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Editor‘s Note:
Approaching,
Navigating and
Integrating AI
in aesthetic
practices
Matthias Grund, Johanna

T. Wallenborn

This publication marks the final
volume in our three-part series un-
learn AI. It concludes an ongoing
research journey: a process of
approaching, navigating, and
integrating artificial intelligence
into the art and design curricula of
five German universities.

Together, these volumes reflect the
cumulative outcomes of the research
project KITeGG – Making AI tangible and
comprehensible: Connecting technology
and society through design. Despite its
unwieldy acronym (KITeGG - KI greifbar
machen und begreifen: Technologie und
Gesellschaft verbinden durch
Gestaltung), it served well as our
programmatic guide.

Our collaborative research initiative
brought together Hochschule Mainz, HfG
Offenbach, Hochschule Trier, Köln
International School of Design (KISD)
and HfG Schwäbisch Gmünd. Each
institution contributed its own unique
focus area, while shaping a shared
perspective on integrating AI and
machine learning into creative
education.

Since the project's launch in
2021, we have developed, tested, and
refined strategies for integrating
artificial intelligence into design and
art education. From the begin ning, our
goal was not just to teach technical
proficiency. Rather, we asked ourselves
what designers and artists need to un-
learn in order to engage with these
technologies in critical, ethical, and
imaginative ways.

This final volume, un/learn AI:
Integrating AI in Aesthetic Practices,
reflects on those efforts. It documents
our educational experiments, student-
led explorations, and practice-based
research during the project’s final
years.

Approaching
The first phase focused on orientation.
We began approaching artificial
intelligence by collecting questions,
identifying signals, and mapping the
shifting terrain of intelligent systems
and exploring their implications for
cultural production. During this time,
we started building our infrastructure,
laboratories, and course programs. In
doing so, we developed a shared
vocabulary, questioned existing
paradigms, and laid the foundations for
a transdisciplinary dialogue. Research
fields emerged, sometimes planned and
sometimes unexpected, as artificial
intelligence continued to rapidly
develop as a technological and
sociocultural phenomenon.

The first year also marked the launch
of our ongoing Summer and Winter
schools.

Hosted in rotation by each
partner university, t hese gatherings
became platforms for exchange with each
other and invited leading experts in
the field. Concurrently, first steps
were taken to develop a central
learning and teaching platform designed
to host all our newly developed courses
across the universities.

 cetyu72y
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Navigating
Orientation led to experimentation.
During this second phase, we tested new
course formats, opened up discursive
spaces, and explored different teaching
methods.

As generative AI models, such as
OpenAI’s ChatGPT and Stability AI’s
Stable Diffusion, entered the public
sphere with unprecedented
accessibility, our learning platform
expanded to offer new courses and
workshops that engage with these
transformative technologies critically
and creatively. The emergence of
multimodal models and conversational
agents gave way to a rethinking of
educational content and delivery.

Disciplinary boundaries began to
soften, and navigating became an
ongoing process of negotiation between
theory and practice, teaching and
research, and institutions and
individuals.

Integrating
The final phase, integrating, signifies
both arrival and departure. It is a
time for reflection and transition, and
perhaps a pinch of nostalgia.

Courses initially developed at
one school were adapted and shared
across institutions. Events such as KI-
Abend (HfG Offenbach) and seminars like
Thinking and Prompting: Images (KISD)
expanded through inter-university
exchange. Collaborative formats, such
as Making (Non-)Sense (HfG Schwäbisch
Gmünd & KISD), were co-developed and
presented internationally.

We ask ourselves: What have we learned?
Which structures appeared to be

successful? Where have our findings
challenged existing contexts, and where
have they contributed to new ones?

A significant outcome is the
realization of an inter-institutional
master’s program titled “  Design is
All You Need – AI and Design

Education,” hosted within the
Communic ation Design M.A. program at
Hochschule Mainz.

This iteration incorporates
teaching formats from all five KITeGG
partners and directly involves students
in the activities of the research
project. Building on the insights and
questions generated by KITeGG, the
program expands the collaborative
teaching experience through ongoing
dialogue, course development, and
transdisciplinary networks.

A Call for
Continued
Un/Learning
This publication represents the essence
of this final integration phase.

It unfolds in three
interconnected parts:

Educational Strategies in Aesthetic
Practices reflects on our teaching
methods, including what we tried, what
worked, and what didn’t.

It also discusses how we created
pedagogical spaces where students could
engage with AI in critical,
experimental, and creative ways.

The Student Project Showcase takes the
form of a visual showcase, a nonlinear
sequence of current student work across
all schools, which invites readers to
experience the projects visually and
intuitively before encountering the
ideas and processes behind them. The
projects span critical perspectives,
applied technologies, and poetic
approaches.

Experimental Research in
Aesthetic Practices presents
alternative research formats developed
within the project. It includes
contributions that use design and
artistic practices as methods of
inquiry, exploring AI as a discursive,
affective, and material phenomenon
rather than as a tool.

Unexpectedly, but perhaps inevitably,
some of our initial questions became
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more urgent, sparking more questions
along the way:

What kinds of aesthetics,
possibilities, and unexpected
encounters arise from deep learning
systems? What assumptions and risks are
embedded in their training data, and
how can we reveal and challenge them?

How can we empower artists and
designers to not only use AI but also
critically and responsibly shape it?
How do we foster design practices that
consider not only how to use these
systems, but also when and why to use
them—and, crucially, when not to?

As we wrap up our joint research
initiative after four years, these
questions remain alive, evolving, and
increasingly urgent.

What began as a collective
inquiry into AI’s role in aesthetic
practices has expanded into a broader
reflection on how we teach, learn, and
create in times of algorithmic
transformation.

We hope this book sparks new
conversations and collaborations across
disciplines and institutions. To
un/learn AI is not a linear task but an
ongoing negotiation, one that calls for
curiosity, critique, care, and
imagination.

The work continues.
– The Editors

Hybrid Publishing
and Semantic Chunking
This publication was produced using a
hybrid system combining the open-source
PubPub publishing system and the web-
to-print Paged.js system. This setup
enabled remote collaboration among
authors and team members, as well as

publishing in a hybrid format
accessible online at  unlearn.gestal-
tung.ai and in print.

Each article features a unique short ID
(e.g. “cetyu72y”), located at the
beginning of the text. These IDs serve
as direct links between the print and
digital versions, allowing readers to
access articles online at https://un-
learn.gestaltung.ai/article/[short-ID].

Additionally, automated semantic cross-
references (semantic chunking) offer
alternative reading paths.

The texts were analyzed using
AI, divided into content-based
sections, and compared with similar
sections across this and the previous
two volumes. These semantic “chunks”
appear in the margins, linking related
content and enabling non-linear,
horizontal reading across the series.

Thus, this publication series functions
as both a set of documents and a
network, designed to be read and
explored.
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Figure 8: Object persona sheet (inspired by Cila et al. 2015) of a Tamagotchi as a virtual pet.

Figure 9: Students role-playing a fitness tracker.
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Figure 11: Fictional social media content. Students had to work out whether the content was
fake or real.

Figure 12: unStable Mirror exhibited at KIKK Festival in Namur. Photo by Quentin Chevrier.
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Chunk 2

Chunk 3

SHOWCASE MXL@(A)IDLE MODE - Hidden Layers Conference@KISD 13.6.24 · Video von Tim Klünker
und Léon Scheunemann · Link: https://vimeo.com/1088380087

1: Latente Zustände sind verborgene, potenzielle oder inaktive
Zustände in meist technologischen Systemen, die nicht direkt
sichtbar oder spürbar sind, aber jederzeit aktiviert oder
sichtbar gemacht werden können. In kreativen, technischen oder
AI-nahen Kontexten bezieht sich Latenz“ oft auf das, was im
Hintergrund wirkt, wartet oder vorbereitet wird – ohne
unmittelbar aktiv zu sein. Ein latenter Zustand ist eine
vorhandene Möglichkeit, die aktuell noch nicht aktiviert, aber
prinzipiell wirksam ist. In interaktiven Installationen kann ein
latenter Zustand ein ungetriggertes Szenario sein – z. B. ein
Sensor, der noch nicht ausgelöst wurde, oder ein Codeabschnitt,
der auf Input wartet. In AI-Systemen (z. B. generativen Netzen)
meint man mit latent space“ den inneren Repräsentationsraum –
also eine abstrakte, komprimierte Form von Information, aus der
neue Inhalte generiert werden können. In Raum- oder
Mediengestaltung kann ein latenter Zustand ein potenzieller
Zustand des Raums sein – z. B. eine Leerstelle, ein
unbeleuchteter Bereich oder eine programmierte, aber noch nicht
gestartete Projektion.

2: Auszug aus der Projektbeschreibung: “Motion Experience
Lab@(A)IDLE MODE” is not only a place of encounter and
reflection, but also a place of discovery and inspiration that
visualizes the limits of what can be represented. Here, type in
motion clips communicate with an atmospheric media architecture,
offering a spatial and temporal intermezzo for exploring latent
space. The central theme invites visitors to immerse themselves
in the hidden layers, undiscovered potentials and possibilities
of the creative process, as well as to engage with the discourse
behind it.
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3: Butler, J. (2015). Notes toward a performative theory of
assembly (pp. 35–40). Harvard University Press.
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Abbildung 3: Der Gatekeeper an der AI Lemonade Bar, der den Zugang (Transfertunnel) zur Datenbank
kontrolliert, umgeben von inaktiven idlenden Datensätzen – in Form von neugierigen Besuchern. © MXL
Nina Juric
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Abbildung 5: An der AI Lemonade Bar auf Getränke warten, die über einen sog. Prompt Slot serviert werden. ©
MXL Nina Juric

4: Friedberg, A. (1993). Window shopping: Cinema and the
postmodern (p. 304). University of California Press.
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5: Steyerl, H. (2017). Bubble vision. In Duty free art: Art in
the age of planetary civil war. Verso Books.
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Abbildung 6: Besucher*innen idlen an der The Interface-Installation. © MXL Nina Juric
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6: Ein Techniktotem ist ein symbolisch aufgeladenes Objekt aus
technischen Geräten oder Bauteilen, das kulturelle, soziale oder
ökologische Bedeutungen von Technologie und Techniknutzung
sichtbar macht.

7: Stuart, M. (2010). Are we here yet? (J. Peeters, Ed.; p.
256). Les presses du réel.
<https://www.damagedgoods.be/en/shop/are-we-here-yet>
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Abbildung 8: Besucherin interagiert mit der The Interface-Installation. © MXL Nina Juric

8: Kodaira, A., Xu, C., Hazama, T., Yoshimoto, T., Ohno, K.,
Mitsuhori, S., Sugano, S., Cho, H., Liu, Z., & Keutzer, K.
(2023). StreamDiffusion: A pipeline-level solution for real-time
interactive generation. <https://arxiv.org/abs/2312.12491>

9: https://github.com/cumulo-autumn/StreamDiffusion
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I. p. 71, Chunk 2: Walking in
latent space
II. p. 73, Chunk 7: Hack the
Net (with AI)
I. p. 104, Chunk 16: Bildge-
nerierende Modelle in

Chunk 17

Chunk 18

Chunk 19

10: Zu Beginn: 10 Tage-Crashkurs “Creative Live Tech” mit
TouchDesigner (customized MXL networks) inklusive DMX, Sensorik,
Material- & Raumdramaturgie u.a.

11: Juric, N. (2022). States of Motion: The Motion Experience
Lab 2019–2022. Image&Motion / KISD. https://imageandmotion.xyz/

12: What is the Motion Experience Lab? The Motion Experience Lab
is a hybrid playground environment at KISD for creation and
research, focusing on the artistic practice of augmented motion
in the context of performative interaction and interdisciplinary
media studies. Since 2016, it has served as a production studio
within the Image and Motion department, founded on a conceptual
framework that fosters exploration and encourages
transdisciplinary approaches. Students engage in hands-on design
research in both high- and low-tech environments, developing
prototypes and artifacts that investigate movement,
audiovisuality, spatial performance, interactive worldbuilding,
and immersive experiences.Initiated and developed by Prof. Nina
Juric, the MXL functions as a scaffolding toolset for
experiential learning embedded in a wired audiovisual
environment. Together with employees and students this space is
dedicated to creative tech like embedded audio-visual systems,
generative design tools, expanded computer animation, real time
imagery with body action, code and programming or performing
arts and cultural media science – always to experiment on time-
in-space-complexities and so called ‘interface performances’.

13: Performing Arts and the Royal Academy of Art (KABK) in The
Hague. (n.d.). Practice-based Research.
https://phdarts.eu/PhDArts

14: Butler, J. (2015). Notes toward a performative theory of
assembly. Harvard University Press.
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15: Bennett, T. (1995). The birth of the museum: History,
theory, politics. Routledge. Der Begriff conversation piece“
bezeichnet ursprünglich ein Kunstwerk, das Gespräche anregt und
als sozialer Interaktionsgegenstand fungiert. Tony Bennett
beschreibt hier wie solche Objekte in musealen Kontexten als
dialogische Vermittler zwischen Werk und Publikum wirken.
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16: Hayles, N. K. (1999). How we became posthuman: Virtual
bodies in cybernetics, literature, and informatics (p. 149).
University of Chicago Press. Posthuman embodiment
reconceptualizes the body not as a fixed biological entity but
as a dynamic, technologically mediated process.“

17: Stuart, M. (2010). Are we here yet? (J. Peeters, Ed.; p.
256). Les presses du réel.

18: Auslander, P. (2008). Liveness: Performance in a mediatized
culture (2nd ed., pp. 3–10). Routledge. Auslander analysiert den
Begriff Liveness“ als eine kulturell und medial codierte
Kategorie, insbesondere im Spannungsfeld zwischen medialer
Repräsentation und unmittelbarer Präsenz – zentral für jede
Reflexion von Echtzeit, Performance, Medienkunst.

19: Steyerl, H. (2017). Duty free art: Art in the age of
planetary civil war. b_books.
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20: Referenziert wird hier wieder Philip Auslander,
amerikanischer Kulturwissenschaftler und Performance-
Theoretiker, der vor allem für seine Arbeiten zur Beziehung
zwischen Live-Performance und Medien bekannt ist. Er ist
Professor an der Georgia State University im Fachbereich Theater
und Performance Studies. Seine Monografie "Liveness: Performance
in a Mediatized Culture" (1999) gilt als wegweisend für diesen
Begriff. Er diskutiert darin die Verschiebung des Live-Begriffs
in der medialen Kultur und wie Live“-Performance durch Medien
reproduziert und zugleich transformiert wird. Er argumentiert,
dass Live-Performance nicht mehr strikt vom Medienvermittelten
getrennt betrachtet werden kann, sondern dass beide Formen sich
gegenseitig beeinflussen und dass Liveness“ auch als ein
kulturelles Konstrukt verstanden werden muss. Seine Definition
von Liveness ist oft Ausgangspunkt für weitere Diskurse.

21: Nowness; Vgl. zum Begriff u. a. Walter Benjamins Konzept der
Jetztzeit“ in Über den Begriff der Geschichte sowie Erika

Fischer-Lichtes performativ-ästhetische Perspektive auf Liveness
in The Transformative Power of Performance (2008), in der sie
die soziale Interaktion und die transformative Qualität von
Live-Erfahrungen hervorhebt.

22: Duyves, K. (2023). Personal statement during creative coding
lab talk 2023. https://choreographiccoding.org/lab/380-cologne-
2023

23: Keez Duvyes ist NewMedia Artist und Gründer von Pips:lab,
einem interdisziplinären Medientheaterkollektiv in Amsterdam. Er
ist seit den 1990er Jahren Erfinder und als Creative
Technologist insbesondere im Bereich Medientheater, New Tech und
Live-Performances tätig. Sein Fokus liegt auf der Entwicklung
innovativer, performativer Technologien für den Echtzeitbetrieb.
Das Zitat Technology will always crash“ stammt aus seinem
Vortrag beim Creative Coding Lab 2023
(www.choreographiccoding.org), und reflektiert seine langjährige
Erfahrung mit der inhärenten Unvorhersehbarkeit und Fragilität
digitaler Systeme in Live-Produktionskontexten.

24: Nintendo, The Legend of Zelda: Breath of the Wild, Nintendo,
2017, Spiel für Nintendo Switch, enthält den Spruch Everything
not saved will be lost“,
https://www.nintendo.com/games/detail/the-legend-of-zelda-
breath-of-the-wild-switch/.
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Schreibprozesse) verfasst und basiert auf dokumentarischen Skripten sowie 
Texten von Lio Vast, Annika Walter, Carolin Saddey und Léon Scheunemann.

