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Hotbobinbutuood

The directors of the Institute of Computer Science would like to take this oppor-
tunity to express their gratitude for the support that we, as individuals and as
an institute, continue to receive from a broad range of individuals and offices
affiliated with the University of St.Gallen and beyond.

As an institute, we are supported by an Advisory Board (Geschaftsleitender Auss-
chuss GLA in German) chaired by 0001 00000 OO00. The Board comprises of OO0
00000000, OOoboo DODOiooo, boom 0i000 0idiobd, Uooo fioidoo 0oioboio, bion Oooo
1000 00000000 and DODODOO00 000000, We would like to express our gratitude to
all members of our Board (GLA) for their precious advice and continuous com-
mitment to the institute’s ideals and vision. Due to the Universities Act amend-
ments, this form of advisory board was dissolved on 31.12.2024.

From 01.01.2025, an advisory board may support us in professional matters. We
were successful in recruiting Markus Banziger for this task. Thank you very much
for your valuable support and we look forward to continuing to work together.
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Jooobdboood

The Institute of Computer Science (ICS-HSG) includes eight research groups: Ar-
tificial Intelligence and Machine Learning, led by 0000 0OI 00000 0O0000; Data
Science and Natural Language Processing, headed by 0J00 OT 00000000 00000
00000; Foundation of Computation, under the guidance of 0I0OT O 000000000
00000000; Interaction- and Communication-based Systems, directed by 000X
0T 00000 D0000; Cyber Security, managed by 0000 0T 00000000 OI0000000C;
Programming Languages, overseen by 0001 0T 0000 0000000005 Human-
computer Interaction, chaired by 000I 0O 0000000 00000000; and Software
Systems Programming and Development, led by 0I0I 0T 0000000 C00000. Since
2023, professors Borth, Handschuh, Mayer, Mitrokotsa, Schoning, Weber, Hor-
lemann, and Salvaneschi have formed the board of Directors of the ICS-HSG.
Since February 2024, Prof. Salvaneschi has been the Managing Director ICS-HSG,
taking over this role from Prof. Mayer. The role of the Managing Director is a co-
ordinating one and it does not involve any authority to issue directives to other
members of the board of Directors.

Figure fl shows the key figures the Institute has achieved this year. We welcomed
50 more students to our courses, an increase of 30%. We also expanded our
range of courses by nine. We are pleased to report that twenty more publica-
tions were recorded on the Alexandria platform in the 2024 reporting year.

The research of ICS-HSG spans various areas, including deep neural networks,
language models, coding theory, cryptography, ubiquitous computing, au-
tonomous systems, cybersecurity, programming languages, human-computer
interaction, and software development. ICS-HSG’s research is highly interdis-
ciplinary and resulted in numerous publications in prestigious venues. The de-
tails of our research achievements are discussed extensively in the rest of this
document.

With this annual report, we provide an overview of the activities of the ICS-HSG
and its research groups in 2024. Further details and updated news are presented
on our institute website, D0000000000000000000C


https://ics.unisg.ch/
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Figure 1: Key Figures of the Institute for Computer Science for the year 2024.
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The Artificial Intelligence & Machine Learning lab led by Prof. Damian Borth
performs research on deep neural networks to make such models more robust,
more performant, and trustworthy when applied to real-world data.

The year 2024 was shaped by Prof. Damian Borth’s sabbatical research stay and
a further extension of international collaborations. Highlights of 2024 were (i)
the nomination of Prof. Damian Borth to become the “Eindhoven Al Systems
Institute (EAISI)” Visiting Professor at the Technical University of Eindhoven in
the Netherlands (ii) the call to become a visiting professor at the faculty of
the Paul G. Allen School of Computer Science & Engineering at the University
of Washington, Seattle, (iii) the SNF project acquisitions of the project “Hyper-
Representations: Learning from Populations of Neural Networks”, and (iv) the
successful graduation of two PhD candidates from the lab.

Hood Doooooo

The chair of Artificial Intelligence and Machine Learning has 9 members. In
2024, with Dr. Hamed Hemati and Dr. Konstantin Schiirholt, two PhD candi-
dates graduated successfully. Dr. Hamed Hemati finished his dissertation on
“Continual Learning from Meta-Learning Perspective: Data Stream, Model Archi-
tecture, and Strategy” and started a position at the Technical University of Ap-
plied Sciences in Stuttgart. Dr. Konstantin Schiirholt finished his dissertation on
“Hyper-Representations: Learning from Populations of Neural Networks” and
stayed as a post-doc at the lab to continue his research. With Timur Sattarov,
one PhD student successfully defended his PhD proposal. In his PhD committee,
Prof. Giulia Fanti from Carnegie Mellon University (CMU) serves as an external
examiner. In addition, PhD candidate Linus Scheibenreif went for an internship
with Google X in Mountain View, USA and Julius Schulte, who graduated in Com-
puter Science from ETH Zurich and USI Lugano, joined the lab in July 2024 as a
new PhD student. Finally, Assistant Prof. Michael Mommert, who was affiliated
with the lab, got an appointment as a full professor at the Technical University
of Applied Sciences in Stuttgart and left the lab.



