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Abstract

Based on the mean variance criterion, this paper studies the optimal investment rein-
surance strategy under Markov modulated model, and assumes that an insurer is
allowed to purchase proportional reinsurance business and invest a risk-free asset and
two dependent risky assets in the financial market. And the dependence of risky assets
is characterized by a common shock of the price process. Stochastic linear quadratic
control theory is used to find the optimal investment reinsurance strategy, and the

effective frontier is obtained by Lagrange duality theorem.
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Markowitz (1952) [1)#&H FIIME-77 Z R B H A IS/ Sl TR b — BRI E HEWEHR.
Biuerle (2005) [2]F ¥CH 35 (8- J7 22 HE W) B2 H T ORBS KE B, A5 3] T/ L L LB MG T - st 7
TR SRS B AR, SR T W2 4 )12 5<9F. Bai flZhang (2008) [31HF 70 1 A [ JRU 5 155 780 76 451
5 ZEHE I 1R B A0 T AR 67 5% % SR s ) A, S R SRR HI B 5 R 45 B B A SR s AR AT 2R3k Yan AL
(2011) [AJBF T 1 FE T $54E- T 22 HE T, ORIS N F3 J3 AN ) ST PR 66 A 45 % T P AR 400 1 ) e 0 S s 1)
R Bi 55(2019) [5] WHIT T A7 ZEHE W) 2R IG5 AR AR (1 B A5 8 T R B SR Il L. HL A A SS9 v
DLSCHR [6-8]%%.

Hamilton (1989) [9]E IXAEft AR 5IN 1A B/R B R G s AR, 440 36 E GNP
PEHEAT T SERE AL, AR, KSR SCE IR IR B I RS 2 8 FH 1) 5 0 4% % P R 66 SR e i) 8 o
Zhou %(2003) [10] W5 T IE S IR BER ST, SR T8 7= tn S SE2H i I S R 4% B2 404 ) /. Ping
AYam (2013) [11]BFFE T S /8RR T B e 4% 0% B ORI SR 1r) &5 Bi 55(2019) [5)#F 7T 5K
ok I TR ) T 7 A A A 2R Dl I R ) e DR AR R ORI I, R FH B AL R P — R Bt R, 15 3 T e
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Bt A ORRS SRS AT BTV AT 2RI 3 ORAREE(2021) [12]WF 7T 1 1E SR BIRIESIN, 28 Rk
LR 5 PR B 7 B R A A AT A i LA P R 6 170 A, R P BEATL A ) BV AN T CHTB 7 R A5 3] [ it
s L. fESEhrr, —SSHEBEWHSHUAMAR. W R, BEhREZBAR LIRS N2 2L
A2, By JRRE IR R A A TR AR G 1t 2 i KA G AR S AR Y 2RI R 1 PR R SR R R Xz
B RS

BT, K22 BRI 0 R DR [543 B8 SRONGS PR AR AR P ) LIRS, 22 2 2% R M 2 T A7 AE AR I OR R 2R
S b, ORI RIEEAT S BEAT N, XURS: B8 7 2 TA] e A AE AR P, 9% T ISR il AP 7F 7 0 i DL SC
Bk, BRI RE T, XU B OO A AN B B B 2278 (SRR R etk XU ) AR R, 3 H P A IS 3k
Z ], (R R 2 52 B FRR ST (PR R Gtk AR ) OS2, S8 A B Aok 22 . Bl B e ek 1l 7 %
RRZBNVFILM AN ST iy, QR B S IR  RE, ARG B A% H BRI 20 AR Ak BRI AR [R] X
8 7 52 2 FL A o i 1 A7 AEARAR R, FRATA B AR AR AR OR 2. A SCHIE T 2, 7 S /R BRI
T, DRESE 23 ) A S LU P ORI, (RIS 45058 S T RS B2 77 AT PN AR FRD LR 9877, ik T34 fBL Ty 22
JUJ, R FH BT 1 = U0 20 42 ) BER SR H e D0 150 B P OR IS SR AT 08, 38 3 3o 4% B H X4 s 24
BIA BT

2. HRAEIA

2 E — N SEA IR 20 (Q, F {F is0, P), - T{F: besolti I H M. {W,(1),t > 0,n =
0,1,2} Z(Q, F, {F: }i0, P) LHFRHEAR BRI SN, {a(t),t > 0} XAE(Q, F, {Fi}iso0, P), BUETN =
{1,2,- - -, d} FIELAIE BRI 55 I R BERBE, d BUEREEL, RN

