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SITE 8 wE by Fu by wrEr X E X, N

max (b, bg) < (¢ — A\)r.
UEBH 2 0Lk [22] FR 5 EE ALS.
SI¥E 9 MTAAM b € (0,b], #H

- A
hlwsba) < glwsbe) = =5 42— by,

iERA: 1 (18) R BIEL 6 FISIEL 7 AT

h(z;b2) = E, [e_rA <XA + < _T/\M — by — K) I{7-0>A}]

-r —r c— )‘M

= Ea)[e AXAI{TO>A}]+E$|:Q A( " —bQ_K)I{TO>A}:|
= / Ape~ (rHo)v [:B + (¢ — Ap)v — (¢ — Ap) / q(z,t) dt} dv

0 0

+ (C M by — K) / Age” (THAUIL — gz, v)] do

r 0

= / )\oe_(r+>‘°)”{aj + (e = Ap)v — (¢ — )\M)/ q(z,t)dt

0 0

+< _/\'u—bg— )[1—q($,v)]}dv
/OO)\Oe (r+Xo)v )‘“

+az+ (c—Ap)v — b
— (e = Ap) /0 q(x,t)dt — (C _r)\u - bg)q(:n,v)] dv

e}
< / Age~ T FA0)v { — M +x+4 (c—A\p)v — bg} dv
0 r

()

-
c M+x—52=9($;bz)-

<

PR, Bk 7 AL O
5E SRR h(x, b):

h(z,b) = /OOO )\ge*)‘ov{e*“’{ [a: + (c— A\pw)v + c

r

oo )
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T+ (¢ — A\u)v 2(c — A\u)x
"’0’)\1/2\/680( 0_)(\1/2\/5) )_eXp(_ ( )\O_QN) >

S e

oy (I,

U>\1/2\ﬁ
Hip (2,b) € Ry x Ry, h(z,b) = h(z;by).
313 10 WX
8%(.%,()0) 8f($7b0)
>
oz =0 > oz :c:O’ vz O’

AR R (21)—(22) REVHE (by,b2), 0 < by < by < by, ERXNFTAH O < x < by, #HA
h(z,ba) < f(z,ba).
MERR: G137, 9139 DUKSCHR [22] halBE A5 R EAERASIIE. a
A T AN RN, BVIGUE M e HE.
EIE 11 kw5 10 e ey R (21) - (22) AMEFE, 758 V(z) & (23) R
B X, M V() & (11) 38—/ B 3 AR
WERR: B SRIRAT A ANIE IR = AR X V() #OR MR AL SOk [22] R4
0, B BREL V(@) 165 20 X IRFIE 2L X 3 35 0 M ek . FEVE BT X3k, 512 7 [ FE RIS IR
E h(z;bo) ARMPRAL. BT V() 7EBEANX ) & Mk %, 5 SCiik [22] A 1R], BRATTHE 4 LA
TS IRIER V(z) & (11) 2R
HE1. V(0) = h(0;by) = 0;
W2, Mz € [by,00) B, #iE V. (z)=1. RV (z) BN, M2 el0,be) B, Vo(z)>1;
WIR 3. Haxe0,b) B, MIEV(z) = h(x;be) = MV (x). HRIEFIFL10, Y2 € [by, bo) BT,
V(z) = f(x;b2) = h(w;bo) = ). i x € [by,00) B, V(2) = g(2;b2) > M(x).
Ft, XA 2, F V(z) > M(x);
B4 B0<x<b B, Viz) =h(z;by). STFHEE:e >0, @75 =71Ne, 15
(x—e,x+e)e (0,b) FHH = =inf{t >0: X(t) & (X(0) —e, X(0) +¢e)}. M
Dynkin A3,

T

M(
M(

*

Te

Eole h(X(72): b)) = h(r:bo) +E. | /0 Lh(X (s);b2) ds,

Hort By le™" e h(X (72); be)] RARTE 72 2 J5 R AT B AR NI 1) e A S A i
BRI M B 33 BIAE TR B2 X3 h(x; bo) AR IE B AL R e A1k
Ji BT %

E.[e™"™ h(X (72); ba)] < h(w; ba).
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BRI, FEVE R X 2 € [0,01) 1, AT

Ex[/OT: Lh(X(s))ds} <0,

Tt fR 75 21

LV(z) = lim EQU?T:]EQC[/OTZ Lh(X(s)) ds] <0

Herz € [0,b1). Mz e |b,be) B, Wik LV (z) =0. Xz € [bg,00) B, V(x) =
(c—=Ap)/r+x — by, W

LV (z) = (¢ — Au) V() + )\UQVm( ) —rV(zx)
c— )\

—c—/\u—r( +x—b2>

= (bg—a})go.

