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UGC LUQNG XAC SUAT THIET HAI TRONG
MO HINH BAO HIEM TONG QUAT DIEU KHIEN PUQC
VOI DAY BIEN NGAU NHIEN PHU THUQC

Phung Duy Quang®’, Nguyén Ngoc Hai’
YTvwong Pai hoc Ngoai thirong, *Trirong Pai hoc Cong dodn

TOM TAT

Trong bai bao nay, ching t6i mé rong md hinh cia Maikol A. Diasparra va Rosaria Romera
(2009) véi day tién chi tra bao hiém 1a phu thudc Markov va diy tién 13i 1a phu thudc hoi quy cap
1. Tir d6, chiing toi dua ra cic woc lugng xac sut thiét hai cho mé hinh d6. Phuong phap dé¢ quy
dugc sir dung dé thiét 1ap bat dang thirc Lundberg tong quéat cho cac xac sut thiét hai. Két qua
dang chu y trong cong trinh hién tai 1a dinh ly: Xay dung cac udc lugng chan trén cho xac Suét
thiét hai cia mé hinh duéi dang ham mi bang phuong phép dé quy.

Tir khéa: X4c sudt thiét hai; xich Markov thudan nhdt, qud trinh rii ro diéu khién dwoc, phwong
phdp d@é quy, phu thuée Markov, phu thudc hoi quy
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RUIN PROBABILITY IN A CONTROLLED RISK PROCESS UNDER RATES
OF INTEREST WITH DEPENDENT RANDOM VARIABLES
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ABSTRACT

In this paper, we extend the model reviewed by Maikol A. Diasparra and Rosaria Romera (2009)
to produce ruin probability estimates for the general insurance model with the effect of interest rate
with Markov's range of insurance payouts is dependent and the range of interest is dependent on
fisrt order regression with the range of insurance payments and the range of interest is a series of
random variables that receive values in positive numbers. The main purpose of the paper is that we
use recursive methods to establish general Lundberg inequalities for ruin probabilities. Since then,
this paper obtained the main result is Theorem 2, constructing the upper bound estimates for the
ruin probability of the model in exponential form by recursive method.
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1. Gioi thiéu

Gan day, bai toan thiét hai trong cac mo6 hinh
bao hiém d3 thu hat duoc nhiéu sy quan tam
nghién ctu [1], [2], [3]. Trong m& hinh bao
hiém c6 dién, quéa trinh yéu cau boi thuong
duoc gia dinh 1a mdt qua trinh Poisson va sb
tién bodi thuong c4 nhan dugc md ta 1a cac
bién ngiu nhién doc lap va cd cung phan
phéi.Teugels va Sundt [2] nghién ciu xac
suat thiét hai theo md hinh bao hiém Poisson
phirc hop voi 1ai suat hang sd. Yang [4] da
xay dung dugc cac udc lugng chan trén dang
mii va khong dang mii cho cac xéac suat thiét
hai ctia m6 hinh bao hiém voi 13i sut hing va
céc diy tién thu va day tién chi tra bao hiém
la doc lap. Cai ([5], [6]) da udc luong duogc
cic x4c suét thiét hai trong cdc mo6 hinh bao
hiém v&i day tién thu va chi bao hiém la cac
day bién ngiu nhién doc 1ap, con lii suat 1a
qua trinh ty hoi quy cép 1. Cai va Dickson [7]
dd xay dung cac bat ding thic Lundberg cua
xé4c suét thiét hai trong cac mo hinh bao hiém
thoi gian roi rac voi lai suét la phu thudc
Markov va déy tién thu va chi bao hiém la
day bién ngiu nhién doc 1ap. Xu va Wang [9]
dua ra cac udc lugng chan trén cho xac suét
thiét hai trong mo6 hinh bao hiém c6 tac dong
cla 13i suét voi diy tién thu va chi bao hiém
1a cac qua trinh ty hdi quy cap 1, con ldi suét
la ddy bién ngdu nhién phy thuéc Markov.
Phung Duy Quang [14], [15], [16], [17], [18]
dd dua ra cac uoc lugng chan trén cho xac
sudt thiét hai trong md hinh bao hiém c6 tac
dong cua 13i sut v6i diy tién bién ngiu nhién
phu thudc Markov bang phuong phap dé quy
hodc bang phuong phap Martingale.

