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A Construction of a Superior and an Inferior Function
to the Gerber-Shiu Function

Kunio NISHIOKA

Let the surplus process {R(t)} of a company be the jump diffusion model (1.1). The
company goes to ruin at a moment 7 = {¢t > 0 : R(t) < 0}, where the surplus R(7—)
immediately prior to 7, and the deficit |R(7)| are important quantities. Then given a
suitable penalty function W (y, z) of y,z > 0, the severity of ruin is measured by

the Gerber-Shiu function ¥ (z) = Eg[le™*™ W(R(r—),|R(7)|)],

in which a > 0 is a discount rate.

1 is a powerful tool in the risk theory. However it is hard to obtain i of an explicit
form except very special claim size distributions F'. Therefore for general F' and W, we
present a method to construct an explicit superior function ¥y and an explicit inferior
WU with constants By and Bp, such that

Y(z) < Uy(z) for 0 <z < By, and ¢(z) > ¥p(z) for 0 <z < Bp.

As examples of general F', we consider the followings and compute the above By, ¥y
and etc. in each case:
1. a truncated exponential distribution, which imitates to contract a reinsure,
2. and, a step function type F', which imitates a practical claim size distribution,

Key Words : the jump diffusion model, a superior and an inferior function to the
Gerber-Shiu function, general claim size distributions, the comparison
theorem
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IR T B EFETNICEED VTR S LT 5, 1930 412 Lundberg [1930] A%, €D
TNVE LT, Cramér-Lundberg model (8@ (1.1) To =0 & L72ETIWV) ZREL,
LISk, #hs risk thoery TOR#EMNZLET NV E %> TV b, —H T, Cramer-Lundberg
model Tl&, EH L OTHED RSN TV Y, 2 THRA I, KD jump diffusion model
T surplus R(t) Zadh 35 :

N(t)
Jgump diffusion model, R(t)=xz+t+ o B(t Z Ug, >0, (1.1)

ZZT

(i) x>0 (Mg,

(i) o >0 xEH (WLERE) <, {B(t), t > 0} (Z#EH% Brown #H),

(iii) {N(¢¥), t > 0}} i& Poisson rate p @ Poisson ##E,

(iv) {Uk, k=1,2,---} &, 1EfE, M7, [F55A0 OMERZELSIT, il oAmilEed p(de)

ET b, 72, FEROHE L, Uy=0 EHET 5,
(v) {N@®)} {B@®)}, {Up} ZEHL, T EU| = m, OFEL safty loading
TIRET B, d.e.
safty loading, 1—pm, > 0. (1.2)

HE L (1.1) 2332, (1) SHoEmRE, 54 L ABICHEET 2,
(i) Poisson #FE {N(t)} A% jump T2 7 > ¥ L% (rate p DIREGIAZ % %) 120R
BEiEkrH Y, 20k FEO jump TOTINNED Uy, TH 5o

1 Jump diffusion model (1.1) TOHE path OFl

Surplus R(t) Jump diffusion model

U2 :2nd claim U1: 1st claim
Ul : 1st claim

Uz :2nd claim

Uy : 3rd claim

‘A

'
:

: '

: 1 . ’

B R(Tf) : Undershoot a : Initial surplus

: ' M t

A : t ~
T 1 ruin : T o -
TE R(7) : Overshoot T: ruin R(7) =0
: I

1) Crameér-Lundberg model @ % & OTEHEIZOVCIE, PR - 6T [2023] 2SO Z &,

x : Initial surplus
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(iil) [PRRE R EONUESD S, BRRETIDAOEE I L72b D] 25, t+0 B(t) TH
Bo PRSI t 7205, BEIVAIRRROLH 28T ¥ ¥ ALK o B(t) b5,
%Bo=0%35%%, Cramer-Lundberg model 12725, ¢

