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Project title: Backward stochastic differential equations and their applications to optimization problems

1.1. Project goals

The project aims to develop existence and uniqueness results for backward stochastic differential equations (BSDESs), reflected
BSDESs (RBSDEs), second-order BSDEs and second-order RBSDEs, and to apply them to optimization problems arising in
mathematical finance, economics and engineering. It will study value functions and value processes, their regularity, stability and
approximation, and optimal or epsilon-optimal strategies. Particular attention will be paid to Markovian models and links with
Hamilton-Jacobi-Bellman partial differential equations.

1.2. Outline

BSDEs and RBSDEs give probabilistic representations for nonlinear expectations, optimal stopping, stochastic control, Dynkin
games, impulse control and switching problems. The research will focus on selected topics: BSDEs and second-order BSDEs on
general filtered spaces; RBSDEs and nonlinear optimal stopping; doubly reflected BSDEs and zero-sum Dynkin games; nonzero-
sum Dynkin games, where the associated BSDE formulation remains open; second-order RBSDEs and robust control under model
uncertainty; quasi-linear RBSDEs and impulse control; and multidimensional RBSDEs in random convex or non-convex sets with
applications to switching problems.

1.3. Work plan

The first stage will consist of literature study and formulation of assumptions for selected BSDE/RBSDE classes. The second stage
will develop existence, uniqueness, comparison, stability and approximation results. The third stage will apply these results to value
processes/functions and analyze optimal or epsilon-optimal strategies. The final stage will address Markovian models, related HIB
equations and preparation of publications.
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1.5. Required initial knowledge and skills of the PhD candidate
Analytical thinking, readiness for self-study, understanding of mathematical analysis, solid knowledge of probability theory and
functional analysis, and basic knowledge of stochastic processes and differential equations.

1.6. Expected development of the PhD candidate's knowledge and skills
The PhD candidate will develop the ability to conduct high-level research and present scientific results professionally, and will acquire
advanced knowledge of stochastic equations, stochastic processes, optimization, stochastic analysis and selected links with PDE:s.
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