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2025 Idiap Scientific Report Introduction

Introduction

Founded in 1991, the Idiap Research Institute is an independent, non-profit research foundation based
in Martigny, Switzerland. Idiap is a Research Institute of National Importance, established by the State
of Valais, the City of Martigny, the École Polytechnique Fédérale de Lausanne (EPFL), the University of
Geneva, and Swisscom. Over more than three decades, Idiap has built extensive expertise in Artificial
Intelligence (AI), producing a rich legacy of high-impact publications, widely used software, and curated
datasets. This accumulated experience positions Idiap as a leading institution in AI research, with unique
capabilities and a diverse technology portfolio that distinguishes it from more recent actors.

Idiap plays a central role in supporting Switzerland’s societal and industrial needs through AI. Its research
addresses pressing challenges, ranging from sustainable development and healthcare to secure digital
infrastructures, while fostering innovation that strengthens Switzerland’s competitiveness. By combining
fundamental research with applied solutions, Idiap ensures that advances in AI are both scientifically robust
and socially beneficial.

To achieve these objectives, Idiap organizes its research into four complementary Research Programs:

1. Human-AI Teaming: Designing collaborative AI systems that enhance human capabilities rather than
replace them, enabling effective cooperation between humans and AI.

2. Sustainable and Resilient Societies: Developing AI technologies that promote environmental sus-
tainability, social resilience, and security, such as models for climate adaptation, or technologies for
secure societies and for combating disinformation.

3. AI for Life: Applying AI to life sciences and healthcare to improve diagnostics, treatment, and under-
standing of biological systems.

4. AI for Everyone: Ensuring AI is equitable, inclusive, accessible, transparent, and beneficial for all,
supporting broad participation in and access to AI-driven technologies.

A transversal AI Fundamentals pillar supports these programs by advancing core AI technologies, such as
machine learning, deep learning and foundation models, which are applied across all Research Programs
to maximize scientific impact and societal relevance.

The selection of studies presented in this report provides an overview of Idiap’s research activities carried
out during the year and highlights the outcomes of collective research efforts.

These achievements are complemented by details of externally funded projects, publicly available code
and data shared with the broader research community, as well as a list of published research articles.

In 2025, Idiap ran 84 externally funded projects. In addition, the Institute is active in technology transfer,
collaborates with a wide range of companies, and creates and supports start-ups through its incubator,
IdeArk S.A.

Idiap also pursues an active policy in support of reproducible science, with the release of 56 open-source
software libraries in 2025. The Institute publishes data through FAIR (Findable, Accessible, Interoperable,
Reusable) repositories. In 2025, the Idiap website offered 10 new publicly available datasets, bringing the
total to 118.
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NEURAL NETWORK ARCHITECTURES AND THEIR INDUCTIVE BIASES

This work explores fundamental questions in machine learning and why particular neural architec-
tures are effective on particular tasks. The �ndings of this study challenge the widely-held assump-
tion that neural networks possess a simplicity bias (a tendency to represent simple functions) that
is universally bene�cial, as a form of Occam's Razor. We show instead that standard activation
functions such as ReLUs are a design choice that is critical to obtain this simplicity bias, which also
means that it can be modulated by designing different activation functions. Moreover, while the sim-
plicity bias is bene�cial for many classical tasks, e.g., image classi�cation, many domains that are
less studied can bene�t from very different design choices.

The paper introduces a novel meta-learning strategy to discover new activation functions that op-
timally modulate a model's inductive biases for a given target task. This method yields a series of
new designs that outperform standard architectures on speci�c tasks, by favoring the models that
represent higher-complexity solutions. The effects are clear improvements in generalization in do-
mains such as tabular data and regression tasks, for example. This work highlights that there is no
one-size-�ts-all in neural network design. It opens the door to principled approaches for building ar-
chitectures with inductive biases tailored to the data and problem at hand.

D. Teney, L. Jiang, F. Gogianu, and E. Abbasnejad, Do We Always Need the Simplicity Bias? Looking for
Optimal Inductive Biases in the Wild, The IEEE/CVF Conference on Computer Vision and Pattern Recogni-
tion, 2025
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EFFICIENT PRETRAINING OF TRANSFORMERS ON ABSTRACT DATA

This work investigates how transformer and language models can acquire reasoning capabilities
when trained on synthetic abstract data. We speci�cally study procedural data, which is made of
sequences of abstract symbols with precise structure, generated with simple algorithms such as
cellular automata and formal languages rather than natural language or code. The paper shows
that pretraining on different forms of procedural data can instill distinct computational structures
in a transformer model, which improve its reasoning skills, e.g., for memory recall, arithmetic, or
sequence manipulation like sorting. Remarkably, these structures are modular: the attention and
MLP layers of pretrained models can be recombined across models pretrained on different tasks to
produce a single model with several improved capabilities. This demonstrates that reasoning skills
can be learned independently of semantic information, opening a new perspective on the design of
data-ef�cient pretraining of language models.