Surplus R(t) 317 o 7z KERd
T =inf{t > 0: R(t) < 0} (1.3)
T E L, KD Gerber-Shiu B ¢(z) T, ZOHRANELERT S,

3% 1.2. (Gerber-Shiu BI%) W(x,y) % z,y > 0 TERS N/ IEMEA 778138 £
L. WREBHORE R(r—) &R [R(r)| AEHE L7 W(R(r—), |R()]) %
penalty? & L, €O % BEAMHEIZE D) 51 72BIEL o A5 ORKIE & EHT 5, de.
a>0zHFIEREL,

Gerber-Shiu F¥ (z) = E, [e™*7 W(R(r—), |R(T)])], 2>0. o (1.4

EE 13 ¢ W, BEEIEAT Gerber-Shiu BB XN 5 (Gerber-Shiu [1997),
[1998]) v & (I.1) L DB #E %% Z L1, Gerber-Shiu risk hoery LIFiE, £ <D
IGHNS# %o 72 penalty Bt W ol LTix, R of, Kyprianov [2013] 7
ErR L, o

2. FREOHE
[Jump diffusion model (I.1) TOIBME u HBS—fDHEEZ, Gerber-Shiu B
DOFEEMRD | Z &8 risk thoery DHETH B, %9 LI2ZEEIWIZETIL,

WIEAERE ©, BB u, Poisson rate p, ILEUREL o, discount rate o

el OBBBAREIIRT 2 2 &A%, [BRENRER] L5, L LI@ESAHE 4
MM DGE, ZOMBBERE RO L Z L1, 1ZIFATRETH 5, FEFE Cramer-Lundberg
model DHETE X, p BRI (b L {1&Z2 0l DAbcid, BENZERIEON
TWip\n, £2T

Gerber-Shiu B v OMEBM TS <, ZhOES L } -

FSRAKEWIRTHZET, o OEFEHND

2) ##1L, undershoot & overshoot 23K &\ T &IRAI MR & 72 5o
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EV ) ERAT 5,
oA p & Gerber-Shiu BI% OB & BIREIZ§ 5 BT A0 2

FDIDIZ
IL.1 (VER - dekt [2023])%)

2 o)
(@) =7 W(0,0) 3 o Hi » F™ (@) +

k=0
o0
+ Z PP Wa s Hyy x Fu™F(2), >0 (I.9)
k=0
AETE2HEHTH

1) DEH

(I.11) & g @ tail Fe & (1.
. LS

RSB, 2D F,,
3O THEET, o D

%, L2 L, k E® convolution F,*™* #518+22 L
b L CHS ARV, 23T, M FL, Fy LIEOEH By, B #°

Fy(z) < Fy(z) for 0 <2 < By, and Fp(z) < Fa(z) for 0 <z < Bp,

BWLFLE, ANODE, ) OEWE Ty BLUHEHB Ty 25RO ENS (HBEER
M2)e 2T, Fy LLT, ¥, BEEEDWIRTEL b0 (F I4) 28R EI10LY,
J5t (1.5) BEBTE B, 25HBIIOWT LT 2,

RO EOBRBI L LT, 2 FEO R H B GBS A 20 152

tail 2% [40 0 &5 (truncated) 8554 1, SV,
W tail ASREECBAEL (D53 Ai 0B E T & 2 ),

{RP()}, {R" (1)} 1<
I2%%) O

o fifRfE E L, il
§V,

o EE Ty EL,

DZENETNEIEHAMEE L § % jump diffusion model (1.1) ,
L, “W =1 & L7 Gerber-Shiu Bi%k v” (discounted ruin probability
BB IUSGHBEHER L. i §VofiTid, 0<z < By OH#HIPITERE TR
L, BEROBMEEE. COBMEREFIHL,
[& % —EHED LORBREFREMEST 2] L) FIRRES

(IV.10) :
DifE % HET 5 HELIRET S, (8V,3)0

3. & =

ARG T, BICWS I, DLToRs2EHT 5,

(II.10) CTwF S N7-AR5E4 Erlang 53775, Wi (& penalty BI%h»

