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Logic, Formal methods, Category Theory
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Daniel Gaina &4z

My research interests are rooted within algebraic
specification, one of the most promising aproach to formal
methods assisting the developing of software systems at
several stages such as design, specification and formal
verification. Algebraic specification and programming
languages are rigorously based on logic, which amounts to
the existence of a logical system underlying the language
such that each language feature and construction can be
expressed as a mathematical entity of the underlying logic.

The current goal of my research is to develop mathematical
and logical structures supporting the efficient development of
correct reconfigurable software systems, i.e. systems with
reconfigurable mechanisms managing the dynamic evolution
of their configurations in response to external stimuli or
internal performance measures. A typical example of
reconfigurable system is given by the cloud-based applications
that flexibly react to client demands by allocating, for example,
new server units to meet higher rates of service requests. The
model implemented over the cloud is pay-per-usage, which
means that the users will pay only for using the services.
Therefore, the cloud service providers have to maintain a
certain level of quality of service to keep up the reputation.

Reconfigurable systems are safety- and security-critical
systems with strong qualitative requirements, and

consequently, formal verification is needed.
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Distributed Optimization and Control, Smart Grid,
Multi-Agent System

JI T 1> KT

Hoa Dinh Nguyen #&#i%

My current research mainstream is Applied Mathematics
for Energy Systems which intersects between control
systems, power and energy systems, and optimization. In this
research area, there are many emergent and challenging
problems arising from the mix of different dynamics, time
scales, physical and cyber interconnections, where a
centralized solution is usually impossible and impractical,
and hence, distributed coordination and control algorithms
should be developed. In order to tackle those complex
problems, I utilize a combination of several applied
mathematical tools including nonlinear optimization, control

theory, multi-agent system, and machine learning.
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PDEs, Calculus of Variations, Materials Science
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Cesana Pierluigi ##42

My research is devoted to achieving comprehensive
knowledge of the properties and response of materials for
engineering applications through theoretical and numerical
analysis of their microscopical features, thus impacting the
research fields of materials modeling and design. Investigation
of the fine microscopic features appearing in multifunctional
materials and their interactions on the overall macroscopic
properties is of strategic importance in the design of materials
for engineering applications. From the theoretical point of
view, the relevance of these problems lies in their association
with systems of singular Partial Differential Equations and
with Boundary Value Problems characterized by highly
oscillating solutions. Traditionally, mathematical analysis has
been mainly focused on the description of the asymptotic
properties of the equations and the corresponding solutions as
well as their implication on the physical model. Taking
advantage of the variational structure of the problem, a series
of mathematical tools and techniques has been created over
the years using the language of functional analysis, geometric
measure theory and PDEs. In my research, energy-minimization
approaches are utilized, such as relaxation and Gamma-
convergence, to characterize the homogenized engineering
properties of soft and elastic crystals and shape-memory
metal alloys, with a special emphasis on pattern formation

and interaction with topological defects.
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Jan Brezina #£#u%

My research is mainly concerned with the qualitative theory
of partial differential equations coming from fluid mechanics.
At this point my focus is on the two most profound models -
Navier-Stokes-Fourier system and complete Euler system of
equations. These describe the motion of viscous and inviscid
fluids including the heat transfer, respectively. Even after
literally hundreds of years of systematical study by some of
the brightest minds of their time, the mathematical knowledge
about these models and their isentropic simplifications is still
rather limited, especially in the "natural" 3 dimensional
setting. The gap between math, physics, modelling and
numerics is opening every day as in mathematics one has to
balance between the complexity of the model (its accuracy in
application) and the abilities of state-of-art tools and ideas of
mathematical analysis. In my research I strive to create

mathematical tools that could narrow the gap a little.
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