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H =B B3 AE9 JdoZ(surplus)S FERACZ 233 &, doiFo bt FET 0]9 24 FHE
2% Joge °El7z§‘<?l— E(rate) 2 Eoj2+ Ze]v]Y(premium)l 3 S74gtcy. HEF FF(claim)= E
ol 37 (Poisson process)2 whe} LS HPF A7/ AL wivie} dojF 499 ¥(random amount) T
F ZojEr). YoiFe] 0olskz PolA W bik(ruin)o] FPTTIL o}, o9} B2 g (risk) R4 Spat g
£ olgx AL & &A 9o, F4d na FE(convolution) T T3t F(infinite sum)o] T lo] A
;g‘;(_] o] 74],4*0_ ‘:'7}———6‘}\:} % _\.___‘?_01]/\11— 21- ol-a;“ ;q De Vylder«] :L,\], _._AI_L}_ Z] 7(4 o] :1.}\} _x./\] (exponential
approximation) & 4733, o]EE AN NZE A F4L A Y. A& 2AF FATY 214 HLE ¥
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Wael A3Hoz Bestud st $99E Btk Aze $z A% BYR 4F ¥
’A]°ﬂ/"] glolu} 20099 10958 852 (stochastic) RBF ArE B9l AF 5E ¥4 (cash flow
method)?] £4& BE= 3ty ot E3 7} F8 88 5 38§ AFA dEA o] £718k) wel
HYB ALY Akt $AE The g adel mEF o] o), RBHAY B7h #e) A2d 94 CAMEL
A 2o A RAAS(risk assesment and application system)Z H3}3= §14 o]
o]¢} 22 AN BY FE Haz wgd 7[Ee] FHEe s FEY A7 E4Fe] H1 Yok 9
He 54 $8E 5 O 47 A4T £ Qi 24 el B AT =B 3840 AN Uk B &
FollAe 7180 AAE 2A FAEES duiEste] dA] 3t 52 2o /A 248N A2 24
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o] Zollde WA BY ArdellA AP e go] 2ol A% A7 J4F 77 (surplus process) S 3

Skigag

2.1. 203 2= npit EE
B AE9 A3 u > 0914 A=A & A7t 9AT & ¢ > 08 Zgu|Yo] ooy, 1
Aol BEF 77 P ujnit} ol vz HEHFo) FL o G714 BEF AT 34 3

==
€ BRE A > 08 Z+e Zokg I {(N(@),t > 0}E wax, ¢34 28F 379 27)+= X0
Xie Bl p> 001 M2 S0l Y% ‘34_‘.'}75-?1 *E"—*T‘- G§ Zeth R RYS G cEc=
+ 0)Apeld G714 6 > 0= AdFEQ B Bl (relative loading factor) 22 42 Q3] RYSE
HEF A7 uEd pelrh 24 Aok B AR 492 AL s402 P9 oL ¢

N(t)
Ut)=u+ct— ZXi.
=1
By A A7 AN A7 UH)7h 0k AA Hd BE dFo] shrdnta deit £7] 9
2ol ud o) I FEE 02T} o) BjHrt

P(u) = Pr{U(t) < 0, for some t > 0|U(0) = u}

1 FHE ¢(u)E oteiet 2ol FFE B & AAvh (Klugman 5, 2004 F=x).

%) k
(k)
kzzl 1+6 (1+0> Ge (u),

A7A Ge(z) = 1= Ge(z)ol L, Gely) = 1/1 f(;"'{l - G(z)}dze G2 3% EE (equilibrium distribu-
tion)o]™, (k)& kA} F-8 (k-fold recursive convolution)& et}

HIF 3719 &F 22 G7F 93 FolA= st HEL G HY £2 G kX FEFH F
3 oz o]FojA Q7] ulFo] AAHA A4to] BrFsd ). o] wfEo) Cramér (1930), Hadwiger
(1940), Lundberg (1964), Beekman (1969), De Vylder (1978), Grandell (1977, 1991), Tijms (1994)
T 92 A= I FEES AR FA2 At Grandell (2000)2 ol @A thaksk ZAF
PPELS v IR B = AL 71E 4t FE9 24 HE F $5%0] 9439 De Vylderd)
AR A5 TA IS ANFT o5 YNSG AS 2ab A S AN B,

2.2. De VylderQ| 2A} g

De Vylder (1978)7} AIAI &t 241 ¥ JodF FHANA X () = (1+0) ut — SN X, 831 §3, )
48 ¥ (exponential distribution)& HEF =7|2] &5 BX 2 2= JoF HA Z ol Zo)

E[Xk(t)] E ()], for k=1,2,3.

X ()% 3% ZHE (moment)7h] YK 3 X (1) Fol ool HPshe st B8 73k, o8 AA
S B89 24 FAOE 25 WYtk &, X(1) = 1+ 0Mat - LYP X, A714 Xix 7o)
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29 A5gEAott 9 2AL NESE X(t)9 24 (parameter) &S T3 ol o} 2k
_ (3 520G 39
b= 0= (am2 5=,
A7|A G GO k2 BAEQ E[XF]E Uitk mebd X(H)E 2 J43 339 st 2EL
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vovlu) =175 eXp{_ﬁ(l +5)}
2 FA 1, 19 62 thlstH opefe} 2t

33 [ 66Gbu
Yov(u) = 3C2 + 2C1Ca0 xp{ 3¢+ 2(1(39} .
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2.3. X552 ZAH 48

