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Description: 
 
Optimal control is the branch of mathematical optimization that deals with finding a control law for a 
dynamical system over a period of time such that a specific performance objective is optimized. 
Essentially, it seeks the “best” way to drive a system—whether it is a satellite's trajectory, a chemical 
reaction, or an irrigation network—from a starting state to a desired goal while minimizing costs like 
time, energy, or fuel. 
This session offers a comprehensive deep dive into the mathematical foundations and computational 
frontiers of Optimal Control. Topics ranging from classical theoretical frameworks to cutting-edge, 
data-centric methodologies will be tackled. We will explore the fundamental duality between direct 
and indirect methods, examining how the theoretical rigor of Pontryagin's maximum principle 
provides the necessary optimality conditions that inform numerical methods. 
As system complexity increases, the discussion transitions into advanced frameworks like bi-level 
optimization, where hierarchical decision-making requires solving nested objectives. To manage the 
resulting computational burden, results on the integration of High-Performance Computing to 
achieve the speed necessary for the applications will be presented. Finally, the session explores the 
paradigm shift toward data-driven methods, demonstrating how modern control theory is evolving to 
incorporate machine learning and empirical data, allowing for robust performance even when 
traditional analytical models are incomplete or highly uncertain. 
 
 
Topics of interest include (but are not limited to): 

• direct and indirect methods,  
• numerical methods and high-performance computing, 
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• Pontryagin maximum principle, 
• dynamical systems, 
• bi-level optimization, 
• data-driven methods 

  



 

 

 
Short CV of Each Organizer 
Nathalie Khalil: Assistant Researcher at the Faculty of Engineering, 
University of Porto and integrated member of the Research Center for 
Systems and Technologies (SYSTEC). She graduated in 2014 with a master 
degree in Mathematics and Applications from Université de Rennes 1, 
France. She defended her PhD. thesis in Mathematics and Applications in 
2017 at the Department of Mathematics, Université de Bretagne Occidentale, 
France. She was a post-doctoral fellow at SYSTEC in 2018. Her scientific 
expertise covers optimal control theory, dynamical systems, bi-level 
optimization, systems under uncertainties, numerical methods, and 
applications to engineering problems. 

 

Roman Chertovskih: Assistant Professor at the Faculty of Engineering, 
University of Porto;  Researcher at the Research Center for Systems and 
Technologies (SYSTEC). He graduated from the Chair of Numerical 
Mathematics of the Faculty of Mechanics and Mathematics of Moscow State 
University. He defended his Ph.D. thesis in Applied Mathematics in 2010 at 
the Department of Mathematics, Faculty of Sciences, University of Porto. He 
was a research mathematician and numerical analyst at the Centre for Wind 
Energy and Atmospheric Flows, University of Porto and a post-doctoral fellow 
at the Department of Mathematics, Technological Institute of Aeronautics 
(ITA), Brazil. His scientific expertise covers numerical optimization and 
control, computational fluid dynamics and magnetohydrodynamics, 
bifurcations in complex dynamical systems and high performance computing. 

 

 

 
 
Additional information 

Nothing to mention. 