Qooooood

Given a successfully acquired SNF project, the AIML lab redefines its research
focus according to the following research areas (a) Representation Learning
of Deep Neural Networks, (b) Remote Sensing and Earth Observation, and (c)
Representation Learning of Tabular Data. In 2024, the lab got 7 publications ac-
cepted. This includes 5 conference publications, and 2 workshop publications.
Additionally, 4 working papers have been published.

In the research area “Representation Learning of Deep Neural Networks”, the
lab has made a significant breakthrough in scaling up the processing of neural
network weights toward large-scale models such as ResNets. The proposed Se-
quential Autoencoder for Neural Embeddings (SANE) approach does process a
windowed sequence of weights and is therefore not constrained by the origi-
nal length of the neural network model. This work has been published at ICML
in Vienna. Additionally, novel transformer model zoos have been generated to
prepare for the extension of weight space learning to transformer architectures.
To foster collaboration in this newly established research area, members of the
AIML lab have successfully proposed to organize a workshop at the ICLR confer-
ence I and extended collaborations to LMU Munich and Dartmouth University.

Having seen a significant shift towards foundation models in “Remote Sensing
and Earth Observation”, we have focused in 2024 on parameter-efficient fine-
tuning of these foundation models. Our work on light-weight LoRA adapter
training has been one of the first works in this area and was published at CVPR in
Seattle. With such mechanisms at hand, researchers can easily take advantage
of pre-trained foundation models, even if these models are not tailored towards
their desired downstream task. We have also published one of the first works
on diffusion for satellite data, active learning for self-supervised learning, and
multi-modal fusion of VQA systems in remote sensing.

In summary, members of the AIML lab published 11 papers including 5 confer-
ence publications, 2 workshop publications, and 4 working papers at top venues
such as ICML, IEEE CVPR, and IEEE IGRASS, These papers have been written in col-
laboration with authors of UC Berkeley and TU Munich. An overview of all pub-
lished work can be found at the Alexandria platform of the University of St.Gallen
B, As in the previous year, members of the lab were serving as areas chairs, tech-
nical program committee, and reviewers of international conferences (NeurlPS,

'0000000000000000000000000000000000000000
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https://weight-space-learning.github.io/
https://www.alexandria.unisg.ch/entities/person/Damian_Borth

ICLR, ICML, IEEE CVPR, IEEE ECCV, ACM ICAIF), journals (Nature Communication,
IEEE TGSRS, Remote Sensing and Environment, Remote Sensing Letters), and
governmental funding programs such as the DFG.

0000000

In 2024, the lab successfully got an SNF project funded titled: “Hyper- Represen-
tations: Learning from Populations of Neural Networks”. This four-year project
will focus on representation learning of neural network models, a newly estab-
lished research area dubbed “weight space learning”. The project aims to exploit
such learned representations for multiple downstream tasks like the prediction
of model properties directly from the model’s weights, or sampling unseen neu-
ral network models without training.

The currently running SNF-funded project: “Self-Supervised Learning for Earth
Observation: Leveraging a wealth of multi-modal data” went into the second
year of work. Similar to last year, in 2024 the lab was again invited to organize a
tutorial about multi-modal, multi-task, and self-supervised learning at the IEEE
IGARSS conference in Athens, Greece. This tutorial was very well-visited and
allowed team members of the lab to present the results of the project.

Hooooimo

Given the sabbatical research stay of Prof. Damian Borth in the fall of 2024,
teaching took only place in the spring of 2024. For the Master of Science in Com-
puter Science (MCS), the AIML lab taught the “Machine Learning” course. For the
Bachelor of Science in Computer Science (BCS), the AIML lab taught the “Artifi-
cial Intelligence” course for the first time. Both courses took place in the spring
of 2024. Like in the previous year, in 2024 the “Deep Learning: Fundamentals
and Applications” course of the “Global Summer School for Empirical Research
Methods (GSERM)” was held in collaboration with Dr. Marco Schreyer. Concern-
ing bachelor and master thesis work, in 2024, the lab has supervised six master
theses and co-supervised two more. Out of these, three led to publications at
IEEE IGRASS conferences and one led to a publication at an AAAI workshop.

