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§1. 3l B

Markov-modulated XU F5 #5682 51565 Ak T~ B HLEE 855 rb 1R XURS: Sl @S2 . E e
08 X {r(t), t > 0 —IREERE R, 52 w35 KRS ok 75 v (1) 2 08 2138 OO 2R 58 oy A,
Wi A2 :

(1) BAAMRESZTNT = {1,2,..., N} PulEAES: HFFRA L E IR I [CRE;

(2) HEIENQ = (4i5), ¢i = —iis W%ﬁ”ﬁ*%%ﬁj\?ﬁﬂﬁtﬁ’ﬁ)\% ICHE M FE AL BN
pij = (1 — 6i5)qi/ @), i,j €1, (1.1)

0, i#}j
(3) Mr(t) = iR EE R —Poissonid 7, LB AN € RY, i € I; RIBH/ i s 5
NG, EEERECh g, YIE g, i € 1.
FIERAREFE{U(t),t > 0}:

1, 1=3
EEP,(SU{ ;

N(t)
Ut)=u+ct— > Y, (1.2)

n=1

Sk, BB, w € RIBIAER; Yy Bn kK R, Y2, Y, AT
Gon i — 15 Hndk RN ), WIN (1) = sup {n € N| > oy < 1}
v=1

 R2007410 130 HKCEL.
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HI BRI G I RE T O B { N (¢), ¢ > 0}FK b Markov-modulated Poissonid ##,
h Coxid B2 1) —FRp IR A% 100

TEWIBEIREL A O, WG AR A BB B2 U, (u) = Py (T < 00), EAFHER
HDi(u) = 1 — Uy (u), B EMHp = o X mdiw) ' —1> 0.

il
H i By B R ) R R ) A SRR iR AT A (U (1), r(2)) beso M7 IRIE BLGE SR 1
VLIPS UR SR

o((u,i),t) = (u+ ct, i), (1.3)
F((u,i),t) = e~ Yitailt, (1.4)
: . Qi .
Q((xal)’(xhy)):m? Z#]’
(1.5)

Qe ),y 3) = 55 Gilo =), i =,
o,z € RTEWRGHTIRNERE, t € RY i€ 1.

X FMarkov-modulated XU A5 Reinhard(1984) . Asmussen(1995). Biuerle(1996)-
Snoussi (1998) 55 i % 7 FT XA Al ) 347 1d % 82, Ik A AD R T kT4
SRS AR PRI AR AR 23 A, W SCHR[6] R0 (7). AR SCRI IR (U (2), 7(¢)) oo MBS R S [1]
KT CHIEW R 734 B 18, B T ORI 2w AE 1 ™ IR T RE gk Beis He O E I, 4a it T
Markov-modulated MR IR RAE « A IMEL S 2 80— AN 20 Al

2.1 TSR

WA, EARS ARG S e X, AR 25 BE WL AR 53 XAE A — M 2 2 ()
(Q,F,P) b, HF = o{(U(s),7(s)),s < t}.

W= ZIAT = inf{t > 0;U(t) < 0} (HH1, inf 0 = oo); MRS FER G —IREIFE 5
(R Z, BRI L = sup{t > 0; U(t) < 0} (it sup 0 = 0); &R FE T KIE Ba ¥ i
ZINT, = inf{t > 0;U(t) = a} (H:, inf ) = o0).

SESCH IR = Z0 Ty = inf{t > 0;U(t) < 0} (FL, inf ) = o0), BITy = T, 41
FEE IR ENEZE S ZATY = inf{t > 0;U(t) = 0} (Fr, inf () = oo); — M, BRI
FE RN T, = inf{t > T ;U (t) < 0} (FHh, inf () = oo), # RIS R LIXBIAE S Z)
ATY =inf{t > TP ;;U(t) = 0} (F, inf @ = 00), k = 2,3,...; FRIEFEELZ SR
B H = sup{k; T < oo} (Fe1, sup0 = 0).
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Hﬂ?Pu(tlirélo U(t)=o00)=1, MHGP,(H < 00) = 1. 4H > O, T} < co HT},; = o0;
ML > Of, L=T%; Mu > 0, Py (T < TP|Tx < 00) =1, VEk > 1.

