2017 4 5 H ERE A FFRCE RAF RO May 2017
# 34k #3H Journal of Chongqing Normal University (Natural Science) Vol. 34 No. 3

DOI:10.11721/¢cqnuj20170311

W8 Markov $#F| R 1K KB R BUAR - R R A 57

B4R, RAER, KER, i1
GE TR BeERb 2 be . R 611731

FEE.LE Y9 58 B A 50k I I A 3t 12 09 3 d it 8 A R R AR A, 07 3 D4t a1 9% 72 1 A0 o B0 & O A8 3 R Iy
FRFAB T EMEFAERG T IR MERAHRTAR AP A ENLRTRAEERRAT ARMNE S & A F 04
I REFREMEBAEN AT GN AR AEN FRFLX LN ERETEMAEATLRE, [(ERYFE T o
RAGEE G RN LR, (B RYARERNFREREF P NREEARET — 2 B SR,

SR Markov # ;5 W B 1B )3 454 B BRt B KPR AR ALk PR R oy &

RESES . 0211.9 XHkARERD A XEHS.1672-6693(2017)03-0069-04

T 25 B RS A5 v, — AT AR 1 45 A B AL AR it 22 (RS2 AH B ST Y R A B 2 5 S BRI AR, B &
TF 2 TCA I K e R G 2 w6k FL AR B 1) PR AR e SR I sE i, PR R T Markov 1, BRI 2 H T 55 [QBE R R 7R
DRV A0 rp g T, pl T 2 b KU A R R 0 g X IR T B KU AR I 2 R A XU 5 XU o 1 5 A B ot
T o 2R I e R B — S A R AR o R TR XU A AR 1) G T B A RO B R . Yang BNV SHE T W RIE T A A
IR 175 100 o G v £ B o R 0 2 O 3 R AR AN B T — B F Il U 8544 CAR (1)) 5 Xu 88 N BE5E T R 2R 2l Markov 4,
A5 ELAT AR (1) 25 K4 (1 B 100 RF ] JXURS: 4SS 780 5 32 VT A5 NIRRT R 536 T S 3% 0 g ) S DAL A 780 ) e ¢
T = AR 3, P BRI e S — AN AR I i o 1 TR0 0 5 5 32 VO IR BRI 5 1 R TR R AR LR B DAL A A
ARG NIRRT FIF N FFIR Markov 8 . O 2% i B8 2 5 0 B AR LA — B A IR 25 84 CAR (1)) 1 B R[] X
W A7 L 52 By T A5 B = R 0 55 He 5 N0 25 08T 4 B BIL A 28 1 2 180 [ AU A5 280, v ) 3 0y T [
B L P T i AR R B Ao R A S A 57 R) 43 A1 4 Bt AL A i B 5 S8 XU S N T IR A T — 2K A i) XU A AR (1
ME S, L b O gl 2ok AR RUR 2R 0 B O B9 U (8] Markov B , 2 W2k & Sy il 57 W] 43 A i JE TR BEALAS BEP 5. B IE A
NBIESE T BERLA T = B TR0 R A ) 7 AR

AR SORE 5 TR R 3 Markov B, O 2 50 B2 R ZR I b B 0O S B B T U S5 AG , m B A TR] A 25 0 AE B[R] 51 43
M be— B [ 005 25 0 30 5 3 . AR S PR AR TR R RN A A B B O L IR FTRE S LUAE o AN BY
BEAH 5, T 22400 h (12 5 SF AR R A9 5023 I B PTI98 4 23 P o S rp B o 4 9% 4 03 40 e BN 2% 0% 7 100 A ik
LR 0 3z BT 345 i R R i AL

1 RB A

ZEHEAU, O =u[[Q+zo+ 2 x [Ta+zo =20y, [l Q+2z0. fEmkishs,
i=1 i=1 k=i

i=1 k=i+1

D u AR A B RIS 6w = 0;U, RoRREEA A E] o B 210 B4

2) Z; Fm G — 1,0 ] RBNR AR R AR BEILVE R P (Z, o0 =1,2, -} Z— DR REE, RS
B2 E = {2 s =0,1.2, ) IEBMEHRA P, =P{Z,1 =2, | Z, ==} . K .a.0 HFEREZ BUTREY . IR (1E
Zy=z20s2 =min{z,,s =0,1,2,+},x =max{z,,s =0,1,2,-+},

