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Tom tat

Bai viét nay trinh bay vé phuong phap udc lwong ham phu thudc vao mot hodc nhiéu phan phdi mii ma tran. Phuong
phap dugc chung toi dé nghi str dung 1a Markov chain Monte Carlo nham xay dung qua trinh Markov dudi bién mii ma
tran két hop voi mau Gibbs dé thu duoc mot diy do do xac sudt mii ma tran dimg tir phan phdi hau nghiém cua quan
trac da cho. Bén canh do, ching t6i ciing dwa vao bién doi Laplace-Stieltjes va bién doi Laplace-Stieltjes nguoc cua
phan ph6i mii ma tran dé dé ra cong thirc tinh xac sudt pha san cua cong ty bao hiém trong mé hinh rui ro hai chiéu.

Tir khéa: Markov chain Monte Carlo; phan ph6i mii ma tran; xac sudt pha san.

Abstract

In the article, we present a method of functional estimation to depend on one or a lot of matrix exponential distribution.
The Markov chain Monte Carlo is used to create Markov process with variable of matrix exponential distribution to
combine with Gibbs sampling to obtain a series of the matrix exponential ergodic for probability measure from
posterior distribution of given observational data. Besides, the Laplace-Stieltjes and inverse Laplace-Stieltjes transform
of the matrix exponential distribution are used to obtain a formula to calculate ruin probabilities based on two
dimensional ruin model of insurance company.

Keywords: Markov chain Monte Carlo; matrix exponential distribution; ruin probabilities.

1. Mé diu hang yéu cau boi thuong twong ung véi qua
Trong bai bio ndy, chung toi phat trién trinh Poison.

phuong phép udc lugng ham ctia phan phéi mii Y tuong chinh 13 tao ra mot diy do do mil

ma tran tir phan phdi bdi thuong bao hiém chwa  ma trin ngiu nhién dimg tir phan phdi cua

biét. Phan phdi nay dugc ap dung dé tinh xac  thong tin quan sat va sir dung tinh dimg ctia day

suat pha san ctia cong ty bao hiém véi sb khach ~ dé wdc luong cac bién bang trung binh mé
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phéng cua ham dd do trong day. Trong tdm cua
bai bao nay 1a dé ra cong thirc tinh x4ac sudt pha
san ciia md hinh rii ro hai chiéu dya vao cong
thirc bién d6i Laplace-Stietjes va mé phong qua
trinh Markov theo bién mii ma tran. Cu thé hon,
d6i v6i quan tric X =x tir phan phdi mii ma
tran, chung ta thiét 1ap mot phuong phap mo
phong tir phan phdi c6 diéu kién theo qua trinh
Markov vdéi thoi gian dat &én X =x dd cho. M6
phong nay duogc thuc hi¢én nhu thuat todn
Metropolis-Hastings (MH). Bén canh d6, mau
Gibb (Gibbs sampler) duogc st dung dé suy luan
va trong mdi budc lap, chiing t6i sir dung thuat
toan MH dé khoi phuc lai qué trinh Markov.

Bai bao dugc trinh bay nhu sau: Phan 1 1a
phén mé dau cua bai bdo; mot sb tinh chit cua
phan phdi mil ma tran, phan tich Bayes va
phuong phap Markov chain Monte Carlo dugc
dua ra trong Phan 2. Phan 3 dugc danh dé xay
dung thuat toan va mé ta muc dich ctiia hdn hop
tién nghiém (hyper-prior) d6i véi truong hop it
thong tin tién nghiém (prior), cdi thién hon hgp
xich Markov cua qua trinh Markov. M6 hinh
rti ro hai chiéu va cong thirc tinh xac suat pha
san clia cong ty bao hiém duoc trinh bay trong
Phén 4. Cubi ciing, két luan va mot vai suy nghi
tiép theo dugc thao ludn trong Phan 5.

2. Mt vai kién thire lién quan

2.1.Phan phéi mi ma trgn
exponential distributions)

(matrix-

Trong phan niy, chung t6i gidi thidu 16p
phan phdi mi ma tran (ME), doc gia c6 thé
tham khao Lipsky [1, chuong 3] va Asmussen
[5] dé thdy nhiéu tinh chat quan trong ctia phan
phdi nay.

a1+a2x+---+apkp_1

()= —
by +boh+---+bpAP~ 4P

+aq,

Bién ngdu nhién Z dugc goi 13 phan phdi
ME néu ham mat d6 va ham phan phdi caa n6
duoc dinh nghia véi z > 0 ¢6 dang:

_JOp, z=0
F(Z)_{Haexp(Az)Ala, z>0

f(z)=0exp(Az)a;
(2.1)
trong do,
e p>1va0<ogp=l,
e o lavector hang 1 x p,
e Alamatranp x p,
e alamatrancitp x 1.