3) Hp k=0,1,---, & (I
AN BT, (1.12) 12k ) (1.1) 2 HFETE 5,
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P, ]=P[- |R(O):m], E.[-|=E[- ’R(O):x].
o >0 % ILEUREL, p > 0 % Poisson rate, « > 0 % discount rate, 512

F(z)=p[0,2] =P[0< Uy <z] (G@5H),
Fe(x)=1—F(x) (3L# tail), m, = E[Ui],

a(s) = Zelu(do)](s) = /OO p(dr)e™** (HWEED Laplace Z4ft),

fs) = / dz f(z) e**  (B¥o Laplace %),
c+iM
L0 = fim o [ dse®pls) (Laplace 8258 > 0),

f & g @ convolution % f*g, k FED convolution f** = fx*---x f,
—_—

IS /N
Gk, WBE R DRAAROMEL RS (FEL &, FER - bk [2023] 2 2H),
(1) Jump diffusion model (I.1) 129 % Gerber-Shiu B% ¢ @ Laplace Z#t

O(s) = L, [b(2)](s) RO F X &7z

2

0—&@{ a+&%2S4WWMQ—U}—

2 2

— (L4 5 9)0(0) = T ¥/(0) + pWls), s >0. (1L.1)
%,
Wy(z) = /:o w(dy) W(z,y — ),
Wi(s) = LW, (2)](5) = / Cdg e / " uldy) Way - ). (1L.2)

(2) (1) T, o 725 T%<, 9(0), /(0) bRAMBEBTH D, ZIoDOMEHET
B0, fi(s) [CBT 2RE R
2

Lundberg’s fundamental equation, —a+ s+ — 5 s*+p(f(s)—1)=0, (I.3)

“ERbo 5 >0 Tld, (I.3) IIdME—DIMERDPFIES bo Gk, TOILMEME ~, &K
L, Lundberg’s positive index LW-5, 0 >0 %5, Polr=0=17756,
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$(0) = Eo[e™* T W(R(7—), |R(T)[) ] = W(0,0)

R, SHITRDPALT %

2 2

—

(1 + % 3> $(0) + % W (0) = pWy(a) + % (s —7a) W(0,0). (I1.4)

370 =0 OHED, RE) (IL4) ST LTV 5,

A(s) =1+ %2 (s+7a) (I.5)

LiEw, (14) % (L1) CRAL, BHT2E, hEfEs:

Bs) = - <pW"(7‘)_W“(S)+U;W(0,0)> x

5= "7a

Clya) —A(s) 7
(i) (o)

(3) [Safty loading (1.2), i.e.pm, < 1] 2ZET 2 &

<pm, <1 (IL.7)

filya) — fi(s)
(s —7a) Als)

EBDT, B

[(va) — i(s)
P A(s)  s—va

1 oo
7 = E 2F since |z] < 1, where z =
-z
k=0

% (IL6) \BAT 5 &, ¢(s) ILKOBIERTE %:

h(s) = (p Woulra) = Wils) | ‘IQW(0,0)> x

s —ma 2
X,i 4 (Aé))kﬂ (W)k 220 (1§

FEid, 2o (I.8), HBIXESIC Laplace MEBRDITR HIIZ % > T b, W% AT
LT, EBRAAZES

R, (RBAN, FERE-ALF [2023]) Jump diffusion model (1.1) 3 & TF penalty
B% W 1239 % Gerber-Shiu B#% o (z) = (1.4) &3 %,
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(i) o>00DLE,
0'2 = k *k
() == W(0,0) > pF Higr # Fy™F(2)+
k=0
+ 3 P Wa ok Hyy = Fy™ (), 2> 0. (IL.9)
k=0

