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Outline Decision problems in finance, among many other applications,
are usually formulated in terms of optimization in the context of dynamic
continuous-time models. This PhD level course addresses the general theory
of stochastic control and the most recent connections with partial differential
equations (PDEs) and backward stochastic differential equations (BSDEs),
together with relevant applications in finance.

We first consider the control problem of Markov diffusions. The verifica-
tion technique requires elementary technical skills from stochastic calculus,
and allows readily to solve the simplest portfolio optimization problem formu-
lated by Merton in 1969. In order to address the absence of a priori regularity,
we provide a self-contained introduction to the theory of viscosity solutions
of second order PDEs. Then, the dynamic programming approach allows
to obtain a characterization of the value function by means of the so-called
Hamilton-Jacobi-Bellman equation. This level of technicality is needed for
instance to solve the hedging problem under portfolio constraints, gamma,
or illiquidity risk.

The second part of the course is dedicated to the theory of backward
stochastic differential equations and their connection with stochastic control
and semilinear partial differential equations. We provide various applications
to hedging, portfolio optimization, and risk measurement.

The final part of the course adresses the extension of BSDEs to the second
order. This allows for a connection with fully nonlinear PDEs, and thus
provides a representation of stochastic optimal control problems. A relevant
financial application is the problems of hedging under uncertain volatility
(and correlation). This extension also opens the door for a more general
class of risk measures which account for the volatility risk.

Prerequisites Student are expected to be familiar with Brownian motion,
the corresponding stochastic calclus, stochastic differential equations, and the
basic modeling concepts in continuous-time finance. A suitable textebook is:



e Shreve, S. Stochastic Calculus for Finance, Volume II: Continuous-time
Finance, Springer.
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