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[ The ruin probability and the ruin time
for the risk reserve process|
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A system of ODE’s describing a default risk
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(B#1)

U(t)
L
t t
0 L £ 3 8
* ruined,
(BE#2)
{ruin} = {ig{] U(l) < 0}
= Lintlu+ 100 - 50201 < 0}
= {rllgfl [u - 2(.\'5 - cl-‘-’}):| % U} ,
we define

Zn=X,—cW,, (n2>1),
'E;?i:z]+'.'+zf1\ [3121. .5'“:())_
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(B#3)

A ks
fr () ={ ™ D
0 (y <0)
Z=X-Y
V=Y
E A _a
fZ-V(Z, 'U) — #C-ﬁ(”'{'“ﬂ) . _c—?t
&

(B#t4)

Define the probability that the process doesn’t
ruin until the n-th claim ( initial level u,
premium rate ¢ ) :

Fplu,c)

=P(Z1<uZo<u—Sy,  Zn <= Sp1[U(0) =u, 1 < T <+ < Ty < )




(B#t5)

LEMMA 1 For any non-negative integer i, the following relation holds.

u i+1 -y J
) MRy c i—j+1
(3) [ 9(z)(u — z)'edz = HCPZ T (,\+cu) v

-G

LEMMA 2 For any natural numbers m and n (m < n), the following relation holds.

m

(4) Zh'n,i = Kng1,m-

(B#t6)

THEOREM 1 For R|Ex|Ex model, we oblain the probability r,(u,¢) as follows :

rolu,c) =1,
8 sl LA S (2 N i
= 1 = i
Tn Tp=1\U,C ;\-I-l“].l — nn=i | '\+f'ﬂ Z 1),
where
Rny=1, (n>1)
4 h‘ﬂ\n s I\‘n‘ll—ln (" 2 2}
(4) Kag=Kn_1p+Knt-1, (n23,2<1<n~-1)
Koy =0, (others).

_12_



(B#t7)

The mean inter-arrival time

1/A=1

’

the mean claim size 1/p = 1

rioo(10,¢)

1
1 +
T ettt Rt sttt s
06 T
04 T
0.2 T
l_ + 4 - + + e
0 0.5 1 1.137 1.5 2 12
Figure 1.
(BE#8)
Premium rate C=1.1
rioofu, L.1)
3
] -
0 [} 10 11.57 15 20
Figure 2.
13
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(B#9)

(B#10)

Define the probability that the process doesn’t
ruin until the n-th claim ( initial level u,
premium rate ¢ ) for Model-2 :

) (u, c)

=P(Zy <u,Zg<u=81,++ , Zy <u=Sug|U(0) =u, Ty < Ta <+ < Ty < )




(B#11)

LEMMA 5 For any non-negative integer i, the following relation holds.

R u,;' =B g, — ﬂ —i _ ,—uf i g i—j
(15) /n.f. d._ﬁ(ﬁ e ;}U_mu )

LEMMA 6 For any natural number k and n, the following relation holds.

(16) Z(kji):(k+:+l).

i=0

We have the following lemma with respect to 4 and A of (12).

LEMMA T For any natural number k, the following relation holds.

)
(17 A+ SN A=

(B¥12)

PROPOSITION 1 For R|Ez|Er model, the following relation holds.

(18) 1‘&”(1; c)=1- —e'“"j Z Al ij ﬁiz

f1=1 fg= U

_15_




(B#13)

LEMMA 8 For any nen-negative integer i, the following relation holds.
K]
(19) / e (u—2)'dz = o~ i 'E (ua) , a>0.
- =

LEMMA 9 For any non-negative integer i and j, the following relation holds.

. “ N i ilj! i+i+1
(20) ];{u z) zjd#_(i+j—|—1)!u 4T
19
(BE#t14)

PROPOSITION 2 For R|Ex|Er model, we obtain the probability ri.“[u,c] as follows:
i (u,e) =1,
@) e =rwo- (3 )"n-".»a*‘"-”"c'"-"
k—iy  kdigkdis  k+ia

AT Y Y b sy

i1=1 iz=0 iy=01i4=0 Tagr=0 1

a=kp+ —
B=kyu
A=a"1p
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(B#15)

Redution of muiti-sammation

k k ![ L+:;k+!a ;‘+'ﬂ lm']!“'“
B A AT Y Y Y 1
11 =1 12—0 !3—014_0 n+1_U 31+1
21

(B¥t16)

LEMMA 10 If k 1s given, for any natural number m and n (m < kn), the following
relation holds.

m

{24] Z h‘l":ll'::I = h‘it-}l_m'