Xt >0, B X T0, - Q — Q, Us(Ow) = Usyy(w); X THBRAFIT, 2 LIk
0, : Q — Q, T (w) = t, Wor(w) = 0 (w), W U; 0 07 = Upyp.

E SCEFR{U (t), 7(8) }eso M B n X BEALEE IS 2 K7y, M 8 B AR R {U (¢) }so R B 1R
g4 REheNITE AN

2.2 TFiE

SIFE 2.1 Mb >y > OB, fi(—y, k;by51) = P_y7k(0<infT0U(t) > —b,r(TY) = j1),
t<Ty

ko g1 € DRAIIEEA 9 —y, MIAFREDIRA Wk, A AL 1 VG 312 M AT T HL
OB BN jU R AEAEIRGS 1 ORER, W f1 (—y, ks ; g1 ) AT RE

y/c b+cs—y
fi(=y, kb5 51) = )\ke_(’\’“+q’“)s/ files —y — 2, k; b; j1)dGr(z)ds
0 0
y/c
+ > qrje” NS £ (es — y, 53 s j1)ds + Gg e MBI/ (21)
iZJo
(1) Ese/NAE SR
JERA: BT
Ay ksbig) = Poyu( il U@) > —b,r(Tf) = jr)
0<t<TY?
_ P,y,k(ognf U() > —b,r(TP) = j1,0 < TP < ﬁ>
<t<TS
+Pyi( it U@ > <br(T)) =jin <T),  (22)
0<t<TY
N EP

P_y,k( inf U(t) > —b,r(T) = ji,0 < T < Tl)
0<t<Ty

= P_y’k(o < Tlo < Tl,T(TIO) :jl) = 5ksj1P—y,k: <7'1 > %)
— 5kj1€_(Ak+qk)y/C’ (23)

Poyue( inf U®) > =br(@) = ji,m <T7)
0<t<TyY

= By [I{ngy/c,U(n»—b}PU(n),r(n) ( [k U ) > b, r(17) = jl)}
> 1

y/c b+cs—y
= / /\ke(’\”qk)s/ files —y — z,k; b; j1)dGr(z)ds
0 0

y/c
+ > qrje” TS £y (es —y, 53 b; j1)ds, (2.4)
J#kJ0
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#(2.3) (2.4) LN (2.2) ARG 4518 O

513 2.2 Mo >u >0,y > 00, fo(u,i;a;y,k) = Pui(Ty < Tayr(Th) = k, U(Ty) >
—y), i,k € TRVIEE AT Ju, WIIEIREDIRA Ay, 268 W 77 (0 84 50 T a s B IRk
FEAR TN Ty O B R AR SRS A, W fa(u, i; a5y, k) 52 5 R

(a—u)/c utcs
folu,iya;y k) = / )\ie“im)s/ folu+cs — 2,405y, k)dGy(2)ds
0 0
(a—u)/c
+3 gije” N fo(u + es, jyasy, k)ds
J#iJ0

(a—u)/c
+ 5ik/ Aie_(’\iJrqi)S(Gi(u +es+y—)—Gi(u+ces))ds  (2.5)
0

(1) e /N AE AR
UERR: XA

fo(u,isayy, k) = Pyi(Ty < To,r(Th) =k, U(Th) > —y)
= Pu,i(O < <n< Ta,r(Tl) = k‘, U(Tl) > —y)

+ Pu,i(Tl < < Ta,T‘(Tl) =k, U(Tl) > —y), (26)
10}
Pui(0 < Ty <71 < Ty,r(T1) =k, U(T1) > —y)
= Pu,i Tl = T{vT{ < %,T(T{) = kaU(T{) > _y)
(a—u)/c
= o [ N OO Gt s )~ Galu ), 2.7)
0
u,z(T <T < Ta,T(Tl) =k, U(Tl) > y)
= Pui(n<? - Y U(m) > 0,1 < T1 < Tayr(Th) = k, U(T1) > —y)
= Euwill{n<(a—w/eum)=01Pum) ) (Th < Ta,r(Th) = k,U(T1) > —y)]
(a—u)/c u4-cs
= Nie~Qita)s / fou+cs — z,i;a;y, k)dG;(z)ds
0 0
(a—u)/c
+> qije” N fo(u+ cs, jyazy, k)ds, (2.8)
J#i/0
¥(2.7) (2.8) AN (2.6) LBIFF 4518 O