RO rang F(z) trong phuong trinh (2.1) 1a ham
phan phdi véi cac tham sb a, A va ag Vi nd lién
tuc phai vdi z = 0. Do 1a,

lim (1+aexp(Az)A'a)=q,
7207t
tham sb agdugc biét nhu diém mass tai 0.
Ching ta khong xét truong hop og= 1 Vi
khiag=1thi s& dan dén ham phan phdi tam
thuong (trivial distribution function). Khi do,
chung ta c¢6 thé néi phan phdi ME c6 biéu dién
(o, A, @) v6i cap p. Bién d6i Laplace-Stieltjes
(LST) cua (2.1) dugc cho boi:
()= [ e MdF(2)=a(M-A) Ta+ag, LeC
0
sao cho R(A)>-5vbi seZ™. (2.2)

Pao ham (22) k lan theo ava dit

A =0, moment tht k duoc viét dudi dang:
m =(-1)KTktaa=K+Dj,,

Asmussen va Bladt [1] ching minh rang tat
ca cac phan phdi trong 16p phan phdi ME co
cung bién d6i Laplace-Stieltjes hitu ty c6 dang:

al,az,...,ap,b]_,bz,...,bp eR.

Chung ta xem a1+a2x+---+apxp_1 va by +bok+--+ bpkp_1+kp 1an luot 13 tir s6 va mau sb cia LST.
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Vidu:

a. Ham mat d6 cua phan phdi hyper-exponential (GH) la

n

n
f@)= ajrie ™2, v0i 2> 0, ag,0p,...,0n€R, Y oj=1 VA Ay >k >--->hy>0.

i= i=1

Theo Botta, Harris va Marchal [3], phan phéi GH c6 biéu dién ME(a, A, a) nhu sau:

_)\‘1

0

a=(0q,09,...,0p); A=

b. Mdi phan phdi phase-type (PH) ¢ biéu
dién ME(a, A, -Ae), trong d6 a la vector xac
suit trang thai ban dau va A 1a cudng do
chuyén trang thai ctia xich Markov thoi gian
lién tuc véi hitu han trang thai.

2.2. Phan tich Bayes

Trong phan ndy, ching toi trinh bay mot
cach ngan gon cac khai niém co ban trong udc
lugng Bayes. Dé hiéu chi tiét phan nay, doc gia
c6 thé tham khao tai liéu [4].

Ching ta xeét quan trac
X1 =%1, X2 =Xg,--+, X =X, cua bién ngau nhién
doc 1ap cung phan phdi X; tir ham phéan phdi
v&1 ham mat do f(.1 0), trong do 6 e ®1a tham )
chua biét (co thé co sb chiéu 16n hodc tham chi
la v6 han). Chung ta dat (x1,Xp,...,X,) Sao cho

f(x10) =f(x11 0)f (X1 0)---F(xp190).

dP(.I x)
dG

N dc”
g (0)= G ©)=

Vi vay, ham mat d6 hau nghiém s€ tuong
ung véi ham mat dg tién nghiém ti 1€ véi ham
Likelihood L.

Khi d6, phan phdi hau nghiém G’ biéu dién
suy ludn day du vé& 0, két hop voi thong tin tién
nghiém G va thong tin dir li¢u L.

Trong vi du cu thé, ngudi ta quan tim dén
mot hodc nhiéu ham dic biéth=h(0) cua tham
sd. Trong trudng hop cua ching ta, hla phan
phdi ME dugc biéu dién thong qua ham phan
phéi (cdf) ching han.

(6) o L(OI

0 0 M
“g 0 Ay
: ! a=

Truong hop dugce xét trong bai bao nay, 6 €O
biéu dién (e, A,a) cia phan phdi ME.