A 4R <] ZAF v (exponential approximation) 3 &3 Z ok 317 (compound mixed Poisson
process)¥] FT FE(asymptotic distribution)-g ©]-83t otefjg} Zeol Fol It (AT FE B
Grandell, 2000 =)

expd 1y
¢E(u) =€ p{ 1 \/T—12+—T20}
_—_exp{—l - ____—2(19u—{2
VG +(4/3)06G |
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Cramér (1930) ofahsh 22 T4t B ) 241 BAE AL,
Yo(u) = Ce™ ™,

714, kE 1+ (1 +0)ps = Mx (k)8 D& 7P§ 32 ¢ Agdoln, C = pb/[Mx (k) — p(l+
Aelsl, Mx(t)= R¥F 279 &E B G9 FE WA ¥4 (moment generating function)o|Th.
Cramérd] oA TAL 27] dodF w7t AXEA AA] it FEe] A2}, sHA % w7t 22 Fdl
= AA 3t g9 B2 Aolg Bt
Tijms (1994)% ©] & B &3517] 948 Cramére] ZA A0 A$ & Cre™ /& B8] Cramérd] 24}
F4& &gstdct. Tijmse] A F42

Yr(u) = Cre”a + Ce ™
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otk @7 C13 ot The T A2 BEBhe Agolt.

0]
wehd, G = 1/(146) - CZ 3075, ad o}a9} o] Fojicy.

_ G/(2p6) —C/x
1/a+6-C
Tijmse] 24k FAL ¢r(0) = $(0)8 DEHS wrt 2 FLAE A 4 BES WTA F 2}
gt B =FolAe Tijmse] otolt]ojE o|-&3td A ZAL T4 ¢e(u)E et A2 24}
FAg AN WA, A5HA A FAL ofest o] FolxH, Cramérs] T4 34 B2 WY
% gtk
Ou—7
u) =expq —1—- ———

T1

7
=ex ~1 4+ ———— rex ——u
p{ \/T12+T20} p{ \/T12+’7'20 }
AZIN C' =exp{ — 1+ 11//T2 + 120} 013 a1 = 0/\/7% + T20°]Tth

A2 Aol Tijms7} Cramére] 2A 345 &3sty F7Hd A+ & F71etd A2 838 243

A& ohehe} 2k

— ) —aiu
=C'e ,

Yru(u) = Cle” s +Cle ™"
C13t 22 Tijms®] AL ol A2t vpi7tA & o 5 4

¥r6(0) = 175 = ¥(0)

/Ooo Yre(u)du = /0oo PY(u)du

€ HEA etk F, 01 =1/(14+0) - C'°] &AW ap = 1/C1 (11/6 — C'/er) o} "k

4
# =RodlAle Al 22 (relative error) & ©]8-3ta] 7]&€9 TA WSS AR Ad ZAHEE ¥l
ZFTh A7IAM ZAFA Pa(u)d] T L3R= olEie}h o] FojHT)

ealu) = Palu) — v ()| ;1/’(”)' x 100.

=

£ £2olMt G7} Beh B4 (shape paramoter) & 301 B#o] 191 A%H(Erlang) BEQ 79l 5
A& e 2N AT vaBTh 5, €49 BE UE P4 (probability density function) o}2ieh
Z

9 2 —3z
g(z) = —-Zﬁ;——, z > 0.
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I 4.1, 2A BAIE AURA YR

0 u Y(u) epv(u) eg(u) ere(u)
0.10 0.7834 2.4176 5.4247 0.4016

0.25 0.7562 1.2682 4.1678 0.7544

0.25 0.75 0.6577 0.3006 2.3124 0.5657
1.25 0.5644 0.5208 1.8459 0.1522

2.50 0.3826 0.4220 1.3476 0.8907

0.10 0.4744 5.9476 30.5055 1.1025

0.25 0.4342 2.3911 24.2398 2.0787

1 0.75 0.3033 2.6536 12.3368 3.3128
1.25 0.2023 3.0258 6.4294 2.4283

2.50 0.0709 0.5603 3.7388 4.2506

0.10 0.1839 9.2877 131.1914 14.7231

0.25 0.1574 2.3836 92.6044 21.7333

4 0.75 0.0882 7.3517 17.8671 2.6470
1.25 0.0437 6.4893 19.5482 23.1939

2.50 0.0066 10.4241 64.2697 64.3879

F 418 7129 ZA FAEH AR AR ZA T4 9] A st FE Ui A extolth. ¢(u)7}
AA st BBl epv(u) De Vylders) 2AFFAS] Ak 240X, ep(u)e AFHA 2AE
BT} LANH, erp(u)E B RN ANE M2 2A PP AU 2Aelch
418 AR cpu)7h erp(u) HEt AR F Acke AE & 4 Qloh mepd B g AN
e AFHA 2APPEE AUARES 4T 248 B8 FAY $ YUtk De Vyders) 24+ %
W Yoy ()T £2AA AN 2AH Y Yre(u) NLH7] A8 AT 248 AuRD wt Fe
dols Yre(u)7h SHE B8 B 7T, wb 2 ol Yov ()7t B St FE S ¢ 4
A wekd 27 9ol uel 27)0) me} HAS 2L PY S AHBTE AA) sk Fgol v 23
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Abstract
In this paper, a continuous-time risk process in an insurance business is considered, where the premium
rate is constant and the claim process forms a compound Poisson process. We say that a ruin occurs if
the surplus of the risk process becomes negative. It is practically impossible to calculate analytically the
ruin probability because the theoretical formula of the ruin probability contains the recursive convolutions
and infinite sum. Hence, many authors have suggested approximation formulas of the ruin probability. We
introduce a new approximation formula of the ruin probability which extends the well-known De Vylder’s
and exponential approximation formulas. We compare our approximation formula with the existing ones
and show numerically that our approximation formula gives closer values to the true ruin probability in most

cases.
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