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Optimal dividend strategies for a risk model
under force of interest and transaction cost

YUE Yi-meng, ZHAO Rui, WANG Hui
(College of Mathematics and Computational Science ,Shangluo University, Shangluo 726000, China )

Abstract ; Considering the classical risk model with optimal dividend payments under force of interest and
transaction cost, with maximizing the discounted dividend payments minus the penalized discounted capital
injections as the object the corresponding Hamilton-Jacobi-Bellman equation was built by stochastic control
theory. A method to determine numerically the solution to the integro-differential equation was derived. It

showed that the optimal strategy was threshold strategy.

Key words : dividend strategy ; random control ; hamilton-Jacobi-Bellman ( HJB) equation

0 55

S P4 41 0] R 3 JL AT fR 15 K B3 F 5 v A A
A8 —  B. De Finetti''! F 1957 4F & ¥k 7E 45 &
R BB PE )G, 58T KRFEHEH KT
FR L2 JA5 30 17 5 ) 238 11 DRSS A5E 28 1) B I 0 £ SR W
Syl RS UEW] T AEHR R WS 00T Hoh i oK
W, SCHER[3 ] 45 31 1 FE 7 0 XURS: A58 7Y 1) Jge e T

%5 H #A.2014 - 08 - 20

BT L1 M 2 Threshold S , {HIZ AR IR % 1852
Ty B0 AE 52 B O R 45 U023 LR A 2 S A —
SE M5 B, 58 5 B e — 4> A ] g 1R &R
BB GRS A T A, o PRI RIS
B E AT 2 2R E R — D IER ERKCE, B
BIR ] PR 6 2> W] Z AR UE g/ MEBLR R T 0. ASCAEH
JEIX PRI R A RTEE T, 455 SCHk [4 - 13 TSR,
PR AR 1 52 5 B A XU 5 7Y ) e G 20 0

ESTH &4 g AAF AL T8 (2013]M1023) ; B & 4 40 F /T AHHF B (2013JK0605 ) ;B & 5 4 F A5 +
Z A" HAR)RAA B (SGHI3406) ; 7 %% e AH#F 7 B (13SKY013,10SKY023 ,12SKY — FWDFO11)
TEEB N FRE(984—) , B, kB ES FTA, BEAFRAIN, AL, TR R T @A ERRLF 5 R



- 100 - BMBEILZRZHR(BARMFMW)

2014 4§

A5 T] A8, Ay P 6 2 ) 114 SR g 4R I — 72 1Y
2%,

1 BRI
5 B PRI 2 w4 AU 2 A o
N,
_ rt r(t-s) _ r(t=s)
U, = xe +cf0e ds joe d;Xi

Horp o BWIR R A RIVIA R ¢ > 05 {N(1) |20 42
SR A > 0 AR Xy SRR BT [R] 53
A Y REALAS 5, A R B p (- ), B ELY,] =
w. FESLRERUIERE Bl AR 7 = {(D,,Z,) |, H
[D,} FRENSZ] 0 I BB 2, IR B
Z) ¢ Ry 1R BRRTERE. — RIS SRR AT AT R,
R LLF 554

1) {D, | RA7 ¥ A i), 385 0038 7 1 3 B, LG
2D, =0;

)4 Z, A AT, G 03 N ek AR HL
27, =0.
M it B AR

N,
. s

e ds - f e'““”dZXi -
0 i=1

13 t
fe'('_s)dDé’T + f er(m)dZ&”
o o

Hrpr,r > 0 FoRFIE ). RBCESR PRI 2w B (KA
wRm > 0, B AR I 208 LR
T" = inflt =0,X". < m|
XPEEAAIAT RN BB A
Vi(x) = Ex[ﬁfTﬂef&le - gpr#ef‘s'le]

Hrp B < 1 R e85 B LA 1o > 12
TR T 28 > r RSB LIRS LL5R N,
M EH PR S RA(E R EL V, (x) , B

V(x) =§gﬁVW(x)
Hor TT SRR AT RIS S A

2 {HeRECR HIB

SIE1 AHRREV(x) FE[m, + ) PRI,
E_{ﬁﬁ,@xlnlﬂ/(x) = Buy/d.

