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Abstract

In this dissertation, we study the optimal stopping problems of the state processes and its

running maximums by utilizing theexcursion theoryand the scale functions. The excursion theory

deals with the path of a Markov process during a diversion from some set on its state space. Later

in this chapter, We briefly explain the definition of the excursion of a Lévy process. The scale

functions are the ones defined for each diffusion process or spectrally negative Lévy process (i.e.

Lévy process without positive jumps), and are widely used for stochastic problems such as two-

sided-exit problems. We also discuss later the scale functions of a spectrally negative Lévy process

and of a diffusion process. Moreover, we explain some of the difference and the relation between

scale functions defined in Lévy process context and a diffusion process context.

The problems we tackled in this dissertation are in nature two-dimensional optimal stopping

problems. In this study, rather than solving for particular reward functions, we shall provide a gen-

eral framework that tackles two-dimensional problem involving a state process and its maximum.

We look at excursions that occur at each level of the maximum process, and reduce the problem

to an infinite number of one-dimensional optimal stopping problems. Then we apply the solution

methods for one-dimensional problems offered by preceding studies, and find the systematic way

to obtain the explicit solutions and the optimal strategies.

In Chapter 2, we apply the excursion theory to a real social problem of banking reorganization.

When a large financial institution becomes problematic and is bailed out, that bank is often claimed

as “too big to fail”. On the other hand, to prevent bank’s failure, regulatory authorities adopt the

Prompt Corrective Action (PCA) against a bank that violates certain criteria. In many countries,

regulatory authorities set minimum capital ratios and intervene bank operations once the bank’s

capital falls short of the minimum requirement. In this chapter, we provide a framework where one

can analyze the cost and effect of PCA’s. We model a large bank that has deteriorating assets and

regulatory actions attempting to prevent the bank’s failure. The model uses the excursion theory

of Lévy processes and finds an optimal leverage ratio that triggers a PCA.

In Chapter 3, we study optimal stopping problems whose reward function involves both the

state processX and its running maximumS. In this chapter, the state process is a spectrally

negative Ĺevy process. Though there are preceding studies about optimal stopping of spectrally

negative Ĺevy process, due to the lack of general characterization, solution techniques presented

in these articles are more or less problem-specific.



Optimality is usually obtained by so-called “threshold strategy”. That is, the player should stop

and receive rewards on the first occasion when the state process enters a certain region. Accord-

ingly, in Lévy and other jump models, the authors first qualitatively argue what optimal strategy

should be and construct a candidate value function in continuation and stopping region. Then they

prove its optimality by verifying the ‘quasi-variational inequalities’. Moreover, since the problem

is a two-dimensional one, we look at excursions that occur at each level ofS, and reduce the prob-

lem to an infinite number of one-dimensional optimal stopping problems. We present a method

that handles this problem in a systematic way and find, in a general setting, explicit solutions by

using excursion theory and scale functions.

In Chapter 4, we investigate again the optimal stopping problem whose reward function in-

volves both the state process and its running maximum, but in the diffusion model this time. There

are many solved problems like this. However, in those paper, Brownian motion or geometric

Brownian motion is used as underlying process in an effort to obtain tractable solutions. We pro-

vide, in a fairly general setting, explicit solutions for optimal stopping problems concerned with

diffusion process and its running maximum.

The idea of my solution method is basically the same as in Chapter 3 (that is, as in the case of

Lévy model), we reduce the problem to an infinite number of one-dimensional optimal stopping

problems. However, diffusion process is not in general of independent increment, and therefore,

we cannot apply the theory of excursion of Lévy processes. So we use a measure change to make

the diffusion process behave like a Brownian motion under the new measure.

Our contributions in this dissertation may advance the literature in several respects: we do not

assume any specific forms or properties in the reward functions (except for mild ones), and we

provide explicit forms of the value function and illustrate the procedure of the solution method.

In contrast to the literature, our approach is rather direct since we do not impose the smooth-

fit principle in deciding optimal boundary. Accordingly, one does not have to prove so-called

“verification lemma” (that is important in showing the presupposed candidate value function is in

fact a solution) and hence may handle a broader set of problems.




