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Research directions 

 Machine learning 

 Social network analysis 

 Modeling of chemical processes 

 Natural language semantic similarity 

 Healthcare applications 

 Trajectory prediction for autonomous driving 

 Optimization algorithms 

 Biologically-inspired algorithms for chemical processes 

 01IP and QUBO for redundancy allocation 

 Multi-agent systems 

 Emergency evacuation simulations 
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Information diffusion in  
social networks 

 Information diffusion using credibility modeled with evidence 
theory (Dempster-Shafer, Yager) 

 Credibility changes based on revealed truth 

 Modeling information diffusion in social networks using 
psychological and social factors 

 The psychological factor refers to the node’s preference for the 
topic discussed: level of interest, usefulness of information 

 The social factor takes into account the influence of the neighbors’ 
activity on the node: the percentage of active neighbors 

 The parameters of the model are learned automatically to match 
diffusion patterns in real datasets 

 The model is general enough to match real diffusion patterns 
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 Sabina-Adriana Floria, Florin Leon, Doina Logofătu (2019). A 
Model of Information Diffusion in Dynamic Social Networks 
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Systems 
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Parameter Learning. Computer Science and Information 
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Modeling of chemical 
processes 

 Complex polymerization processes 

 Analytical (phenomenological) models are 
computationally expensive, partially known or 
unknown 

 Reaction time may be very long 

 Modeling complex processes with neural networks 
and other machine learning regression methods: 
support vector machines, random forest, k-nearest 
neighbors, etc. 
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Example 
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Free radical polymerization of methyl methacrylate: numerical average molecular weight 



Selected references 
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 Silvia Curteanu, Florin Leon, Andra-Maria Mircea-Vicoveanu, Doina Logofătu 
(2021). Regression Methods Based on Nearest Neighbors with Adaptive Distance 
Metrics Applied to a Polymerization Process. Mathematics 

 Costel Anton, Silvia Curteanu, Cătălin Lisa, Florin Leon (2021). Machine Learning 
Methods Applied for Modeling the Process of Obtaining Bricks Using Silicon-
Based Materials. Materials 

 Costel Anton, Florin Leon, Marius Gavrilescu, Elena-Niculina Drăgoi, Sabina-
Adriana Floria, Silvia Curteanu, Cătălin Lisa (2022). Obtaining Bricks Using 
Silicon-Based Materials: Experiments, Modeling and Optimization with Artificial 
Intelligence Tools. Mathematics 

7 



Natural language semantic 
similarity 

 Fighting Disinformation Using Decentralized Actors Featuring AI 
and Blockchain Technologies (FiDisD), H2020, 2022-2023, 
TUIASI research group leader: Cristian-Nicolae Buțincu 

 Analysis of information propagation, narrative changes and 
identification of the root source of a particular piece of information 

 Online news articles downloaded by web crawlers and assembled 
into a large corpus database 

 Transforming Europe through Doctoral Talent and Skills 
Recognition (DocTalent4EU), H2020, 2023-2024, TUIASI 
coordinator: Alina-Adriana Minea 

 Classifying transversal skills from job ads 

 Identifying the current trends on the job market 

 Approaches using sentence embeddings created by transformers 
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Healthcare 

 Ophthalmology 

 Analyzing glaucoma progression 

 Suggesting a possible treatment 

 Pneumology 

 Analyzing tuberculosis reactivation  

 Oncology 

 Targeted therapy for advanced colorectal cancer 
patients (REVERT), H2020, 2021-2023, TUIASI 
research group leader: Paul-Corneliu Herghelegiu 
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Glaucoma progression 
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Example: some results 
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Tuberculosis reactivation 

 Input attributes 
 Age (integer, years) 

 Gender (binary) 

 Biological therapy (symbolic) 

 Difference from the beginning 
of therapy (integer, days) 

 The use of remissive therapy or 
corticosteroid therapy (binary) 

 The presence of a history of 
tuberculosis (binary)  

 Output:  
 Quantiferon TB Gold Test 

indicator (binary) 
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Trajectory prediction for 
autonomous driving 

 Predicting the future trajectories of traffic participants in 
urban driving scenarios 

 Multiple types: cars, trucks, bicycles, pedestrians, etc. 

 Multi-agent: interactions 

 Multi-modal: different possible future behaviors with probabilities 

 Approach based on an encoder-decoder neural network 
architecture with a conditional loss function to compute 
both trajectories and their probabilities 
 

 Proreta 5 project: Continental, Technical University of 
Darmstadt, University of Bremen, TUIASI (2019-2022) 

 TUIASI research group leader: Florin Leon 
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Trajectory prediction for 
autonomous driving 
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Optimization for chemical 
processes 

 After modeling, optimization with evolutionary 
algorithms 

 Finding the reaction input values that lead to desirable 
reaction output values 

 The optimization criteria can be conflicting, leading to 
multi-objective optimization (e.g., with NSGA-II) 

 Hybridizations of global and local methods 

 Biologically-inspired algorithms 
 From human to virus. Optimization algorithms with applications in 

chemical engineering  (HAVOC), PN III PCE, 2021-2023, director: 
Silvia Curteanu 
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Redundancy allocation 

 Series-parallel reliability model for a system with 
spare components 

 Goal: maximizing reliability Rrs with a cost constraint  
(Crs ≤ C*) 

 Simple formulation, but high difficulty for large n 
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Optimization methods 

 Evolutionary algorithms, including original RELIVE 
algorithm 

 Zero-One Integer Programming (01IP) 
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Optimization methods 

 Quadratic Unconstrained Binary Optimization (QUBO) 
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Multi-agent simulations 

 Modeling the evacuation behavior of people in case of 
natural disasters 

 Earthquakes followed by tsunamis (Japan) or landslides 
(Romania) 

 Considering road congestion, government advice and field 
effects (behavior of friends and family) 

 

 Road Networks for Earthquake Resilient Societies 
(ROADERS) project, Era-Net Concert Japan (2013-2015):  
Kassel (DE), Kyoto (JP), Hokkaido (JP), Monash (AU), 
TUIASI (RO) 

 TUIASI scientific leader: Florin Leon 
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Evacuation simulation  
in case of earthquake  
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Evacuation simulation  
in case of fire 

 Realistic field of view 
model implemented 
with ray tracing 

 Analysis of the effects 
of non-cooperative and 
cooperative behaviors 
on the evacuation time 
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ActressMAS multi-agent 
framework 

 A simple-to-use .NET multi-agent framework 
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Possible research directions 
for neuro-symbolic models 

 Methods closer to the structure and functioning of 
the brain 

 Cognitive psychology models (e.g, rules plus exceptions, 
prototypes, exemplars) 

 Spiking neural networks 

 Dynamic models: reservoir computing (e.g., echo state 
networks) 

 Assembly calculus 

 Hierarchical temporal memory, A thousand brains theory: 

processing based on cortical columns 
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Thank you for your attention! 