ZZTO0!l =1, F,*(z) = do(z) (Dirac @ delta B%) L4 L,

I k koo k-1
Hy(z)= 2! <Azs)> ] () = (;) o) exp{—x (7a + %)}7 (I.10)
k=1,2,---, (454 Erlang 531i),

R = 2 | PR = [ gy e 000, (1.11)

=7 / dy e Y {F"’(x) — F(z + y)} >0,
0

Wa(z) = 2! l%(v; )—’YVVI L(S)] () = / Tz e W(2) (I.12)
= [Tz e [Tty Wy -2 20
‘ : (I.13)
(i) c=00DLE,
Y(x) = i PP W« Fuf (), >0, o (I.14)

k=0

m e #®

1. An upper and a lower function & lEBEIE
(I.11) OB% Fa WKL, ROGHERTMEALK Fy, FL L%% 0 < By < oo,
0< Bp <o BEZD

By
0 < Fi(x) < Fy(z) for0 <z < By, and p / dx Fy(z) <1, (IM.1)
0

FA(I')ZFL(QL')ZO, OSI'SBL;

2 By,
and p/ de |Fr(z)| <1. (1.2)
Fi(z)>0> Fr(x), Bp<u, 0
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% M1, (1) %73 B%% an upper function, (I1.2) %73 %% a lower

function LIS, o

L2, (JEGER) Penalty BA%L W 12k 9% Gerber-Shiu % ¢ L35,
(i) An upper function Fy 123 L, Fy(s) = Z[Fu(x)](s) £B< &,

2

o 1
2

A(s) = p Fu((s)
v
A(s) = pFu(s

Uy (z) = (z) +

o

w(0,0) £ [

+p (WA * .Zs_l

X, 0<z< By T, ¢ OBMHE L2, ie
Uy(x) > (z) for 0 <z < By.

(ii) A lower function Fy (2% L, Fi(s) = Z[FL(z)](s) &5 5

2

-9 -1 1 .
Uy (x) = ) w(0,0) .Z, lA(s) —pﬁ((s) (z) +
Wa *g‘:l ;A x
”( A(s) — pFr(s) )()

X, 0< 2 <2B T, v OFMEEL D, i.e Vp(x) <y(z) for 0 <z < 2By

TER 3. Laplace ZHICELCIE, “f >g = ZL[f] > ZLlg]” THb. LoL,
WCF>g = LM > LG R, ISR L 2w,

1 R | . B
A, 211 >0 # sinx =.2, {52—1—1] (x) > 27 [0](z) = 0.

ZZC eleER L2 23T 57201213, Laplace 28 % A7E L 22\ ) DOFKH,
D EE L1 (BAANK) PUEERL, o

D

2F

A2 GEW (1) W(0,0), Hy,,Wa >0 72206, (1) &Y, k=0,1,2,--- 125 L

W(0,0) Hy, * Fy™"(x) < W(0,0) Hy, * Fy**(z) for 0 <z < By,

[ ayWae =) FMo) < [ dy Wit —9) Fot) for0 <2 < By,
0 0

(IL1) XV, K&% s>0TO0<ply(s) <lo &5
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1\ k1 o2
2L Hi(x)](s) = <A(S)) <1, A(s)zl—l—?(S—FvA).

WCEET DL, UTOMETHNL MBS T XT—HIOEL T2 2 e, bbb,

fEB @ Laplace 238 KL OHEH %2479 2 LS IEHLTE %,
0<xz< By DE %,

0.2

P(x) < 5 W (0,0) Z pF Hy x Fy*F(x) + ZpkH W * Hy, « Fy** (x)
k=0 k=0
2

=T W00 X 20 A s Frt )] 0)] @
k=0

+ i PPt [Xy |:WA * Hy x FU*k(y)} (5)} (z)
k=0

1 0_2 1 kol e k
k+1
+ R (s ! Fy(s k} x
ST () (Fe) | @

1 |o? 1/A(s) = 1/A(s)
=27 =W (0,0 L Wal(s L x
lQ (-0 1= pFy(s)/A(s) A 1= pFy(s)/A(s) ] @