Lastly, members of the lab were active in multiple executive education programs
with invited sessions, full days, or full-week electives. In particular, the elective



course “Coding and Al”, which is held in collaboration with Prof. Barbara Weber
was executed in 2024 in both, the EMBA and IEMBA program of the University of
St.Gallen. Finally, Prof. Damian Borth in collaboration with Prof. Torbjgrn Net-
land from ETH Zurich held their course at the embaX joint executive education
program between the University of St.Gallen and ETH Zurich.

Looooboo

The scientific work and expertise of the lab was highlighted and outlined in mul-
tiple events and articles in public media. One of the highlights of 2024 was the
opening discussion about “The Future of Artificial Intelligence” with Google’s for-
mer CEO and Chairman Eric Schmidt at his finca in Mallorca. Another highlight
was the invited keynote at the ICLR Workshop on Machine Learning for Remote
Sensing aiming to bridge remote sensing and weight space learning. The last
highlights of 2024 were the invited keynote at the German Data Science Society
GenAl workshop at LMU Munich and the invited keynote at the KI Forum der
Evangelische Volkspartei St.Gallen.

Additionally, multiple invited lectures or seminars at universities such as TU
Eindhoven, University of Washington, University of Michigan, University of Am-
sterdam, KU Leuven, German Research Center for Artificial Intelligence, (DFKI)
and multiple other invited talks at DAAD, Google Research Zurich, KI-Forum
der Evangelische Volkspartei St.Gallen, KI-Forum der Evangelische Volkspartei
Schaffhausen, Ehemalige Kantonsrate St.Gallen. In total, the AIML lab was able
to communicate its research in 17 invited keynotes, lectures, and seminars.

In 2024, Prof. Damian Borth hold positions at the Ringier Al Advisory Board to-
gether with Ringier Group CEO Marc Walder, Anna Mossberg, and Léo Steinacker
B Similarly, Prof. Damian Borth held elected positions at the board of the German
Data Science Society, and the board of Trustees at the Int. Computer Science In-
stitute in Berkeley, the Scientific Advisory Board of the Roman Herzog Institute,
and the Scientific Advisory Board of the DAAD IFI Program.
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https://www.ringier.com/ringier-nominates-ai-advisory-board/
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In 2024, our research efforts in the field of Natural Language Processing contin-
ued with a particular emphasis on Large Language Models (LLMs) and genera-
tive Al in general. These models have the ability to process natural language and
are widely used for a variety of purposes, including speech recognition, machine
translation, text summarization, and chatbots, among others. A prominent and
recent example of this technology is ChatGPT. Developed by OpenAl, ChatGPT
garnered significant attention towards the end of 2022, further fueling interest
in LLM research.

Qoooootd

Our focus in research is on the construction, interrogation, investigation, and
optimization of Large Language Models (LLMs). Despite their widespread usage
and extensive study, LLMs remain incompletely understood, often presenting
researchers with unexpected emergent capabilities. This necessitates a wide
range of inquiry, demanding substantial experimentation to enhance our un-
derstanding of their functions. The effort put into basic research is worthwhile
because these models are becoming increasingly ubiquitous and contribute to a
homogenisation of the research landscape while offering immense downstream
potential.

Large Language Models, such as ChatGPT, are closely related to generative Al
and are critical tools in generative Al research. They have the ability to under-
stand and produce natural language, making them capable of handling complex
tasks like text generation, translation, language processing, and even question-
answering systems. By utilizing large amounts of training data and recognizing
patterns and relationships in natural language, LLMs can push the boundaries
of generative Al and enable new areas of application.

Our research endeavors to offer an in-depth understanding of LLMs, their under-
lying Transformer architecture, and associated scaling phenomena and prompt-
ing roles in model training. We analyse both the benefits and drawbacks of these
models, assessing their impact on performance and accuracy. These insights
contribute to a comprehensive understanding of LLMs, including their potential



and limitations.

Our investigation shows that model optimization has often been neglected in
the past, and the descriptions of Transformer architectures in the literature are
often incomplete or different, leading to uncertainties in implementation. How-
ever, there are ways to improve and optimize existing architecture decisions.
Additionally, systematic probing experiments have explored the performance
of current models and highlighted their limitations.