(B¥17)

PROPOSITION 3 If we define the following, for any natural number k,

[ k%) = a4, (n>1)
k®) = iA“'j, (2< m<k)
(25) * Ky;,z,,_f- K,‘j‘k("_”, (n>2 1<j<k)
K& =K® +k® |, n>2 2<m<kn-1))
| I\,[.k,)n =10, (others),
then (23) is reduced to
(26) Aknzl T )
e

(B¥t18)

THEOREM 2 For R|Ex|Er model, we oblamn the non-ruin probability in finite time rﬂ”[u.(‘]
as follows:

ré"’[u.r) =];

n kn-=1 i
@) r®ue) = (ue) - (ﬁ) anake-Dewe § g )l sy
” .

; i! -
=0

_18_




(B¥19)

The mean inter-arrival time

YA=1,

the mean claim size 1/p = 1

r‘l:i,{ 10,¢)

0.6 T

04 1

0.2 +

|
i
i
|
i
0
'
i
'
'
'
i
i
'
i
i
'
|
'
i
|
|
i
|
|
i
T

(llm 0.5 1 1.068
froolu, 1.1) Figure 3.

(B#120)

(3
roolu, 1.1)

0.8

06 Tt

04 T

0.2 4

Figure 4.

26
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(B#21)

6.1 RUIN PROBABILITY We could find the ruin probabilities in finite time for
Model-1 and Model-2 in Theorem 1 and Theorem 2, respectively.
For Model-1, we find the ruin probability at n-th claim in Theorem 1 as follows:

’ 1 n -“"n—l e ne=i=1
(30)  pa(uc)= (Hq‘) Zh,.,. > (Hm) (nx1).

Also the ruin probability in finite time for Model-2 is

kn=1

(31) p®) () = (A)" =n gha-1)g—up § K'i‘k;)m_l{ﬂ?l' (n>1).

!
i=0

(EF122)
Ruin time distribution :
THEOREM 3
el ute(26;+w)—x;
(32)  Fulent) ffwf @) [ f(ea) -
ute((n—1)é1+(n—-2)w)- T}, 2o 0o
f flan) [ L S,
0 ute(nfi+(n—1w)-2 75 5
+den_y - deyh(Er)dEr h(w)duw
where

flx) s the p.d.f. for claims
and h(y) 1s the p.d.f. for the inter-arrival times.

28
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(B#13)

2590 7RG b ERBTOEES

[2] ETDHRA
- GBREIEEARA
) +FERER

(B#t4)

Roundabout

_22_



(B#t5)

Intersection
with signals

(B#t6)

® RIEA;
EIERE)
© A(n) DEVIDEIL 0 £72i% 1
P[A(n)=1]=A,
P[A(n)=0]=1-A;
A s AL i THEARRESHZIIC
2 BERHLMESR
® [ (nt+l)=L(n)+ An) - B{n)
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(B#7)

43 aLb—3vETFIL

® i/ES;
(747"—*‘/0)4;&%)
q’{n); AT — i BEITHOEDE

. q,(n) AT —T i hoFU ¥R
BHTAEOE, 0 F/-ix1

« ¢ <Ci; AT —ViDERE

o §5q(n)=1 DHETRT—V i Db
i+l ~TUU NI HRER

1-§; 3 AT —V i D HIBH T A0SR

(B#t8)

5. 3alb—2 3l

= = [EiE)
®3IRT—UETI
(#&n 3 |
27— 2
H— AT 3 |
mep
prac _SFeng _
(ma ] "oua,
Q—°°b
@&
<
-&Q

_24_




(B#9)

53al—% a.'.-l_/fﬁ'l"

O FAT—VEFIH:, “ K=3
o« INTA—Z. As Mgy Az, €1y 655 G5
© qi(n); AT —T i BEITHOEOHEK
g:(n)s AT = i 7T F FEelE
BHITHEOE, 0 /2131
q(n)<C;; AT —V i DK
o & :q;(n)=1DHETAT—V i b
TUVRTHRER
1-n; 3 A7 — i O T 5RER

(B#10)

5. a L—3 54

® {XE B; (AT —T D)
* B{n)=0;i-1 o7V RBHLGE
721X L(n-1)=0 DBE
=1; i-1 BTV RD3RL
23D L(n-1)=1 DFE&
=25 i-1 BTV VR
232 L(n-1)>1 DHE
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(BE#H11)

f\72‘-—~5’ A,=0.9, 1,=0.5, A,=0.5
N e o =

E L PR B

L

T i { L I
T THL (R R e

(B¥12)

o EBWERETFHRETN)EOLEHN
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