#01 Visible Input Layer – Who is the MXL AI
Carlos Strohm, Omid Akbari Kharazi, Irena Savchyn, Léon Scheunemann

#02 In da Queue: Idle Mode I – User Stimuli / How to Prompt
Anastasia König, Laura Fleischer, Pia Bernards

#03 AI Lemonade Bar
Victor Thrane Kolling, Annika Walter, Nicolai Rehberg, Paul Kimmerl

#04 On the Database – Performing TouchDesigner / Mediaplay
Carolin Saddey, Tim Klünker, Irena Savchyn, Pia Bernards, Henning Brode

#05 In da Queue: Idle Mode II – Under Construction
Anastasia König, Laura Fleischer, Kirill Solovev

#06 Control Center – Bias on the Past
Carlos Strohm, Lukas Kostka, Anastasia König, Muhammad Danial Sohail, Paul 
Kimmerl

#07 Visible Output Layer
Omid Akbari Kharazi, Muhammad Danial Sohail, Léon Scheunemann

Sounddesign: Leo Maria Althoff aka Lio Vast, Philipp Schultz, Pia Bernards
Kostüme & Tech-Totems: Studierende des 4  Semesters Code & Context

Eine Produktion des Motion Experience Labs, SoSe 2024  

Leitung / Creative Direction: Prof  Nina Juric 
Technik: Marko Bodenstein  
(MXL)Assistenz: Henning Brode (SHK)  

Produktionszeit: 8 Wochen, Proben: 3
Beteiligte Studiengänge: Image&Motion / Integrated Design (KISD) × 
Code&Context (TH Köln)

imageandmotion.xyz · @motionexperiencelab 
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"HIDDEN LAYERS" MOTION DESIGN PACKAGE 3D (@made in vvvv) CUT UP / ANIMATIONSTEAM von Paul Kimmerl · Link:
 https://vimeo.com/1088752715

Abbildung 15: Die Hälfte des Produktionsteams v.l. Muhammad Danial Sohail, Carolin Saddey, Omid Akbari Kharazi, Victor Thrane Kolling, Annika
Walter, Lukas Kostka, Anastasia König, Carlos Strohm, Irena Savchyn, Lio Vast, Nina Juric, Paul Kimmerl, Henning Brode, Léon Scheunemann /
(Nicht im Bild: Tim Klünker, Nicolai Rehberg, Kirill Solovev, Pia Bernards, Laura Fleischer, Philippa Fink und das gesamte Code&Context Team).
© MXL Nina Juric



64
Motion Experience Lab@(A)IDLE MODE: Echtzeit-Installation zur performativen KI Erfahrung –

Embodied AI Learning in Design Education

Chunk 29

"HIDDEN LAYERS" MOTION DESIGN PACKAGE 3D (@made in vvvv) CUT UP / ANIMATIONSTEAM von Paul Kimmerl · Link:
 https://vimeo.com/1088752715

Abbildung 15: Die Hälfte des Produktionsteams v.l. Muhammad Danial Sohail, Carolin Saddey, Omid Akbari Kharazi, Victor Thrane Kolling, Annika
Walter, Lukas Kostka, Anastasia König, Carlos Strohm, Irena Savchyn, Lio Vast, Nina Juric, Paul Kimmerl, Henning Brode, Léon Scheunemann /
(Nicht im Bild: Tim Klünker, Nicolai Rehberg, Kirill Solovev, Pia Bernards, Laura Fleischer, Philippa Fink und das gesamte Code&Context Team).
© MXL Nina Juric



66 DIY Compute: Rolling Your Own GPU Node from Cheap Hardware

Chunk 1

DIY
Compute:
Rolling Your
Own GPU Node
from Cheap
Hardware

1: Koch, A. (2025). Der KITeGG Cluster – eine Infrastruktur für
KI in der Gestaltungslehre. Un/Learn AI, 2.
https://doi.org/10.25358/openscience-11844

 ro8j5asv

Anton Koch 67

Chunk 2

Chunk 3

Chunk 4

2: (n.d.). IPC 4W2 MINING-RACK. Inter-Tech Elektronik Handels
GmbH. Retrieved June 11, 2025, from https://www.inter-
tech.de/productdetails-139/4W2_MINING-RACK_EN.html



66 DIY Compute: Rolling Your Own GPU Node from Cheap Hardware

Chunk 1

DIY
Compute:
Rolling Your
Own GPU Node
from Cheap
Hardware

1: Koch, A. (2025). Der KITeGG Cluster – eine Infrastruktur für
KI in der Gestaltungslehre. Un/Learn AI, 2.
https://doi.org/10.25358/openscience-11844

 ro8j5asv

Anton Koch 67

Chunk 2

Chunk 3

Chunk 4

2: (n.d.). IPC 4W2 MINING-RACK. Inter-Tech Elektronik Handels
GmbH. Retrieved June 11, 2025, from https://www.inter-
tech.de/productdetails-139/4W2_MINING-RACK_EN.html



68 DIY Compute: Rolling Your Own GPU Node from Cheap Hardware

Chunk 5

Chunk 6

Chunk 7

Chunk 8

Figure 1: The IPC 4W2 mining rack case in its original configuration.
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6: (n.d.). SILENT WINGS 4 silent Fans for your PC from be quiet!
Be Quiet! Retrieved June 11, 2025, from
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Figure 2: Realigned metal bars for holding GPUs.
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Figure 3: Realigning the middle fans

Figure 4: Drilling the new mounting holes from inside to outside.
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Figure 5: The completed setup.
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Anthrobot
Ilona Achba, Tyanka Adrian,
Philipp Gatzke, Meike
Kattwinkel, Elena Schröder,
Justus Schomann, Aikaterini
Sideri, Jessica Zisa

III. p. 24, Chunk 13: From
Physical Computing to
I. p. 88, Chunk 14: Robotik
und Computer Vision
I. p. 19, Chunk 3: HfG
Offenbach

Chunk 1

III. p. 173, Chunk 3: Stuhl
II. p. 258, Chunk 11: reshape
23
I. p. 66, Chunk 14: AI+D Lab
(HfG Schwäbisch Gmünd)

Chunk 2

As part of the ANTHROBOT project, KISD students programmed
a six-axis industrial robot to function as an active per-
former in a dance installation involving a child and a se-
nior. In collaboration with the theatre collective DI-
PHTHONG, the students programmed the robot’s movements,
designed interaction sequences, and co-created the perfor-
mance’s audio landscape. The result is a responsive robot

capable of reacting to and generating physical impulses in dialogue with
the dancers. The dance performance ANTHROBOT explores the topic of human
relationships across generations as well as our relationship to
technology.

Oden, a collaborative industrial robot arm from Universal Robots is part of 
the inventory of KISD’s AI Lab, thelaboratory of living objects. It has six 
joints that allow it to stretch 50 cm and lift 3 kg  It offers students the 
opportunity to research and develop forms of human-machine interaction. 

Photo Credits Figure 01–03: Laura Wagner, Figure 04–05: 
Alessandro De Matteis
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Inês Fernandes de Aguiar,
Alina Bertacca, João Borges,
Bidisha Das, Bia Dobbs, João
Nuno Rua Fonseca,

, Luka Jacke,
Yonghyuk Kim, Katrina Milta,
Mário Pereira, Jovydas
Petr tis, Jule Pickel,
Elzbieta Ploiakova, Vytenis
Razmus, Daniel Rosewich,
Aikaterini Sideri, Anna
Sokolova, Hannah
Steinbrecher, Anastasija
Surovceva, Ada Wagner

Chunk 1

Chunk 2

At the occasion of the 100th Lithuanian Song Festival,
KISD students worked in international teams to create audiovisual works,
which they presented at the Lithuanian Parliament's Visitor Centre in
Vilnius.

The project focused on engaging with the century-old tradition of celebra-
ting Lithuanian song. Traditional Lithuanian songs were selected and re-
corded by Vilnius Tech’s choir, 'Gabija'. These songs formed the basis for
the students’ audio-visual works. New animation technologies, such as 3D
reconstruction, generative graphics, and generative artificial intelli-
gence, were employed to create a series of videos and explore new perspec-
tives on the Song Festival, recognized by UNESCO as intangible cultural
heritage.

The resulting works offer various insights into the intersection of cultu-
ral tradition and novel technologies.

Themes and creative concepts range from accessing and
editing historical material, to mixing real-life footage with 3D recon-
structions and modeled 3D worlds, to producing original songs based on the
provided traditional ones, to utilizing artificial intelligence for both
visuals and sound.

In collaboration with Vilnius Technical University, University of Porto, Riga 
Technical University, University of Greifswald and Academy of Media Arts 
Cologne

Video documentation is available at: https://vimeo.com/1021804361
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Der Raum kann
wahrgenommen
werden
Daniel Mikula Scholl,Chunk 1

Chunk 2

The interactive multi-channel video work “Der Raum kann
wahrgenommen werden” invites viewers to explore the blurred, unexpected
results of machine imagination through a tactile, non-verbal interface.
Instead of typing prompts, visitors interact via sliders and printed
cards.

When a card is placed, the AI generates a distorted pro-
jection that attempts to match the pattern - but alway s fails. These mis-
interpretations layer across the walls, forming a shifting digital “mem-
brane” that warps with each new input. The result is an accumulation more
than a story: the room becomes a dense, chaotic record of the AI’s failed
translations. Sliders offer a more technical interaction - opaque and ma-
chine-like - while the cards evoke craft or even ritual. The goal is not
to refine output, but to shift focus from language-image relations towards
direct, sensory engagement with machine imagination.

 yxhqcoo9

Digitale Entfremdung
Chunk 1

Chunk 2

Chunk 3

Besucher*innen der interaktiven Installation Digitale nt-
fremdung setzen sich an ein Holzpult, das an eine Kanzel erinnert. Dort
liegen Gedichte, die auf Hautimitat aus Latex handgeschrieben und eintäto-
wiert wurden. Besucher*innen sprechen eines davon in ein Mikrofon, wodurch
ihre Stimme synthetisiert wird. Daraufhin können sie einem Large Language
Model Fragen stellen, welches mittels Finetuning an die Online-Persona
lisa Deutloff's angepasst wurde. Das Model antwortet mit der geklonten

Stimme, eingebettet in eine Vier-Kanal-Soundscape.
Besucher*innen treten in einen Dialog mit einer Stimme,

die ihre eigene ist, ihnen aber nicht mehr gehört. Dieses Spannungsfeld
zwischen Intimitä t und Unnahbarkeit macht die Installation zu einem Raum
der Selbstbegegnung im digitalen Zwielicht. Die Arbeit verweist auf ein
Paradoxon digitaler Kommunikation: Sie verbindet, während sie gleichzeitig
isoliert.

Sie stellt die Frage nach der Vergänglichkeit von Sprache
und Identität in einer entkörperlichten Welt.

Gedichte von Zici Pütz, Seongsin Lee und Charlotte Simon  Tätowierung von 
Verena Mack  

 Danke an Jenny Sophie Kasper, Leandra Kleber, Prof  
Alexander Oppermann, Leon Kühr, Mattis Kuhn, Natalie Wilke und das Team des 
Frankfurter Kunstvereins

Photo Credits: Norbert Miguletz (Frankfurter Kunstverein)
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Viktor WerbiloII. p. 69, Chunk 20: Editori-
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III. p. 40, Chunk 26: Buil-
ding AI Intuition – Four
III. p. 85, Chunk 18: Die
Pille für KI

Chunk 1 Distorted Messages exposes the risks of generative AI for
marginalized communities, using German Sign Language (DGS)
as a case study. Despite the promises of AI, in terms of
accessible learning and communication tools, it often
fails to do so – mainly due to biased training data that
excludes underrepresented groups.

Through three experimental works, this design research
project highlights how different AI modalities can distort our
reality: Hallucinated Alphabet reveals image-based hallucinations through
incorrectly generated finger alphabets; Learn something contrasts faulty
text-based DGS descriptions with accurate visual signs; and Un·clear shows
how video generation lacks the precision needed to convey meaningful
gestures.

These errors are not just technical - they risk reinforcing exclusion and
misinformation  By making these flaws visible, Distorted Messages calls
for more inclusive AI systems and points out who is left behind when pre-
cision, representation, and accessibility are missing.

 ogcamyc8

Agnes Stigler, Berit Bove,
Colin Subat, Oliver Beer

Chunk 1

Chunk 2

Chunk 3

In der interaktiven Installation FloraForge” können Besu-
cher*innen mithilfe generativer K.I.

individuelle Pflanzen kreieren. Das Projekt basiert auf
dem Gart der Gesundheit“, einem der ältesten gedruckten Werke über Kräu-
terkunde, das 1485 in Mainz erschien und Wissen über Heilkräuter
verbreitete.

In der Installation können Besucher*innen auf einem Touchtable selbst
Pflanzen malen un d anhand von Kategorien, die Form und Eigenschaften ihrer
Kreation beeinflussen.

Mit Hilfe von Prompts, Controlnet und einem eigens trai-
nierten LoRA Modell werden die Pflanzen in den Illustrationsstil des Bu-
ches umgewandelt und können an der Ausstellungswand als Teil eines proji-
zierten Gartens bewundert werden. Dieser wird durch vvvv Gamma und eine
Geräuschkulisse zum Leben erweckt und lädt zum St aunen und Entdecken ein.

Ein Prototyp wurde bereits am RLP-Tag 2025 in Kooperation mit der BUGA29
ausgestellt. Die fertige Installation ist Anfang 2026 als Teil der "Flora"
Ausstellung im Naturhistorischen und Gutenberg-Museum Mainz zu sehen.

 6kyqpzaw

Annika LeuothChunk 1

Chunk 2

The AI image (Fluxturbo) and the photo of an imitating mi-
niature (40cm x 40cm x 40cm) depict a toilet in the center of the scene.
The eye is immediately caught by a big gaping mouth with human teeth which
is merged with the open toilet lid. A white lacy fabric is spit from the
mouth into the toilet bowl. The room itself is covered in red tiles; some
appear slightly damaged or uneven.

At second gl ance, the perspective seems to be distorted,
evoking a feeling of disorientation. A cold and greenish light creates an
eerie atmosphere. The mirror in the background gives the illusion of depth
but also increases the claustrophobic feeling of the room. The surreal and
macabre imagery plays with the contrast between an inanimate cold object
and an animate human body part by recombining familiar elements  and there-
by creating a new uncanny fever dream. By replacing a bodily fluid with
lacy fabric, the image walks the line between what disgusts and what aest-
hetically pleases us.
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die K
v wür eit
Anna KrämerIII. p. 174, Chunk 2: Synthe-

tische Erinnerung
III. p. 85, Chunk 20: Die
Pille für KI

Chunk 2

III. p. 252, Chunk 1: Auf dem
Weg zu KITeGG

Chunk 3

II. p. 114, Chunk 1: Artefact
Hunt
I. p. 58, Chunk 10: KI Labor
(HfG Offenbach)
I. p. 172, Chunk 2: A compu-
ter generated map?

Chunk 4

Wir leben in einer Zeit, in der Informationen unabhängig
von Expertise oder Wahrheitsgehalt veröffentlicht und ver-
breitet werden können. Mit generativer künstlicher Intel-
ligenz lassen sich Bilder erzeugen, die keinen Bezug zur
Realität haben müssen und dennoch glaubwürdig wirken.
Gerade im wissenschaftlichen Kontext, in dem Bilder oft
als objektiv und belegend wahrgenommen werden, stellt das
eine Herausforderung dar. Im Buch Inszenierte Wissen-

schaft“ werden 37 pseudowissenschaftliche Themen mithilfe von ChatGPT-4o
visuell inszeniert. Die Bildsprache orientiert sich an etablierten Formen
wissenschaftlicher Darstellungen, um zu testen, wie überzeugend sich wis-
senschaftliche Glaubwürdigkeit schon heute konstruieren lässt – auch wenn
der Inh alt zweifelhaft ist.

Das Projekt versteht sich außerdem als Einladung, die ei-
gene Wahrnehmung zu hinterfragen: Was macht ein Bild
glaubwürdig? Wie unterscheiden wir zwischen echten und
künstlich erzeugten Inhalten? Und wie können wir lernen,
damit bewusster umzugehen? Ziel ist es, aufzuzeigen, wie
leicht KI-generierte Bilder unsere Einschätzung von Infor-
mationen beeinflussen können – und welche Veran twortung

dabei auf Seiten der Gestaltenden liegt.

 s1oy6d0n

MK a
Max KreisChunk 1

Chunk 2

In Max Kreis’ diploma work, MK Ultra, a wordplay on his
initials and a hint at the brain-altering capabilities of the technology
used, he deals with his most personal digital memories from the past seven
years and tries to weave those digitally altered fragments into a narrati-
ve multichannel (18) video work consisting of six 33-minute segments of
speculative realities, cut to a score created by the artist himself. Whe-
reas his former image models trained on his memories, a practice he star-
ted in late 2019, were more abstract in their outputs and looked more
painterly and vague, MK Ultra represents the first AI based work of the
artist, where his most private inputs are not as obscured in their respec-
tive output. Therefore plausible alter nateversions of his past self become
visible throughout the work leading to an overall uncanny, ghostly
atmosphere.