Z. Shinnick, L. Jiang, H. Saratchandran, A. van den Hengel, and D. Teney, Transformers Pretrained on Pro-
cedural Data Contain Modular Structures for Algorithmic Reasoning, ICML Workshop on Methods and Op-
portunities at Small Scale, 2025
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LEARNING TO HANDLE DISTRIBUTION SHIFTS AND OUT -OF-DISTRIBUTION GENERALIZATION

Machine learning systems often struggle when the data they encounter at test time differs from the
data seen during training, a challenge known as distribution shift. This can severely degrade perfor-
mance and reliability in real-world applications. In this work, we investigate out-of-distribution (OOD)
generalization from a new perspective. Instead of developing new algorithms designed to handle
particular types of shifts, we ask whether it is possible to learn a better strategy to select among the
many existing ones for handling a new given task or dataset. The main contribution of this paper is
a method called OOD-Chameleon, which is an automatic selector trained on a “dataset-of-datasets”
such that it can identify the most suitable method among a variety of existing options (e.g., ERM,
GroupDRO, reweighting and debiasing strategies). This approach is a completely new take on the
handling of distribution shifts, and it shows great promise on a range of use cases with synthetic,
vision, and language data. The automatic selector consistently selects algorithms that outperform
any single �xed or heuristics-based selection strategy. This shows that algorithm selection for OOD
robustness is itself learnable. This provides a new avenue for deploying machine learning reliably in
environments where data distributions are uncertain or evolving.

L. Jiang and D. Teney, OOD-Chameleon: Is Algorithm Selection for OOD Generalization Learnable? Forty-
Second International Conference on Machine Learning, 2025
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REASONING CIRCUITS IN LANGUAGE MODELS

This work tackles a central question in current LLM research: when a language model solves a log-
ical problem, is it really implementing a systematic reasoning procedure, or is it just reusing surface
patterns from pre-training? We focus on classical categorical syllogisms (e.g., “All A are B. All B are
C. Therefore, all A are C”) because they are both ubiquitous in natural language and formally well-
understood. This makes them an ideal testbed to separate genuine, content-independent reasoning
from mere exploitation of world knowledge or lexical regularities.

The analysis reveals a three-stage reasoning circuit for syllogistic inference: an early phase that
naively recites the �rst premise and initially biases the model toward the wrong conclusion, a sup-
pression phase where duplicated middle-term information is actively damped, and a mediation
phase where specialized mover attention heads propagate the remaining subject–predicate struc-
ture to the output, producing the correct conclusion. This circuit is both suf�cient and necessary
for all unconditionally valid syllogistic schemes on which models achieve high accuracy, and it
generalizes across families of models. At the same time, we observe partial contamination from
heads encoding commonsense and contextual knowledge, with this entanglement increasing in
larger models. Overall, the �ndings indicate that language models do develop transferable, content-
independent reasoning mechanisms, but these mechanisms are not isolated logical primitives; they
are intertwined with the same world knowledge that supports the models' broader linguistic compe-
tence.

G. Kim, M. Valentino, and A. Freitas, A Mechanistic Interpretation of Syllogistic Reasoning in Auto-
Regressive Language Models, Findings of the ACL, 2025
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ENHANCED COMPOSITIONALITY IN LLM S

In this work, we address a persistent weakness of large language models: their limited composi-
tional generalization, i.e., the ability to systematically recombine known pieces of meaning to han-
dle novel inputs. Standard next-token training and �ne-tuning tend to prioritize surface correlations
and task accuracy, which fragments information across tokens and layers and makes models brit-
tle under small input changes (e.g., synonym substitutions, rephrasings). Our goal is to design a
scalable, architecture-agnostic intervention that strengthens the stability of compositional represen-
tations inside existing language models, without sacri�cing downstream performance.

We introduce CARMA (Compositionality in LLMs via Advanced Regularization and Mutual Infor-
mation Alignment), an auxiliary loss that we plug into standard �ne-tuning. Our results show that
CARMA consistently reduces representational fragmentation, stabilizes token and constituent rep-
resentations, and improves compositional robustness under perturbations, especially in early and
middle layers. Overall, the work demonstrates that we can improve compositional generalization in
LLMs through non-intrusive, task-agnostic regularization that reinforces already-learned structures,
rather than by redesigning architectures or relying on synthetic data augmentation.

N. Aljaafari, D. Carvalho, and A. Freitas, CARMA: Enhanced Compositionality in LLMs via Advanced Reg-
ularisation and Mutual Information Alignment, Conference on Empirical Methods in Natural Language Pro-
cessing (EMNLP), 2025
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SYNTHETIC AUGMENTATION USING DIFFUSION MODELS CAN IMPROVE RECOGNITION

We study how to improve face recognition performance in data limited or privacy sensitive settings
and we propose a method, which uses a class-conditional diffusion model trained exclusively on a
target face recognition dataset, without relying on any external data or pre-trained generators. The
method selectively generates "mixed" synthetic classes by interpolating between identity conditions
in the latent space, then augments the original real-data training set with these novel synthetic sam-
ples to boost discrimination between identities and improve intra-class compactness. Empirical re-
sults across eight standard face recognition benchmarks demonstrate consistent gains over using
real data alone and show that augmenting with synthetic classes can match the effect of adding up
to 1.7 � more real images, thus offering a practical path toward enhanced recognition performance
under constrained data regimes.

