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Introduction

Stock repurchase has become an important method of distributing cash flows to shareholders. Firms
repurchase stock for the following reasons: to distribute excess cash flow; to announce that firms’ managers
think their firms’ stocks are undervalued; to avoid unwanted takeover attempts; and, to counter the
dilution effects of employee and management stock options.

We assume that a firm’s accumulated net revenues is governed by a jump-diffusion process, and that
the firm distributes cash flows to shareholders in the form of dividends or stock repurchases. We assume
that dividends represent stable cash distribution, so that the firm constantly pays out dividends by the
same amount at each dividend time. On the other hand, we assume that stock repurchases represent
temporary cash distribution. Thus, we concentrate how the firm repurchases stocks and examine an
optimal stock repurchase policy. In this context, we assume that when the firm repurchases stock, it
incurs both fixed and proportional transaction costs.

The Model
We assume that a firm’s accumulated cash reserves X; jumps at the random time 77,---,7,,--- and
that the relative change in its value at a jump time is given Y7,---,Y,, - respectively. We assume

that 7, are the jump times of a Poisson process N := (NV;);>0 with intensity A € (0,1) and a sequence
Y = (Y,)n>1 is independent, identically distributed random variables taking values in (—oo,c0) with
distribution F'. Assume that Y has a finite mean. Between jumps the process of the firm’s accumulated
cash reserves X := (X;):>o follows a Brownian motion with drift. Assume that a filtered probability
space (2, F,P; (Fi)t>0) satisfying the usual conditions is given. The filtration (F3)¢>0 is generated by a
Brownian motion process W := (W,);>0, a Poisson process N and the sequence Y. We assume that W,
N and Y are mutually independent.

Let (; be amount of the ith amount of stock repurchased. Let 7; be the ith stock repurchase time.
A stock repurchase policy is defined as the following double sequences: v := {(7;, ;) }i>o0. If the stock
repurchase policy v is given, then the cash reserve of the firm, X*% := (X;"");>0 is given by
dth’U=udt+0'th+Xt_YthNt, T <t<T1 <T, 120 (1)
X' =XE-Gi XE=w

where 1 € R and o € R\{0} are constants. T represents a bankruptcy time. Let V denote the set of
admissible stock repurchase policies.

The expected total discounted stock repurchases function associated with the stock repurchase policy
v is defined by

J(z;0) =E |> e K () (r<ry | 5 (2)

i=1

where 7 € Ry is a discount factor. K is the stock repurchases function defined by K (() :=lk1§ — ko,
where (1 — k1) € (0,1) is the proportional parameter of transaction cost and kg € Ry, is the fixed
transaction cost. We assume that J(0;v) = 0. Therefore the firm’s problem is to maximize eq. (2) over
veV:

V(z) = sup J(z;v) = J(z;v"). (3)
vey
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In this section, we prove that a stock repurchase policy for the problem (3) is optimal. To this end, we
introduce the following definitions:

Definition 1 (QVI). Let ¢ be a stochastically C? function. The following relations are called the QVI
for the problem (3): '

Lo(z) <0, fora.a z wrt G(,z;v), Vv € V; (4)
P(z) > Mo(z); (5)
[Lo(z)|[p(x) — M@(z)] =0, for a.a. z w.r.t. G(-,z;v), Yv €V, (6)

where L is the integrodifferential operator and M denote the stock repurchase operator, and G is the
Green measure.

Definition 2 (QVI policy). Let ¢ be a solution of the QVI. Then, the following stock repurchase policy
0= {(7, ) }i>o0 is called a QVI policy:

(70, 60) = (0,0); (7)
%izinf{tzfi——l;X?ﬁ ¢ H}; (8)
§ = argmax{o(n(XZ7, ) + K(G); G} if 7 < T. (9)

In this contest, H is the continuation region defined by H := {z; $(x) > M¢p(x)} and XI° is the result
of applying the stock repurchase policy 0 = {(7:, ;) }i>o-

Now we can prove that a QVI policy is optimal.

Theorem 1. A function satisfies the QVI is the value function. Furthermore, the QVI policy is optimal.

Approximation
In this section, we verify the function satisfies the QVI by using the approximation method.

Let V; consists of all admissible stock repurchase policies v; with at most 7 repurchases. Here v; =
(11,72, 75, Tig1;C1, G2, -+, ;) with 7,41 = 00 a.s. From the firm’s problem eq. (3), we define the firm’s
problem with at most ¢ times repurchases:

Vi(z) = sup J(z;v;), i=0,1,2,---. (10)
v, EVi

Put ¢o(z) = 0. Let define ¢, for ¢ > 1 as a solution to

Loi(z) <0, foraa. zwrt G(,z;v), Vv, € Vi; (11)
¢i(z) 2 Moi—1(z); (12)
[Loi(z)][pi(z) — Mi—1(z)) =0, for a.a. z w.r.t. G(-, z;v;), Yu; € V;. (13)

By Definition 2 we define QVI policy with at most 4 times repurchases, 9; = {(#;, ;) }1<j<i:

# = inf{t > #;_1; X7% ¢ H;}; (14)
& = argmax{o(n(X2™, ¢:)) + K(G); G} if 75 < T. (1)

In this context, H; is defined by H; := {X7%; ¢i—;(XZ%) > Mei_;_1(X™%)} and X is the result
of applying the stock repurchase policy 0; = {(7;, (j) }1<j<i- Then, we have the following results:

Theorem 2. The sequence ¢;(z) satisfies eq. (10). Fuirthermore, suppose that ; € V;, then 0; is optimal.
Thebrem 3.

lim Vi(z) = V(z). (16)
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