To achieve the clips used in the work he fine-tuned an
open source Text-To-Video model on his own data — a mixture of photos and
videos recorded by himself with his phones of the span of the past 7 ye-
ars. All of those speculative fragments were then woven manually by myself
into two six m inute experimental video loops.

Photo Credits Figure 01–02: Kerstin Weiser 
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Viktor WerbiloII. p. 69, Chunk 20: Editori-
al
III. p. 40, Chunk 26: Buil-
ding AI Intuition – Four
III. p. 85, Chunk 18: Die
Pille für KI

Chunk 1 Distorted Messages exposes the risks of generative AI for
marginalized communities, using German Sign Language (DGS)
as a case study. Despite the promises of AI, in terms of
accessible learning and communication tools, it often
fails to do so – mainly due to biased training data that
excludes underrepresented groups.

Through three experimental works, this design research
project highlights how different AI modalities can distort our
reality: Hallucinated Alphabet reveals image-based hallucinations through
incorrectly generated finger alphabets; Learn something contrasts faulty
text-based DGS descriptions with accurate visual signs; and Un·clear shows
how video generation lacks the precision needed to convey meaningful
gestures.

These errors are not just technical - they risk reinforcing exclusion and
misinformation  By making these flaws visible, Distorted Messages calls
for more inclusive AI systems and points out who is left behind when pre-
cision, representation, and accessibility are missing.

 ogcamyc8

Agnes Stigler, Berit Bove,
Colin Subat, Oliver Beer

Chunk 1
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Chunk 3

In der interaktiven Installation FloraForge” können Besu-
cher*innen mithilfe generativer K.I.

individuelle Pflanzen kreieren. Das Projekt basiert auf
dem Gart der Gesundheit“, einem der ältesten gedruckten Werke über Kräu-
terkunde, das 1485 in Mainz erschien und Wissen über Heilkräuter
verbreitete.

In der Installation können Besucher*innen auf einem Touchtable selbst
Pflanzen malen und anhand von Kategorien, die Form und Eigenschaften ihrer
Kreation beeinflussen.

Mit Hilfe von Prompts, Controlnet und einem eigens trai-
nierten LoRA Modell werden die Pflanzen  in den Illustrationsstil des Bu-
ches umgewandelt und können an der Ausstellungswand als Teil eines proji-
zierten Gartens bewundert werden. Dieser wird durch vvvv Gamma und eine
Geräuschkulisse zum Leben erweckt und lädt zum Staunen und Entdecken ein.

Ein Prototyp wurde bereits am RLP-Tag 2025 in Kooperation mit der BUGA29
ausgestellt. Die fertige Installation ist Anfang 2026 als Teil der "Flora"
Auss tellung im Naturhistorischen und Gutenberg-Museum Mainz zu sehen.
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Annika LeuothChunk 1

Chunk 2

The AI image (Fluxturbo) and the photo of an imitating mi-
niature (40cm x 40cm x 40cm) depict a toilet in the center of the scene.
The eye is immediately caught by a big gaping mouth with human teeth which
is merged with the open toilet lid. A white lacy fabric is spit from the
mouth into the toilet bowl. The room itself is covered in red tiles; some
appear slightly damaged or uneven.

At second glance, the perspective seems to be distorted,
evoking a feeling of disorientation. A cold and greenish light creates an
eerie atmosphere. The mirror in the background gives the illusion of depth
but also increases the claustrophobic feeling of the room. The surreal and
macabre imagery plays with the contrast between an inanimate cold obj ect
and an animate human body part by recombining familiar elements and there-
by creating a new uncanny fever dream. By replacing a bodily fluid with
lacy fabric, the image walks the line between what disgusts and what aest-
hetically pleases us.

124 161 102 152 140

113 115 103 137

131 162 151

Index 171

 fr86ux1b

Generative K
enz und

die K
v wür eit
Anna KrämerIII. p. 174, Chunk 2: Synthe-

tische Erinnerung
III. p. 85, Chunk 20: Die
Pille für KI

Chunk 2

III. p. 252, Chunk 1: Auf dem
Weg zu KITeGG

Chunk 3

II. p. 114, Chunk 1: Artefact
Hunt
I. p. 58, Chunk 10: KI Labor
(HfG Offenbach)
I. p. 172, Chunk 2: A compu-
ter generated map?

Chunk 4

Wir leben in einer Zeit, in der Informationen unabhängig
von Expertise oder Wahrheitsgehalt veröffentlicht und ver-
breitet werden können. Mit generativer künstlicher Intel-
ligenz lassen sich Bilder erzeugen, die keinen Bezug zur
Realität haben müssen und dennoch glaubwürdig wirken.
Gerade im wissenschaftlichen Kontext, in dem Bilder oft
als objektiv und belegend wahrgenommen werden, stellt das
eine Herausforderung dar. Im Buch Inszenierte Wissen-

schaft“ werden 37 pseudowissenschaftliche Themen mithilfe von ChatGPT-4o
visuell inszeniert. Die Bildsprache orientiert sich an etablierten Formen
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damit bewusster umzugehen? Ziel ist es, aufzuzeigen, wie
leicht KI-generierte Bilder unsere Einschätzung von Infor-
mationen beeinflussen können – und welche Verantwo rtung

dabei auf Seiten der Gestaltenden liegt.
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Chunk 2

In Max Kreis’ diploma work, MK Ultra, a wordplay on his
initials and a hint at the brain-altering capabilities of the technology
used, he deals with his most personal digital memories from the past seven
years and tries to weave those digitally altered fragments into a narrati-
ve multichannel (18) video work consisting of six 33-minute segments of
speculative realities, cut to a score created b y the artist himself. Whe-
reas his former image models trained on his memories, a practice he star-
ted in late 2019, were more abstract in their outputs and looked more
painterly and vague, MK Ultra represents the first AI based work of the
artist, where his most private inputs are not as obscured in their respec-
tive output. Therefore plausible alternateversions of his past self become
visible throu ghout the work leading to an overall uncanny, ghostly
atmosphere.

To achieve the clips used in the work he fine-tuned an
open source Text-To-Video model on his own data — a mixture of photos and
videos recorded by himself with his phones of the span of the past 7 ye-
ars. All of those speculative fragments were then woven manually by myself
into two six minute experimental video loops.
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Schlag auf Schlag
Nelli Gomez BaumertChunk 1

Chunk 2

III. p. 34, Chunk 10: Buil-
ding AI Intuition – Four

Chunk 3

In the performance piece Schlag auf Schlag, Nelli Gómez
Baumert engages both linguistically and physically with the patriarchal
violence and masculinities in her environment. Through a fight choreogra-
phy that includes elements from kickboxing, aikido, and karate, she arms
herself against what she has experienced in the past and what lies ahead
in the future.

Her training partner, the UR10 e, a cobot from Universal
Robots, responds in real time to her attacks and challenges her. This ro-
bot, intended for industrial use, here becomes her choreographic ally. She
uses the UR10e’s “FreeHand” function to determine its position in space.
This requires precise settings and programming of speed, force, and
timing.

The robot and the artist meet with the defensive object of
a baton, while a text ov er loudspeakers forms the sound-
scape of the performance.

Photo Credits: Cheesoo Park
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Served
Maybritt DornheimII. p. 182, Chunk 1:

SandwichNet
Chunk 1

Chunk 2

The work is the photographic interpretation of an image
generated with the help of artificial intelligence.
It shows the blending of realities and was modeled as clo-
sely as possible on the reference image. For the fusion of

apple and tennis ball as the main motif, an apple was processed, painted,
carved and glued in such a way that it resembles the texture and appearan-
ce of a tennis ball.  In the photo studio, the materiality and the lighting
situation of a tennis cinder court and direct sunlight were recreated. A
strip of felt was placed in the painted apple, wool was cut into small
pieces, and the fluff was glued on. This creates the deceptive and surreal
image that tennis was actually being played with a kind of “apple ball”.
Inspiration was drawn from artists such as René Magritte a nd Lee Materaz-
zi, films such as “Challengers” and everyday moments and objects.
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StableHub
, Franz

Anhaeupl
Chunk 1

I. p. 65, Chunk 10: AI+D Lab
(HfG Schwäbisch Gmünd)
II. p. 194, Chunk 4: Work in
Progress
II. p. 211, Chunk 10: Uncanny
Type

Chunk 2

Chunk 3

StableHub (  https://stablehub.aid-lab.hfg-gmuend.de/) is
a project designed to give students deeper knowledge and practical under-
standing of image generation. I analyzed the interfaces of existing tools
and surveyed students to identify their pain points and needs.

The survey revealed a strong interest in integrating AI-
driven image generation into existing design workflow s.

Together with Christopher Pietsch and Felix Sewing, both
members of the AI+Design Lab, I developed a platform that
lets students experiment with three core models: Text-to-
Image, Image-to-Image and ControlNet. All operations run
on a locally installed Stable Diffusion engine

A tutorial page walks users through every parameter and function step-by-
step  A built-in gallery allows students to upload t heir favorite results,
like and browse peers’ images within the university ecosystem, and draw
inspiration.

Each month, the most-liked image is exhibited on campus.

I also integrated a Style Copilot: a locally hosted Llama model that turns
short style descriptions into fully formed Stable Diffusion prompts and
appends them automatically.
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III. p. 168, Chunk 2: Anthro-
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II. p. 197, Chunk 11: Work in
Progress

Chunk 3

The interactive installation Stuhl (chair) uses real-time
AI generation to expand the design process of chairs derived from the
classic Thonet models. Visitors can draw or sketch freely on a graphics
tablet.

Whether spontaneous strokes or simple sketches — the sys-
tem sparks the imagination and helps to design customized Thonet chairs.
If the drawing is very similar to a chair , it is transferred into a design
that is clearly recognizable. Conversely, if the drawing is far away from
a chair, the system is given more freedom.

A ComfyUI workflow ensures a smooth and fast creation process so that the
AI system can process image requests efficiently. It is based on Stability
AI's SDXL base model and uses a custom-trained LoRA model together with
the LCM model for real-time image generation.

Photo Credits Figure 05: Cheesoo Park
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Synthetic Eden
Pourya SharifiII. p. 107, Chunk 1:

Sustainable AI
II. p. 112, Chunk 15:
Sustainable AI

Chunk 1

Chunk 2

Synthetic Eden presents a dystopian vision in which human
influence on the ecosystem becomes so overpowering that
the consequences of industry and technology turn into in-
tegral parts of nature itself. This experiment illustrates
the loss of naturalness in our environment caused by human

intervention. A photo taken in the Stadtwald Köln served as the visual ba-
sis. Using AI, the sce ne was transformed into a synthetic version of its-
elf – a symbol of a possible future in which artificial elements dominate
the natural surroundings.

The AI-generated scene was then reconstructed in a 3D environment to crea-
te an immersive experience. Despite its unnatural composition, the scenery
evokes a feeling that is both captivating and unsettling.

This synthetic ecosystem reveals a world shap ed by human
interference, continuing to exist independently and offering a disturbing
glimpse into an alternative future reality.

 n83dq7c7

Synthetic Re
Marie Backhaus, Henrike Hof,
Levon Javaheri, Eva
Matzerath, Phillip Schulz

III. p. 40, Chunk 26: Buil-
ding AI Intuition – Four

Chunk 1

II. p. 4, Chunk 3: Vorwort
III. p. 5, Chunk 13: Editor‘s
Note
II. p. 263, Chunk 5: TRANS-
FORM 23

Chunk 2

Synthetic Reflection is a short film about AI. Unfolding
in five chapters set in unique generative environments,
the film reflects on the societal impact of AI and its im-

plications for the future of artistic expression and human identity

Composed entirely of AI-generated content, including visuals, sound, text,
and narration, the film blurs the line between human and machine
creativity.

Every element was curated and assembled by humans into a
cohesive cinematic experience.

The narrative explores themes including AI innovation and
the fascination surrounding it; its effects on various
fields; personal creativity in an AI-driven world ; ethical
and legal concerns; and the shifting boundary between ar-

tificial and real. Each chapter offers a distinct perspective on the pro-
mises and uncertainties of AI.
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Berire Akdogan, Hannes Bader,
Alissa Bernhardt, Piroschka
Benedikta Brucker, Marlene
Grabenwöger, Helena Hofmann,
Georgia Ioannidou, Lisa
Oelsen, Tristan Schulze,
Niklas Thielen, Lea Waldera,
Cosima Wagner, Micha Wempe,
Anastasia Verena Wilbrandt,
Jennifer Zachlod

Chunk 1

III. p. 171, Chunk 2: Genera-
tive Künstliche Intelligenz

Chunk 2

Die Erinnerung ist das Wiedererleben von Erlebnissen und
Erfahrungen aus der Vergangenheit. Sie können individuell, kollektiv und
historisch sein, aber auch lückenhaft, verzerrt und beeinflusst.

Unsere persönlichen Erinnerungen halten wir in Tagebü-
chern, Schnappschüssen, Videoclips, Sprachaufnahmen oder
Zeichnungen fest – um wichtige Momente und Gefühle zu be-

wahren. Durch generative Künstliche Intelligenz können wir solche Medien
heute täuschend echt und in Sekundenschnelle synthetisch erzeugen oder ma-
nipulieren. Damit wird unser Vertrauen in diese Erinnerungsstützen grund-
legend infrage gestellt. Die Grenzen zwischen Fakt und Fiktion verschwim-
men, und die Relevanz von aufmerksamer und verantwortungsbewusster Rezep-
tion steigt enorm.

Die Ausstellu ng »Synthetische Erinnerung« präsentiert gestalterisch-künst-
lerische Positionen von Studierenden des Master-Studiengangs »Design is
all you need – Gestaltungslehre und KI«, die sich kritisch mit der Produk-
tion synthetischer Medien auseinandersetzen – sowohl mit ihren Potenzialen
als auch mit ihren Risiken.

Die gesamte Ausstellung wurde durch einen virtuellen Rundgang dokumentiert: 
https://my.matterport.com/show/?m=ZZVngdqpwgu

 ifckivm4

With a Grain of Salt
, Alicia

Link, Robert Kremer
Chunk 1

Chunk 2

In disaster response, universally understood visuals are
vital for inclusive communication, yet designing imagery that balances
clarity with necessary complexity remains challenging. AI can help overco-
me this by detecting unintuitive misinterpretations while smoothly
bridging detailed and minimalist designs.

In our Bachelor's thesis on Design for Inclusive Disaster Response, we le-
verage d natural language-driven image generation to explore this challenge
through four conceptual approaches:

1  Extrapolation: Extending visuals based on a character or set of picto-
grams as input (see Figure 1).

2  Interpolation: Exploring smooth transitions across levels of abstrac-
tion (see Figure 2).

3  Style Transfer and Content Mix: Swapping content and
aligning the style accordingly (see Figure 3).

4  Reverse Testing: Allowing the AI to evaluate the comprehensibility of
our often abstract results (see Figure 4).

We often encountered limitations when the style became too abstract or un-
familiar to the model

Models used: GPT-4o and Flux.1 Kontext
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Figure 10: a portrait of a { } person, painting, late 19th
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Figure 18: a portrait of a plain face, professional photography,
randomly selected seeds; collage. © Jana Hartmann
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Figure 21: a portrait of a handsome face, painting, late 19th century, randomly selected seeds; collage. © Jana Hartmann
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Figure 2: Accidental salience-based theming due to area size. Cluster colors extracted with a basic implementation of a k-means algorithm,
with k=5. Interfaces created for visualization purposes. © Robert Halbach, source image by  George Zvanelli
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Figure 4: Segmentation-based palette extraction. Left: DISNet foreground masks with background removed. Center: distribution of remaining
pixel colors in CIELAB space. Right: k-means cluster palettes based on the segmented regions. © Robert Halbach
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Figure 6: Color plots and k-means palettes before (top) and after (bottom) filtering with semantic anchors in CIELAB. © Robert Halbach
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Figure 1: The Making of Graphic Cards (Nvidia RTX 4090) - Global supply chain visualization showing the journey from raw
materials to final product. © Ting-Chun Liu. Contains materials courtesy of NVIDIA, TSMC, ASML, and other manufacturers
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How to KITeGG:
A Semi-
impractical
Introduction
to Sourcing AI
Infrastructure
Anton Koch

Introduction
The KITeGG project created its own
hardware and software infrastructure to
support the integration of generative
AI into the design curriculum at five
German universities for applied
science. This article aims to support a
reproduction of the steps taken to
establish, maintain, and develop this
infrastructure.

It is not a simple step-by-step
guide, however; it provides a general
framework for building self-sufficiency
in planning, deploying, and maintaining
similar projects. Especially for those
with limited experience and knowledge
regarding high-performance computing
(HPC), graphics-processing units
(GPUs), and Kubernetes orchestration
software, it should provide a starting
point for personnel with basic system
operations (SysOps) engineering
experience. This article can be seen as
a guideline for technical staff at
higher education or research
institutions looking to source AI or
machine learning infrastructure for
small to mid-range projects. It is not
meant to provide a strategy for
commercial deployment or large-scale,

critical infrastructures with very
different demands regarding stability,
safety, and s hared low-level access.