3) X, FR G — 1] BB RS JRMES B 10T AR () B8 B X, —a, X, FauX, , +eta,X, , 4,

M,

*»  WFHEHA:2016-04-20 f& 5 B #1.2017-03-06 ) £& H R B iE] - 2017-05-02 1724
HBEBA : FHE A KRB FE4E (No.71501025) ; PEE L 5 B2 3L 458 57 #Lm L% B H (No.2015M572467) 5 PU I 48 i F 2 il F 52 350 H
(No.2016]Y0257)
E—EEB N B L, BT 7 18 g A K FL ] E-mail: 1192435961 @ qq. com; @15 16 F . & /L #, B ##% . E-mail: jiangeeryl @
163.com

P 2% tH AR 3k - hetp: //kns.enki.net/kems/detail/50.1165.N.20170502.1724.028. html



70 FERFEAZFZMCBEABFHK)  http://www.cqnuj.cn % 34 %

n=1,2, ,Hr 0<a,<1.X, =z, .= >O,i=l,"°,p,1?0,1‘71,"',1?17I)%7%%Uﬁﬁp FERBIE, (6, ., n=1,

< SR ST TR A AR S BEALAS B A

)Y, FonG—1.0] BB RIEA, IR BB A T AR (OB B Y, = 6,Y, +b6,Y, , ++0,Y,  +e,,
n=1,2,--, Hrp o<, <1, Y, =y, 1>0’7.:1""’P’yo’y 10" Y ,}j‘:’%knﬁmuw b AEREE . e, on=1,
2,5+ ) b S ) A 9 AR R BEAIL S B8

5) PR O AE IS 8] DX () W) 52 4 BB AR I 8] DX TR R AT . {Z, on =12} AX sn=1.2,} AY n=1,2,}
MHEMSL . % T=inf{n.U,<<0,n=>0} Gnf{(J} =o0) LR =0T %I, 7 7= R A

QU X Y ey ety e%) =

PIT <ol Uy=u.X, =2, X, =2, Y, =y Y =y Zy=z,) =

{ ! (U,,<O) ‘Uo—usx _lo""ka:lﬁ ’YO:yO’.“’Ylfp:ylfp’ZO:zO}o

2 WA SR
Ee) E)

C1E: RIS : < FRCSE B A AEE — [ TE 8L R 75
A=) (1=200, At ) 1= > (142"

E [exp —

ya ya
1—Dla, A+ 1— 206, A+
i=1 i=1

0, e, (1+2)!
R

e, 1+ s,
IERR HIERE £(0)= E|expll D I v - — 1. RFm 5 £70) =0,
1—2/), (142> I—Ea, (142)"
FRLL FCO) M eRg. XHK £(0) =0, f <o><o R ﬁcrﬁmﬂ& 1 kB
b
BE 1 MR a0 =0.0< <7< ., bi,z(li S L =1 2uep LD SRS A
efRWo

SD(M’Ioa‘Tilv"'yxlipvyo 73’,1""73}1,‘0920) - {T<<D} E( “RWT ‘ T<oo)

» i
Wo=u+ >, [[]O+Z)x, . Ed H(1+Z,,,)yb,

/\EF'
i=1 m=1 m=1
W, —U, H<1+Z> +Zc, Ma+rzo'x, . Ed T a+zoy, .
m=1 m=1
Za H<1+Z,,,>1 Ebﬂ(1+zm>l
c; — nel 96[,' nol 9iaj:1329"'9po
1—2aﬂ<1+z,,,>1 1—25H<1+Z,,,>1
m=1 m=1
» n—j+1
iERR MEW, =U, H<1+Z> +2 H(HZW) X Edj]'[ A+2Z,)7Y, AW, .
m=1 m=1
WO:u+2c,-H<1+Z,”>x_ Zd H(l—l—Z,n)yl]—
i=1 m=1 m=1
b J
, Za, a+z, " , Eb H a+z,"'
+ 22— Ha+zoe ., —>] - [Ta+zoy, =
o 1—2}; H<1+Z,,,>1'” ‘ ”11—25H<1+Z,,,>”' ‘
m=1 m=1
, Za 14z , Zbl (142) @70
Z = IH*ZH] ) Vi