1
lA(S) — pFy(s)

+pVVA *"Zeﬁl

(z) +

s
1

Ao —pFos |

(ii) (I.2) &Y, Fr(z) <O0for x > Br 7255, $XCO ¢ > 02K L, Fy(z) > Fr(x)
THbo LL, £FLD

FA*Q(x)zFL*Q(x):/ dy Fr(x —y) Fr(y) forVx >0

0

ElERbv, EE, Frz—y) <0< Fy, 2 Fr(y) <0< F, ThoTh,
FIC X 2 EEO#ERT Fr(x —y) Fr(y) > Fa(x) >0

EHR AWM D S, 7272, 0<ax <2Bp &b, [Fr(z—y) & Fr(y) ZAEEICALC
BRbRV] B, COTRIEEERETES. Lo, (I2) £V, k=0,1,2,--- %L

W(0,0) Hy, « Fa*™*(2) > W(0,0) Hy, « F,**(x) for 0 <z < 2By,
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/dyWA(:c—y) FA*k(y)z/ dy Wa(z —y) FL*k(y) for 0 <z <2Bjy.
0 0

kb HEIE, (1) LRAMKOMEHT, THOMRETE, O

2. HEFEE .2 OERA
Z DIEGERIZ ST, Gerber-Shiu B% ¢ OXEBEF~L7201213, (1), (1.2)
12z C,
[ 1
A(s) — p Fu(s)
DR E B 2 EBVIHATH Do FDOT M EHIRT S ¢

1

Gu(z)=21 ), Grla)= | ———— | (=
v(z) =2, (), Gr(z) lA(s)—pFL(S)]()

S

B 4. An upper function Fy ZIEHEBOBEAEEGE TS a1, a2, b1, b ZEHK
EL,

Fy(z) = a1 e ® 4+ ay 2%,

Dk X,

Fu(s) = ZolFu@)](s) = —— + —2_ s> max{0, by, by}
S—bl S—b2

EBHDT,

1 _ (s=b1)(s = by)
A(s) — pFy(s) 8O3 REEX’

s > max{0, by, bz}, (IM.3)

Thb, 2T, AHA (I.3) &, WA EEFHI TR CILETE %,
WIS, EE ¢ > max{0,b, by} ZEEICED, (I1.3) @ Laplace M2

c+i M

= lim — / ds e** x (II.3)
c—i M

1
{A(s) — pFu(s)
D5 (s © 3 REER) OB HERD, FHENBGIHES Do DL,
5 AR A AT > ¢, SR IR B S B0E S 50§75 &, Gursat OEEY 12X
b, HUOBGHFEITTE, Gy tHMBE L THL, GL L2V TbAKTHL. o

GU(Z’) = f_l

NV Bl—F A0 ) 5Eo R Eo

FEORIRIZ L 2 [HIREY) A 7 OIREGEIR ] Z R 4720, Jaflisris [8) ) 550 (truncated)

4) Fuh, EROGELH B,
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Bl fil OEEER %,

1. Surplus &2 {RT ()} DT
Jump diffusion model (I.1) @ surplus ## {RT(¢)} % ROFRIZED S

FiltR¥ o = 1/2, Poisson rate p = 1/2, discount rate o = 1/10,
LB MO tail FC 1L, Y11 F5D 72 (truncated) 85554,

e 0<z<K,

(v.1)
0, K<z,

K =4log2 £ L, Fx)= {

B8 72 B ok
1+se™ 15
m e "i: = —.
fils) 1+s ’ s M 16

HEMHTIC L ) Lundberg’s fundamental equation (II.3) ®IEff# Lundberg’s posi-
tive index v, K&, F, #5535  K=41log2 £ LT,