It also does not link to
repositories or external resources, as
these will be subject to constant
development and change. The intended
audience should thus be proficient in
searching online repositories to follow
up on questions and deepen their
knowledge of the concepts discussed in
the article.

Guiding Principles
There should be a set of guiding
principles for the overall strategic
decision-making process. In our case, a
core tenet was to build on open-source
and free software with a sizeable
community as much as possible.

The only exception here was the
hardware platform: NVIDIA’s HGX server
architecture. The reason for this was
that the prevalence of NVIDIA’s CUDA
software platform for developing and
running machine learning applications
on a hardware-accelerated platform was
overwhelm ing at the time of planning.
Instead of its main competitor, AMD’s
ROCm platform, it was chosen to allow
students and teachers to use the many
existing models and projects based on
CUDA. However, as the rest of our
platform was constructed exclusively on
open-source software and generic server
components, it would also be viable to
modify the cluster, adding nodes
running other hardware or conceiving of
a si milar system running an entirely
different GPU platform, but within the
same cluster.

Evaluating open-source
libraries, tools, and components is not
always straightforward, as the usual
metric of popularity on GitHub (stars
ranking) does not always indicate the
best fit for the task at hand.

To make an informed decision, a
practical evaluation was necessary for
some basic components, such as the
distributed filesystem storage, by
installing and trying it out.

It is also beneficial to review
the time intervals between releases,
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a sim ilar system running an entirely
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metric of popularity on GitHub (stars
ranking) does not always indicate the
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the semantic versioning status, the
number of open issues, and response
times and rates.

This helps select a repository
with active maintainers and a
community.

It helps to invest a sizeable
amount of time in researching the right
tools for the job.

There are no one-size-fits-all
solutions to establishing such a
complex platform, so individual
research is key.

Another thing to keep in mind is the
end of life (EOL) of both the hardware
and, especially, the Kubernetes
orchestration software’s versions (see
below). In terms of the hardware, we
have been able to run a project time of
five years on the same hardware
specification without the need for
upgrades.

However, we did have to replace
parts (including the very expensive GPU
boards); so it is crucial to purchase
hardware with an appropriate warranty
to cov er the envisioned project
duration. In our case, we found that
the total cost of buying and running
the hardware at our university was
about three to four times cheaper than
outsourcing it with Microsoft Azure
(including the up-front payment
discounts).  However, this only holds
if there is no need for more spending
on replacement parts or entire nodes.

Lastly, the type of GPU (A100)
provided us with enough r esources for
the project runtime, but there had to
be adjustments in the GPU memory
allocated for users as the requirements
grew over time. Generally, a five-year
span seems like a good guideline, as
Microsoft has steadily extended its
hardware refresh interval for its data
centers, raising it from four to six
years in 2022.

Basic Concepts
Before proceeding with the actual
planning, there should be some common

knowledge of the fundamental concepts
underlying cluster architecture and
server infrastructure.

Cluster on Bare-
metal versus in the Cloud
While a cluster refers to a general
assemblage of networked server hardware
commonly found at a shared physical
location, this can be different if the
hosting is done in a so-called cloud
environment. While we were deploying
our cluster on bare-metal
infrastructure (meaning directly on
dedicated hardware) in a nearby,
physical datacenter run by Mainz
University, this can also be achieved
by using components provided by
companies, such as Microsoft Azure,
Amazon AWS, or Google Cloud. These
providers allow for different shared,
virtual, or dedicated physical servers
to be linked together within their
global networks of data centers using
proprietary products that provide
servi ces, such as data storage or
networking. While this has proven to be
much more expensive in the long run and
can also create functional dependencies
on proprietary services, it can still
benefit smaller, short-lived projects
that would otherwise not be able to
afford the required hardware at the
proper scale.

It is important to remember that a
bare-metal cluster deployment and a
cloud deployment are not enti rely the
same or interchangeable. While
Kubernetes would theoretically allow
for the same containerized application
setup to be deployed on a cloud
provider’s infrastructure or a self-
hosted, bare-metal infrastructure, many
differences in network setup and access
to physical volumes and other hardware
require installing a variety of
software packages. This guide focuses
exclusively on deploying bare-metal
in frastructure, but the guidelines
could be adapted to a cloud deployment
with additional research.

1: Koch, A. (2025). Der KITeGG Cluster – eine Infrastruktur für
KI in der Gestaltungslehre. Un/Learn AI, 2.
https://doi.org/10.25358/openscience-11844

2: Sharwood, S. (2022, August 2). Microsoft extends life of
cloud servers from four to six years. The Register.
https://www.theregister.com/2022/08/02/microsoft_server_life_ext
ension/
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Container Orchestration
The core software component of the
cluster is the Kubernetes open-source
software package. This application, or
rather a collection of applications,
originated at Google as a way of
managing large application deployments
on many servers using containerized
applications (e.g., using Docker). It
has since been donated, just as the
Docker container standard, to the Cloud
Native Co mputing Foundation (CNCF),
which is part of the Linux Foundation.
It consists of a database that holds
configuration and resource definitions
alongside an extensible collection of
controllers and supporting services
that watch the configuration and
attempt to satisfy the requested state
of the cluster through automatic
provisioning of resources, hence the
term orchestration.

This allows for a dynamic
structuring of application deployments,
as the assignment of running containers
or available objects and resources is
done according to selectors that choose
from the available servers in a way
that best matches the required
configuration.

The controllers are written in the Go
language and can be extended and built
by third parties, providing custom and
specialized deployments. This means
that there are numerous app lications
readily available to be deployed to the
cluster simply by specifying the
necessary configuration and then
managing updates by modifying the
configuration.

The available services range
from user-facing applications to
internal services that provide control
over the cluster networking or
distributed filesystems for use by
other containers. There is also the
possibility of creating so-called auto-
scalers that watch specific metrics for
apps and services and scale them
automatically to satisfy momentary
increases in requirements.

However, the great flexibility of the
system and its complex, concurrent
nature make it highly challenging to

debug for users with little practical
experience of the system’s inner
workings.

This is why it is fundamental to
read up on the software’s design
principles and basic func tionality, and
to patiently study the various
components’ logfiles if anything goes
wrong. Luckily, the community around
Kubernetes is quite large and very
active. This means that for most
generic problems, there is likely a
solution to be found, and even if not,
it can usually be worked out with the
help of community members.

Containerization and
Virtualization
A common source of confusion is the
layers of abstraction on the server
itself. The term bare-metal only refers
to the fact that the installation runs
directly on dedicated server hardware
within the operating system (OS). The
question now is what application is
primarily running on the hardware.

In our case, we installed
Kubernetes and a container engine (in
our case, ContainerD) that would start
and stop containers and provide their
runtime.

The containe r should not be confused
with a server, however, as it just runs
an isolated process alongside its
required dependencies and libraries.
While the containers are mostly based
on a specific Linux distribution, they
do not represent a bootable system
using run levels (the various stages of
a Linux distribution’s startup), but a
collection of distribution-specific
libraries required to run the
containerized application process. This
means that a process ultimately still
runs directly on the host with only
certain limitations to its capabilities
within the host system. This should not
be confused with the method of virtual-
ization, which allows for complete
Linux distributions (or other OSs) to
run in virtual machines (VMs) on the
host. These virtual machines (usually
called guests) can be assigned entire
or just parts of the host system’s
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with active maintainers and a
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There are no one-size-fits-all
solutions to establishing such a
complex platform, so individual
research is key.

Another thing to keep in mind is the
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and, especially, the Kubernetes
orchestration software’s versions (see
below). In terms of the hardware, we
have been able to run a project time of
five years on the same hardware
specification without the need for
upgrades.

However, we did have to replace
parts (including the very expensive GPU
boards); so it is crucial to purchase
hardware with an appropriate warranty
to co ver the envisioned project
duration. In our case, we found that
the total cost of buying and running
the hardware at our university was
about three to four times cheaper than
outsourcing it with Microsoft Azure
(including the up-front payment
discounts).  However, this only holds
if there is no need for more spending
on replacement parts or entire nodes.

Lastly, the type of GPU (A100)
provided us with enough resources for
the project runtime, but there had to
be adjustments in the GPU memory
allocated for users as the requirements
grew over time. Generally, a five-year
span seems like a good guideline, as
Microsoft has steadily extended its
hardware refresh interval for its data
centers, raising it from four to six
years in 2022.

Basic Concepts
Before proceeding with the actual
planning, there should be some common

knowledge of the fundamental concepts
underlying cluster architecture and
server infrastructure.

Cluster on Bare-
metal versus in the Cloud
While a cluster refers to a general
assemblage of networked server hardware
commonly found at a shared physical
location, this can be different if the
hosting is done in a so-called cloud
environment. While we were deploying
our cluster on bare-metal
infrastructure (meaning directly on
dedicated hardware) in a nearby,
physical datacenter run by Mainz
University, this can also be achieved
by using components provided by
companies, such as Microsoft Azure,
Amazon AWS, or Google Cloud. These
providers allow for different shared,
virtual, or dedicated physical servers
to be linked together within their
global networks of data centers using
proprietary products that provide
serv ices, such as data storage or
networking. While this has proven to be
much more expensive in the long run and
can also create functional dependencies
on proprietary services, it can still
benefit smaller, short-lived projects
that would otherwise not be able to
afford the required hardware at the
proper scale.

It is important to remember that a
bare-metal cluster deployment and a
cloud deployment are not ent irely the
same or interchangeable. While
Kubernetes would theoretically allow
for the same containerized application
setup to be deployed on a cloud
provider’s infrastructure or a self-
hosted, bare-metal infrastructure, many
differences in network setup and access
to physical volumes and other hardware
require installing a variety of
software packages. This guide focuses
exclusively on deploying bare-metal
i nfrastructure, but the guidelines
could be adapted to a cloud deployment
with additional research.

1: Koch, A. (2025). Der KITeGG Cluster – eine Infrastruktur für
KI in der Gestaltungslehre. Un/Learn AI, 2.
https://doi.org/10.25358/openscience-11844
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Container Orchestration
The core software component of the
cluster is the Kubernetes open-source
software package. This application, or
rather a collection of applications,
originated at Google as a way of
managing large application deployments
on many servers using containerized
applications (e.g., using Docker). It
has since been donated, just as the
Docker container standard, to the Cloud
Native Com puting Foundation (CNCF),
which is part of the Linux Foundation.
It consists of a database that holds
configuration and resource definitions
alongside an extensible collection of
controllers and supporting services
that watch the configuration and
attempt to satisfy the requested state
of the cluster through automatic
provisioning of resources, hence the
term orchestration.

This allows for a dynamic
structuring of application deployments,
as the assignment of running containers
or available objects and resources is
done according to selectors that choose
from the available servers in a way
that best matches the required
configuration.

The controllers are written in the Go
language and can be extended and built
by third parties, providing custom and
specialized deployments. This means
that there are numerous appl ications
readily available to be deployed to the
cluster simply by specifying the
necessary configuration and then
managing updates by modifying the
configuration.

The available services range
from user-facing applications to
internal services that provide control
over the cluster networking or
distributed filesystems for use by
other containers. There is also the
possibility of creating so-called auto-
scalers that watch specific metrics for
apps and services and scale them
automatically to satisfy momentary
increases in requirements.

However, the great flexibility of the
system and its complex, concurrent
nature make it highly challenging to

debug for users with little practical
experience of the system’s inner
workings.

This is why it is fundamental to
read up on the software’s design
principles and basic funct ionality, and
to patiently study the various
components’ logfiles if anything goes
wrong. Luckily, the community around
Kubernetes is quite large and very
active. This means that for most
generic problems, there is likely a
solution to be found, and even if not,
it can usually be worked out with the
help of community members.

Containerization and
Virtualization
A common source of confusion is the
layers of abstraction on the server
itself. The term bare-metal only refers
to the fact that the installation runs
directly on dedicated server hardware
within the operating system (OS). The
question now is what application is
primarily running on the hardware.

In our case, we installed
Kubernetes and a container engine (in
our case, ContainerD) that would start
and stop containers and provide their
runtime.

The container  should not be confused
with a server, however, as it just runs
an isolated process alongside its
required dependencies and libraries.
While the containers are mostly based
on a specific Linux distribution, they
do not represent a bootable system
using run levels (the various stages of
a Linux distribution’s startup), but a
collection of distribution-specific
libraries required to run the
containerized application process. This
means that a process ultimately still
runs directly on the host with only
certain limitations to its capabilities
within the host system. This should not
be confused with the method of virtual-
ization, which allows for complete
Linux distributions (or other OSs) to
run in virtual machines (VMs) on the
host. These virtual machines (usually
called guests) can be assigned entire
or just parts of the host system’s
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resources (e.g., a slice of the
available random-access memory (RAM) or
passing through a device connected to
the Peripheral Component Interconnect
Express bus (PCIe), such as a graphics
card) but are otherwise separated from
the host’s OS.

While the two concepts of
containerization and virtualization are
fundamentally different, they can be
combined to allow a single, large
server machine to be partiti oned into
multiple smaller VMs that then appear
as separate cluster nodes available for
scheduling containers by the
orchestration software. This is usually
an essential part of cloud-hosting
providers’ application setup, as it
allows for the dynamic provisioning of
virtual private servers (VPS) for
clients. However, it introduces another
management layer, as the administrators
need to manage both the host s ystem(s)
and the guests. In our case, we
directly ran the containers on the host
systems as there was no need for shared
access to the nodes. The server nodes
were already specifically tailored to
their respective function, and further
partitioning would only have introduced
unwanted complexity.

Planning and
Specifying
the Cluster
The most important initial process is
planning the overall capacity and
components to be commissioned for the
cluster.

This is not to be taken lightly.
For a project duration of almost

five years as was the case for KITeGG,
the three main factors to be balanced
are the expected number of maximum
concurrent users with their specific
demands, the allowed spending limit,
and the fact that the capacity will
likely decrease over time as demand by
contemporary software implementations
constantl y rises. This cannot be fully
anticipated, but it helps to keep in

mind that one should overcommit within
the available financial budget instead
of underestimating future demands.

The following passage describes
the main questions that should be
answered during this process to arrive
at an informed decision about the
necessary components to be tendered.

Overall Capacity Planning
Regarding capacity planning, the key
was to estimate how many students
across all partner institutions should
be able to work simultaneously within
the cluster using different GPU
profiles, but essentially with the same
basic combination of a central
processing unit (CPU), RAM, and disk
space.

As the model for assessing each user’s
requirements, we used the
specifications for an average GPU
workstation found in a computer pool at
the univ ersity. While the cluster would
also need to host additional services,
these should be relegated to other
nodes with cheaper, more generic server
hardware, which would be deployed
separately. We also assumed that not
all users would be constantly consuming
their allocated capacity and that
occasional heavy usage would be
cancelled out by rather less active
users. The capacity for a single user
was set at a m inimum of four concurrent
CPU threads, 32 gigabytes (GB) of RAM,
and at least 200–300 GB of disk space.
As the project was supposed to provide
GPU access to select courses that would
not all run in parallel, we set the
number of concurrent users at 40 for
each institution, resulting in a
maximum of 200 concurrent users across
the cluster.

These users would be spread out over
so-called worker nodes, of which each
institution would have to buy one to
satisfy the budget structure.

As the project lead, Mainz would
buy the additional hardware necessary
to provide the base structure for the
overall cluster deployment. Making the
above calculation for a single node
would mean multiplying the assessed
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single-user capacity by 40, requiring
at least 80 physical CPU cores (with
hyperthreading), ca  1 terabyte (TB)
RAM, and about 12 TB of net available
disk space. This, however, would be
capacity reserved for users, so there
should be additional capacity for
system processes and services, such as
virtual block devices providing the
disk space to users, ideally in a
distributed fashion.

These operations, e specially the
virtual filesystems, should not be
underestimated, as they can
fundamentally slow down general
operations if not provided enough
resources.

To provide for enough headroom, we
aimed to double the required minimum
such that concessions could be made
whenever the double capacity would
exceed an easily available
configuration. This meant that, for CPU
cores, we settled at two CPUs with 64
physical co res each (providing up to
256 parallel threads through
hyperthreading) at a little over 2 GHz.
The CPU frequency was deemed to be of
lower priority, as the bulk of
computing would be done using GPUs, and
thread concurrency was more critical
than individual thread speed. RAM
capacity was settled at 2TB, and disk
space was calculated with triple
replication in mind, providing
redundancy to prevent data loss an d to
guarantee uptime of volumes during node
downtime. This was then doubled to
allow for headroom, arriving at a
capacity of at least 72TB net disk
space for each node, which should be
provided using fast solid-state disks
(SSDs) over the non-volatile memory
express (NVMe) bus, in addition to the
two redundant system SSDs with 512GB
capacity each.

General Infrastructure
Planning
In addition to the worker nodes hosting
the services directly used by the
students, the cluster needed several
components that supported its overall
functionality and would provide general

services, such as internal APIs for the
learning platform, authentication
services, backup and long-term storage,
and the basic coordinating services run
by Kubernetes itself.

