« 8y

Y 3 5 5

::AC" }'f\; Politecnico
wii@i e di Torino

COMPUTER AND CONTROL ENGINEERING

DAUIN - Topology-Aware Temporal Reasoning

Dipartimento DAUIN

CAGLIERO LUCA - luca.cagliero@polito.it

CAGLIERO LUCA - luca.cagliero@polito.it
VACCARINO FRANCESCO - francesco.vaccarino@polito.it

Large Language Models (LLMs) excel at complex reasoning and solving
generative tasks on text and multimodal data. However, they face challenges
with Temporal Reasoning (TR), which involves understanding not only time-
related concepts, such as ordering or duration, but also more intricate
aspects, such as planning and causal relation discovery. The scholarship
studies the use of topological analysis to address the limitations of LLMs in
TR and evaluate LLM's robustness in dynamic scenarios.

The research activities will be carried out under the FONDO [TALIANO PER
LA SCIENZA 2022 — 2023 (BANDO FIS 2) National Project “TA-LLM - Large
Language Models: a matter of time?” funded by MUR. CUP:
E53C25001820001

Context

Temporal Reasoning (TR) requires a combination of various skills including
mathematical and logical reasoning as well as commonsense knowledge
[1,2]. Addressing TR on multimodal databases including, for instance, time
series, audio tracks, documents, and images, involves training and fine-
tuning multimodal learning architectures, such as transformers and
Multimodal Large Language Models (MLLMs), to incorporate the notion of
time and effectively handle time-evolving scenarios.

Challenges

Latent representations of text and multimodal data often struggle to capture
temporal or time-evolving patterns. To effectively address temporal learning
tasks, such as the detection of distribution shifts, innovative representations
of text and multimodal content are necessary. Large Language Models
outcomes can learn complex phenomena, but still exhibit limitations due to
LLM non-determinism, drifts in models’ parameters, hallucination, and bias.
The problem of assessing the robustness of Large Language Models in time-
evolving settings is still open.

Specializing Multimodal Large Language Models is known to be particularly
costly due to the combined need for extensive computational resources and




large training datasets. Parameter-Efficient Fine-Tuning strategies aim to
alleviate the cost of model fine-tuning, but their suitability to time-evolving
scenarios remains questionable. The study of innotivate, general-purpose
solutions tailored to long contexts and time-variant scenarios is of primary
interest for the research community.

Research objectives

Benchmark textual and multimodal Large Language Models on temporal
reasoning tasks.

Design, implement, and test new approaches based on topological analysis
of latent space in time-evolving scenarios.

Adopt stochastic models to learn temporal dynamics, analyze distribution
drifts, and intepret/validate the LLM performance.

Define strategies to assess LLM robustness in dynamic settings;

Propose and test topology-aware strategies for Parameter-Efficient Fine-
Tuning of textual and multimodal LLMs.

Tentative work plan

During the first year, the PhD student will study existing temporal reasoning
approaches for textual and multimodal LLMs. Focusing on the issues of
temporal drift and distribution shifts, the goal is also to explore new latent
representations of text and multimodal content capturing persistent
topological structures.

In the second year, the PhD student will complete the analysis of latent
representations and extend the study of LLMs and Multimodal LLM
capabilities for TR by also exploring the assessment of the model robustness
and the study, development, and testing of new applications suited to real-
world dynamic scenarios.

Beyond extending the scope of prior studies to multiple modalities and
application contexts, in the last year the PhD student will propose new
Parameter-Efficient Fine-Tuning strategies incorporating topological
information.
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The PhD candidate is expected to
- Have the ability to critically analyze complex systems, model them and
identify weaknesses;




- be proficient in Python programming;

- know data science fundamentals;

- have a solid background on topological data analysis

- have a solid background on machine learning and deep learning;
- have natural inclination for teamwork;

- be proficient in English speaking, reading, and writing.




