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Application of BSDE in Derivative Security Risk Measurement

Abstract

With the rapid development of global financial markets, the pricing
and risk management of derivative securities have increasingly become
the focus of investors' attention.Especially for complex derivatives such
as American Paris options, their pricing and risk measurement issues
have become a hot spot in finance research.The American Paris option
combines the features of American and Paris options, which not only
possesses a flexible early exercise mechanism, but is also subject to
barrier conditions.Traditional option pricing models have limited
effectiveness in dealing with such problems, making their pricing
particularly difficult. How to deal with the complex paths of these
derivative securities, especially how to accurately quantify the option risk,
has become an important issue in current financial research.The purpose
of this paper is to explore the pricing model of American Paris options
and its risk management methodology, with a view to providing investors
with a more accurate risk assessment tool.

In this paper, the American Paris option is studied from two
dimensions: pricing and risk measurement.In terms of pricing, although
the traditional Black-Scholes model is widely used in European option
pricing, it is unable to effectively deal with the early exercise
characteristics and path-dependence of American options, resulting in
obvious limitations in pricing of complex derivatives. This paper

introduces the mathematical tool of inverse stochastic differential
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equations (BSDEs) and further adopts the reflective inverse stochastic
differential equations (RBSDEs) to solve the problem of optimal
stopping.This paper introduces the mathematical tool of inverse
stochastic differential equation (BSDE) and further adopts the reflective
inverse stochastic differential equation (RBSDE) to solve the optimal
stopping problem. Firstly, an American Paris option pricing model is
constructed based on the RBSDE, and the American Paris option pricing
method of the RBSDE is put forward, which can accurately depict the
dynamic change process of the option price and effectively overcome the
shortcomings of the traditional method in the treatment of the path
dependence and the early exercise, and solve the problem of the
shortcomings of the early exercise.The PDE is able to accurately portray
the dynamic process of option price change, effectively overcoming the
shortcomings of traditional methods in path dependence and early
exercise treatment, and solving the early exercise problem.Secondly, the
impact of market factors such as volatility and interest rates on pricing is
explored in depth, thus providing a new perspective for the pricing of
American Paris options.

In terms of risk measurement, although the traditional method is
suitable for general risk assessment, it is insufficient in dealing with
path-dependent derivatives and risk measurement in complex market
environments. In order to address this problem, this paper introduces a
convex risk measurement tool and combines the RBSDE with the convex
risk measurement to better solve the risk measurement problem of
American Paris options.The risk quantification framework is constructed
by combining the RBSDE with the convex risk measure, and numerical
simulations are used to verify the applicability and accuracy of the
method in different market environments.

The results show that the combination of RBSDE and convex risk

6
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measure not only improves the pricing accuracy, but also provides

theoretical support for risk management in complex market environments,
which is of practical significance.

Wang Haijun (Applied Mathematics)

Supervised by Prof. Li Zhimin

KEY WORDS: American Parisian options; reflected backward stochastic

differential equations (RBSDE); convex risk measures; option pricing;

path dependence; optimal stopping problem
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Figure 1:Relationship between Intrinsic Value of Stock and American Option Price
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A3 28 5 2K AR ) 2 -5 DR 2 i IR R T, 456 S S 1 1 Bt AL
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(1).5T RBSDE H5E #rHE4: 8 i RBSDE AbHR 3% A% MRS 1 52 110452 11 )
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