A Kubernetes deployment usually
uses a dedicated node called a control
plane that exclusively runs the central
configuration database (a service
called ETCd, which can be replicated
and hosted entirely externally for the
control plane node) and is otherwise
unavailable for scheduling. This node
usually does not need excessive CPU,
RAM, or disk space resources. In our
case, we decided to extend the role of
the control plane to host the core
applications making up the KITeGG
platform and to use it as a proxy for
exposing services to the World Wide Web
(WWW) via a dedicated 1 Gigabit (Gbit)
line. To allow for the extra services,
we raised the specifications above what
would typically be sufficient to run a
Kubernetes control plane node. The
specifications were set at 64GB RAM, a
single CPU with 16 physical cores, and
two redundant 512GB SSD drives.

We decided to buy two identical nodes
to be able to host two simultaneous
Kubernetes installations, to which
worker nodes could be connected
interchangeably, so that we would be
able to experiment with one
installation while production was
running on the other. Once a stable,
high-availability setup is preferred
over experimental flexibility, these
two nodes could eventually become
redundant control plane nodes. In
addition to the control-plane nod es,
two redundant servers dedicated to
secondary storage for backup and object
stores were commissioned. These were
each configured to provide two CPUs
with 64 physical cores each, 256GB RAM,
two redundant system SSDs (521GB), and
twenty hard-disk drives (HDDs) with
16TB capacity. Networking within the
cluster would run at 10 Gbit over
copper with a dedicated manageable
switch and two interfaces per machine.
Internet connectivity was provided to
both control planes over a 1 Gbit line
for each node.
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and the guests. In our case, we
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separately. We also assumed that not
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cancelled out by rather less active
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was set at a minimum of four concurrent
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and at least 200–300 GB of disk space.
As the project was supposed to provide
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single-user capacity by 40, requiring
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should be additional capacity for
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single CPU with 16 physical cores, and
two redundant 512GB SSD drives.

We decided to buy two identical nodes
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worker nodes could be connected
interchangeably, so that we would be
able to experiment with one
installation while production was
running on the other. Once a stable,
high-availability setup is preferred
over experimental flexibility, these
two nodes could eventually become
redundant control plane nodes. In
addition to the control-plane node s,
two redundant servers dedicated to
secondary storage for backup and object
stores were commissioned. These were
each configured to provide two CPUs
with 64 physical cores each, 256GB RAM,
two redundant system SSDs (521GB), and
twenty hard-disk drives (HDDs) with
16TB capacity. Networking within the
cluster would run at 10 Gbit over
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switch and two interfaces per machine.
I nternet connectivity was provided to
both control planes over a 1 Gbit line
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An interesting addition to the network
is NVIDIA’s proprietary InfiniBand
standard, which is tailored to their
datacenter server products. It allows
for up to 200 Gbit of bandwidth on a
single connection and, while primarily
used for multi-node compute operations
using remote direct memory access
(RDMA), can also provide internet
protocol over InfiniBand (IPoIB), which
can support better throughput for
d istributed filesystems.

It must be noted that this
configuration is an example and can
hardly ever be precisely calculated for
an explicitly experimental and, to some
extent, open-ended project.

It is possible to run a reduced
setup without the dedicated storage
nodes, on a single control plane, or
even a combination of storage node and
control plane. Still, it should be
generous enough to allow the servers to
withstand spikes in usage and not put
too much strain on the hardware by
constantly running at a very high load.
It is also important to consider
eventual limitations in the housing
environment at the datacenter where the
hardware is installed. Essentially, it
must be clear that the servers need a
fully climate-controlled environment
within an enclosed server cabinet
featuring its own air conditioning. Fo r
large GPU servers, it is also important
to allow for ample depth and height
that the cabinet can supply enough
power. Usually, these requirements
limit the housing options to a
dedicated high-performance department.
They are not necessarily found in the
usual information technology (IT)
facilities that house an institution’s
files and web servers.

Choice of
Graphics Processor
An important choice is what GPUs to
use. As the KITeGG project represents a
different take on the classic high-
performance computing (HPC) model with
its interactive users’ sessions and
hosting of permanent services over the
traditional job queue, it has different

requirements regarding available
resources. While HPC typically works by
allowing users to define jobs to be
executed non-interactively, allowing
the jobs to continuously use up  all
available compute resources, the KITeGG
project had to provide users with an
interactive development environment.

When we started planning the KITeGG
project, NVIDIA processors dominated
the landscape of available
integrations, models, and general ease
of use with popular frameworks, due to
the software development kit (SDK)
CUDA.

The company offers a broad range
of different graphics and tensor
processin g units, with the A100 model
(eventually superseded by H100 and
B100, as well as the larger B200) at
the top tier of their datacenter
offerings. These cards, apart from
offering the most GPU memory, have the
benefit of partitioning with the multi-
instance GPU (MIG) feature. MIG allows
for the creation of partial slices,
ranging from roughly a seventh to half
of the GPU’s specifications. This
allows for crea ting up to seven small
11GB GPUs from one 80GB model that can
be used for less resource-intensive
tasks, such as using Stable Diffusion.
This is a significant benefit, as
providing basic GPU access to more
students can become massively
expensive. For example, providing our
aforementioned goal of 40 concurrent
users per worker node with access to a
minimal dedicated GPU (without users
sharing a GPU) would req uire 40 GPU
units or five A100 80GB GPUs split into
seven 11GB slices each.

The flagship datacenter processors are
available as PCIe models but are more
commonly found in a server system using
NVIDIA’s proprietary DGX or HGX
architecture.

While DGX is exclusive to
NVIDIA, the HGX architecture allows
other manufacturers to build server
systems bundling multiple processors
using the proprietary server PCI
Expres s module (SXM) bus instead of
PCIe. This architecture enables a
server to be equipped with up to eight
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A100 processors that are interconnected
using NVIDIA’s high-performance NVLink
bus with a bandwidth of 600GB per
second. This configuration allows for
using all eight GPUs together or
splitting them into up to 56 MIG
slices. This setup provides the most
significant performance headroom but is
also the most cost-intensive. NVIDIA’s
DGX systems provide the user with a
dedicated Linux installation based o n
Ubuntu alongside proprietary libraries
and software kits, but at the time of
planning, they were almost twice as
expensive as a third-party HGX system.

While these systems are NVIDIA’s top
offerings, smaller configurations and
cheaper single datacenter GPUs are
available, but these lack the MIG
capabilities and, as such, would
require users to share GPUs or reduce
the number of concurrent sessions.
However,  they can still prove a viable
alternative for comparably low-cost
scenarios using rack-based servers that
host multiple PCIe cards equipped with
workstation GPUs or even consumer-grade
gaming hardware. These would still
integrate into the cluster with the
same software setup, but the cheaper
options do not allow for explicitly
targeting different models for
scheduling or providing multi-instance
GPU slices.

A major competitor to NVIDIA in the GPU
market is AMD, which provides a
datacenter line, workstations, and
consumer models, as well as ROCm, their
dedicated GPU software stack. While
these cards are not necessarily
inferior to their NVIDIA counterparts,
the support for the ROCm software stack
is much more limited vis-à-vis the many
existing models and open-source machine
learning tools. If, as with KITeGG, the
focus is more on allowing students to
work with existing and upcoming
projects, then NVIDIA will still be
more immediately accessible. However,
if the focus is more on training,
original programming, or data-science
work, less cost-intensive AMD hardware
and software is adequate.

It is also important to note
that the cluster does not have to use a
single type of worker node across the
entire setup.

It can just as well be a mix of
any of the server types described above
to cover different use cases.

Cluster Lifecycle
Buying servers can be cheaper for
projects looking at a time span of
around 3–5 years, but there is a catch.
Major cloud providers are setting their
average expected server hardware
lifespan somewhere between three and
six years. This means it is likely that
new hardware will eventually be needed
to replace failed or outdated systems,
especially when aiming to run the
acquired infrastructure for extended
periods.

For an enclosed, third-party
funded university project, such as
KITeGG, the funding proposal did not
include replacement hardware. Thus, we
had to request a five-year warranty
contract for the cluster hardware to
ensure it would run at full capacity at
least for the project timespan. After
the  warranty ends, replacements might
become impossible, as there is no
running budget for the cluster beyond
the federal project funding.

However, as we have found that buying
and self-housing the server hardware
was significantly cheaper than
outsourcing it to a commercial partner,
decommissioning the infrastructure at
the end of the project is still an
acceptable outcome, which would have
been done by a comm ercial hosting
provider anyway. Given that there is at
least an agreement on power usage and
basic administration, it can also be
kept running for as long as possible or
stripped for parts and reused by
university IT or other third-party
projects. Still, it must be clear that
the remaining hardware can fail at any
time and should not be counted on for
mission-critical use cases. Luckily,
the cluster software  setup is scalable
and migratable, and thus could be
scaled down, transferred to core IT
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is NVIDIA’s proprietary InfiniBand
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used for multi-node compute operations
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resources. While HPC typically works by
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project had to provide users with an
interactive development environment.

When we started planning the KITeGG
project, NVIDIA processors dominated
the landscape of available
integrations, models, and general ease
of use with popular frameworks, due to
the software development kit (SDK)
CUDA.

The company offers a broad range
of different graphics and tensor
processi ng units, with the A100 model
(eventually superseded by H100 and
B100, as well as the larger B200) at
the top tier of their datacenter
offerings. These cards, apart from
offering the most GPU memory, have the
benefit of partitioning with the multi-
instance GPU (MIG) feature. MIG allows
for the creation of partial slices,
ranging from roughly a seventh to half
of the GPU’s specifications. This
allows for cre ating up to seven small
11GB GPUs from one 80GB model that can
be used for less resource-intensive
tasks, such as using Stable Diffusion.
This is a significant benefit, as
providing basic GPU access to more
students can become massively
expensive. For example, providing our
aforementioned goal of 40 concurrent
users per worker node with access to a
minimal dedicated GPU (without users
sharing a GPU) would re quire 40 GPU
units or five A100 80GB GPUs split into
seven 11GB slices each.

The flagship datacenter processors are
available as PCIe models but are more
commonly found in a server system using
NVIDIA’s proprietary DGX or HGX
architecture.

While DGX is exclusive to
NVIDIA, the HGX architecture allows
other manufacturers to build server
systems bundling multiple processors
using the proprietary server PCI
Expre ss module (SXM) bus instead of
PCIe. This architecture enables a
server to be equipped with up to eight
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A100 processors that are interconnected
using NVIDIA’s high-performance NVLink
bus with a bandwidth of 600GB per
second. This configuration allows for
using all eight GPUs together or
splitting them into up to 56 MIG
slices. This setup provides the most
significant performance headroom but is
also the most cost-intensive. NVIDIA’s
DGX systems provide the user with a
dedicated Linux installation based on
Ubuntu alongside proprietary libraries
and software kits, but at the time of
planning, they were almost twice as
expensive as a third-party HGX system.

While these systems are NVIDIA’s top
offerings, smaller configurations and
cheaper single datacenter GPUs are
available, but these lack the MIG
capabilities and, as such, would
require users to share GPUs or reduce
the number of concurrent sessions.
However, they can still prove a viable
alternative for comparably low-cost
scenarios using rack-based servers that
host multiple PCIe cards equipped with
workstation GPUs or even consumer-grade
gaming hardware. These would still
integrate into the cluster with the
same software setup, but the cheaper
options do not allow for explicitly
targeting different models for
scheduling or providing multi-instance
GPU slices.

A  major competitor to NVIDIA in the GPU
market is AMD, which provides a
datacenter line, workstations, and
consumer models, as well as ROCm, their
dedicated GPU software stack. While
these cards are not necessarily
inferior to their NVIDIA counterparts,
the support for the ROCm software stack
is much more limited vis-à-vis the many
existing models and open-source machine
learning tools. If, as with KITeGG, t he
focus is more on allowing students to
work with existing and upcoming
projects, then NVIDIA will still be
more immediately accessible. However,
if the focus is more on training,
original programming, or data-science
work, less cost-intensive AMD hardware
and software is adequate.

It is also important to note
that the cluster does not have to use a
single type of worker node across the
entire setup.

It can j ust as well be a mix of
any of the server types described above
to cover different use cases.

Cluster Lifecycle
Buying servers can be cheaper for
projects looking at a time span of
around 3–5 years, but there is a catch.
Major cloud providers are setting their
average expected server hardware
lifespan somewhere between three and
six years. This means it is likely that
new hardware will eventually be needed
to replace failed or outdated systems,
especially when aiming to run the
acquired infrastructure for extended
periods.

For an enclosed, third-party
funded university project, such as
KITeGG, the funding proposal did not
include replacement hardware. Thus, we
had to request a five-year warranty
contract for the cluster hardware to
ensure it would run at full capacity at
least for the project timespan. After
the warranty ends, replacements might
become impossible, as there is no
running budget for the cluster beyond
the federal project funding.

However, as we have found that buying
and self-housing the server hardware
was significantly cheaper than
outsourcing it to a commercial partner,
decommissioning the infrastructure at
the end of the project is still an
acceptable outcome, which would have
been done by a comme rcial hosting
provider anyway. Given that there is at
least an agreement on power usage and
basic administration, it can also be
kept running for as long as possible or
stripped for parts and reused by
university IT or other third-party
projects. Still, it must be clear that
the remaining hardware can fail at any
time and should not be counted on for
mission-critical use cases. Luckily,
the cluster software setup is scalable
and migratable, and thus could be
scaled down, transferred to core IT
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services at the institution, or moved
to outside hosting providers, either
partially or entirely.

Setting up
the Cluster
Initially, getting the cluster up and
running is divided into three basic
phases, each described in the following
section. First, the hardware needs to
be brought online, then Kubernetes and
its dependencies need to be set up,
and, finally, a collection of services
and components needs to be added before
anything can be run on the cluster.

Bare-metal
Hardware Setup
When installing the servers, be sure
that airflow direction is the same for
all installed devices and that gaps in
the height of the cabinet are closed
off by blind covers so that ideally
only cooled air is sucked in at one end
and the heated air is not circulating
uncontrolled. You can install the GPU
servers at the bottom, as they are the
longest and heaviest (at least if
you’re using the large HGX and DGX
devices), so they will be easier to get
to.

We set the storage nodes on top
of the GPU nodes with the control
planes at the top, just before the
ethernet and InfiniBand switches at the
top of the cabinet.

Once the hardware is in place,
connect all necessary wiring and make
sure to leave room for pulling out
trays and modules from the servers.

If possible, use different
colors for management and general
network connections, and bundle cables
that belong together to better guide
them around the cabinet. Also, connect
redundant power supplies to separate
circuits and breakers, so if one goes
down, you do not lose power to the node
entirely.

After checking your setup, you can
begin starting up the servers, starting

with the control p lane nodes (or at
least one of them) and installing the
OS, if that has not been done by your
hardware vendor, as was the case for
us.

If you choose to use two
redundant drives for your system
partition, OS setup becomes more
challenging. We are using Ubuntu as our
preferred distribution as it is based
on Debian.

It is a bit simpler to maintain
and has a large and active community.

You should be able to find m ore
than one how-to describing a system
setup using the multiple device driver
(MD). This driver allows for the
creation of software-based redundant
arrays of inexpensive disks (RAIDs) and
virtual disk devices based on multiple
physical devices that provide
replication of the disks for
redundancy.

Furthermore, you should be clear about
your desired network topology and how
it might integrate with the surround ing
infrastructure.

In our case, the cluster uses an
entirely private network that receives
internet access through network address
translation (NAT) on the control
planes. These are placed in the
perimeter network, also known as the
demilitarized zone (DMZ), and otherwise
entirely isolated from the rest of the
university network. The only ports to
be opened to the public Internet are 22
(SSH), 80 (HTTP), and  443 (HTTPS), with
6443 (Kubernetes) restricted to
specific sources within the university
network. This way, select applications
can be proxied out to the web, while
the bulk of the network traffic stays
within the private cluster network. You
can then use the control plane nodes
from the public network as so-called
SSH-jump-hosts using port forwarding to
connect to the nodes in the private
network. It is essential to lock down
the public-facing nodes using firewall
rules, as leaving any non-standard
ports open or your Kubernetes
installation directly accessible over
the internet will eventually cause you
to get flagged by your university IT or
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even by a government agency monitoring
your networks for threats, and this
could mean that your cluster will be
disconnected or shut down.

Your Linux distribution should be
installed as a minimal install with
only the core functionality and an SSH
server for remote connections.

Only then, should you add
packages as they become necessary,
because any excessive extra software
will not only take up disk s pace and
make reviewing which packages to
upgrade more tedious but also entail
potential vulnerabilities.

The software should be
automatically updated for critical
security fixes, but manually for
everything else so that you can check
before applying breaking or otherwise
unwanted upgrades. Manual upgrades
should be done as regularly as possible
—not every few weeks apart from
security updates. Occasional ker nel
patches might require you to restart
the nodes, so you can also squeeze in a
minor upgrade.