Cu thé, phuong phap dé ra dugc dung dé
udc lugng tham s6 0 chwa biét. Trude tién, phan
tich Bayes chi ra mot phan phdi tién nghiém G
trén khong gian @, y tuong biéu dién thong tin
ban dau (khong chac chin) vé 6. Tuy nhién,
chung ta s€ quay lai bai toan xac dinh phan
phdi tién nghiém sau. Bay gio, mat do
f(10)dugc hiéu nhu phan phdi co diéu
kién 0 cho trudc, sao cho fva G lién két véi
nhau trong dinh nghia phan phéi lién hop (joint
distribution) P trén khong gian Xx®, trong do
X la khong gian trang thai
clia X = (X3, Xz,....Xp) . Khi d6, két luan dugc
dua ra théng qua phan phdi hau nghiém
(posterior distrubution), G dat duoc tir P véi
diéu kién cua dit liéu x sao cho

X)=1(x|0)=F(x110)---F(xn16).

Suy luan véhsé dugc biéu dién bang phan
phdi hau nghiém cia h hoic cac tham sé cu thé
ctia phan phéi nay, vi du nhu trung binh cua né
la

h" =E[h(0I x)] = | ®h(6)G*(d6) , (3.1)

hay phén vi ctia phan phéi hau nghiém h néuh Ia
phan phdi mét chiéu. Trung binh hiu nghiém
h*trong (3.1) thudng duoc xem 1a udc lugng
Bayes cuahmic di d6i khi diéu nay khong
chinh x4c. B&i vi, ¢ nhiéu tham sb khac cia
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phan phdi hau nghiém thu vi hon trung binh
cta nd. Mot khoang nhu [ugps,ug75] VOl ug la
phan vi ctia phan phdi hau nghiém v , 1 khoang
tin cdy (credibility interval) 95% dbi véiy .
Chu ¥ thé hién cta khoang tin cdy nay thi khac
hoan toan voi khoang tin cdy truyén théng va
c¢6 khoi dau (genesis) phuc tap hon.

Van dé khé khin con lai cua suy luén
(Bayesian inference) lién quan dén viéc chi rd
X4c suat tién nghiém G, biéu dién hau nghiém
G va tinh tich phan twong Gng véi G nhu
phuong trinh (3.1).

Dé cho don gian, ngudi ta thudng st dung
ho phan phdi tién nghiém lién hop. Mot ho
phan phéi ¢ duoc néi 1a lién hop ddi vai bai
toan suy luan Bayes, néu n6 déng dudi phan
tich tién nghiém dén hau nghiém (prior-to-
posterior), i.e. Gegthi G egvéi dit lidu x bat
ki. Ho lién hop d6i khi thuan loi trong viéc s6
hoéa bai toan bai ban than no6 1a hdn hop tham s6
(hyper-parameter) n, i.e. G={G,,neH}. Khi do,
phén tich tién nghiém dén hau nghiém co thé
duoc tom tat bang cach chi ra hdn hop tham sé
hau nghiémn*phu thuoc nhu thé nao véi hdn
hop tham sb tién nghiém nva dir liéu x.

2.3. Phwong phap Markov Chain Monte Carlo

Phuong phap Markov chain Monte Carlo
(MCMC) c6 tng dung dau tién trong vat ly
théng ké (Metropolis et al., 1953). Phuong
phap nay duoc sir dung dé mo ta hoat dong ctia
hé théng hat nguyén tir va phan tr phuc tap.
Ung dung dau tién cia MCMC trong mo hinh
thong ké 1a tinh tich phan cta phan phdi hau
nghiém Bayes trong bai toan phurc tap (Gelfand
and Smith, 1990; Gilks et al., 1996). Bén canh
d6, MCMC ciing dugc su dung dé phan tich
Likehood truyén thong (Geyer and Thompson,
1992). Trong thdi gian gan day, phuong phap
nay dugc Gmg dung nhiéu trong cic nganh khac
nhau nhu Théng ké, Kinh té,... (xem Green
(2001)).

MCMC duoc sir dung trong nhiéu nhanh cua
Toan va Kinh t& nhung thuat toan MCMC khac
nhau. Trong phﬁn nay, ching ta s€ giai thich va
khai thaic miu Gibb (Geman (1984) va thuat
toan Metropolis-Hastings (MH) (Hastings,
1970).