SIE2  (EEREV(x) fELm, + ) FRMEH
Lipschitz %L

EED HREV(x) E[m, + o) EJLT4bAE
A, Hif 2 HIB 5

L

Uur :xe”+cj
o

max{[(c+rx —u)V'(x) +Bu - (A +8)V(x) +

/\fo V(x = y)p()dy i1, cpm +

[V(b™) + (2 =b7) = V() 11 oy +
[V(m) +@(x =m) =V(x)]1,_,, =0 @
R

V(x) = EX[IBLT_e"S'le” - gpj;e-ﬁtdz,q -

ELB[ b7 - o[ eaz” +
Be“ETJ';__e_B('_T)dD,’T - gof;e_s('_r) dz,"] =

EX[BJ ce™1,, _ymdt - gpj edZ" +
o- o
ﬁe“ETV(XT”) + 1,y (2 =07) ]

Hop,r Fongnt & r < o7 W7 = 77 LA
V(x) = ®(x,77) = &(x,7) =

Er[ﬁf ce_&l%xzb,,}dt - gpfOTe_&le7T +

-
BeiﬁTV(X’:) + 1,y (2 = 07) ]
Zi b 1g

V(x) = supEx[ﬁf ce™1,, _ymdt -
0-
g A7 +Be VX 1 e (x = 57)]
0

Yxe [m,b7], N To A
e MV(XT ) =
tAr
V(x) +j eia'cV'(XS”)l(Xﬂ,(b,,)ds -
o
tAr
rf e V(X,7)ds + 2 e (V(X,) -
0 X7 X7
VIXT)) + 3 e™(V(XT) -V(XT)) @
XTAXT,

Horp X7 # X7 AR 2 kA, B LA
tAT
3 e [V(XT) - V(XT)] = gof e dZ"
Oss<t/Ar 0
X}T#X.ZK
MRWEFNRE LI, X7 # X7, RG]
Ik, S35 T

Mt A7) = 3 e™[V(XT) -V(X])] -

Oss<tArt
XTAXT

AT
/\jo jo e (VX —y) = V(X™))dF(y)ds
e 0 B A xR @ Wi B 15

tAr
Ee ™ V(X)) = V(x) + Ep[ ez +
0



55 6 1]

FBRER, T HANE AR G R o R A oy 35 1h o4 K s - 101 -

tAT
Ef e[ (c+rm—u)V(XT) +
0

)\LMV(XS” ~ ) JdF(y) = (A + &) V(X.") +

Bull,, ymds + ELMTe&[)\JOwV(XS” —y)]dF(Y) -

(A +8)V(X™) 11, ds
#Hxe Cn(0,07) fRik CRIFHE M 77 >0,
i BT
(c+rv—u)V'(x) +Bu—- (A +8)V(x) +
)thwV(x-y)p(y)dy =0
Frxe CN[b7, o),
V() = V(b™) +x - b"
FrelCnN (-o0w,m], N
V(x) = V(m) + o(x —m)
Wt e C, B
[(c+m—u)V'(x) +Bu—- (A +8)V(x) +

)\va(x =)yt I, +
[V(D™) + (x=b") = V(x) 1, pm +
[V(m) +e(x =m) = V(x)]1,,., =0
F R T AR EAER, WY 2 e (m,b7) B, A
(c+rx—u)V'(x) +Bu - (A +8)V(x) +
AwaV(x -y)p(y)dy <0
M e [b7,0) B, A
V(ix) =2 V(b") +x - b"
Yre (-oo,m] B, A
V(x) = V(m) + o(x —m)
LA X Fx e R, A
[(c+rx—u)V'(x) +Bu—- (A +8)V(x) +
/\LWV(x =)p()dyll, e +
(V™) + (x =b7) = V(x) 1, opm +
[V(m) +o(x =m) = V(x)]1,,, <O
N V(x) =0(x € R),HIXFHA », L HEH
AL DH A B, B E BT
3 LR
5L, —E A E—

b" =infix : V'(x) < Bl

MR E MRS 7 = ", 2" L R

L= {O,x <b eV (x) >B
a,x=zb" eV (x) <B
BZIARAE m b ™ Z A, AN KA Ay DR 5 5 2
RENBEGE 0 B, LA o FF 7041 (HANETE
BRAR/NT m i, ZATET.
EHE 2 h @ 4 5 B9 Threshold % W%
7 o=t 2 R AR
R SRR T = w27 DR
g, AV (x) FRANIE R, T° Rk Q)
TR g 13 2 R R ATAE
SOXT ) e~ flx) +
B

tAT* tANT*
e®U " ds - gpf e™dz.*
Je— RN 0 iYL B LA
f(x) = E LX) e™ M = flx) +

tAT*
fl
i f(x) BOA FAERTAL, Bt — o B,

E [f(X7 . )e? ] 50
e f(x) =V (x) < V(x).
TAh, BT f(x) BIEHHY x < - £(0) /o B,
f(x) =0,f(x) 7E( - o, + o) AR, XHERREE
7, i HIB J5 B ] Al

tA\T
ﬂx>>zﬂﬂxmrw*“”>—ﬂx>—¢£ e™dz,] =

ELp[

Sim M) = V7 ().
FTLA f(x) = V(x).