Server configuration can be automated
by a host of available solutions, such
as Ansible, Terraform, Puppet, or Chef,
to name a few. This has the upside that
you can define specific installation
profiles and then automate setup and
changes centrally, reducing the risk of
human error. This is especially true
the more  servers you must keep managed
in a similar or identical setup. Still,
there is a cost to learning these
tools. If you are new to this and are
only running a few servers, a good
strategy could also be to first learn
how to set up the servers manually,
experiment with your setup, and once
you’d like to harden the installation,
move to one of the automated solutions.

An important decision to make at this
point is whether you want to make use
of virtualization techniques to
partition the servers further. This
offers more flexibility to try various
node set-ups without going through the
entire OS setup again if you choose to
start over. This way, you can have
multiple approaches running side by

side, e.g., a development control plane
next to the production version on the
same hardware node, if there is no
option of  having two identical servers
for this. Another benefit is that for
cheaper multi-GPU systems, each
consumer-type card can be exposed to a
different virtual machine (VM) to make
it explicitly addressable. The
computational overhead added in
virtualization today is negligible, and
the only real downside is that it
introduces another technology you will
have to learn to use and maintain. In
case of Ubuntu, thi s is usually the
kernel-based virtual machine (KVM).

Setting up Kubernetes
This core software suite enables you to
run a distributed cluster environment.
We will not get into the history of
Kubernetes, but it should be noted
that, while the software originated at
Google to allow for massive application
deployments spanning hundreds if not
thousands of machines, it has now
become ubiquitous in many other
distributed computing environments. For
example, it can also be used to
establish a cluster that can include
small, embedded devices, create a
cluster to be used in robotics, and
extend datacenter clusters with edge-
computing devices. In its most basic
setup, it does not consume much
computing power and merely provides a
support structure for running and
scaling any distributed application.

Before you go ahead a nd install
Kubernetes, make sure to read the
documentation carefully to understand
how it is structured and what role the
various components have in its overall
functionality. Your worst enemy in
debugging a malfunctioning cluster is a
total lack of, or maybe even worse,
half-knowledge of the moving parts
involved in its underlying processes,
as we have learned from first-hand
experience, naïvely jumping rig ht into
the cold water. As the number of
services and components in your cluster
grows, so does the level of complexity
due to concurrency.
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services at the institution, or moved
to outside hosting providers, either
partially or entirely.

Setting up
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Initially, getting the cluster up and
running is divided into three basic
phases, each described in the following
section. First, the hardware needs to
be brought online, then Kubernetes and
its dependencies need to be set up,
and, finally, a collection of services
and components needs to be added before
anything can be run on the cluster.

Bare-metal
Hardware Setup
When installing the servers, be sure
that airflow direction is the same for
all installed devices and that gaps in
the height of the cabinet are closed
off by blind covers so that ideally
only cooled air is sucked in at one end
and the heated air is not circulating
uncontrolled. You can install the GPU
servers at the bottom, as they are the
longest and heaviest (at least if
you’re using the large HGX and DGX
devices), so they will be easier to get
to.

We set the storage nodes on top
of the GPU nodes with the control
planes at the top, just before the
ethernet and InfiniBand switches at the
top of the cabinet.

Once the hardware is in place,
connect all necessary wiring and make
sure to leave room for pulling out
trays and modules  from the servers.

If possible, use different
colors for management and general
network connections, and bundle cables
that belong together to better guide
them around the cabinet. Also, connect
redundant power supplies to separate
circuits and breakers, so if one goes
down, you do not lose power to the node
entirely.

After checking your setup, you can
begin starting up the servers, starting

with the control plane nodes (or at
least one of them) and installing the
OS, if that has not been done by your
hardware vendor, as was the case for
us.

If you choose to use two
redundant drives for your system
partition, OS setup becomes more
challenging. We are using Ubuntu as our
preferred distribution as it is based
on Debian.

It is a bit simpler to maintain
and has a large and active community.

You should be able to find more
than one how-to describing a system
setup using the multiple device driver
(MD). This driver allows for the
creation of software-based redundant
arrays of inexpensive disks (RAIDs) and
virtual disk devices based on multiple
physical devices that provide
replication of the disks for
redundancy.

Furthermore, you should be clear about
your desired network topology and how
it might integrate with the surroun ding
infrastructure.

In our case, the cluster uses an
entirely private network that receives
internet access through network address
translation (NAT) on the control
planes. These are placed in the
perimeter network, also known as the
demilitarized zone (DMZ), and otherwise
entirely isolated from the rest of the
university network. The only ports to
be opened to the public Internet are 22
(SSH), 80 (HTTP), an d 443 (HTTPS), with
6443 (Kubernetes) restricted to
specific sources within the university
network. This way, select applications
can be proxied out to the web, while
the bulk of the network traffic stays
within the private cluster network. You
can then use the control plane nodes
from the public network as so-called
SSH-jump-hosts using port forwarding to
connect to the nodes in the private
network. It is essential to lock down
the public-facing nodes using firewall
rules, as leaving any non-standard
ports open or your Kubernetes
installation directly accessible over
the internet will eventually cause you
to get flagged by your university IT or
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even by a government agency monitoring
your networks for threats, and this
could mean that your cluster will be
disconnected or shut down.

Your Linux distribution should be
installed as a minimal install with
only the core functionality and an SSH
server for remote connections.

Only then, should you add
packages as they become necessary,
because any excessive extra software
will not only take up disk sp ace and
make reviewing which packages to
upgrade more tedious but also entail
potential vulnerabilities.

The software should be
automatically updated for critical
security fixes, but manually for
everything else so that you can check
before applying breaking or otherwise
unwanted upgrades. Manual upgrades
should be done as regularly as possible
—not every few weeks apart from
security updates. Occasional kern el
patches might require you to restart
the nodes, so you can also squeeze in a
minor upgrade.

Server configuration can be automated
by a host of available solutions, such
as Ansible, Terraform, Puppet, or Chef,
to name a few. This has the upside that
you can define specific installation
profiles and then automate setup and
changes centrally, reducing the risk of
human error. This is especially true
the more servers you must keep managed
in a similar or identical setup. Still,
there is a cost to learning these
tools. If you are new to this and are
only running a few servers, a good
strategy could also be to first learn
how to set up the servers manually,
experiment with your setup, and once
you’d like to harden the installation,
move to one of the automated solutions.

An important decision to make at this
point is whether you want to make use
of virtualization techniques to
partition the servers further. This
offers more flexibility to try various
node set-ups without going through the
entire OS setup again if you choose to
start over. This way, you can have
multiple approaches running side by

side, e.g., a development control plane
next to the production version on the
same hardware node, if there is no
option of having two identical servers
for this. Another benefit is that for
cheaper multi-GPU systems, each
consumer-type card can be exposed to a
different virtual machine (VM) to make
it explicitly addressable. The
computational overhead added in
virtualization today is negligible, and
the only real downside is that it
introduces another technology you will
have to learn to use and maintain. In
case of Ubuntu, this  is usually the
kernel-based virtual machine (KVM).

Setting up Kubernetes
This core software suite enables you to
run a distributed cluster environment.
We will not get into the history of
Kubernetes, but it should be noted
that, while the software originated at
Google to allow for massive application
deployments spanning hundreds if not
thousands of machines, it has now
become ubiquitous in many other
distributed computing environments. For
example, it can also be used to
establish a cluster that can include
small, embedded devices, create a
cluster to be used in robotics, and
extend datacenter clusters with edge-
computing devices. In its most basic
setup, it does not consume much
computing power and merely provides a
support structure for running and
scaling any distributed application.

Before you go ahead an d install
Kubernetes, make sure to read the
documentation carefully to understand
how it is structured and what role the
various components have in its overall
functionality. Your worst enemy in
debugging a malfunctioning cluster is a
total lack of, or maybe even worse,
half-knowledge of the moving parts
involved in its underlying processes,
as we have learned from first-hand
experience, naïvely jumping righ t into
the cold water. As the number of
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grows, so does the level of complexity
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This will require you to pull
together information from many log
files, set the right components to a
log level for debugging, and retrace
side effects, even if only to be able
to communicate a meaningful issue
report in a repository.

Kubernetes is often perceived as
daunting and somewhat opaque, which
might paradoxically be related to the
relative simplicity of its core APIs.

On its own, it really  does what
it is in its name: to steer or
orchestrate the lifecycle and execution
of processes and tasks according to
specified requests, constraints, and
specifications.

This means, however, that its
initial setup is a far cry from a
workable application deployment. To
provide various storage, network, and
service layers, it relies on third-
party projects implementing
functionality through standardized
inter faces, such as the container
network interface (CNI) or the
container storage interface (CSI). It
also abstracts away the container
engine within which it runs your
containers, so that you can choose
among various available engines.

This entails many decisions,
made either consciously by reading up
and doing research or by just going
with some default options or whatever
is recommended in the tutorial you
mig ht be following.

Consequently, you may end up
with problems that seem related to
Kubernetes, but your extensions could
just be misconfigured or not behaving
as expected.

Sometimes, though, as was the case for
KITeGG, you want to get going at some
point—and you may also be working with
extra setup time and some leeway for

making mistakes, tearing everything
down, and starting over. Good old
reading is the most  important
foundation for getting your setup off
the ground. To reiterate our warning
from the beginning, just copying and
pasting whatever comes up in a web
search or is recommended by a chatbot
might get you going—but might
ultimately leave you clueless once
there are problems or strange side-
effects.

The best you can do is to read
different articles, compare suggested
repositories in terms of maturity
(ver sion history), community size (open
issues vs.

closed, stars ranking on
GitHub), and, most importantly, the
necessary features.

After picking your favorite, you
should set it up and try it out to get
some hands-on experience.

This is crucial, not least since
you will have to maintain your
installation, and if something goes
wrong with your filesystem during
production, things can get a bit hectic
if you do not  really know the system
you are working with.

To manage your cluster, inspect its
workloads, and make changes, the
command-line interface provided by
Kubernetes’ kubectl is a powerful and
versatile tool that any Kubernetes
admin should be familiar with. Still,
there is a handy desktop application
called Lens  that allows for a more
comfortable interaction with the
cluster. It is free for smaller
projects and w ell worth trying. There
might be more accessible ways of
setting up and managing Kubernetes
installations, but in the context of
this project, the combination of
kubectl and Lens proved to be
sufficient.

3: (n.d.). Lens | The Kubernetes IDE. Lens x Mirantis. Retrieved
June 10, 2025, from https://k8slens.dev/
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Kubernetes Basics and
Essential Components
In general, there are many tutorials
out there, but it makes sense to go
with the official setup instructions
for Kubernetes, which also contain
links to the related external
dependencies, such as the container
engine and the network integration.
This straightforward process was
performed without any special
exceptions to the recommended
configuration.

The additional, optional
components should be selected with
care, depending on the use case.
However, while not an explicit
recommendation or a must, this section
details the software packages we
settled on for the KITeGG
infrastructure to give you a point of
reference.

For the container engine, we went with
ContainerD, because it is also included
with the general Docker install and, as
such, very widely used and su pported.
The setup is easy, but it should be
noted that there are a few things to
look out for, especially on the worker
nodes with the GPUs.

Suppose you have a relatively
small system disk, as we had with half
a terabyte. In that case, you need to
consider that the cluster users might
eventually use many different Docker
images and fill up the temporary
container snapshot space. This means
you should conside r mounting
ContainerD’s data folder (found at
/var/lib/containerd) on a separate,
larger SSD to give it more space. In
addition, you need to check the GPU
vendor’s documentation on settings to
be added to the container engine
configuration that allow it to use a
dedicated container runtime, as is the
case for NVIDIA’s GPUs (more on that
later).

Before Kubernetes starts
scheduling its so-called Pods, the

smallest unit of a Kubernetes
deployment, networking must be
available. While Flannel  provides the
easiest and quickest way of adding
networking capabilities to your
cluster, we eventually moved to
Calico,  which is almost equally easy
to set up but allows for more fine-
grained control over your cluster’s
networking. Once you have installed
Kubernetes and added its network
plugin, you will see that it
immediately s tarts up its core
containers and is now ready to set up
additional workloads.

Cluster Storage
Another essential element is the
available storage systems. Kubernetes
allows volumes to be created from a
Storage Class. This is an object
managed by a dedicated controller,
provisioning storage on a specific
underlying storage technology.

It ships with local provisioning
of storage resources by allowing direct
access to the node’s filesystem. This
works for workloads that are always
running on the same host, but it is not
feasible to run on varying hosts,
depending on their availability or
replicating across multiple hosts, with
a single file system. We used different
forms of file system abstraction
according to the various types of nodes
on which the workloads were to run.

The control plane nodes were
initially not s et up as redundant
replicas and, as such, could use local
persistence. We decided to use a local
ZFS (formerly known as zettabyte file
system) filesystem pool, which allows
the creation of virtual block devices
from local disk image files, single
volumes, or multiple disks combined or
replicated for redundancy. This makes
it a versatile solution for resizing
and extending storage options at
runtime. There is an integration for
ZFS in Kubernetes available for the
popular OpenEBS Kubernetes storage
project. It allows Kubernetes to

4: (2014, December 24). Flannel-io/flannel: Flannel is a network
fabric for containers, designed for Kubernetes. GitHub.
Retrieved June 10, 2025, from https://github.com/flannel-
io/flannel

5: (n.d.). Project Calico. Tigera. Retrieved June 10, 2025, from
https://www.tigera.io/project-calico/
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This will require you to pull
together information from many log
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After picking your favorite, you
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some hands-on experience.
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you will have to maintain your
installation, and if something goes
wrong with your filesystem during
production, things can get a bit hectic
if you do no t really know the system
you are working with.

To manage your cluster, inspect its
workloads, and make changes, the
command-line interface provided by
Kubernetes’ kubectl is a powerful and
versatile tool that any Kubernetes
admin should be familiar with. Still,
there is a handy desktop application
called Lens  that allows for a more
comfortable interaction with the
cluster. It is free for smaller
projects and well worth trying. There
might be more accessible ways of
setting up and managing Kubernetes
installations, but in the context of
this project, the combination of
kubectl and Lens proved to be
sufficient.
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details the software packages we
settled on for the KITeGG
infrastructure to give you a point of
reference.

For the container engine, we went with
ContainerD, because it is also included
with the general Docker install and, as
such, very widely used and sup ported.
The setup is easy, but it should be
noted that there are a few things to
look out for, especially on the worker
nodes with the GPUs.

Suppose you have a relatively
small system disk, as we had with half
a terabyte. In that case, you need to
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eventually use many different Docker
images and fill up the temporary
container snapshot space. This means
you should consider  mounting
ContainerD’s data folder (found at
/var/lib/containerd) on a separate,
larger SSD to give it more space. In
addition, you need to check the GPU
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configuration that allow it to use a
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Before Kubernetes starts
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easiest and quickest way of adding
networking capabilities to your
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networking. Once you have installed
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plugin, you will see that it
immediately st arts up its core
containers and is now ready to set up
additional workloads.
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allows volumes to be created from a
Storage Class. This is an object
managed by a dedicated controller,
provisioning storage on a specific
underlying storage technology.

It ships with local provisioning
of storage resources by allowing direct
access to the node’s filesystem. This
works for workloads that are always
running on the same host, but it is not
feasible to run on varying hosts,
depending on their availability or
replicating across multiple hosts, with
a single file system. We used different
forms of file system abstraction
according to the various types of nodes
on which the workloads were to run.

The control plane nodes were
initially not se t up as redundant
replicas and, as such, could use local
persistence. We decided to use a local
ZFS (formerly known as zettabyte file
system) filesystem pool, which allows
the creation of virtual block devices
from local disk image files, single
volumes, or multiple disks combined or
replicated for redundancy. This makes
it a versatile solution for resizing
and extending storage options at
runtime. There is an integration for
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dynamically provision storage volumes
on demand in the underlying ZFS pool.
This is feasible for services that
always use the same node and can be
tied to this node, even if a node with
similar capacity is attached to the
cluster.

A more complex storage implementation
is a distributed one that provides both
redundancy and makes volumes available
across nodes for more flexible
scheduling of workloads. Ther e are
various solutions for distributed
storage in Kubernetes, and for us, the
choice ultimately was between Ceph
(via Rook  storage orchestration) and
Longhorn.  Ceph is an established and
widely used solution for distributed
storage that is also available outside
of the Kubernetes ecosystem. On the
other hand, Longhorn was designed
exclusively for Kubernetes and is a
comparatively newer project. We
ultimately  decided to use Longhorn,
primarily because it is much quicker to
get going with than Ceph. We needed
storage across the worker nodes as fast
as possible, and the learning curve for
Ceph was too time-consuming. This,
however, should not be the only factor
guiding such a fundamental decision.
While both options are robust software,
Ceph might be a bit more reliable in
terms of issues with failing volume
repli ca due to the way it
distributively writes to all nodes as
opposed to writing to one and then
replicating the data written.
Ultimately, we only encountered data
loss from a faulty and unrecoverable
volume in a single instance over the
course of the project, and Longhorn
seemed to reach a more stable state
from version 1.7 on. It should be noted
here that Longhorn is a viable solution
for getting started quic kly in a

smaller cluster, especially on bare
metal, while Ceph is the go-to solution
for large-scale and cloud deployments.