~CO ban cta mau Gibb 1a chon hf;u han bién
ngau nhiénY = (Y, )yey V01 phan phdi muc tiéu
(target distribution) lién hopt Khi do, mau
Gibb dan dén cac budc nhu sau: Trude tién,
chon phan tir ban dau y° = (y9),cy tiy ¥. Sau do,
$6 phﬁn trcia V1av={,2,...|VI}va tao ra cac
bién ngdu nhién tr diéu kién ddy du
L(Yy | Y\ gvp) bang cach:

° Léy y%tl‘l’[,(Yﬂ y(\),\{l}) ;

Lay vyt £(Ya| Yop g 30 Y1):

Léy y:é tir £(Y31 ye/\{l,gyg}vyl:ylz) ;

Tiép tuc cho dén khi 14y duoc yIlVI

i L0y 1 Yon gy Y1 Yo Yiyg)

MOdi budc nhu trén duge xem nhu budc di
cia qua trinh. Khi tat ca cac vi tri dugc qua
trinh di qua, mdt budc chuyén tur
¥?=(Y9vev den v =(yy)yev duge chon. Qua
trinh 13p lai cho dén khi tao thanh cong cac gia
i yO,yL,....y",...Cac  diémy®,yt,...y",...tao
duoc nhd mdi lién hé cia Markov chain, trong
d6,tdong vai trd phan phdi tuwong dwong. Do
tinh dung (ergodicity), tich phan cua ham h
twrong Umg voitduge xdp xi bang trung binh
ctia mau Gibbs

n
n(yye(dy) == . h(y). (3.2)
v=l
Trong suy luan Bayes, muyc tiéu thuong la
phan phdi co diéu kién cua Y duoc cho bdi tap
quan tric cua bién
nhiény, =y,,ve AcV. Diéu chinh cin phai
dat dwgc mot miu tir phan phdi co diéu kién
nay, nghia 1a trang thai bit dau phai thoa

ngau
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y) =yi,Yue Ava cac trang thai trong A khong
duogc cap nhat.

Thuat toan Metropolis—Hastings thi khong
can thiét gén lién v&i mot trang thai cu thé nao.
Chung ta s& khir nhidu & vi tri tiép theo va viét
cac bude 1ap lai nhu mot ki hiéu thay vi viét 1én
trén. Thudt toan MH cdu tric nhu mot xich
Markov {Y,} bang cach liy Z = z v6i moi n tir
phan phdi dé nghi p¥n dé dat duoc xich di
chuyén dén Y,,; =z va chap nhan dé nghi nay
v6i xéc suat thich hop a(zy,). Nhin chung,
phan phdi dé nghi 1a tuy ¥, nhung két qua cua
thuat toan phu thudc vao xac suét chép nhan. Vi
vay, thuat toan Metropolis—Hastings la

o Ly diém Y, = yobat ky;

e Trong n budc, léy Z =zt p(lyy), dat
Yog =2 vOi xac suét a(yn.z)Va Ypu1=y, VOi
X4c suat

1-a(yn, z), trong d6 xdc sudt chép

nhana(yy,,z) dugc xac dinh nhu sau:

dt @
dpyn

d
= (¥n)
d

a(yp,z) =min<l,

pZ

NéupY =pthi ching ta ndi vé mot mau phu
thudc. Trong bai bao nay, tit ca thuat toan MH
1a mau phu thude.

Nhin chung, cd hai thuat toan Gibbs va MH
déu 12 loai bo tién nghiém thtr nghiém ban dau
va chi giit lai trung binh (3.2) cho tat ca céc gia
tri dat duoc sau budc thtr nghi€ém nay. Bai toan
v6i phuong phap MCMC c6 thé hoi tu rat chdm
néu xich Markov tao ra khong t6t va né cé thé
kha kho dé danh gia su hdi tu trong céac tinh
hudng thyc té.

Mot bién thé cua thuat toan duoc biét nhu
"Metropolis-trong-Gibbs", trong d6, mdt budc
MH duogc st dung dé thay thé bude cap nhat
Gibbs (Gibbs updating) tai trang thai don. Thuc
vdy, thuat toan cudi cung dugc trinh bay trong
bai bao nay 13 mot bién thé nhu trén, trong do

quan sat tur chu ky thtr nghiém (burn-in period)
cia mau MH duoc bd trude khi mau Gibbs
dugc cip nhat. Trong phan ndy, mau Gibbs
duoc su dung trong truong hop [V|=2 va phan
phoi muc ti€u 1a phan phoi c6 diéu kién cua
(6,Y) v6i dit lidu x da cho, 6=(a,A) 14 biéu dién
ME va Y 1a tip ddy du cac trang thai cua qua
trinh Markov. Khi do, ching ta st dung phan
phdi lién hop don gian dé ldy mau 0 voi y (va
x) duoc cho va sir dung thuat toan MH dé lay
mau Y voi (0,x) da cho.