18Q = (i) axa N REE o () B 5R FE R FE
¢;; = lim Lj(t)ai #7J, qu= lim palt) Z1 =
t—0t+ t t—0+ t
RO () TR A B RIEA, AT #d 72

dC(t) = a(t, a(t))dt — b(t, a(t))dWy(t), (2.1)
Hea(t,i) > 0fb(t,3) >0, € N. HEAHAEKLIRERE) AN FERD
dR(t) = c(t, o(t))dt — dC(t), (2.2)

Hre(t, i) 2REER, i e N.

— ettty PRI 2 ) G I ) SRR Sl 45 SR 7 R, AR SO e PR G 2 B 42 LU g AR B 2 i R 9k
c1(t, )RR AT IR, co(t, ) RN FRE A TR, 0(t,4), n(t, ) 539 NPRE 2 & AR
BN F )24 BB n(t,i) > 0(t,1), 1 € N AE(t)RANFIOR A 7] fEI ZI R I LB, €(1) < 1. 3%
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F BRI A ¢y (t,4) = a(t, i) (14 0(t,9)), ca(t,i) = a(t,i)E(E) (1 +n(t,4)). BLEHRE A 7 &4
i
dR(t) =c1(t, a(t))dt — (1 = £(1))dC(t) — ea(t, a(t))dt

=a(t, a(t))(0(t, a(t)) — n(t, (t))§(E))dt + b(t, (b)) (1 — £(£))dWo ().

DRI 23 A AEAE G SRANE 19 e KA, fE R TTIAF AR BT . BOE il t — AN JE KU i 77
AN A AR B XRS5 7 LB PRS2 W A I ZIH 08 T R B 7 B R R B (¢) il 12

(2.3)

{dB(t)—ro(t,a(t))B(t)dt, teo,T], 24

B(0) = By > 0,

Herbr(t,9) > 0RENRGZF IR, i = N
FEE N2 ARG B A AR RES, (2), S (2) 703l A2

{ dSy(t) = S1(t) [r1(t, a(t))dt + by (¢, a(t))dW () + dY (t)] , ¢ € [0,T7, 25)

Sl(O) = S1 > 0,
dSs(t) = Sa(t) [ro(t, a(t))dt + ba(t, at))dWo(t) + dM(t)] ,t € [0,T], (2.6)
SQ(O) =59 >0, .

Herfr (1,3) (> 1ot ), a(t, 1) (> rolt, i) R ARKL A TR TR 5 B2, by (2, 1) (> 0), ba(t, i) (>
0) & JAUK 15 45 1O O Eh o Rl B

N1 (t)+No(t) Na(t)+No(t)
k=1

RMANEEAEFE, 28 X HOEFE{ No (¢) }> 0 %1 8 XU 58 7= BIAFARYE. oA {No (¢) Hiso, {N1(8) }iso0,
{No(t) }eso A =N BT IVARA LR, SREE RE BN (), Mi(t,1), Aa(t,4), i € N. T4, 1B
SE{ Vi, k > 1} ({ My, k > 1}) BRI AG BN &, A 3 F A By () (Fa (), BE(Y) = pay > 0,
E(Y?) = p1g > 0, E(M) = pa1 > 0, E(M?) = pgy > 0. {Yy,k > 1}F{M,, k > 1} M7, H
5 {N1(t) 10 FI{Na(t) }1>0 HAHE AL

BLORES: 22 7] 25 8 — i e IR B T &Ry, il (¢ ), Io(t) 9 FEE I 2B BT il 7 37 1 X
BBt OAIURE , X (t) Rt I ZIRY &S 5E, AHIBA 5 TAIAE, WX (t) ARk

X(t) = L(t) = x(D)
B0 dB(t)

=[X()ro(t, a(t)) + alt, a(t))(0(t, a(t)) — n(t, a(t)S(t))
+ L) (ri(t, at) — ro(t, at))) + () (r2(t, a(t)) — ro(t, a(t)))]dt
Fb(t, (1)) (1 — E()dWo(t) + L (£)by (¢, a(£)) AWy (1) + L ()bt o(t))dWa (L)
+ 1 (H)dAY (t) + L(E)dM (t),