Finally, we also needed a solution for
long-term storage that would provide a
level of redundancy and offer lots of
space without the need for it to be
particularly fast.

To connect this storage to
various environments, we opted for
MinIO,  an open-source object storage
solution compatibl e with Amazon’s S3
storage interface. We placed MinIO on
the two storage nodes. Although MinIO
prefers a minimum redundancy of three
replica nodes, we deployed it through
the MinIO Operator using the mechanical
drives and on the two nodes with a
higher number of replicas to compensate
for the smaller number of failover
nodes.

GPU Access
As we went with the proprietary NVIDIA
CUDA platform, getting the GPUs ready
for use in Kubernetes was a
straightforward process supported by
software packages maintained by the
company.

The core software package
managing GPU access is the GPU
Operator,  an open-source Kubernetes
controller that ensures the proper
installation of drivers, scans the
nodes for available GPU hardware to be
used, and performs partitioning
according to a supplied MIG profile. It
publishes information abo ut accessible
GPUs in the cluster and allows users to
start Pods that specifically request a
number and type of GPU profile. These
Pods run a special NVIDIA Container
Toolkit that provides a dedicated
container runtime that must be
registered with the container engine.
We opted to install the GPU driver and

6: (2019, November 7). Openebs/zfs-localpv: Dynamically
provision Stateful Persistent Node-Local Volumes & Filesystems
for Kubernetes that is integrated with a backend ZFS data
storage stack. GitHub. Retrieved June 10, 2025, from
https://github.com/openebs/zfs-localpv

7: (n.d.). Ceph.Io - Home. Ceph. Retrieved June 10, 2025, from
https://ceph.io/

8: (2016, November 8). Rook/rook: Storage Orchestration for
Kubernetes. GitHub. Retrieved June 10, 2025, from
https://github.com/rook/rook

9: (n.d.). Longhorn. Longhorn. Retrieved June 10, 2025, from
https://longhorn.io/

10: (n.d.). MinIO | S3 Compatible Storage for AI. MinIO.
Retrieved June 10, 2025, from https://min.io/

11: (2020, December 8). NVIDIA/gpu-operator: NVIDIA GPU Operator
creates, configures, and manages GPUs in Kubernetes. GitHub.
Retrieved June 10, 2025, from https://github.com/NVIDIA/gpu-
operator
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CUDA toolkit within the worker node’s
host OS instead of delivering them
through the GPU Operator, as we also
wanted to access this functionality
directly on the host and not just from
within Kubernetes. Overall, this
process proved extremely
straightforward and streamlined, and it
did not take much longer than the
installation time for the software
packages.

The Quickest
Quickstart
After getting the basic components up
and running, we wanted to be able to
work among the partner institutions
immediately and use the available GPU
resources. Initially, this was limited
to university teaching staff, so we
worked in a small group of people who
actively experimented and would give
feedback about issues, needed
modifications, and requested features.

It was now less than two weeks
after the hardware was shipped , mostly
spent trying out various options for
basic components and reading up on
documentation. At this point, we split
the use of the cluster into two
separate, but parallel strands of
operation.

We could now run a production
environment alongside an experimental
development path that would regularly
result in upgrades and changes to the
production environment.

In the beginning, we installed the
software pack age JupyterHub,  which
provides a multi-user version of the
popular JupyterLab server environment
in which users can manage assets,
create so-called Notebooks using Python
code, and use a Linux terminal to
execute commands. With this
environment, we were able to provide
staff with immediate access to a basic
development environment backed by the
cluster’s compute resources. Although
we only began with the def ault

JupyterHub setup, we quickly created
our own JupyterLab image to add extra
libraries and command-line utilities
requested by users to ease development
within the JupyterLab environment. We
also immediately added the open-source
authentication provider Keycloak  to
the cluster to add OpenID Connect
authentication to be used by JupyterHub
and a general single sign-on (SSO)
solution for later use.

Once the i nvolved partners were
able to work independently, we began to
set up a development operations
(DevOps) environment.

All development was managed
within a group on the Gitlab instance
run by the Rhineland-Palatinate
state.  Project partners would set up
repositories and track development
issues there. They could use continuous
integration (CI) workers deployed to
the cluster, targeting a private
container regist ry based on the open-
source project Harbor,  also deployed
to the cluster. The resulting images
could then be deployed to the cluster
to provide services from the public
project websites and the custom-built
teaching and learning platform, the so-
called Lehr-Lernplattform (LLP), to
custom web frontends for various
machine learning models. At the same
time, the JupyterLab servers could also
be used to run long-running training
processes and to evaluate models or
external open-source projects.

What Now?
While the infrastructure and an

initial operative environment could be
established quickly, it was still a
long way from the platform it developed
into four years later. But the crucial
takeaway from looking back at the
platform engineering process is that a
project like this requires at least one
person to be solely dedicated to
tending to the systems and, at the same
time, continuously expanding their

12: (n.d.). Project Jupyter: JupyterHub. Project Jupyter.
Retrieved June 10, 2025, from https://jupyter.org/hub

13: (n.d.). Keycloak. Keycloak. Retrieved June 10, 2025, from
https://www.keycloak.org/

14: (n.d.). GitLab. Rechenzentrumsallianz Rheinland-Pfalz.
Retrieved June 10, 2025, from
https://rarp.rlp.net/services/gitlab/

15: (n.d.). Harbor. Harbor. Retrieved June 10, 2025, from
https://goharbor.io/
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get going with than Ceph. We needed
storage across the worker nodes as fast
as possible, and the learning curve for
Ceph was too time-consuming. This,
however, should not be the only factor
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While both options are robust software,
Ceph might be a bit more reliable in
terms of issues with failing volume
repl ica due to the way it
distributively writes to all nodes as
opposed to writing to one and then
replicating the data written.
Ultimately, we only encountered data
loss from a faulty and unrecoverable
volume in a single instance over the
course of the project, and Longhorn
seemed to reach a more stable state
from version 1.7 on. It should be noted
here that Longhorn is a viable solution
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smaller cluster, especially on bare
metal, while Ceph is the go-to solution
for large-scale and cloud deployments.

Finally, we also needed a solution for
long-term storage that would provide a
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space without the need for it to be
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solution compatib le with Amazon’s S3
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replica nodes, we deployed it through
the MinIO Operator using the mechanical
drives and on the two nodes with a
higher number of replicas to compensate
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Operator,  an open-source Kubernetes
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Toolkit that provides a dedicated
container runtime that must be
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directly on the host and not just from
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straightforward and streamlined, and it
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provides a multi-user version of the
popular JupyterLab server environment
in which users can manage assets,
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authentication to be used by JupyterHub
and a general single sign-on (SSO)
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All development was managed
within a group on the Gitlab instance
run by the Rhineland-Palatinate
state.  Project partners would set up
repositories and track development
issues there. They could use continuous
integration (CI) workers deployed to
the cluster, targeting a private
container registr y based on the open-
source project Harbor,  also deployed
to the cluster. The resulting images
could then be deployed to the cluster
to provide services from the public
project websites and the custom-built
teaching and learning platform, the so-
called Lehr-Lernplattform (LLP), to
custom web frontends for various
machine learning models. At the same
time, the JupyterLab servers could also
be used to run long-running training
processes and to evaluate models or
external open-source projects.

What Now?
While the infrastructure and an

initial operative environment could be
established quickly, it was still a
long way from the platform it developed
into four years later. But the crucial
takeaway from looking back at the
platform engineering process is that a
project like this requires at least one
person to be solely dedicated to
tending to the systems and, at the same
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capability in direct communication with
its users. This job requires more than
just administration according to a
fixed procedure; instead, it requires
monitoring the cluster’s function using
tools, such as Prometheus,  and
prioritizing proactive and responsive
communication with its users.

It is a delicate balance between
maintaining a healthy and safe
production environment and engaging
wit h staff feedback promptly and
dynamically.

This also means scheduling major
changes and updates outside the running
semester to avoid interruption of
ongoing coursework. However, if a
functional addition or modification
promises to be valuable, a call must be
made when the benefit outweighs the
risk. After all, it is an experimental
teaching environment and runs on a
limited overall time budget, unlike
core e -learning services found at a
university. Here, Kubernetes’
scheduling selectors and policy
functionality allow operations to be
separated sufficiently to enable
dynamic management, yet also to provide
a robust setup.

A significant benefit of Kubernetes is
its API, which allows clients in many
different programming environments to
control its functionality
programmatically, like scheduling and
managing deploy ments or requesting
information about the cluster state.
For the KITeGG cluster platform, we

eventually designed a simple hosting
environment that allows staff to deploy
custom services based on images built
through GitLab and hosted in the
private container registry.

Users can configure a service
through the LLP, which is backed by
Directus and uses custom extensions to
communicate with JupyterHub, Keycloak ,
and Kubernetes. The services can then
be accessed from within the cluster or
outside through a custom proxy that
authenticates through the SSO provider.

Providing a complete description of the
KITeGG cluster development would exceed
the scope of this article, but that may
also not be as important as the frame
within which the project was developed.
As every project is different, this
article demonstrates t he general ease
of use when using contemporary server
technologies and open-source projects.

These allow for a relatively
low-barrier, experimental entry and,
given enough time for full engagement
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Auf dem Weg
zu KITeGG
Florian Jenett

Im Wissenschaftsbetrieb gibt es
wenig Raum für Backstories und Making-
Ofs. Das ist eigentlich schade, denn
gerade dabei könnte viel über die
geheime Kunst der Antragstellung und
das Entstehen von Projekten wie KITeGG
gelernt werden. Solche Quellen wären
vermutlich besonders für Neuberufene
oder Jungwissenschaftler*innen wertvoll
und könnten den oft staubig wirkenden
Wissenschaftsbetrieb etwas lebendiger
machen. Sie wären zudem für die
Forschung in der Gestaltung wichtig, da
hier oft Vorbilder und eingespielte
Prozesse (Antragsstellung, Betreuung
von Forschungsprojekten, etc ) fehlen.

KITeGG – zu Anfang hatte es noch
nicht diesen Namen – geht auf
verschiedene Stränge zurück, die sich
letztendlich im Projekt getroffen
haben. Das Team ist groß und auf fünf
Standorte verteil t, so gibt es viele
Wege, die zu KITeGG geführt haben.

Nachfolgend beschreibe ich
meinen.

Im Jahr 2015 saß ich gerade an
meiner Bewerbung auf die Professur Me-
dieninformatik und Gestaltungsgrundla-
gen im Kommunikationsdesign an der

Hochschule Mainz. Die Ausschreibung
forderte neben den üblichen Unterlagen
auch ein Forschungskonzept. Das traf
mich unerwartet, bisher war ich noch
nie aufgefordert worden über die eigene
Arbeit als Forschung nachzudenken,
besonders in dieser Form. Aus der Not
eine Tugend machend formulierte ich
zwei grobe Ideen:  die
Weiterentwicklung von Processing  in
Teilen auch an die Hochschule Mainz
bringen“ und  [eine neue]
Ausrichtung der Motion Bank “. Meine
Bewerbung war letztendlich erfolgreich
und ich hatte das Glück mich in einem
forschungsfreundlichen Umfeld
wiederzufinden. Dank der  Unterstützung
der Hochschulleitung, anderer
Forschenden und vor allem der damaligen
Stabsstelle Forschung und Transfer,
Frau Dr  Hartel-Schenk, konnte ich die
formulierten Ideen weiterverfolgen und
aufbauen. Von den zwei Ideen hat sich
zunächst Motion Bank schneller
entwickelt und ist heute ein zentraler
Teil meiner Forschung an der Hochschule
Mainz. Aus der Processing-Idee entstand
zunächst eine kleine Ver anstaltung mit
dem Namen Programme auf Papier (Juni
2016), die die Frage nach dem
Spannungsfeld von Gestaltung und
Programmierung in der Lehre stellte.
Neben einem Vortrag und Workshop von
Karsten (Toxi) Schmidt  fand ein langer
Austausch geladener Lehrender aus
Bereichen zwischen Digitaler Gestaltung
und Medienkunst statt. Diese Gruppe
nenne ich gerne mal die Processing
Profs, denn viele kenne ich als
ehemalige Processing-Nutzer*innen, die
den Weg in die Lehre an
unterschiedlichen
Gestaltungshochschulen gefunden haben.

1: Processing, ein Skizzenbuch für programmierende
Gestalter*innen: https://processing.org/

2: Das Tanzforschungsprojekt Motion Bank:
https://motionbank.org/

3: Toxis Internetseiten sind ein reichhaltiger Schatz:
https://toxi.co.uk/ und https://thi.ng/
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Abbildung 1: Plakat zur Veranstaltung
Programme auf Papier. Gestaltung: Joshua
Glunz, Tim Hau

Auf einer Konferenz in Belgrad
(Resonate) im Jahr 2014 versuchte mich
ein befreundeter Künstler (Kyle
McDonald) vom Lernen der
Programmiersprache Python zu
überzeugen. Er hatte Caffe  und Deep
Learning (DL) für sich entdeckt und ich
sollte mir das unbedingt auch mal
anschauen.

Dieses AI“ und seine
Möglichkeiten waren mir nicht gänzlich
neu, gab es doch bereits die ersten
Künstler*innen die damit arb eiteten und
mein Twitter-Stream deutete nicht
zuletzt dank Deep Dream Puppy Slugs
bereits in diese Richtung. Auch
begannen Felder wie die Computer Vision
sich zunehmend auf den Einsatz von
GPUs  und DL auszurichten.

Ich stieß bei meinen
Projektrecherchen für Motion Bank rund
um Tracking und Recognition immer
wieder auf das Thema KI. So auch auf

unserem vierten Choreographic Coding
Lab , das wir 2015 in New York zusammen
mit dem ITP/NYU Tisch veranstalteten.
Dort traf ich auf Lisa Kori und Gene
Kogan, die zusammen an einem audio-
visuellen Performance-System
arbeiteten, das unter anderem KI
verwendete. Ich glaube, das war mein
erster direkter Kontakt mit KI im
künstlerischen Einsatz.

Das Thema rückte also immer
näher, allerdings erschien mir die
zeitliche und technische Investition
noch zu hoch für einen tieferen
Ein stieg.

Ab 2017, ich war nun ein Jahr an der
Hochschule Mainz, häuften sich die
Beispiele von Projekten mit Einsatz von
KI. Dank einer kleinen Förderung
konnten wir für unsere digitale
Werkstatt iLab einen ersten KI-Rechner
mit Nvidia GTX 1080 TI Game-GPU
anschaffen. Fast zeitgleich begann
Google mit seinem Colab Dienst die
technischen Anforderungen für den
Einsatz von KI drastisch zu senken.
Erste studentische Projekte
beschäftigten sich mit generativer KI
in seinen frühen Formen wie GANs
(Twitterbot Frenhover von Lukas Rudig )
oder RNNs (Schriftgestaltung in Path-
finder von Jean Böhm ). Das Thema war
angekommen, aber der Einsatz der
Technologie erschien immer ein riesiger
Hack zu sein.

Zu viele Python-Versionen,
Packages, Frameworks (Keras,
TensorFlow, Torch, etc.), fehlende
Daten und schlecht dokumentierter
Forschungs-Code aus verlassenen Github-
Repositorien. Oft war der Aufwand um
die Projekte überhaupt zum Laufen zu
bekommen wesentlich höher, als sie für
die eigenen Experimente anzupassen. Es
fehlte etwas wie Processing für KI.

4: Caffe Framework: https://caffe.berkeleyvision.org/

5: Memo Akten über Deep Dream:
https://memoakten.medium.com/deepdream-is-blowing-my-mind-
6a2c8669c698

6: OpenCV nutzt GPUs zur Beschleunigung seit 2011:
https://viso.ai/computer-vision/opencv/

7: Die Choreographic Coding Labs (CCL) bringen seit 2013
Gestaltung und Tanz zusammen: https://choreographiccoding.org/

8: https://readon.hs-mainz.de/2018/#ausstellung

9: https://jeanboehm.de/work/pathfinder
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Abbildung 2: Sketch-RNN-Experimente zum kleinen a” von Jean
Böhm in seiner Masterthesis Pathfinder.

Bei Motion Bank suchten wir 2020
nach einer Möglichkeit zur Integration
unserer Arbeit in die Hochschul-
Tanzausbildung. Dabei stießen wir auf
die Bekanntmachung für eine Förderlinie
im Rahmen der Digitalen Hochschulbil-
dung des BMBF  (heute BMFTR), die die
Anwendung von KI-Technologie in der
Hochschullehre ermöglichen sollte (sog.
Förderlinie 4).

