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Context of the
research
activity

Training Multimodal Large Language Models (MLLMs) is inherently dynamic
as data distributions, languages and user demands continually evolve.
Continual Learning (CL) aims to adapt models for new tasks, languages, and
domains without forgetting prior knowledge and capabilities. While CL for
discriminative models is established, its use for generative models poses
relevant challenges. The scholarship aims to study innovative CL
approaches suited for Small MLLMs and apply them in real scenarios. 

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 

Large Language Models (LLMs) are one of the most disruptive technologies
of the last years as they are revolutionizing information access, creativity, and
text processing tasks. Beyond understanding and generating text in natural
language, recently proposed LLMs also support visual, video, and acoustic
content as part of the instruction prompts or responses. Multimodal LLMs rely
on large-scale generative pre-training, fine-tuning, and human alignment.
These processes are inherently dynamic, as languages, data distributions,
and user demands continually evolve. When a new model has been trained,
it is practically infeasible to account for all possible future scenarios in
advance. Therefore, pretrained, fine-tuned, and reward models need to be
incrementally updated throughout their lifetime. Such a dynamic scenario is
commonly denoted by Continual Learning (CL, in short) [1]. 

Challenges 

Due to the significant costs of data annotation and training, a relevant aspect
is the opportunistic reuse of past annotations/models/rewards to address
new tasks/domains/scenarios. CL performance is often limited by
catastrophic forgetting, where learning a new task usually results in a
dramatic performance drop of the old tasks [2]. Generative models like textual



Objectives

LLMs and Multimodal LLMs not only demand the incremental updating of
predictive models, but also the capability to produce novel content grounded
in perceptual understanding [3]. 

Research objectives 

Benchmarking Existing CL techniques for textual generative models; 
Extend CL techniques for textual LLMs towards multimodal scenarios; 
Transfer CL models from one domain to another, from one language to
another, and from one modality to another; 
Propose new foundational CL models, including Reinforced CL techniques
[4,5]; 
Study new strategies to fight catastrophic forgetting in challenging scenarios; 
Generalize CL approaches to make them agnostic to data modality and
language; 
Explore new, challenging application scenarios. 

Tentative work plan 

During the first year, the PhD student will study existing generative CL
techniques and compare them with CL solutions for discriminative models.
Focusing on textual models first, the PhD will investigate new approaches for
adding languages, domains, and tasks. In parallel, the research will explore
the suitability of multimodal strategies to extend the transferability of CL
techniques from one modality to another. 

In the second year, the PhD student will present new CL approaches,
including innovative techniques based on Reinforced CL, and test them on
benchmark and real-world data. The research will also address open issues
related to catastrophic forgetting. 

In the last year, the PhD student will extend the prior work towards cross-
modal, cross-lingual and modality-agnostic scenarios. 
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List of possible publication venues 



- Conferences: ACL, EMNLP, ACM Multimedia, NeurIPS, AAAI, KDD, IEEE
ICDM, ECML PKDD, ACM CIKM 
- Journals: IEEE TKDE, ACM TKDD, IEEE TAI, ACM TIST, IEEE/ACM TASLP,
TACL

Skills and
competencies
for the
development of
the activity

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.