EH 2.1 Ha>u>0,b0>y > 00, 3 f3(u,i;a,b; 1) WIERE R Au, PIGABLIR
&N, AETY ZHA R BRI T a5 BRI T b H A UK B0 % R AEAERE 1 IR
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MMiPui( sup U(t) <a, inf U(t) > —=b,r(T7) = ji, T7 < oo), WA
0<t<TY 0<t<Ty

b
f3(u,i5a,0;51) = > [ fi(=y, ki by j1) fa(u, is a; dy, k). (2.9)
kel JO

IERA:  HRRERIPUETE AT, HTY < cofif, sup U(t) = sup U(t), inf U(t) =
0<t<T? 0<t<T} 0<t<TY

inf  U@)JIEA(TI < 00) 2 (T0 < oo), X BAZE R PIAE A& i3 B 2 40, 1) 45 4

T <t<T}
HABAAAB={w:we AHw ¢ B; 8i#w € BHw ¢ A}, WHFA A BRIES A, B

Bz, S Fa > u, fiPyi(Ty < 00) = 1; Ty < cofif, Ty < TP. 1M

fa(u,i;a,b;51) = Puﬂ( sup U(t) <a, inf U(t) > —b,r(T}) = j1, T < oo)
0<t<T? 0<t<Ty
= Puﬂ( sup U(t) <a, inf Ut)> —b,r(TY) =j1,Ti < oo)
0<t<Ty T <t<TY
= Pu (T1 < T, inf U(t)>—br(T0) = j1>
Ty <t<T?

= Z Pu,i <T1 < Ta7T<TI> = k7 inf U(t) > _bar(Tlo) = jl)v (210)
kel T <t<TY

MR (U (t),7(t)) beso HI2R 5 M, AT

Pui (Tl < Ty r(T)) =k, inf U(t)> —b,r(T) = jl)

Ty <t<TP

_ ‘ , _ . _ 0y _ 5

— Eu,z [Pu,z(Tl < TaaT(Tl) - k79T1<0§1tn<fTP U(t) > b7T(TI) ]1>‘fT1>}

- . . _ 0 -

= Eu,z |:I{T1<Ta,r(T1):k}P(U(T1),k) (0§1tn<fT10 U(t) > —b, 7/‘(T’l ) = ]1)]

b 0
= [P nt U > —brr) = )
. Pu,i(Tl < Tavr(Tl) - k, U(TI) € (_y7 -y + dy))? (211)

¥(2.11) AN (2.10)38, T 15132, 1815 | FH2.20] S0 45 1B F5HIE. O

EE 2.2 Ma>u>0,b>y> 00, Hf(ui;a,b n)EYUE R N, PIUHIREDR
AR, TEREF ST RIS R RAE . MBS BB S 73 APy ( sup U(t) < a,
0<t<L

inf U(t) > —bH =n), WH
0<t<L

n—1
fluyisa,b,n) = > fa(u,isa,0;51) T f3(0, jm:a, b; jms1) @5, (0). (2.12)

G1.gn€l m=1
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WERR: fEL > 0Lk, AL =T}, Tf < oo, Ty =00, WH =n<=T) < oo, T, =
co. KR

flu,i;a,b,n) = Pu,( sup U(t) < a, infLU(t)>—b,H:n>

)

0<t<L 0<t<
= P ( sup U(t) <a, inf U(t)>—bT° < oo, TO :oo)
Ui O§t<10T79 (t) 0<t<T0 (t) n n+1

= > Pu,i( sup U(t) <a, inf U(t) > —b,T° < oo,
Jn€l 0<t<T? 0<t<T?

P(TE) = ju, Ty = ), (2.13)
MTO < oolfif, U(TO) = 0, B FE{(U(t), r(t)) }eso R 5 G, A FH1I2%K

Pu7i< sup U(t) <a, inf U(t) > —b,T° < oo, (1Y) = jn, T 41 = oo)
0<t<T? 0<t<TY

= Pui( sup U(t) <a, inf U(t) > —b, T < 00,r(T) = jp, Tni1 = oo)