3. Lay mau ciia phin phoi mii ma tran

3.1. Ldy mdu tir qud trinh Markov lién hop
v6i bién mii ma trén

Dit X 1a bién ngdu nhién véi phan phdi ME
va J 1a qua trinh Markov lién hgp. Chung ta s€
mo phong qua trinh Markov J tir phan phdi c6
diéu kién cua J véi didu kién X = x di cho,
trong 46 X 1a thoi gian dat dén cua qua trinh
Markov v6i ma tran cuong do chuyén Ava
phan phdi x4c suat ban dau (a,0) .

Y tuéng ciia chiing toi 1a sir dung qué trinh
Markov nay dé thu duoc trang thai dat dén tai
thoi diém x. Vi mot qua trinh Markov khac,
trang thai dat dén s& cach xa thoi diém x va su
dung thay thé nay nhu dé nghi trong thuat ton
Metropolis—Hastings.

bat J; la quéd trinh Markov v&i ma tran
cuong do A va phan phdi ban ddun = (e,0) . Khi
d6, phan phdi cua Jg lamexp(As) , do d6

Gi (5) = Py (Js =1) = wexp(As) ej,

1a xac suit ctia qua trinh Markov & trang thai
i tai thoi diém s, trong d6 e; 1a vector cot véi
phan tir thir i bang 1, tit ca cac phan tir khac
bang 0. Vit=3te, mat do cuaxco thé biéu
dién don gian boi ham q nhu sau:

fx(X) =2at;.

Phan phéi tién nghiém cua xich Markov d6i
voi trang thai dat dén chinh xéc 1a
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d; (Xt

) 5.1
fx () 61)

a; = P{JX_ =il X=x}=

di€u nay suy ra tur

g; (X)t;dx = P{Jx_ =il Xe[x,x+dx)}= P{JX_ =i| X =x}Hy (X)dx.

it P, =P(I X =x)1a phan phdi can tim va
P;‘:P(.I X>x) 1a phan phdi cﬁaJt_,Ost,sxv(yi
dicu kiénX>x. Do do, P, 1a phan phoi muc
tiéu va P la phan phdi dé nghi. Sau cung,
chiing ta mé phong qua trinh ban dau va loai bo

néu trang thai dat dén xay ra trude thoi diém x.
Khi d6, nhitng truong hop khac dugc chap nhén.

Tinh  Markov cia J,suy ra
Jt_,O <t<xva X la doc lap co diéu kién véi I
duoc cho. Do do,

manh

Pl hox =0 Feox 192 =Pl e =i h 19,0

Phan phdi P, tai thoi diém x~ dugc cho boi

o = PO =il X2x}=

g (X)
%qj(X)

boi VIP(X>x) = 3P _ = b= ¥q;(x). Vi vy, ching ta c6
=X j=1

dP’:{Jt,t<x}: P)f,({Jt Zt<X}={j:t t<x})
dP, Po({Jeit<x}={j;:t<x})

CR@ctod =l toHI = PO, =i )
Pe t<d =L t<x3I =] )P0 =i )
RO =i O

PO, =i) o

jx

Trong phan chinh, phan s nay c6 thé dugc
stt dung nhu trong s6 d6i véi qua trinh miu
quan trong dwa vao mau tir P,thay ViP,.Tuy
nhién, tinh trong s quan trong nay thuong la
rat kho, vi thé chung ta tinh phan s6 ndy bang
mi ma tran.

Dé thyc hién diéu nay, ching ta xay dung
xich Markov dung vo6iP, gitt vai trd 1a phan
phdi tuong duong nhd vao thuat toan MH
v6iP; 1a phan phdi dé nghi.

Diéu nay lap lai viéc thay thé mau tiém ning
cia miu di choj=(j,t<x) bang miu méi
j=(j;,t<x), dat duoc bang cach 1dy miu tirP;.
X4c suét chép nhan MH a(j, j)) 1a ti s&

oy G t.
- 71 - =
i X X X
a(J.J) == =,
(Xj/ o t],
X Jx— X~

phan s6 nay d& dang duoc tinh.