Ngoai ra, nhiéu két qua di nghién ciru mot
mo hinh bao hiém, noi ma qué trinh rui ro ¢
thé dugc kiém soat bang tai bao hiém ty 18.
Tiéu chi thuc hién 14 lua chon cac chién luge
kiém soat tai bao hiém dé rang budc xac suit
pha hoai ciia mot qua trinh rdi rac voi ldi sudt
phu thuoc Markov. Kiém soat qua trinh rdi ro
la mét linh vyc hoat dong rat rong, dac bi¢t la
trong thap ky qua; xem [8], [11], [12]. Tuy

nhién, viéc c6 dugc cac giai phdp toi uu 13
rang la mt nhiém vy kho khan trong mot bdi
canh chung. Maikol A. Diasparra va Rosaria
Romera [9] da thu duoc cac udc lugng
Lundberg d6i voi xac suat thiét hai trong mot
qué trinh 0i ro thoi gian roi rac didu khién
dugc véi day lai suét phu thuéc Markov, cac
day bién ngiu nhién 1a doc 1ap. Trong cong
trinh [19], Phung Duy Quang da md& rong két
qud cho day phu thuoc Markov su dung
phuong phap udéc lugng Martingale. Trong
cong trinh nay, ching t6i mé rong md hinh
dugc xem xét boi Maikol A. Diasparra va
Rosaria Romera [9] dé dua ra cic udc luong
xé4c suét thiét hai cho mo hinh bao hiém téng
quat c¢6 tac dong cua 13i sut co diéu khién
duoc voi ddy tién chi tra bao hiém la phu
thudc Markov va diy 13i suét 1a phy thudc hoi
quy cip 1 voi phuong phép uéc lugng duge
st dung trong bai bao nay la phuong phap dé
quy cht khong phai la phuong phap
Martingale.

2. M6 hinh va céc gia thiét

Goi Y, la s6 tién chi tra tha n, Z, 1a bién
ngau nhién chi khoang cach giita hai thoi
diém chi tra thar n va n -1, I, 1a 1i sut tha n.
Chung ta gia thiét Y, Z,, I, 1 cac bién ngﬁu
nhién xac dinh trén khong gian xic sut
(€2, A P). Khi d6, chung ta xét qua trinh rai
ro tai bao hiém véi thoi gian rdi rac U}
véi von ban dau u duoc xéac dinh nhu sau:

U, =U,,@a+1)+C(,,)Z,-h(,,,Y,), n>1(Q1).
Y nghia cua cac bién va ham dugc mo ta
trong 8 gia thiét sau:

Gia thiét 1. U, =u>0.

Gia thiét 2. {Y,} , 1a xich Markov thuan
nhat, sao cho Y, nhan gia tri trén tap s khong
am G, ={¥,, ¥, Yy} VOi Yo=Y VA

P; :P[wEQ:le(m):yj Yn(m):yi](nEN'yi €Gy,y;€Gy),

0 day, 0< P SLZ.C p; =1
-1

Gia thiét 3. {1}
khong m, tudn theo m hinh tw hdi quy cép 1:

1a ddy bién ngdu nhién
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I, =pl,,+W,,0<p<L 1, =i, >0, {W,} — la
diy bién ng?n} nhién khong élm2 doc lap va
cung phan phoi voi ham phan phoi:

G(t) = P(weQ;Wo(oa) St).
Gia thiét 4. {Z,}  1a ddy bién ngdu nhién
lién tuc Vd(f)c 1ap yé cung phan phdi voi ham
phéan phoi xéc suat:

F(z)= P(cer; Z, (0) < Z).
Gia thiét 5. Chung ta ky hiéu C(b) 13 tac dong
bép tréi’ ctia thu bao hiém ddi véi cong ty bao
hiém néu muc duy tri b dugc chon:
0<C(b)<c,beB.

Qui trinh c6 thé diéu khién dugc bang tai bao
hiém, ung voi viéc chon mirc beB & day

B :=[b,,.1], by, €(0.1]
hiém C 1a ¢ dinh
Gia thiét 6. Chang ta ky hiéu ham
h(b,y)nhén gia tri trong khoang [0,y] quy

. Ty suat thu béao

dinh cu thé phan yéu ciy bdi thuong y do
cong ty bao hiém chi tra va no ciing phu thudc
vao muc duy tri b vao dau ky. Do dé y - h(b,
y) 1a phan do bén tai bao hiém chi tra. Mirc
duy tri b = 1 thay cho viéc khong c6 tai bao
hiém. Trong bai bio nay chung ta xét truong
hop tai bao hiém theo ty 1, véi ham h xac
dinh boi:

h(b,y)=b.y, véi beB. (2)
Thong thuong, hang sb b, trong gia thiét 5
duoc chon bai:

b, == min{b € (0,1, C(b) > 0}.

