand, coding practices and, on the other hand, some regulatory measures necessary to
ensure software maintenance while prohibiting the abuse of dominant positions. Furthermore, it
seems essential to implement public policies aimed at supporting and fostering fundamental software

ecosystems such as operating systems.

1T welcome your suggestions for improvements.
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Building on our analysis and insights from informants, we identified a set of practices that

could support software maintenance:

e updates should not discard hardware;

e updates should not lead to software breaking changes and should provide retro-

compatibility for long periods of time (e.g. min 10 years);

e if breaking changes were to happen, the updates should be set aside and discussed and
evaluated with the user and developer communities affected by them until a common

solution and process are established.

Because maintenance practices are enacted only when they align with the values and objec-
tives of the stakeholders involved, it is also necessary to enforce them through regulation. The
following recommendations range from the easiest measures to larger-scale transformations

that would more radically improve longevity:

e require device vendors to publish update and upgrade plans for every device, and ensure

that they are followed;

e require device vendors, chip and parts manufacturers as well as software companies to
liberate all code, schematics and documentation related to hardware behaviour when-
ever they are no more providing updates, and upon expiration of the warranty and
support period;

e include mainlining and upstreaming conditionality into Free and Open Source licences;

e require all operating system components, firmware and software in boot sequences to

be maintained for at least 10 years;

e all operating system components, firmware and software in boot sequences should be
required to follow (or define) open public standards, to avoid proprietary software lock-

ins;

e consider operating systems, firmware and software in boot sequences as public infras-

tructure, governed as digital commons.
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5.4 Conclusion

By examining the Android and Debian ecosystems, this research has identified and analysed impor-
tant maintenance breaking points in software causing obsolescence. These breaking points can be
technical: silent break of software support, lack of updates and upgrades, code obfuscation, propri-
etary and binary code, lack of documentation, hidden schematics, anti patterns in coding practices.
This is for example the case in the code provided by chip and smartphone vendors within the An-
droid ecosystem. Maintenance breaking points can also be socio-economic, supported by technical
and legal instruments, creating dynamics of power and abuse of power in software ecosystems. This
is particularly true of Google in the Android ecosystem.

The findings highlight the importance of free and open source software development practices in
maintaining software systems on the long term, and extending the lifespan of devices. The study
identifies coding practices that are important maintenance strategies at the software development
level. But it is the collective act of maintaining, social interactions within the communities devel-
oping the software and with external communities of users or developers, that are key to long term
maintenance.

As maintenance practices in Debian show, software maintenance is not limited to applying code
updates, but it is a socio-technical process that involves discussing, analyzing, and preparing these
updates so that they align with the needs of the user and developer communities affected by them,
without disruptions.

Obsolescence—even though it is presented as such—is not inevitable. As the example of Debian
and free and open-source mobile systems analysed in this study show, developing software for long-
lasting devices is possible and strategies to achieve it are collectively discussed, implemented, and

improved in these alternative spaces.
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Supplementary table 1: selected conference talks related to the study of Android
#| Conference Talk Author Function Date
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