Phan phdi dimg cua xich Markov trong céu
trac qua trinh Markov xay dung theo céch tinh
nay s€ 1aP, . Vi vay, thudt toan trd thanh:

Ld'y mau tir P, =P(I X=x)co thé duwoc hoan
thanh nhu sau:

1. Sinh ra {j,,t<x} tr P, =P(|]X>x)bang

cach loai bo mau;

2. Sinh ra {j,,t<x} tir P, =P(|Xz>x)bang

cach loai bo mau;
Lay U~U[0,1];
4. Néu Us<minLt; /t; } thi thay {j}.,
N . X X
bang {j};
5. Trd vé budc (2).

3.2. Mdu Gibbs (Gibbs ampler)

Mau Gibbs da sir dung dbi v6i viéc thay
phién suy luan giita mau tir phan phdi c6 diéu
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kién cia qua trinh Markov J  véi
(@, A), X;,X,,...,X,da cho va phan phoi c6 di¢u

kién cua (a, A) v6i dit lidu y di cho day du.

DPéi v6i bude dau tién, chung ta st dung
thudt toan MH d3 trinh bay trong phan trudc.
Budc tiép theo, chung ta st dung tinh chat lién
hop ctia phan phdi tién nghiém dbi véi dir licu
day du. Tom lai, chung ta c6 thuat toén sau:

Mau Gibbs day di: Xac dinh B;v
G i=12,...,pvadatB={B;,i=12,...,p}.

1. Taora a,A;,i#jVvat,i=12,..,p tir phan

1)’
phoi tién nghiém;

ij !

2. Tao ra J=(J;,d,,...,0y), v6i moi J; la
qua trinh Markov c6 trang thai dat dén
tai thoi diém x, dat duoc nho st dung
mét sb bude ¢b dinh cua thuét toan MH;

3. Tinh thong ké
b={B;,i=12,...,p},z={Z,i=12,...,p} Vva
N={N;,i=12,...,p} tir dit liguJ;

4. Léya,Aij,i £j VA t,i=12..ptr didu
kién day du:
a~ Dir(f+b)
t; ~Gamma(l/ (§; +z;), Njp +vi0),i=12,...,p
ti; ~ Gamma(l/ (G; +z;), Njj +vy),i # ]

5. Trd vé budc (2).

Theo cach nay, sau mot chu ky thor nghiém
chic chan, ching ta dua ra mot diy trang thai
xap xi ctia phan phdi (46 do) duoc 14y ra tir 16p
phan phbi ME da cho. Day nay c6 thé dugc s
dung theo nhiéu cach dé thu dugc thong tin vé
ham ctia d6 do ME chua biét.

3.3. Qud trinh rii ro hai chiéu (two-
dimensional risk process)

Trong phan nay, chung ta xét mo hinh rii ro
hai chiéu (hai cong ty bao hiém hodc hai nhanh
ctia cong ty bao hiém) chia lugng bdi thudng
cho mdi khach hang theo ti 1& n, va n,véi
n+n,=1 va nhan phi tuong Ung lac,c,.
bat X; 1a qua trinh rdi ro cla cong tyi

X;()=x; +c;t—m;S(t), i=L2

e x;1a von ban du cua cong ty i;

e ¢;la phi bao hiém cua cong tyi;
N(t) . . s Z .

e S(t)=> z,, N(t)la qué trinh dém Poison
k=1

voi budc nhay khong am,z, 13 cic bién

ngau nhién doc 1ap va ciing phéan phéi [2].
Chung ta ki hiéuF(x)1a ham phan phdi cua
bdi thudngz,; 21a trung binh thoi gian dén
cua N(t) vapla trung binh ctaz,. Ching ta ciing
gia st rang cong ty thtr hai dugc goi 1a bao
hiém lai s& nhan luong phi trén luong tra ra it
hon cong ty thir nhét, d6 1a

GG

Pr=—">—"==pP>.
T M2

(7.1)
Thoi diém dau tién t khi c6 it nhat mot cong
ty pha san la
©(Xg, X,)=inf {t>0:X;(t) <0 hay X,(t)<0}.
Xac suat pha san trong thoi gian hiru han

W(Xg, Xp)=Pr(t(xy,x;,)<t) .

bat  U;(t)= %) —u+pit-S(t) VoI uy =1L va
i Ni
Gi
Pi=—-.
M

Hinh 1. two-dimensional risk process

Néu vén ban dau u,<u;, hai dudng thing
nay khong giao nhau. Truong hop nay, suy ra
trye tiép tir 1y thuyét pha san mot chiéu; xem
Rolski et all [6], ching ta s€ khong thao luan
trong phan nay. Tiép theo, chiing ta xét truong
hop u,<u,.