P. Rahimi, D. Teney, S. Marcel, AugGen: Synthetic Augmentation using Diffusion Models Can Improve
Recognition, Neural Information Processing Systems, 2025.

A MULTIMODAL LARGE LANGUAGE MODEL FOR FACE UNDERSTANDING

We study the limitation of current multimodal large-language models (MLLMs) in reasoning
over the �ne-grained structure, expressions, pose and demographic cues present in face im-
ages; we propose a domain-specialized solution by �ne-tuning a general vision-language model
via low-rank adaptation to produce FaceLLM. Our experiments demonstrate that FaceLLM
achieves state-of-the-art performance on a wide variety of face-centric tasks (including high-
and low-resolution face recognition, attribute prediction, head pose estimation, anti-spoo�ng and
deep-fake detection).

H. Otroshi Shahreza and S. Marcel, FaceLLM: A Multimodal Large Language Model for Face Understanding,
IEEE/CVF International Conference on Computer Vision (ICCV) Workshops, 2025
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COGNITIVELY-INSPIRED SAMPLE -EFFICIENT L INGUISTIC RULE INDUCTION

Large language models achieve strong performance through training on vast datasets. We ask:
Can analogical paradigm organization enable lightweight models to match this performance with
minimal data? We develop a computational approach implementing three cognitive-inspired princi-
ples: analogical structure, contrastive learning, and minimal contextual cues. We test this approach
with structured completion tasks where models identify correct sentence completions from ana-
logical patterns with contrastive alternatives. Ablation studies con�rm that analogical organization
and contrastive structure improve performance, consistently surpassing randomly shuf�ed baselines
across architectures. Cross-phenomenon validation replicates these ef�ciency gains, con�rming ap-
proach robustness. Our results show that analogical paradigm organization enables competitive lin-
guistic rule learning with orders of magnitude less data than conventional approaches require.

C. Jiang and P. Merlo, Analogical Structure, Minimal Contextual Cues and Contrastive Distractors: Input De-
sign for Sample-Ef�cient Linguistic Rule Induction, ArXiv cs.CL.2511.10441
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IMPROVING GENERALISATION IN DIVERSE ATTENTION -BASED MODELS WITH AN INFORMA -
TION BOTTLENECK

Pretrained and �ne-tuned attention-based models are the state-of-the-art in many domains of AI,
but they often struggle with generalization, leading to poor performance on tasks like out-of-domain
transfer, distribution shifts, and few-shot learning. This limitation is prevalent across modalities such
as speech, text, graphs, and vision. Nonparametric Variational Information Bottleneck (NVIB) is
an attention-based information-theoretic regularizer applicable to pretrained models that has been
shown to improve generalization. This work extends NVIB beyond our earlier work on the text
modality without �ne-tuning, leveraging NVIB's ability to avoid spurious correlations with noisy and
super�cial features. We extend NVIB for consistent performance across multiple diverse models
and modalities, and �nd improved out-of-distribution generalization in speech quality assessment
and language identi�cation, text with induced attention sparsity, graph-based link prediction, and
few-shot image classi�cation.

F. Fehr, A. E. Baia, X. Chang, A. C. Coman, K. El Hajal, D. El Zein, S. Kumar, J. Zuluaga-Gomez, A. Cav-
allaro, D. Teney, and J. Henderson, Fine-Tuning Pretrained Models with NVIB for Improved Generalisation,
Workshop on Spurious Correlation and Shortcut Learning: Foundations and Solutions, 2025
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LATENT SPACE FACTORIZATION FOR FINE -TUNING LARGE MODELS

Automatic �ne-tuning of large pretrained models using low-rank adaptation (LoRA) has become a
cornerstone of ef�cient model specialization. However, existing LoRA techniques often fail to explic-
itly disentangle task-relevant information from residual variation in the learned low-rank subspace.
Through cross-group collaboration at IDIAP, we introduce the Factorized Variational Autoencoder
LoRA (FVAE-LoRA), a new parameter-ef�cient �ne-tuning method. FVAE-LORA leverages a vari-
ational autoencoder to split the adaptation space into two distinct latent factors, where one factor
captures task-salient features, while the other absorbs residual information. This design encourages
a cleaner separation between useful and spurious signals during adaptation. We demonstrate the
effectiveness of FVAE-LoRA through experiments across text, audio, and image tasks, which show
that FVAE-LoRA consistently outperforms standard LoRA in both accuracy and robustness, even
under distribution shifts.

S. Kumar, Y. Kaloga, J. Mitros, P. Motlicek, and I. Kodrasi, Latent Space Factorization in LoRA, Conference
on Neural Information Processing Systems, 2025
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