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Scientific Production

Jamal Toutouh has published 26 articles in international peer-reviewed journals, 19 of
which are indexed in the ISI-JCR (with 9 in Q1). He has also contributed 5 book chapters
and more than 50 papers in international conferences, including over a dozen in CORE
A-ranked venues. His work has received more than 2,100 citations, with an h-index of
25 (Google Scholar) and 18 (Scopus), and a yearly average of more than 250 citations in
the last 5 years. He has received 7 scientific awards for the quality of his research and
presentations, including best paper and oral presentation awards at international
venues.

Research activities

Prof. Toutouh is currently Pl of a research project on Physics-Informed Neural Networks
for fluid dynamics and participates in 10 additional R&D projects, including 3 funded by
the European Union (e.g., TAILOR on Trustworthy Al), 3 national, 2 in Latin America, and
2 regional. He has also led a technology transfer contract on smart city solutions for the
city of Melilla. He has been involved in over 10 such contracts, contributing Al-based
mobility, transportation, and loT solutions. Additionally, he has held a Marie
Sktodowska-Curie Global Fellowship, enabling a two-year stay at MIT’s CSAIL.

Research management and organization

Dr. Toutouh has served as a Guest Editor for the special issue “Intelligent Solutions for
Efficient Logistics and Sustainable Transportation” in Applied Soft Computing, and as
Associate Editor for Frontiers in Robotics and Al. He has been a Reviewer for over ten
JCR-indexed journals and a PC member for more than 25 major international
conferences (e.g., GECCO, Evo*, and CEC). He has also been Workshop Organizer of the
EGML-EC Workshop in GECCO 2022, 2023 and 2024 (focused on Generative
Evolutionary Machine Learning). He has co-organized summer schools and other special
sessions, and is an active member of three international research networks. His
international collaboration network includes partners from MIT, Harvard, the
University of Coimbra, and the University of Buenos Aires, among others.

Mentoring experience

Dr. Toutouh is currently supervising one PhD student and has advised multiple
undergraduate and Master’s theses, both at the University of Mdlaga and internationally
(including MIT and Imperial College London). His recent mentoring includes topics such
as distributed GAN training, loT for smart cities, and Al for urban resilience.
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Description of the Research Group

NED T[T .

UNIVERSIDAD DE MALAGA

The NEO Research Group (https://neo.lcc.uma.es) is part of the Institute of Software
Engineering and Technology (https://itis.uma.es) and the Department of Languages and
Computer Science of the University of Malaga (Spain). NEO is composed of both young
and experienced researchers with multidisciplinary research abilities in the field of
applied artificial intelligence and optimization. Application domains include Software
Engineering, Smart Cities, Transport and Logistics, Telecommunications and
Bioinformatics. The group also has experience producing software prototypes and
open-source code (see our GitHub site at https://github.com/NEO-Research-Group).
NEO has many international collaborators and is visited by international researchers
(around 5 or 6 every year, except during COVID-19 pandemics).

The group is currently composed of 10 members (9 doctors and 1 PhD student).
Dr. Enrique Alba, head of the group (now in Brussels, as seconded national expert of
ERC), Dr. Francisco Chicano (quantum computing, search-based software engineering,
combinatorial optimization), Dr. Zakaria Dahi (quantum computing and evolutionary
computation); Dr. Gabriel Luque (metaheuristics, high-performance computing,
dynamic problems, software development); Dr. Javier Ferrer (automatic test case
generation using Al, logistics); Dr. Rubén Saborido (automatic refactoring to improve
software quality and non-functional requirements); Dr. Francisco Servant (artificial
intelligence for software engineering), Dr. Jamal Toutouh (smart cities, machine
learning and generative models); Dr. Christian Cintrano (smart cities and software
development); Mg. Diego Pedroza (Al applied to smart mobility).

The selected candidate student will integrate fully with the NEO group, participating in
seminars, scientific meetings, social activities, etc. Besides, the candidate will work in
collaboration with Dr. Erike Hemberg from ALFA research group at MIT. We will provide
office space, as well as access to all the facilities of the university (library access and
computational resources). We can also provide a desktop computer if the student is not
bringing his/her own laptop. We have a cluster of computers specially for the NEO group
to run the experiments. The group participates in several international collaborations
and projects, including the TAILOR network (Trustworthy Al - Integrating Learning,
Optimisation and Reasoning, https://tailor- network.eu/) and the ROAR COST action.
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Project: Federated Learning with
Spatial Multi-population ANN training

Artificial Neural Networks (ANNs) are central to modern Artificial Intelligence,
driving advances in computer vision, natural language processing, and autonomous
systems. Despite their success, training ANNs remains challenging due to high
computational demands, complex architectures, and the risk of overfitting — especially
when training data is scarce, heterogeneous, or sensitive. Increasing model size or data
quantity is often not feasible due to hardware limitations, regulatory restrictions, or
privacy concerns.

Federated Learning (FL) offers a solution by enabling decentralized model
training, where only model updates are shared across sites. While effective for
preserving data privacy, FL often suffers from limitations such as reduced performance
on non-lID (non-independent and identically distributed) data, poor convergence, and
low sample efficiency.

An alternative strategy is to use Evolutionary Algorithms (EAs) to train a
population of ANNs in a distributed way. EAs naturally support parallelism, are robust
to noise, and can explore diverse solutions. Their performance can be further improved
by incorporating local optimization techniques such as stochastic gradient descent
(SGD). Additionally, coevolutionary approaches using spatially structured populations —
where multiple ANN populations are distributed over a communication graph — have
shown promising results in training complex models such as autoencoders and
Generative Adversarial Networks (GANs).

The goal of this project is to develop a federated learning framework that applies
spatial multi-population training of artificial neural networks (ANNs) using evolutionary
computation techniques. The approach seeks to improve the robustness, efficiency, and
scalability of ANN training under decentralized and privacy-preserving settings,
particularly in scenarios with heterogeneous data distributions.

Tasks

1. Conduct a literature review of federated learning and spatial multi-population
training strategies.

2. Design and implement the spatial coevolutionary training framework.

3. Define and evaluate the federation functions under varying levels of data
heterogeneity (IID vs non-IID).

4. Conduct experiments comparing the proposed approach with baseline federated
learning methods.

5. Prepare a publication with the results and submit to EvoStar2026 or Evostar2027.

References

e Md Palash Uddin, Yong Xiang, Mahmudul Hasan, Jun Bai, Yao Zhao, and
Longxiang Gao. “A systematic literature review of robust federated learning:
Issues, solutions, and future research directions.” ACM Computing Surveys,
57(10), May 2025.

e Nan Li, Lianbo Ma, Guo Yu, Bing Xue, Mengjie Zhang, and Yaochu Jin. “Survey on
Evolutionary Deep Learning: Principles, Algorithms, Applications, and Open
Issues.” ACM Computing Surveys, 56(2), Article 41 (Sep 2023), 34 pages.
https://doi.org/10.1145/3603704
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Other relevant information
About the city

Malaga is a vibrant and welcoming city in the south of Spain. Due to its international
airport and the beauty of its coast, it receives international tourists for most of the year,
making it easy to navigate for international students even without knowing Spanish.
There is an active and outgoing expat community from many countries, including UK,
France and Germany. If desired, there is the possibility of arranging single-room
accommodation in student residences if requested well in advance. Living costs in
Madlaga are lower than in other parts of Spain, including Madrid, Valencia and Barcelona,
and significantly lower than in most West European cities.

More information here: https://visita.malaga.eu/en/
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