Unser Antrag vortanz  war
erfolgreich und wir starteten Anfang
2021 in das Projekt. Kurze Zeit später
wurde eine weitere Förderung im selben
Rahmen veröffentlicht: KI in der Hoch-
schulbildung. Ermuntert durch den
vorausgegangenen Erfolg habe ich im
März 2021 den Processing Profs dazu
geschrieben – die erste Mail seit
langem – und nach kurzem Hin-und-Her
hatten wir eine erste Kerngruppe für
einen Antrag gebildet. Die Partner aus
Trier und Köln kamen durch glückliche
Fügungen (Vermittlungen) hinzu.

Zunächst waren wir noch mit
sieben Hochschulpartnern im Gespräch,
allerdings konnten zwei aufgrund
anderer Anträge in derselben
Förderlinie letztendlich nicht
teilnehmen. Bis Mitte April haben wir
Zoom-Meetings gehalten und in ein
gemeinsames Dokument auf Google Docs
geschrieben.

Die meisten Antrags-Partner
hatten bereits Erfahrungen im Einsatz
von KI gesammelt. Anfang 2021 la gen die
ersten GAN-tastischen Jahre hinter uns
und DALL-E und GPT-3-Versionen waren

das Maß der Dinge. Wir verfolgten die
entstehende Diskussion um den Nutzen
und die Herausforderungen des Einsatzes
von KI, gerade auch im Hinblick auf die
gestalterischen Disziplinen.

Im Zentrum des Antrags stand
daher das Ziel, die Studierenden für
den anstehenden Wandel fit zu machen.
Allerdings fehlte es an unseren
Hochschu len dafür auf allen Ebenen. Wir
hatten keine technische Infrastruktur,
zu wenig KI-erfahrenes Personal und
keine Zeit um Lehrangebote zu
entwickeln. Unser Antrag kann also auch
als Versuch gelesen werden diesen
Sprung nach vorne zu ermöglichen. Die
inhaltliche Linie war also schnell
gefunden und ist in der
Kurzbeschreibung des KITeGG-Antrags so
zusammengefasst:

“[ ] Das Verbundprojekt verfolgt dabei
den Anspruch, die Lehre von KI-Methoden
nachhaltig in die (Aus-)Bildung von
Gestalter:innen einzubinden, sodass sie
in der Lage sind, diese Methoden
reflektiert als Material und Werkzeuge
der Gestaltung einzusetzen [ ]  Dazu
setzt sich der Verbund drei Ziele:
Erstens den Aufbau einer Cloud-
basierten Infrastruktur für Lehre und
Lernen im Bereich KI [ ]  Zweitens die
Entwicklung neuer kompetenzorientierter
Lehreinheiten, [ ] sowie
interdisziplinärer Labore [ ]  Drittens
sollen die Ergebnisse des Projektes
über Transferformate (Symposien, Open
Source, Open Educational Resources,
Publikationen) inner- und außerhalb des
Verbundes in die gesamte Breite des
gestalterischen Feldes getragen werden
[ ].”

Nach einiger Fleiß- und Schreibarbeit
der fünf Projektpartner, war zuletzt
die große Herausforderung die
vorgegebene maximale Länge von nur 12
Seiten Antragstext einzuhalten.

Daniela Meinhardt und Lasse
Scherffig vom Verbundpartner KISD
konnten dies an einem langen Wochenende
bewerkstelligen und so gingen alle
benötigten Dokumente fristgerecht Ende

10: Bundesministerium für Bildung und Forschung (BMBF), heute
Bundesministerium für Forschung, Technik und Raumfahrt (BMFTR):
https://www.bmbf.de/

11: #vortanz – Automatisierte Vorannotation in der digitalen
Hochschultanzausbildung: https://vortanz.ai/
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April 2021 an das Ministerium. Schon im
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Den Rest der Geschichte finden Sie u A
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Chunk References

Chunk 1

Chunk 7

Chunk 8

Chunk 10



256 KITeGG und nun?

Chunk 1

Chunk 2

Chunk 3

Chunk 4

Chunk 5

Chunk 6

Chunk 7

KITeGG
und nun?
Florian Jenett

In Vorbereitung auf diesen
Beitrag habe ich eine Weile in der
Werkschau unserer Lehr-Lern-Plattform
(LLP) geblättert. Sie enthält die
Ergebnisse der Studierenden, die unsere
KITeGG-Kurse besucht haben.

Zunächst fällt die Vielfalt auf,
die in den ca.

120 Kursen der letzten sechs
Semester entstanden ist. Neben mutigen
ersten Schritten finden sich
ausgearbeitete, komplexe Projekte.

Einige davon sind auch in dieser
und den vorangegangenen un/learn
Ausgaben enthalten. In der LLP sind
Ergebnisse von Schriftgestaltung bis
Animationsfilm, von spekulativem
Produktprototyp bis zum
Architekturentwurf, von der
medientheoretischen Auseinandersetzung
bis zum Prompting-Handbuch zu sehen.
Dies beschreibt das Spektrum nur in
groben Zügen und zeigt dennoch schon,
dass KI im Rahmen von KITeGG au f der
gesamten Breite der Gestaltungslehre
angekommen ist.

Meine erste, vielleicht offensichtliche
Annahme ist, dass KI zukünftig in noch
mehr Disziplinen der Gestaltung zum
Einsatz kommen wird.

Hierzu braucht es etwas, das wir
zugegebenermaßen auch in unserem Antrag
übersehen hatten: es müssen spezifische
Angebote für die einzelnen Fächer und
Disziplinen erarbeitet werden.

Das geht nicht ohne die
Expert*innen  dieser Fächer: das
bestehende Kollegium. Es braucht zudem
kontinuierliches Recherchieren und
Ausprobieren, Vorbereitungs- und
Vermittlungsarbeit und direkte

Hilfestellung in Kursen. Unser Antrag
konzentrierte sich auf die Arbeit mit
den Studierenden und hatte die Arbeit
mit dem existierenden Kollegium
schlicht übersehen. Dies konnten unsere
KITeGG-Laborleitungen (siehe 
Interviews in un/lean ai Ausgabe 1)
g lücklicherweise abfangen, ohne sie
wird aber zukünftig eine Lücke bleiben.

Es wird daher die Aufgabe der gerade an
den Standorten entstehenden KI-
Professuren sein, neue Labore
aufzubauen.

Nicht nur als Orte der
Umsetzung, sondern auch der Forschung,
der Beratung, der Vermittlung, des
Austauschs und der Weiterbildung.

Diese Labore und die Lehre brauchen ein
stabiles technisches Fundament. Es
sollte keine Frag e der persönlichen
Ressourcen werden, ob Studierende den
Weg der Gestaltung mit KI einschlagen.
Es braucht daher Angebote der
Bildungsstätten, die die Nutzung von KI
kostenfrei zur Verfügung stellt. Um
unabhängig von Marktinteressen zu
bleiben und möglichst großen Spielraum
für Experimente zu haben, halte ich
hierzu den Betrieb einer eigenen KI-
Infrastruktur für unumgänglich. Die
fünf KITeGG-Standorte berei ten daher
momentan den Weiterbetrieb unserer
gemeinsamen Infrastruktur über das
Projektende hinaus vor. Zudem regen wir
immer wieder zum Einsatz von kleinen,
lokalen Modellen an.

Ihre geringe Größe und
Spezialisierung kann für manches
Projekt durchaus vorteilhaft sein und
bringt Unabhängigkeit (bspw  von
Dienstleistern und Internetzugang) und
einen schonenden Umgang mit Ressourcen
(bspw  Energie) mit sich.

Der  Bedarf für standortnahe und lokale
KI wird in der Gestaltungslehre und -
forschung wachsen und die Hochschulen
müssen Wege finden dies entweder als
allgemeine Infrastruktur zu behandeln,
oder zumindest mittelfristig als
Projekte zu finanzieren.

Beim Studium der studentischen Projekte
zeigt sich aber noch etwas anderes:
Viele sind einen langen Weg gegangen,
um den Einsatz von KI in die eigene
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Arbeitsweise und Perspektive zu
übersetzen. Sei es das automatische
Gendern von Texten auf Internetseiten
per Browserplugin, um auf sprachlichen
Bias aufmerksam zu machen .

Sei es die Kollaboration mit
einem eigens trainierten (privaten)
Modell beim Gestalten von
Porzellanvasen .

Es gäbe viele weitere Beispiele,
die zeigen wie weit die Studierenden
über das einfache Generieren von Text
und Bild hinaus gekommen sind. Diese
Erkenntnis freut mich besonders und
verweist auf einen Aspekt, der mir im
Antrag und auch bei der Arbeit in
KITeGG stets sehr wichtig war:
Gestaltung muss eine eigene Stimme im
Bereich KI entwickeln, damit wir uns in
die technologische Entwicklung
einbringen können. Wir brauchen keine
neuen Prompting-Möglichkeiten in
v eralteter Design-Software, sondern
Werkzeuge, die uns sehr vielfältige,
verschlungene und spezifische
Einsatzmöglichkeiten und Arbeitsweisen
erlauben .

Ich gehe davon aus, dass diese
Anwendungen letztendlich zu einer
Vielzahl neuer gestalterischer
Perspektiven, Anwendungen,
Ausgründungen und in Folge auch

Forderungen an die allgemeine KI-
Entwicklung führen werden. Zudem wird
vermutlich die Fähigkeit KI in
unte rschiedlichste Bedarfe übersetzen
zu können langfristig eine der
wertvollsten Erfahrungen für die
Studierenden sein, denn es macht sie
unabhängig von der technologischen
Entwicklung und ist eine
Spezialisierung, die nicht
automatisiert werden kann.
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Hochschule
Mainz
Jean Böhm, Julia-Jasmin Bold, Maika
Dieterich, Paul Eßer, Lars Hembacher,
Rebecca Herold, Prof  Florian Jenett,
Anton Koch, Markus Mau, Francesco
Scheffzcyk, Isabela Dimarco (bis 2023)

Mainz ist Verbundkoordinator im Projekt
KITeGG und baut zudem die gemeinsame
KI-Infrastruktur, sowie die
übergreifende Lehr-/Lernplattform auf.
Die Lehre und das Labor, das im Rahmen
der Förderung eingerichtet wird, sind
thematisch auf Automation, Werkzeuge
und generative Gestaltungsansätze
ausgerichtet.

Hochschule
Trier
Alexander Bauer, Peter Ehses, Prof
Simon Maris, Prof  Dr  Matthias
Sieveke, Prof  Harald Steber

Nachhaltigkeit ist fest verankert in
der Lehre am Campus, der seit 2021 das
Label Fairtrade University” trägt.
Das KI-Labor legt den Fokus auf dieses
Thema, so wird unter anderem die
Materialeffizienz als nachhaltiger
Aspekt zur Vermeidung von
Überproduktion erforscht. Im Labor kann
KI als kreatives, experimentelles
Werkzeug zur Ideenfindung und
Inspiration dienen oder dazu,
verschiedene komplexe Zusammenhänge im
Gestaltungsprozess einfließen zu
lassen. Studierende erlernen, die KI-
gestützten Informationen als Grundlage

für ethisch und ökologisch
verantwortungsvolle Entscheidungen in
der G estaltung anzuwenden.

Köln International
School of
Design, TH Köln
Matthias Grund, Jana Hartmann, Nils
Heubaum, Jakob Kilian, Eduard Paal,
Prof  Dr  Lasse Scherffig, Omid Akbari
Kharazi (bis 2023), Tyanka Demyanka
Adrian (bis 2024), Katrina Kizenbaha
(bis 2024), Laura Juliane Wagner (bis
2023), Kjell Wistoff (bis 2022),
Dzennifer Zachlod (bis 2024)

Im Projekt KITeGG stehen an der KISD
Ansätze im Vordergrund, die die
gesellschaftliche Wirkung der
Gestaltung von und mit künstlicher
Intelligenz betrachten und die – im
Sinne eines interdisziplinären
Designverständnisses – künstliche
Intelligenz im Kontext der Gestaltung
von Produkten, Prozessen und
Interaktionen fokussieren.

Hochschule für
Gestaltung
Schwäbisch Gmünd
Prof  Hartmut Bohnacker, Prof  Rahel
Flechtner, Prof  Benedikt Groß, Moritz
Hartstang, Christopher Pietsch, Felix
Sewing, Prof  Jordi Tost, Franz Anhäupl
(bis 2025), Maxime Beck (bis 2025),
Vivien Cai (bis 2025), Lucie de Hair
(bis 2023), Malte Fial (bis 2023),
Mark-Jonathan Freyer (bis 2024),
Stamatia Galanis (bis 2024), Robert
Kremer (bis 2025), Ron Mandic (bis
2025), Katharina Neugart (bis 2024),
Johannes Rothkegel (bis 2023), Prof
Aeneas Stankowski (bis 2024), Alexa
Steinbrück (bis 2023), Anton Söffing
(bi s 2023), Alia Tasler (bis 2023),
Felix Tischmacher (bis 2022)

Die HfG Schwäbisch Gmünd hat sich im
Projekt zwei Schwerpunkte gesetzt,
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durch die KI als neues
Gestaltungsmittel verstanden und
genutzt werden soll. Der
theoriebasierte Schwerpunkt Design
Futures“ zielt auf die Konstruktion von
Zukunftsbildern, um KI in aktuellen
gesellschaftlichen Diskussionen zu
begleiten und mögliche Auswirkungen auf
Gesellschaft, Wirtschaft und Kultur zu
erproben.

In den Lehrformaten zu Creative
Machine Learning“ setzen sich
Studierende mit KI-Technologien
auseinander und lernen diese auf
design-wissenschaftliche
Problemstellungen zu adaptieren und zu
trainieren. Das AI+Design Labor (AI+D
Lab) unterstützt interdisziplinäres und
forschendes Lernen im Design mit KI und
bietet eine Grundausstattung an
Werkzeug und Materialien für den Aufbau
schneller KI-Designprototypen.

Hochschule für
Gestaltung
Offenbach
Prof  Catrin Altenbrandt, Elisa
Deutloff, Mattis Kuhn, Leon-Etienne
Kühr, Prof  Adrian Nießler, Prof  Alex
Oppermann, Joscha Berg (bis 2024), Ivan
Iovine (bis 2025), Bastian Kämmer (bis
2023), Max Kreis (bis 2024), Johanna
Wallenborn (bis 2025)

Die HfG Offenbach setzt sich als
thematischen Schwerpunkt innerhalb des

Projekts mit KI und künstlerischer
Praxis auseinander.

Im Rahmen des Projekts wurden
ein  KI-Labor und ein Robotiklabor neu
eingerichtet, die in das künstlerische
Lehrgebiet Elektronische Medien
integriert sind.

Das KI-Lab unterstützt
Studierende bei der Entwicklung von
Deep-Learning-Algorithmen und bei der
Integration von bestehenden Datensätzen
und trainierten Modellen in ihre
künstlerische Praxis. Dabei spielen die
Implikationen von Technologie auf die
Gesellschaft und die Reflektion des
eigen en künstlerischen Schaffens eine
zentrale Rolle. Mit Hilfe von Physical
Computing, Robotik, digitaler Fertigung
und künstlicher Intelligenz unterstützt
das Robotiklabor die Studierenden bei
der Entwicklung interaktiver
Installationen.
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Werkzeug und Materialien für den Aufbau
schneller KI-Designprototypen.

Hochschule für
Gestaltung
Offenbach
Prof  Catrin Altenbrandt, Elisa
Deutloff, Mattis Kuhn, Leon-Etienne
Kühr, Prof  Adrian Nießler, Prof  Alex
Oppermann, Joscha Berg (bis 2024), Ivan
Iovine (bis 2025), Bastian Kämmer (bis
2023), Max Kreis (bis 2024), Johanna
Wallenborn (bis 2025)

Die HfG Offenbach setzt sich als
thematischen Schwerpunkt innerhalb des

Projekts mit KI und künstlerischer
Praxis auseinander.

Im Rahmen des Projekts wurden
ein  KI-Labor und ein Robotiklabor neu
eingerichtet, die in das künstlerische
Lehrgebiet Elektronische Medien
integriert sind.

Das KI-Lab unterstützt
Studierende bei der Entwicklung von
Deep-Learning-Algorithmen und bei der
Integration von bestehenden Datensätzen
und trainierten Modellen in ihre
künstlerische Praxis. Dabei spielen die
Implikationen von Technologie auf die
Gesellschaft und die Reflektion des
eigen en künstlerischen Schaffens eine
zentrale Rolle. Mit Hilfe von Physical
Computing, Robotik, digitaler Fertigung
und künstlicher Intelligenz unterstützt
das Robotiklabor die Studierenden bei
der Entwicklung interaktiver
Installationen.
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INTEGRATING AI  
IN AESTHETIC PRACTICES

KITeGG 

KI greifbar machen und begreifen:  
Technologie und Gesellschaft verbinden   
durch Gestaltung. 

Making AI tangible and comprehensible:  
Connecting technology and society  
through design.

gestaltung.ai

10.25358/openscience-13020