! 1—Za A+z)7 1= D00 A

i=1

Xt W, iz Fi i 4 3% MU 32 . 7T %'nilDT UR



%34 B W% A Markow B Fl % By 4 4% R 4E A B P % B R 71
w,=U,, H(1+Z> +X H<1+Z,,> —Y, H(1+Z> +Zc H A+zZ)'X, . —
Zd,”ﬁl A+2Z)7'Y, ., = U~ ﬁ<1+z> +<1+cl>ﬁ A+Z,)7'X, +2 H A+Z07X, o —

eyl o pr
(1+d, >H A+zo7Y —Zd 1 /H<1+Z,,,> Yy, =
U, ﬁ(1+2) +Za 1+, )ﬁ A+Z)'X, +Z ,H”ﬂl<1+z,,,> X,
Zb (1+d, >1I A+2z,'Y, , — Zd]+lﬁ(1+2,,,) Y +<1+mﬁl A+2Z,)76, —
(1+d1)H A4z, =U,, | ]<1+Z,.>’ +2c,-”ﬂ] A+2zZ)'X  — Zdjﬁ A+2Z)7Y,  +
<1+¢1>ﬁ aA+z,H'e,—A+d, )H A+Z) e, =W, +<1+cl>ﬁ a+z,7's, —

n—1

n 671H(1+Z”,) ! E“H(1+2m) 1
A+dp [l A+ 207, =W, + el i

- =
" I—Za ]_[<1+Z,,,)1 1—2z)]_[<1+z,,,) !
m=1 m=1
871 €, (1 +‘ )71 e
W, + ; : 11 a+z.,
1— >, A+ 1—217 A+ )"
i=1
/?"\ V. = KW ,*’@% O"igjiFn =0(Z1+Zss+*+Z, 40, aaz 500050, 5€13€2 5% 5E, ) 6
%iﬁfﬁ V. IEILZ;Q:J: F,=0(ZsZ,,01,:0, 615 €,) E‘Jt@%e
—RW, —R| W1+ D = — "]:[1(1” 1
EW, | F,1)=E(Ce ‘ F, ) <E|e e (e —i Z’ (per—i Jm=1 F,..|=
£ e, (o)1 n—1 .
ViaE|e R|:(1jia,<1?> i 1—%/7;<1+;> ,J”'ﬂl(l[”” :| For s 2

n—1

0, . (1 -1
mF[] A+z0 € F, L H €& (4=

a b p Sanl ZEE’F)?[/J
m 1— D, A+ 1— >0, (142"
i=1 =

R oy e, (ta)—1 ”]_f P n—1
- 7 m ) . —1
Ele 1—§:u,<|.?)—i 1—%/;,-(1\:)—: m=1 Fn*l)_g( | | (1+Zm) ’

1 i=1 -

" 5, e, (1)1

7 — X
— P P

g(x) E|e 1= D0 a; (T =i 1= > b; () —i

i=1 i=1

m=1

)
Eis

F,

n—1

3, e, ()1 ’
EJ?HO<H A+ Z,) " <1 AR Jensen AERXM(G) 15 g (o) <E eR[I & ’ )]

a; )i 1= > b; (de)—i
m=1 i=1 i=1

T LA 2

g(H(lJrZ,”) 1)<1, (3)

m=1

$(3) KA 2) KArfg.

5 e, (1+o)—1 n-1
V. _E|e® < /i 1] 4zt
1 .
" =D a; AHE)—i 1= >0 b; (de—i )1

l i=1

8

5y e, (1)1
F . |<Vv E|e* 5 B .
=l [ == ¥V a-l 1= D a; A+ 1= Db (or—i
=1 =1

i [v\\.