Gia thiét 7. Ching ta gia thiét cac diy
{Yn }nzo ! {Wn }nzo Vé’ {I n }nzo lé dﬁy blén ngau
nhién doc lap.
Gia thiét 8. Ching ta xem xét mot qua trinh
diéu khién Markov z={a} ,ma tai mdi
thoi diém n chi phu thudc vao trang thai hién
tai: a (U, ):=h, v6i n>0. V& mit hinh thirc
¢6 thé ky hiéu: a: X —»B,véi X=RuU/,BIla
khong gian quyét dinh.

Xét trang thai ban dau tuy y: U, =u>0 va
mot qué trinh didu khiénz ={a,} . Khi do,
voi mdi n>1, U, duogc xac dinh nhu sau:

u, =uf[(1+ ! )+i(C(bM )Z, -, Y, ]‘[ (1+1, )j,(3)

m=l+1
Xéc suat thiét hai khi dung qué trinh diéu
khién 77 , v6i vén ban dau U, va sb tién chi tra
ban dau Y, =y, g4 tri ldi suit ban
dau 1, =i thoa man cac gia thiét 1 dén 8 duoc
xac dinh nhu sau:

y (u,y.i,)=P" [O(Uk <0)

k=1

Uo :u'Yo :yi’lo :io]'(4)

Hay c6 thé viét:

l//”(u!yi ’io):P7Z (Uk <0’ kZ:qu :u’Yo :yi’lo :io)’(s)

Tuong tu, xac suat thiét hai v4i thoi gian hitu
han khi ding qua trinh diéu khién 7 , v6i vén
ban dau u, va sb tién chi tra ban dau Y, =y,,
gié tri 13i sudt ban dau I, =i théa man cic gia
thiét 1 dén 8 duoc xéac dinh nhu sau:

wE(Uy i) =P" [L"J(uk <0)

k=1

Uo :u'Yo :yivlo :iko(G)

Tir (5) va (6), dé dang thu duoc:

timy (Y, )= (Y., ).
Ky hiéu IT 1a khdng gian cac qua trinh didu
khién. Mot qua trinh diéu khién T duoc goi
12 t6i wu néu véi mbi cap gia tri ban dau (Y,,
l,) = (v, iy), chlng ta c6:

v (WY, i) SVE i)
voimoi Tell.
3. Két qua va thao luin
Muc dich cta cong trinh 1a st dung phuong
phap dé quy dé xay dung udc lugng chin trén
cho x4c suét thiét hai ciia mé hinh (1). Dé mé
rong két qua ciia Maikol A. Diasparra va
Rosaria Romera [9], tac gia bai bao dé xuét
chc gia thiét tir 1 dén 8 va xdy dung duoc két
quéa nghién ctru 1a dinh 1y 2. D& ching minh
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duge dinh 1y 2, trudc hét ching ta chung
minh dinh 1y 1 sau day:

Pinh 1y 1. Cho mé hinh (1) véi cac gia thiét
tr1dén8, voimdin=1,2,3,..tacd

boyj-u(l+pi,+t)

to C(b,)
\Vzﬂ(u!yi’lu):zpijj‘ I
j=1 0

0

dF(z) +

£ [ wiuepi, +0)-b,y,+Clb,)2.y,.pi, +)dF(z) 4G(1) (7)
boylfu(1+piu+t)
C(b,)

va

by —u(L+pi,+t)
o 4 C(by)
Vi) =Yp [ [ @)+
=1 0

0

+ J Y (u+pi; +8)-byY; +Clb, )z, ¥, pi, +1)dF(z)  dG(1) (8)
boyl—u(1+piu+t)
C(by)

Véi quy udc:
i) Néu v < 0thi F(v)=0,

ii) Néu v < Othi de(z)z f dF(z),
v 0

iii) Néu v <0 thi I‘V“ (h(z),y,.i,)dF(z) =0.

Chirng minh
Str dung dinh nghia (4), (6) va tinh chat cua
xéac suat cb dién, ta d& dang suy ra diéu phai
chung minh.
Dé thiét 1ap duoc két qua ude lugng chan trén
xé4c suat thiét hai cho mé hinh (1), ta sir dung
bd dé sau:
B6 dé. Cho md hinh (1) v6i cac gia thiét tir 1
dén 8,

E*[(b,Y, ~C(b,)Z,)

Y, =y, <0,
va
P*[b,Y, ~C(b,)Z, >0, =y, |>0, 9)

Véi mdi Y, € G, thi ton tai mot s6 duong R,

thoa man:

- [efR, [ceonbx]ly _y } =1(10).

