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Addressing Temporal Reasoning using Large Language Models (LLMSs)
requires understanding not only the general concepts of time and time
relations, such as ordering or duration, but also more intricate aspects, such
as task planning or causal relation discovery. The scholarship aims to explore
the use of Agentic frameworks based on Multimodal LLMs to manage
complex temporal aspects and effectively and efficiently address challenges
related to content misalignment and long-context reasoning.

The research activities will be carried out under the FONDO ITALIANO 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

Multimodal content misalignment: in real-world applications paired inputs in
different modalities (e.g., an audio track and a video content, a time series
and its textual annotations) are sometimes partially misaligned due to, for
instance, the presence of subtle errors in the audio speech transcription,
issues in the audio-video synchronization, or inaccuracies in the human
annotations. Since state-of-the-art Multimodal LLMs are usually trained on
aligned image-text pairs, the quality of the MLLM outputs could degrade in




the presence of content misalignment. Long context: incorporating historical
data in time-evolving scenarios entails prompting MLLMs with long-context
inputs, which are either costly using large proprietary models or practically
unmanageable using small ones. Tool calling for mathematical reasoning: to
efficiently address mathematical reasoning for TR, a common practice is to
use LLM calls to external tools. However, as a matter of fact, most MLLMs are
specialized neither for TR nor for coding.

Research objectives

Benchmark state-of-the-art Agentic Al frameworks on TR tasks;

Propose innovative approaches to detect and mitigate misalignment issues
in paired multimodal inputs;

Explore the adoption of recent approaches to long-context modeling and
reasoning (e.g., [4,5]) for TR;

Develop Agentic Al and Reinforcement Learning solutions incorporating
innovative TR approaches;

Apply the proposed solutions in real-world application domains (finance, IoT,
predictive maintenance, telecommunications, energy).

Tentative work plan

During the first year, the PhD student will study existing Al agent frameworks
suited for TR tasks. Focusing on the issue of content misalignment between
modalities in multimodal sources, the goal is to also propose ad hoc testing
benchmarks, drift detection mechanisms, and mitigation strategies.

In the second year, the PhD student will extend the study of Agentic Al
methods, specifically addressing the issues of long-context modeling and
reasoning for TR, exploring the application of novel methods to real-world
scenarios.

In the last year, the PhD student will propose new Al agents and RL
approaches to tackle TR tasks and further investigate their application in real
industrial scenarios.
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List of possible publication venues

- Conferences: ACL, EMNLP, ACM Multimedia, NeurlPS, AAAI, KDD, IEEE
ICDM, ECML PKDD, ACM CIKM

- Journals: [IEEE TKDE, ACM TKDD, IEEE TAIl, ACM TIST, IEEE/ACM TASLP,
TACL

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 machine learning and deep learning;

- have natural inclination for teamwork;

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




