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First passage time for jump-diffusion processes and flexible boundaries

摘要： First passage time (FPT) of stochastic processes plays an important role in many
scientific fields, such as biology and genetics, epidemiology, finance and insurance,
engineering reliability, neuroscience, physics, and statistics. We study the boundary
crossing problem for jump-diffusion processes over a general boundary. In particular, we
provide a complete characterization on the distribution of the first passage time (FPT)
and show that the FPT density exists only at the points where the upper boundary does
not jump down. The master equation for the FPT density is extended to the
discontinuous boundaries. Moreover, we derive new formulas for piecewise linear
boundary crossing probabilities and density of Brownian motion with general random
jumps. These formulas can be used to approximate the boundary crossing distributions
for general nonlinear boundaries. The method can be extended to more general diffusion
processes such as geometric Brownian motion and Ornstein-Uhlenbeck processes with
jumps. The numerical computation can be done by Monte Carlo integration which is
straightforward and easy to implement. Some numerical examples are presented for
illustration.
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