N =0.1644-- -,

{efm —yae Kt gna } TIio<o<ky- v.2)
A

2. 0<xz< K COHKER
(1) B .4 12f€vy, upper B & U lower function |2, F, HEZFHT %,

FU(J}) =

{e—-"f —Ta e~ K+l cnaz }
i N R
Fy(z)=Fy(z) for 0<z <K and F,(z)<Fy(z) for Ve >0,

ThHb, —F, Fy \FREEEOMZEH 5, Laplace MRS EARNICFTHETE,

1
{A(S) — pFy(s)
pl =7.5544---, ¢ =8.6131---, pt =0.4518---, ¢ = 0.5547---,

Gi(a) =27

3
= i exp{—qf =},
k=1

pr = —0.0062---, g2 = —0.1602--- .

2D, o ORKRENEE S, ThbH, §V.1 OFT, fLED penalty B W 12
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%9 % Gerber-Shiu B D& RIZKDO@EY -
2
b(@) = T W(0,0) G (@) + p Wa * G () (v.3)

for0<z< K=4log2~2772---.

—7J7, BEEE Uy d Ve >0 TE/ZED,S

0.2

P(z) < ?W(0,0) GE(x) + pWaxGL(z) for x> K.

(2) Penalty %tz W(z,y) =1 &3 %, ZDL X, Gerber-Shiu B%L ¢ 1& discounted
ruin probability ¢(z) = E e 7] &b, W, KD 5,

W) = [ ) Wiy = al) = Fo(a) = = Ty ),

Wal)= [ dy e 0 Wi (y)

1 . e~ (m+1) K N
= il e " — N evs I[O,K) (z). (v.4)

L, WaxGhL bEIMHTE L (EML#ITC, BAREEZEET2), Shicky, §V.1
» {RT(t)} 12xF9 % discounted ruin probability 1(z) = E,[e~*7] OB L mH 7
DEMKEEH. a=1/10 L LT

1
G(T](m)—i—iWA*GZ,(x) for0<z< K, (Iv.5)

1
GT(x) + 3 Wi Gh(z) for K <z,

(3) B0 EED A WIREG A (B OIREBOM) & Ll & 35 surplus i#FE {RE (1)}
%Ex2b. 37405, jump diffusion model (1.1) T, {RE(t)} 1, KkDilH L5 :

ILEREL 0 = 1/2, Poisson rate p = 1/2, discount rate o = 1/2,

S uF (dr) = e dz, FHEO tail 5 (FF) (z) = e (IV.6)
{RE@M)} 1ot L <, KHORHEIT)
Lundberg’s positive index fyf =0.16858-- -,

Ly, (L11) &y
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C  —FE@)
e €T).
14+~F v

FEG) = [Pty e 0
5. AP(s)=1+4 (s+~L)/8 LT

2

Laplace %4 % 5217
1

] =D e,
p Fi7 (s) k=1

, ¢¥ =0.5506- -

= ! [
AE(S)—
, pY =0.4455 - -

P ()
E— 75544 ¢F =8.6179---
W(z,y) =10
E( W =) (pE — e”
Wi / dy e~ (FE ) = T (v.5)
7275, {RE(t)} 1239 % discounted ruin pobability ¥Z(z) = E [e~“T] OREH
WE( ):EGE(xH%vvF*GE(x), 2> 0. (V.9)
(4) 2 2o surplus ##, {RT(t)} £ {RE@t)} T, RArLZA
L. {RT(t)} ol tail i, YD (truncated) FREG A (IV.1),
2. {RE(t)} »4til tail &, EHEOIEEIA (IV.6)
=4log?2 L E® claim %5 5 (Iv.10)

HIS 7% %

[HEZgES
size 78 K =
B2 kP ¢i3az>K Tl3E#

THh,
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M3 Yf —yporsv
0.04

vE (@) = ¥(a)
0.03 [

0.02 -

0.01

1 2 K 3 4

EWV)FRED ICMALTWA I Il b, COFRBOEEZTVFRLR D

2 20 discouted ruin probability (), ¥ (z)
RREL727 T 7R E2 Thb, T2, FIZ PP > 9% WE0E Tabb [FHE
Bz & 2Bl A2 OIGEEE] % B3 TRT, %1, 0<z< K TR, »> K T
IR TH B,