Rk, SATE 1 2, 7 LV (2) <0
g LTIk, (23) A AR V (2) W2 QVI (11) 3. iFEE. O

85. HEIRIU

ARATHBRATTN ] Matlab X6 #1 3CH AT R (0 8 3 IA R AT 7 HE R, A At
it b BE B [ 58 5 T AR WA U AE By AR, 1 B8 R b i A B A 58 5 AR I, FRATT#)
it (21) IR R, SR AT R A S(t) O, EVRIEF IR AbEZE, fIR
BB L T, AT T BEALIEE IR A [R] S H0 i Bl o3 A7 6 43 4030 SR 52 30 5
SO, 0T G T i B A AR R TR o A B 5 ¥ A AR g [ T {E EHE B A S TR 3

A RIEHIIE 1= 0.01, br#EZE 0 = 0.01, (%K ¢ = 0.02, A = 1, FEEEE T 5K
KK =0.01 i, FATE TIRB A SE N AAFMER IHER LT by A0 LI T by 1Y
AR

T RIS by A by HEATSRAA, 35T h(z;be) A1 f(2;bo) KT 2 RT. ﬂ%z& YHEN
FAEN, BRI by N, h(a;be) Ff (25 bo) HRRBEAN — 5 BR HUE P AHSE

h(by;b2) = f(b1;b2),

Oh(;b2) _ Of(x;09)
ax r=b1 o 8.’1) r=b1 ’

MRIEIZA %A, FATTAT LUK 4 BEHUIE R AR M S EON Ao = 1 ISR B AT, by A by FRIEEN:

b1 = 0.0069, ba = 0.0369.
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MyE AR RSN Ao = 10 BB AT, by FT by HIFRN:
by = 0.0062, by = 0.0321.

AT AMEILE T 7 = 0.04. 24 X\o = 1 F1 \g = 10 I, ZERAR BRI /3 415508 T, 48 bR E ok
T B AR E G o A 1 FE 2 Fios.
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VTR B AEIR Ny — N (A AL T R B I 7 41 X CSR 3% 452 X 3 1) 3 -5 B AL A IR 155 O T A
], TR 5% XN h(z;be) = ha(, A;be) (WLICHK [22]).

RIIEIRE A = 1, TATE GRS by F1 by BEAT KA. [RIAE, MRIEAEE TR 584 XL 5
A, n AV fEBREEASE, KT 2 BB SRR EUHAE, JATAT LR b A by FIRE:

by = 0.0060, by = 0.0379.
BT A NEBUEIR, BRBCONEDEER, AEKK, 3 A = 0.5 1, by 1 by KIfEN:
by =0.0090, by = 0.0366.

HRHE 1 by F1 by MR, FIH Matlab i, FRATH] UEHLHEEREL V(2) KT R 2 1
BHER. 2 A =181 A = 0.5 BEEHG > mtnE 3 MK 4 frox.

FLASRENLIEE IR Ng = 1 SREEEIR A = 1 BT, RIS THE L5 B nl&n: VER LA
HiFe, r L AT R, BIPE Z ( HBE RS AR K, R4 X 3 (BEANEATVE BT AN AT 73 21 1))
(50 BB AR AE 3G R, 30T 45 B ORI 2 ] 10 i B R B A e
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FERGF LI SR BARTEGIER IR NI S HOR 2 /0, 16 75 EARYE L bR AT & L. AL
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Optimal Dividend and Capital Injection Problem with
Random Delay

WANG Hao
(School of Mathematics and Statistics, Anhui Normal University, Wuhu, 241002, China)

CHENG Xiaoqgiang
(School of Mathematics and Finance, Anhui Polytechnic University, Wuhu, 241000, China)

GONG Xiaojie
(School of Statistics, East China Normal University, Shanghai, 200062, China)

Abstract: This article considers the optimal dividend policy with delayed capital injections, and assumes
that the capital injection delay follows the exponential distribution. We aim to find the optimal dividend
and capital injection strategies to maximize the utility of dividend and capital. Since surplus process of
the insurance company involves a mixed Poisson process, we use a stochastic differential equation to char-
acterize the surplus process by adopting diffusion approximation techniques, and then we obtain the value
function under the utility criterion. When the value function is smooth, the quasi variational inequality is
obtained by using the dynamic programming principle. In this paper, we consider the value function from
three different regions (the dividend area, the continuous area and the capital injection area). Through
the boundary conditions, we derive the expression of the value function in different regions and present
the verification theorem. A numerical example is presented to illustrate the effects of the capital injection
delay under different parameters.

Keywords: optimal dividend strategies; optimal capital injection strategies; dynamic programming prin-
ciple; quasi variational inequality; verification theorem
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