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In many fields of applied science and mathematics, prediction of the time a random event takes place is
very important. The prediction is mostly based on a numerical calculation of mathematical expectation.
Further, the random time is often modeled as the time a stochastic process reaches to a threshold. In
financial engineering, this is the case in the pricing of barrier options.

In the present paper, we propose a numerical scheme to calculate expectations with first hitting time to
a given boundary, in view of the application to the pricing of options with non-linear barriers.

In financial practice, the numerical calculations are in most case based on discretization of the process
in question, together with Monte-Carlo simulation. The path-dependence nature of the problem,
however, make the procedure rather slow. Aiming to resolve the problem, the author, together with Y.
Imamura and Y. Ishigaki, proposed a new numerical scheme in Imamura, Ishigaki and Okumura
(2014) , which is based on "symmetrization" of a diffusion process. Chapter 2 of the present paper is
taken from the published paper.

The scheme is extended in Akahori and Imamura (2014) to multi-dimensional settings, where the
boundary is yet a hyperplane. Chapter 3 is devoted to an extension of the scheme to a more general
boundary, which is taken from Hishida, Ishigaki and Okumura (2019+).

Chapter 4 is taken from Okumura (2018+), where a new construction of a unique strong solution under
non-Lipshitz coefficient condition is discussed.
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