4 LG

ARSCAEAT R T RNAE By B R 2Rk | 2% 8K
WS RS IR ) e I 2341 [ AL, 1) P BREAIL 47 o) B8 e S A
BLE HIB J5 A4, SR H AH B B0 ife , A Y e D0 SR 2
Threshold 5 14518, X —WFFEHE)™ T HiT A BE
18, XA SN AF & SEbr, R B X, X —
S5Vl g PRI 2% A AR A 1R 2 B AL o 0
SCHF

SE 3k

tNT*
eV " ds - gpf e®dz. "]
o

tAT

tAT
e_SSUsds - gof e_asts]
o

[1] De Finetti B. Su un’ impostazione alternativa della teoria col-
lettiva del rischio[ J]. Transactions of the XVth Interna-
tional Congress of Actuaries,1957,2(1) :433.



- 102 - BMBEILZRZHR(BARMFMW)

2014 4§

[2] Albrecher H,Thonhauser S. Optimal dividend strategies for a
risk process under force of interest[ J . Insurance ; Mathe-
matics and Economics,2008,43(1) :134.

[3] Fang Y,Qu Z. Optimal dividend and capital injection strate-
gies for a risk model under force of interest[ J |. Mathemati-
cal Problems in Engineering, 2013,2013:110.

[4] Fang Y,Wu R. Optimal dividend strategy in the compound
Poisson model with constant interest| J |. Stochastic Mod-
els,2007,23(1) :149.

[5] Gao S,Liu Z. The perturbed compound Poisson risk model
with constant interest and a threshold dividend strategy
[J]. Journal of Computational and Applied Mathematics,
2010,233(9) :2181.

[6] Cai]J,Yang H. Ruin in the perturbed compound Poisson
risk process under interest force[ J ]. Advances in Applied
Probability ,2005,2005 ;819 - 835.

[7] Lin X S,Pavlova K P. The compound Poisson risk model
with a threshold dividend strategy [ J ]. Insurance ; Mathe-
matics and Economics,2006,38(1) :57.

(8]

(11]

[12]

Scheer N,Schmidli H. Optimal dividend strategies in a Cra-
mer-Lundberg model with capital injections and administra-
tion costs [ J ]. European Actuarial Journal, 2011, 1
(1).57.

Zhu J. Optimal dividend control for a generalized risk model
with investment incomes and debit interest[ J ]. Scandina-
vian Actuarial Journal ,2013(2) :140.

Avanzi B,Shen J, Wong B. Optimal dividends and capital
injections in the dual model with diffusion[ J]. Astin Bul-
letin,2011,41(2) :611.

Bayraktar E, Kyprianou A E, Yamazaki K. Optimal divi-
dends in the dual model under transaction costs[J]. In-
surance ; Mathematics and Economics,2014,54 .133.
FBE. F R 5 5% A A0 5% A 8 Cramer-Lundberg
WAW R 2R [J]. MBI L FRFWH: 84
AR, 2014,29(4) :100.

ZHK,EFE ZEEMNEHER AR KA A
Anem R eBK[I]. REREXFZHR: B
SRR R ,2014,34(2) 112,

(E#% 94 70)
FBFFE AR PERE. T AR SO (B A 26 435 42 2
SRR ARG A, B 5 R T R A
L BA B L, SCR AR R, A S5 ik 6
AT A WNN HFNN 5 i SRR
HATIR 2 H 53k O S 2 0 A1 IRy S 50
2 ES R BB THE S B 2 19 & B SR g
RS BOE — R i 8, L, F4R0E
FRUE S TR R T — PO E

S 3k

(1] BRfrde. MREEGL T FNETXERAFARZ[D].
WO O T oK %,2002:1 - 6.

(2] Za@,Wap ETRELLO DR EWNL[T]. I
L5 H 7 T ,2007,35(8) 5.

Kooz, KAEL, FH K. RENEHENEERKL
Sap A FM P B A [T] % 4 B 31, 2009, 33
(S1) :849.

Bak, e E ET DA M E R %0 E &
Ao Ep[I]. R E S # A% ,2010,29(5) :80.
RN, B0, 5. — A TN KRR G A W
FERBRELH FE[I]. BEAFEN B R
JR,2013,53(2) :205.

Krishna B,Rao Y R, Nayak P C. Time series modeling of
river flow using wavelet neural networks [ J]. Journal of
Water Resource and Protection,2012,3(1) :50.

F K. Matlab N A TEAREE S BAEIM]. Jb
B By Tk R A, 20040108 - 118.

Minu K K, Lineesh M C, Jessy J C. Wavelet neural net-
works for nonlinear time series analysis [ J ]. Applied

Mathematical Sciences,2011,4(2) :2485.