72 Journal of Chongging Normal University (Natural Science) http://www.cqnuj.cn Vol. 34 No. 3

n—1

ITa+zHr'=v, .,

m

1
WMV, ERXTF, /8, WRABTNZ T ZEN.E5E8 T ANn &4 FAEN, b A 55 E 15
E(e RVThn y<{E (e RV )= RWo kBT {F
e MM ZE(e My =E(e " po, ) +E(e VM o ) ZE (e R po, ) =E(e " [T<sn)P(T<n),

—RWo

L n—>o U PR e "V =E (e ™" [ T<<o) P(T<<o0) ,JE—# A1 P (T <<o0)<< . . s
E(e M [ T<<e0)

e

[1] YANG H,ZHANG L H.Martingale method for ruin prob- CHENG ] H,WANG D H.Upper bounds for ruin probabil-
ability in an autoregressive model with constant interest ities in dependent risk model with Markov chain interest
rate[ ] |. Probability in the Engineering and Informational rate[ J |.Journal of Jilin University (Science Edition),2012,
Sciences,2003,17:183-198. 50(2):173-178.

[2] XU L,WANG R M.Upper bounds for ruin probabilities in an au- [6] HE X X, YAO C.HU Y J.Ruin probabilities for the dis-
toregressive risk model with a markov chain interest rate[]J]. crete risk models with Markov chain interest[ ] ]. Chinese
Journal of Industrial and Management Optimization, 2006, Journal of Applied Probability and Statistics,2012,28(3):
2(2):165-175. 270-276.

(3] 2L, o, BB P AT 1 1ol 0 2R 5 A5 A 1 1 7™ A (7] 3BT, £ 58 L. % & Markov {4 2% i | 3R 1 5 HC A ) XU
R FLI]BCF RSB S R 2011,41(20) £ 17-22. R T 7 ME A [ ] B 1 5 Bk 5 AR, 2012, 42 (12)
PENG ] Y,HUANG J,WU D A.Bounds for ruin probabili- 136-140.
ty in an auto regressive claim model with constant interest GUO F L,WANG D C.Ruin probability of a discrete-time risk
rate[ ] ].Mathematics in Practice and Theory.2011,41(20): model with Markov premiums and rates of interest[ J]. Mathe-
17-22. matics in Practice and Theory,2012,42(12) :136-140.

(4] SZ2TTHE AR AR O B XU A58 280 () BB A 5T [ D] B - W Bk 452 (8] BV S VLA, i A 22 70 ) AR 4 X B 455 28 1 7 A % 114
RA,2011. TR Ir BRI [T ]R8 MR 2% 22 4R (B2 /D L 2016, 48 (1)
PENG ] Y. The Theoretical study on dependent insurance 45-50.
risk models[ D]. Chengdu: University of Electronic Science LYU H J.PENG ] Y, WU D A. Integral equations and
and Technology of China,2011. bounds for ruin probability in a dependent risk model with

[5] B4, F 1. Markov &5 F| 3T AFAK XU B 452 54 il 7= Al R stochastic interest [ J . Journal of Zhengzhou University
1 B ST MROR 222 4R (B2 RO . 2012,50(2) £ 173-178. (Natural Science Edition) ,2016,48(1) :45-50.

Bounds for Ruin Probability in a Dependent Risk Model with a Markov Chain Interest Rate

LU Haijuan, ZHANG Jipei, ZHANG Jinyuan, PENG Jiangyan

(School of Mathematical Sciences, University of Electronic Science and Technology, Chengdu 611731, China)
Abstract: [Purposes]It investigates a discrete time dependent risk model where the interest rate process is homogeneous Markov
chain. [ Methods]The premiums are received at the beginning of each period and the claims are obtained at the end of each period in
the model, the model was studied by using martingale method and renewal the iterative method. The Markov chain interest reflects
the independence of the further rates and historic rates. The premiums process and the claims process have higher-order
autoregressive structure. It can make the model more universal to consider their dependence. [ Findings ] The upper bound of infinite
time ruin probabilities derived by using martingale method and renewal the iterative method. [ Conclusions ] The results provide
certain theoretical base for the insurance problem in real life.

Keywords: Markov chain; higher-order autoregressive structure; discrete time risk model; ruin probability; martingale method
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