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Who are we?

» I'm a 2" year PhD candidate.
Background in

A\

» My doctoral training includes a doctoral
(STS) together with STS PhD candidates.

> Interdisciplinary supervising team: two Information and Communication
Technologies (ICT) researchers interested in socio-environmental issues of ICT
and a sociologist of Science and Technologies.
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2/15



A normal day in my lab. ..
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In cellular networks. . .

Dependencies to ICT

2/15



» Digital uses are multiplying and intensifying
— global increase in our

» Current development of ICT based on a limitlessness assumption
— make it unsustainable.

» This raises the question of a possible lack of of our digital uses.

!See [Tomlinson et al., 2012][Monnin, 2023].
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» Digital uses are multiplying and intensifying
— global increase in our dependency on digital technologies (1CT)

» Current development of ICT based on a limitlessness assumption
— Environmental and social impacts make it unsustainable.

» This raises the question of a possible lack of resilience of our digital uses.

— Research agenda ‘in the abundant present for use in the future of scarcity™

» We focus on the resilience issues related to mobile networks.

See [Tomlinson et al., 2012][Monnin, 2023].
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Resilience viewed by ICT communities (1/2)
Resilience is the ability of a system to provide and maintain an acceptable

level of service in the face of various faults and challenges to normal operation
[Sterbenz et al., 2010].
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Resilience viewed by ICT communities (1/2)

Resilience is the ability of a system to provide and maintain an acceptable
level of service in the face of various faults and challenges to normal operation
[Sterbenz et al., 2010].

Which faults and challenges?

» Internal errors (fault-tolerance, dependability, availability, reliability)
» Random adverse environment events (traffic tolerance, disruption tolerance)
» Malicious attacks (security)

ICT research focuses on resilience of |CT systems taken in isolation. ..

? Relation between the
resilience of ICT
infrastructures and that of
societies depending on them?

Resilience of society Resilience of I1CTs
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Resilience viewed by ICT communities (2/2)
ICT research focuses on resilience of ICT systems taken in isolation. ..

7 Relation between the resilience of ICT

infrastructures and that of societies
Resilience of society Resilience of ICTs depending on them?

» ICT for disaster management .- OF on short-term crises.

- ] o What about long-term crisis and
» ICT resilient to disasters (survivability) challenges like resource limitation?

Research on this topic is mainly organized around collapse informatics
[Tomlinson et al., 2012] and the Computing within LIMITS workshop.

We study the long-term resilience
of societies depending on unsustainable ICT.
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Our case study on long-term resilience of ICT infrastructures applied to
cellular networks facing hardware limitation [Courtillat--Piazza et al., 2025]

Approach: using well-known methods to cover research questions grounded in
heterodox assumptions in ICT communities.
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Our case study on long-term resilience of ICT infrastructures applied to
cellular networks facing hardware limitation [Courtillat--Piazza et al., 2025]

Approach: using well-known methods to cover research questions grounded in
heterodox assumptions in ICT communities.

v

Formal frame: stochastic geometry

» Base stations (BS) are modeled by a set of
random points

(an homogeneous Poisson point process)

2000

1000

» Users are modeled by another set of
random points

> A user connects to the nearest base
stations
— The cells form a Vooronoi tesselation.

-2000
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Our case study on long-term resilience of ICT infrastructures applied to
cellular networks facing hardware limitation [Courtillat--Piazza et al., 2025]

Approach: using well-known methods to cover research questions grounded in
heterodox assumptions in ICT communities.

2000

Metric of quality of service: coverage probability

1000

= Probability of a quality metric g being
greater than a threshold I

v(u) =P(q(u) >T) (1)

-1000

-2000
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Our case study [Courtillat--Piazza et al., 2025]

» We add an process on base stations.

n=0 n=4 n=8 n=12

Figure: Remaining BS after n years when applying aging

> is defined as the ratio of the
remaining quality of service over time.

q(u) > T, t=ty+ At)
P(q(u) > T, t = to)

Re(ar) = 2L 2)

0.5Mbps

Data-rate-related resilience, I

-+= Simulation, urbain

—— Theory
Simulation, rural
Theory

2 4 6 8 10 12 14
Time to + At in number of years

Figure: Resilience to aging.
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Limitations of this cellular network modeling

» This research allows exploring long-term resilience to hardware limitation,
in contrast to research focused on punctual disasters and built on limitlessness
assumptions.

8/15



Limitations of this cellular network modeling

» This research allows exploring long-term resilience to hardware limitation,
in contrast to research focused on punctual disasters and built on limitlessness
assumptions.

» However, resilience regarding quality of service does not inform on the social
consequences of such a service loss.

Resilience of society Resilience of ICTs
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Enriching our model with STS

Resilience of society Resilience of ICTs

> Resilience issues involve a variety of institutions, people, practices, technologies,
standards, metrics that are intertwined that can be clarified through STS research.

» We thus initiated a sociological survey through interviews for complementing, and
also iteratively modifying, our cellular network modeling and metrics.
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STS literature: knowing and acting in a finite world

1. ‘Knowing and acting in a finite world" literature [Joly, 2024]:
How to organize the closure of socio-technical systems seen as unsustainable in
the long term [Monnin, 2023, Joly et al., 2022]
— Our modeling work is built on this fondation, opening the question of the
closure of mobile networks.
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3. Literature on maintenance, care and broken world.
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STS literature on failures and natural risk management

» Failures are studied in STS as ways of revealing cascading dependencies between
entities [Bourrier and Nova, 2019, Latour, 1993].

» Studying crisis management thus allows understanding some of the current
dependencies to socio-technical systems like ICT infrastructures.
— For example, cellular networks are considered as critical as they support
emergency calls with rescue departments.

» Studying crisis management also allows understanding what actually matters for
stakeholders.

— Example of Operators of Vital Importance in France.

However, studying risk management provides insights on the current critical uses
of systems but not into the long term.
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STS literature on maintenance, ruins, broken world thinking

» The organization of society around aging, fragile and sometimes failing
infrastructures can be informed by STS literature related to maintenance, care,
ruins and broken world thinking [Denis and Pontille, 2022][Tsing, 2015]
[Jackson, 2014].

> A different view on the notions of ‘failure’ and ‘disaster’, which can be slow and
diffuse, as in the case of pollution [Takahashi, 2024].

» Focus on micro-crisis and micro-repair that are part of the mundane and normal
functioning of systems [Kocksch and Jensen, 2024].

» Grounded in the everyday life of systems, while also making aging and long-term
evolution visible.

Approach relevant for studying what could be done, with the infrastructures we
already have, in case of ICT hardware limitation.
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STS survey

> Interviews with , mostly high-level engineers.

Topics of interest in interviews:

On On the

of mobile networks: of mobile networks:
» De-commissioning » Quality of service definition
> Critical uses » Maintenance and aging

» Example of preliminary result — on base stations’ lifetime:

» Current replacement of base stations is mainly driven by
— However, a survey on maintenance may reveal information on practical

functioning and fragilities of mobile networks that are not necessarily visible for high

level network engineers.
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Conclusion

> We presented our approach for studying long-term social resilience to ICT
hardware limitation.

» We use a well-known method (stochastic geometry) to study a scenario of
hardware limitation and open the question of closure of cellular networks to the
mobile network community.

P> We use a sociological survey through interviews to study the social consequences
of quality of service loss in mobile networks, and investigate hardware aging.
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Question

How can studying current socio-technical systems in a
world based on growth inform a future in a limited world?

» Example: can studying maintenance of software-obsolescent mobile networks
inform the theoretical lifetime of aging networks with compatible software?
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