3. BRIRFEAOME
PR O

(IV.10) :  size % K =4 log?2 Ll L® claim ##HE$ %
&) FEERBR G S OfiE 2 2T %o

1. &0 <2 < K OHD (V.10) OFRBISIA L T b £ORD discounted
ruin probability (& ¥(x), (IV.5) TH 5.

2. —7, HRBIZIEMA DS T, discounted ruin probability #% ¢ (z) Tdh % &tk
DR (WE) T (P(x)) THB. 2T (YE) IR GE, (V.9) OMETH 2.

3. 0%, FRIEES (V.10) & [(¢F) 7 (Y(x)) — 2 BB L7) S & L%MiTHh 2

4. Discount rate o T, ZOEIILELEEEMHEN ANDDT,

(@") (@) -z )a
P, T ¢ O2HICR LT, TS (V.10) OffifE]) & 7% 5.

5) HMPRTIE, FEIZRTES T 5. [6 HARMOEMRAEIIAER] L)y 17
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0.20 ¢

0.15

0.10 ¢

~~
-
~
~ -~
-~
-~ -,

0.05 1

BIV.A. BI21E, 2 =2 ORFETIE (2) = 0126629 - - = (¥F) 7 (¢(2)) = 2.4195- -
205,
( WE)  (w(2)) -2 ) /10 = 0.04195 - - -
A, DEED 2 ORI L o TOFRBRES (V.10)] OffifEs %2, o
VBl —F 2REE R %
1. Surplus Bi2 {R(t)} DT
H HHRBEIL O claim size DTF—F # T E$5 ¢

# 1 Claim size D7 —%

claim size x 1 2 3 4 5 i<z

725 6 5 3 0 1 0
el e a1 =6/15 as =5/15 a3 =3/15 as=0 as=1/15 0

#1256

Mu

ar T (x), (5 BI8), (V.1)
k=1

5
Z e s> 0, P my, =2,
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5 KW FC L F, (0=1/2). HEEEI 0=

10 Fo(z)

0.8

0.6

/‘
0.4 T

Fy(z) with o =1/2 =

I —

L 1 2 3 4 5 6

LB
Jump diffusion model (I.1) @ surplus #F2 {R9(t)} ZKOBIZED S :

RS 0 = 1/2, Poisson rate p = 1/4, discount rate o = 1/10,
L@ O tail IXFEEBEHAEO (V.1).

FfEfEHTIC £ ), Lundberg’s fundamental equation (I.3) ®IEfEf#, Lundberg’s pos-
itive index v, KD 5B 1 (0 PFRE2FEERL7-0, MOMETHFEL 7z, Zidd

V)

o 1 1/2 1/4 0
va | 0.1515--- 0.1637--- 0.1675--- 0.1687---

IREY Fy bEHTED, 48IE o=1/2 &L,

5
Fyo(x)=en" Z(ak e ) Iopy(z), ~va=0.1637, ap & & Lo
k=1

2. An upper and a lower function
oc=1/2 L35, #l M4 2fEv:, upper function & LT, By = oo,
Fy(z)=bie % b =2.2020---, by = 0.6990 - -

EEDD,
T5 L,

1
Gulz) =2 | ——— —— | () = Tex—Taﬁ,
v(w) =2 lA(S)pFU(S)]() I;pk p{—q; =}
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6 F., the upper function Fy, and the lower one FT,

1471 N
121
1.0
0.8 |
0.6

0.4

~<o

t ‘ ‘ el E T 1 laful]

t 1 2 3 4 5 6

pl =7.4866---, ¢l =8.7132---, pl =0.5133---, ¢} =0.1495.--
F7-, lower function & LT, Br =35,
Fr(z) =bse % —bs, bg=0.7426---, by = 0.8437--- , by = 0.0109- --

EEDD L,

1
As) — pFr(s)
pl =77973--- ¢ =83587--., pi =0.2069---, ¢f =0.6453---,

3
(@) =Y pp exp{—qf =},
k=1

P =—0.0042---, ¢¥ =0.0034--- .