" \o<t<T0 0<t<TY
= Ew[Pu,i( sup U(t) <a, inf U(t) > b, T < 00,7(TY) = jp, Opo Ty = oo‘fT())]
0<t<T? 0<t<TyQ " "
- Eu,i {I{ sup U(t)<a, inf U(t)>—b,Tn0<oo,T(T79):jn}Po’j” (Tl - OO):|
0<t<T? 0§t<T79
= Pu,i( sup U(t) <a, inf U(t) > —b,T° < oo, r(T0) = jn> ®;.(0), (2.14)
0<t<T9 0<t<TY
>N EP;
Pu,i< sup U(t) <a, inf U(t) > —b,T° < oo, r(T°) = jn>
0<t<T9 0<t<Ty
= > Pu,i{< sup U(t) <a, inf U(t) > —b,TY < oo, r(TY) = j1> Nn---
J1-edn—1€L 0<t<T? 0<t<Ty
N ( sup  U(t)<a, inf  U@t)>—bT°_, < oco,r(T°_,) = jn_1>
TO_,<t<TO_, 9 _,<t<T)
N ( sup  U(t) <a, inf U@t)>—bTO < oo,r(TO) = ]n)} (2.15)
TO_, <t<T9 T 4 <t<T
XH
PM{< sup U(t) <a, inf U(t) > —b, T < co,r(TV) :jl) Nn---
0<t<T? 0<t<TY
N ( sup U(t) < a, inf U(t) > =b,T° | < oo,7(T°_ ) = jn_l)
TP _,<t<T?_, Tp_o<t<Ty_,

N ( sup U(t)<a, inf Ut)>—bT° < oo,r(T0) = ]n)}

0
TO | <t<T0 TR_ <t<TQ
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= Eu»i |:I{ sup U(t)<a, inf U(t)>—b,T10<oo,'r(T10):j1}
o<t<TY 0<t<Ty}
'PO,jl{( sup U(t) <a, inf U(t) > —b, T < oo, r(TY) = jg) Nn---
0<t<T? 0<t<TY
N ( sup Ut)<a, inf Ut)>-bT> ; <oo,r(T ;)= jn) H
TO ,<t<T9_, 9 | <t<T?
= Puﬂ( sup U(t) <a, inf U(t) > —b, T} < oo,r(T}) = j1>
0<t<T? 0<t<TY
'PO,jl{( sup U(t) <a, inf U(t) > —b, T < co,r(TV) = j2> n---
0<t<T? 0<t<Ty
N ( sup U(t) < a, inf U(t) > —=b,TY | < oo,r(TY_}) = jn) } (2.16)
TO_,<t<TP_,; Ty _o<t<Ty_,
Hi7E 2. 150,
Pu7i< sup U(t) <a, inf U(t) > —b,TY < oo, (1Y) :j1> = f3(u,i;a,b;51), (2.17)
0<t<T? 0<t<TY
y
Po’j1{< sup U(t) <a, inf U(t) > —b, T} < oo, (1Y) :jg) Nn---
0<t<T? 0<t<TY
N ( sup U(t) < a, inf U(t) > —b,T° | < oo,r(T°_ ) = ]n)}
TO ,<t<TO_, T _,<t<Tp_,
= f3(0,J1; a, b3 j2) f3(0, jas @, bs j3) - . . f3(0, jn—1; @, b3 jn)
n—1
= II f5(0, jm; @, b; jm+1). (2.18)
m=1
27 1(2.13)-(2.18) 2K, ZEiRfFiF. O

Fioldh, #a >u >0,0>0, 4N = 1IN, VIR hu, BARTRAEREE STk
{E ARAMEL R RIBURI IR B 201 D 28 JXU B AR B v g 25 23, B

flu,a,b,n) = ®(0)f3(u, a, b)(f3(0, a, b))"_l, n>1. (2.19)
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The Joint Distribution of the Supremum, the Infimum and

the Number of Zero in the Markov-Modulated Risk Model

DoNG JIGUO
(Mathematics and Information Science College, Hebei Normal University, Shijiazhuang, 050016)

Liv GUOXIN
(School of Sciences, Hebei University of Technology, Tianjin, 300150)

In this paper, when the surplus has negative value, we allow the surplus process to continue. We
consider, in the Markov-modulated risk model, the joint distribution of the supremum, the infimum and
the number of zero of the surplus process before it leaves zero ultimately.

Keywords: Markov-modulated risk model, PDMP, supplementary variable.
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