Chung minh

Xét ham s6

£ :En[e_t[c(bo)zl—boYJlYl :yi} ~1, te(03+0).

Tir cac tinh chat cua ham fi(t): Ham fi(t) 1a
ham 16i va

g(0):0;ﬁ(0)<o;t1iTw f()=+osuy ra diéu phai
ching minh.

St dung két qua cua Dmh ly 1 va bd &,
chung ta ching minh két qua chinh cta bai
bao la dinh 1y 2 dudi day.

Pinh Iy 2.

Vi gia thiét dd cho 6 Pinh 1y 1 va B6 dé 1 va
Ro > 0. V&i mbi y; €Gy ={¥;, Yy, Vysonr VA
u>0 thi

WU,y ) < ET [

Trong do

1, =i, |- 1)

t
eRocwu)tIe—RDC(bu)zdF(z)

< =inf 0
B t>0 F(t)

0<B<1.(12)

Chirng minh
Ta xét 2 truong hop:
Trwong hop 1.

t
eROC(bo)t .[ e_RoC(bo)Z dF(Z)

inf 0 < oo,

t>0 F(t)

T (12) suyra 0<B <1 va voi moi v > 0 thi
F(v) < Bt B (e % ) (13)
bat

Klz{je{l,Z,...}:

b,y; —uld+pi, +1) <0
C(b,) )

by —ull+pi_+t
oY —u+pi, )>0}_

K, ={je{l,2,...}: ch)

Tur cong thure (8) ta co:

\Vf(uvyirio)
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oYi—ul+pi, +1)
—Zp.,(j { ’ 6 J}ie(t)

JeKy
oYj—ul+piy +1)

G(t

+Z pu(J‘ [ C(bo) ()

St dung cong thure (13) ta cod

ik
oYj~ (1+pio+t)j
AR T e
,eZsz’[I[ Cy) 0

) sz”[ j Ro[ Clbg)yj-ult+pig 1) | E“( «Clb )Zl)}ie(t).(14)

jeKy 0
—u(@l+pi +t
u+pl, + )]=o khi
co,)

\ by
bong  thoi F[ oY

je K nénsuyra

ZPU[ [Oyj u(l+pi, HJJGG(t):O
e

jeKy
<B . p { o (e )]dG(t)-(15)

JeKy
T (14) va (15) ta thu duogc

Wiy, i) <BE*[e ™ 1 =i ]

St dung b6 dé 1, dinh 1y 1 va bang chung
minh quy nap chung ta thu dugc:

WU, Y, i,) <PET [ W1, =i, ].(16)

Cho n dan dén vé cung trong (16) ta thu duoc
bat dang thie (11).

Trwong hop 2.

Néu

t
eRocwo)tJe—ROC(bo)zdF(Z)

inf : =+0ep=0
t>0 F(t)
eRoC(bo)t j‘ e—RUC(bo)z dF(Z)
Véi bat ky £>0: L 2e
Y F(t)
va

\%
F(v) < L eRoCOV [e R (z).
e
0

Chirng minh tuwong ty nhu muc a), ta co

\V:: (U, Yi, io) < % E™ |:efRuU(1+|1) |U — Io:|(l7)

Cho n dan dén v6 cung trong (17), ta c¢6

V(i) < TE et =i ] g
S

Véi e=n(neN"), cong thirc (18) tré thanh

=i, |.9)
Cho n dan dén vo cuing trong (19) ta thu duoc
V(Y 0g) <0 =BET [e |1, =i .

Do vay, bat dang thirc (11) dang khi p=0.0

v (U, Y;,i,) < 1 E™ [e*RoU(lHl) |
n

4. Két luan

Bai bao nay st dung phuong phap dé quy xét
mo hinh dugc dua ra bdi Maikol A. Diasparra
va Rosaria Romera [9]. Chung t6i da mo
rong duge két qua cua Maikol A. Diasparra
va Rosaria Romera [9] dé dua ra cac udc
luong xéc suat thiét hai cho mé hinh bao hiém
tong quat c6 tac dong cua lai suat c6 dicu
khién duoc v6i ddy tién chi tra bao hiém la
phu thudc Markov va déy tién 13i suat 1a phu
thudc hoi quy cép 1, cac ddy nay nhan céc gia
tri trong tap s6 duong.

Ghi cha: Bai viét nay 1a mot két qua cua
nhom nghién ctrtu “Moé hinh Toan tng dung
trong mot $6 van dé kinh té -xa héi” thudce
truong Pai hoc Ngoai thuong do TS Phung
Duy Quang lam Truéng nhém nghién curu.
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