NéuU;(t)1a qua trinh rii ro, thi bién doi
Laplace (Laplace transform) ctia ham pha san la
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v (5) = [ exp(=su;)d¥ (u;) = [ exp(—su;)w(u;)du;,
(7.2)

v (u;)

trong d6 y(u) = . Néu hamy cé ba bién

i
doc 1ap (t,u;,y), trong d6,ydugc hiéu 1a sb tién
tham hut cua cong ty tai thoi diém pha san. Khi
do, dinh nghia bién doi Laplace twong tng voi
moi bien la
\V*(Z! ui ’ y) = J-(;O eith(t! ui ' Y)dt
v (tsy) = eyt u;,y)dy,

vt u;,b) = [ye My(t u;,y)dy.
Dinh nghia cua bién do6i Laplace bac hai la
v (z,u;, b) =[5 [ exp(~zt —by)w(t, u;, y)dtdy.

Dinh nghia cua bién ddi Laplace bac ba la

\l’l***(zlsl b) = J‘SOJ.SO J.SOEXp(_at - by _SUi)W(t: Ui, y)dtdydul

Khi ham mat do cua sd tién bdi thuong
(claims) ¢6 phan phéi ME
f(t) = aexp(At)a,

thi bién doi Laplace cua ham mat do phé san
dugc tinh theo dinh ly sau:

pinh 1y 1. Néu Y13 qua trinh rai ro véi s
tién bdi thuong c6 phan phéi ME (=4 va m 1a

mot s6 duong bat Ki, thi LST caa ham phé san
la

i (z,U;,y) =mexp(Qu;)exp(Ay)a, (7.3)
Vi (z,u;,b) = mexp(Qu; )(bI — A) a, (7.4)
v (z.8,b) =m(sI-Q) ' (bI-A)"a, (7.5)
VGi
A 1 (Qu; )k
Q=A+an, n:Ea(SZI—A) ., exp(Qu;) = Kl

Smla nghiém khong &m cia phuong trinh
Lundberg

K(S) = Cs+A(f (s)—1) =m,

va T ) 1a LST caa ham mat do bdi thuong f(t).

Charng minh.
Ching ta s dung LST bac ba cta ham pha
[1]
v (z,s,b) = (z —K(S))‘{
(7.6)

K(8) —x(b) _ x(Sm) —w(b)
b-s b-s,

va
1(S) = cs+A(F " (s) —1) = cs+A(a(sI — A) ta—1).

Chung ta thay rang
w =—Cc+ra(sI—A) (bl - A)a.
Thé vao phuong trinh LST bac ba (7.5), ta
duoc
- S —S
v )
_ ra(sl-A) (s, I-A)F(bI-A)ta
c—ha(SI-A) (s, I-A)ta
_m(sI-A)*(bI-A)"a
1-n(sI-A)'a
= fsI — (A +am)] (b1 - A) .

Yha(sI-A) (s, I-A) H(bI-A) *a

Str dung LST nguoc, ching ta thu duoc (7.4)
Va(7.3). m

Khi z = 06m =09} va y = 0, x4c suét pha san
trong mién thoi gian hiru han dugc tim thiy tir
dinh 1y 1 nhu sau:

v (2,up,y) = [ w(t,up, 0)dt = (t,u;,0) = mexp(Quy)a.

4. Két luan

Trong bai bdo nay, chung t6i da su dung
phuong Markov chain Monte Carlo dé udc
lwong céc tham s ciia phan phdi mii ma tran tir
sO lidu boi thuong bao hiém cua khach hang.
Sau d6, ching t6i dung bién dbi Laplace-
Steiject va bién ddi Laplace-Steiject ngugc cua
phan phdi mii ma tran dé dua ra coéng thirc tinh
Xéc suat pha san trong mién thoi gian hiru han
ctia cong ty bao hiém trong mé hinh rai ro hai
chiéu. Bén canh do, phan phéi mi ma tran con
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tmg dung trong ly thuyét xép hang

(queueing theory), 1y thuyét doi méi (renewal
theory)...[7].
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