HD0Dooioon

https://www.alexandria.unisg.ch/entities/person/Siegfried_Handschuh/publications
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The group for Foundations of Computation is engaged in research and teaching
in the areas of theoretical computer science, coding theory, cryptography and
algorithmic mathematics. With our research results we aim to improve digital
communication technologies in their reliability, efficiency and security.

Hoon

In February 2024 Dr. Carlos Vela Cabello joined us as a Postdoctoral researcher
and teaching assistant. Furthermore, Dr. Hassan Ou-azzou joined our group as
a Postdoctoral researcher in September 2024. He is paid by a Swiss Government
Excellence Scholarship. The other team members, i.e., the head of the chair as
well as the doctoral researchers Marc Newman, Nadja Willenborg and Adrien
Pasquereau remained unchanged.

Looooood

Inthe field of coding theory we submitted our results on sequential locally recov-
erable codes (SLRCs) to the journal 0000000 00000 DO0 O00O00D00O00. Further-
more, the chair presented the results on the subfield metric and quantum error
correction at the international conference D0ODIO0000I00 in Italy. Moreover, we
started working on a new project on LCD (linear complementary dual) codes
with our project partner Prof. Dr. Javier de la Cruz from Barranquilla, Colombia.
In June, Prof. de la Cruz visited us in St. Gallen for three weeks, while our two
team members Marc Newman and Dr. Carlos Vela Cabello went to visit him in
Colombia in November, to work on the research project together.

In the area of post-quantum cryptography, we derived several results in our
project on the connection of lattices in the Manhattan norm (or [_1 norm) and
modular integer codes in the Lee metric. We presented the results at the con-
ferences 00000000 0000 (Zurich, Switzerland) and 0000100000000 (Brindisi, Italy).
Together with our coauthors from Quantinuum (UK) and Monash University (Aus-
tralia) we submitted a paper about these results to the journal 000000 00000
000 0ooonoooooon.



The chair was invited as plenary speaker at the 010000 workshop and the COO0I00
00000000 00 00000 000 000000000000 000000, both in Munich, Germany, to
speak about recent results in code-based cryptography in various metrics.

The head of the group was one of the main organizers of 000000 OO0, an
affiliated event of 000000000 0000 in Zurich, one of the largest and most impor-
tant annual conferences in cryptography. The conference was very successful
with the highest number of participants and submitted talks in the history of
CBCrypto. After the conference the organizers edited a conference proceedings
volume as part of the Springer Lecture Notes in Computer Science (LNCS) se-
ries. Moreover, the chair of the group was one of the supporting organizers of
the 00000000 0000 O 0O000 DOOIOO DOOCOO DOO 0oDO00On0Doo 000000 boooon oo
00000000000 00000000 in Ticino, Switzerland. This workshop brought together
many junior and senior researchers from all over the world to work together on
various open questions in coding theory and cryptography.

Ho0o0ooo

We acquired the following grants for our research projects:

+ Grundlagenforschungsfond (GFF) project on 0000 D000 10 0000000000 00000
(0000000, by the University of St.Gallen.

+ Leading House Latin America — Research Partnership Grant on 00000000
00 Il0000 00D 00D 0biooo 0bhoo oudo boooa.

« SNF-FWO-Weave project on II0II0 00000000 DOON0DXNO000 00 000000 000000
000 Di0Riouioboo.

H00o0io

In 2024 the group taught several courses in various degree programs of the Uni-
versity of St.Gallen. These include 000000000000 00 00000000 000000 and 0000
00000 OD0000O00000 in the Bachelor of Computer Science, as well as DOI000000000
00000 000 0000 0000000 as electives for other schools at Bachelor level, and 100
(000000000 00 000000000000 000 0000000000000 as an elective for other schools
at Master level. Furthermore, we offered a Master of Computer Science elective

10



course on (01000000 DOOOO0 OO0 0000000 00000 and a PhD seminar on 00000
0000000000 00000 000 00000 000000000 in the fall semester.

Additionally, the group supervised two Master’s theses (and co-supervised two
more) and one Bachelor project at the School of Computer Science, as well as
several undergraduate theses at the School of Economics and Political Science
(SEPS).

Lastly, the chair taught courses on blockchain technology in the two HSG exec-
utive education programs [000000I00 [0 DI00000 and 0000000000 000000,

1





https://scholar.google.com/citations?user=ju1FICsAAAAJ
https://scholar.google.com/citations?hl=en&user=ffvmcC4AAAAJ
https://scholar.google.com/citations?hl=en&user=Z0z9hlsAAAAJ
https://scholar.google.com/citations?hl=en&user=tHPrrWoAAAAJ
https://scholar.google.com/citations?hl=en&user=tHPrrWoAAAAJ
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