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Abstract

Abstract
We study policy gradient (PG) for reinforcement learning (RL) in
continuous time and space under the regularized exploratory
formulation developed by Wang et al. (JMLR 2020). We represent
the gradient of the value function with respect to a given
parameterized stochastic policy as the expected integration of an
auxiliary running reward function that can be evaluated using samples
and the current value function. This effectively turns PG into
a policy evaluation (PE) problem, enabling us to apply the martingale
approach recently developed by Jia and Zhou (JMLR 2022) for PE to
solve our PG problem. Based on this analysis, we propose two types of
the actor-critic algorithms for RL, where we learn and update value
functions and policies simultaneously and alternatingly. Joint work
with Yanwei Jia.
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The classical option pricing models rely on prior assumptions on the
dynamics of the underlying assets. Though empirical evidence shows
that these models may partially explain the option prices, their
performance may be poor when the actual situations deviate from the
assumptions. Neural network models are capable of learning the
underlying relationship through the data. However, they require
massive amount of data to avoid over-fitting, which is typically not
available for option pricing problems. Thus, we propose a new model
by integrating neural networks to a classical stochastic differential
equation pricing model to balance the model flexibility and the data
requirement. Besides, some more specific models are also constructed
by using neural network as a model calibration method of the classical
models. Furthermore, we show that the training of the model can be
formulated into a simulation optimization problem and can be solved
in a way that is compatible to the training of neural networks as well.
Preliminary numerical results show that our approach appears to work
better compared with some existing models. This is a joint work with
Shoudao Wang and Nifei Lin.
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