3. Penalty BB W »5DEHE
W=1,9%, 2OLZE, ¢(x) =E;[e” 7], discounted ruin probability, &7 1,

Wy(x) = F(x),
5

Wi(z) = % Zak (1— e (=) Loy (x), (ap i3 &1 OKIHE) .
k=1

WIS W+ Gy(z) 3T 2%% SHUEHBTH L. 5

a _ —x — —qz
Wfk)(:v,k)zf(l—e k=) 1o (@), Glx,p,q) =pe
A



Enn,

WaxGue) =Y (Vi@ plal) + Vi (@0l b)),
k

Il
_

Mo

WaxGo(w) =Y (Vi@ af) + Vi @.pf o) + VI @ of o) )

k=1

4. BHIUHEHK
(1) 58 m2 kY

Y(x) < — Gu(z) + p Wi *Gu(z) = Uy(x) for Vo > 0.

| 9,

COEBEHES TSI EIEMZOT, FIET 505, #azE)d
x— 00 T, Y(z) <Vy(z) = ﬁ(e‘q;w), qg ~ 0.9153.

ThHb, /2, FH M2 XD

2
b(z) > % Gr(x)+p WaxGr(z)=TUp(z) for 0<z < 10.

COLBEEETIZLEOHET L, [Ur(x) <0 forx > 73311 &%505 ¢(x) >0
3> TW5 DT,
Y(x) > max{¥(z), 0} for Vx>0

b, ZORWBE P ~NOLEBET S,

(2) BLEZPFET, #REFHRT S §V.1 © jump diffusion model {RS ()} 125§ 5
Y(x) = E,[e”*7] discouted ruin probability.

& [ 7 ORA FEISIHFAET S (HE 1213 Mathematica Ver.13.0 2 H L 72).
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7 REERBEEI oL@ (V.1) 1395
discounted ruin probability

1.0

0.8

W(x) for {R3(t)}

5. Cramér-Lundberg model & DS

FW a2 E L7250 (V.1) OF T, jump diffusion model & Cramer-Lundberg model
ZhZN o Gerber-Shiu B % L § 5,

Cramer-Lundberg model @ surplus #% {R°(t)} ZROKIZED S  (1.1) T

WHtRE 0 =0, Poisson rate p =1/4, discount rate o = 1/10,

LA O tail XFEFEBIEELO (V.1).
{Ro(®)} 123 L

an upper function F2(z) = bfe %%, b2 =2.2020---, b = 0.6511---
a lower function F2(z) = b e "% — b2,

by =0.7429---, by =0.8380---, by =0.0112---
LIED, RIT V2 ~ VA RHET LI LT,
{R°(t)} 1Zx9 % discounted ruin probability ¢°(z) = E,[e”*7].

DEBLULEEA L. ZO/E%, jump diffusion model {R¥(t)} 12xF9 2 dis-
counted ruin probability (x) D& &P TR 8 TERT %,

o r KEVEE, WHIHTTER D,
o Ll 2 AVNEVE X, (a) > g0(x)e Thbb, WHEAVNS WA AT E



172

8 ° IIWEM, o FERTHENLHIIIH S, LT 0< 2 <2 K.
10
0.6
0.4

0.2

T AHEFIE, jump diffuision model @25 Cramer-Lundberg model & 9 4%
BIZRE WV,

& E X

PR, A, Gerber-Shiu BAStO R AN, &M, 42 (2023), HRKFAEENTEHT, 18
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