X (t) =dR(t) + gl((i)) dsi () + f;z ((% dS(t) +
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HPX(0) = 20, @(0) = ig, Hro(t, ), a(t, i), 0(t,q), n(t,q), ri(t,), ra(t, i)ttt € [0, T) L CRIELS R
R TET KM, AT Grandell(1991) [13]H 510K (2.7) db 3 4+

dY (t) = (No(t,8) + A (t,)paa (t,8)dt — /(Mo (t, 1) + Aa(t,7)) 2 (t, 1) AW (1),

dM(t) = (Ao(t, ) + Aa(t, 7))o (¢, 3)dt — \/()\0 t, 1) + Aa(t, 1)) paa(t, 1)dWas(t),

HABRUHEAT BHIZ BIW 1 (1), Waa (1) 5{W,(t),t > 0}, n = 0,1, 2807, ArifEAT BHIE B Wy, Way [IAH

RAH Aot ) (8, ) pan (8 4)
p(t,i) = o) 0.1)
%
ex(t,i) = (Nolt, i) + M (t,)par (), ea(t,i) = (No(t,7) + Aa(t, 7)) paa (£, 1),
oF(t,1) = (o(td) + Mt iDma(tid).  03(81) = (No(t 1) + A (1, 0):
JUES)

ax(t) = drt) + 2D s, 1) + 28 g, + —=®) g

S1(t) Sa(t)

= [X()ro(t, a(t)) + a(t, at))(0(t, at)) — n(t, a(t))E(1)) 29
+ L) (r (¢ a(t)) —ro(t, at)) + e1(t, at)))

+ L(t)(ra(t, alt)) — 7o(t, a(t)) + ea(t, a(t)))]di

Fb(E, () (1 — E()dWo () + L ()b (E, a(t)) AW (£) + L (£)ba(t, a(t))dWa(2)

- \/ Rt )+ 3()o3(t, a(t) + 2p(t, () (t)2(t) o1 (¢, o(t)) oo (t, () )dW (2).
FEMLATa(t) = (E(t), Ly (1), Lo (£)) Form— A7 FEARIR 50K, B (¢) 2 FTAEVRI0. A LA F 26 0F
(D w(t)2F A, t € [0,T].

(2) 0<E(t) <1,14(t) > 0,15(t) > 0.
(3) E[f(&(s))2ds] < oo, E[[; (11(s))2ds] < oo, E[[; (I2(s))2ds] < oo, t € [0, 7.

3. i B IR SREE

1BOE RIS 2 =) P8 28 S IN) 20 T3 2 () S E Nz, BIE(X(T)] = 2. W& ZAE B AR SR 2Im]

AT B B AR B P ORI SR, A4S T 2000 & ) ARG I8 2 /), X BIRATHT I 204 % 177 2k &
A, B

Var X (T) = E {[X(T) - EX(T)F} =E {[X(T) - 2]2} . (3.1)
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EX(T) =2z, (32)
fifg ¢ re,
(X (), () W2 (2.9).
FoARTT T ATV S () AR G, o 1] KBRSy B ZR AR SR T ] (1) 38 7 22 1) 7.
NI FRATI 1 1] R (3.2) $ B WS () A VR RTATRE. 1 S SN T R
Gt i) = —r(t, i) w(t,i) — S0, gt ), (33)
W(Ti) =1, i=1,2,....d. '
ZZ%PingMYam(2013) [11]AT%N, 4(¢,i) > 0H.(3.3) M fEA7AE BLAE—.
EIE]- ;E‘Xd‘/l\z’ > T,ZJ(O, io)ivo,

E /O (1 (£,) — ro(t7) + 216 ))2 + (ra(t, ) — ro(t,1) + £2(t,1))2]dt > 0 (3.4)

BSOS, T (3.2) AT

IERR AT R TR E) — AN BRI EE[X (T)] = 2, BEREHE NP (t) = (€°(1),17(1),15(1)),
HeP(t) = (tl),lﬁ() B(ra(t, i) —ro(t, i) +e1(t,0)e(t, 1), 15 () = B(ra(t,i) —ra(t,i)+ealt, i) (L, 4),
B € R. BLI XN I &SRR XA ()RR, Syt at) 5X° ) KFREH Ito AR5

d[y(t, (1) X" (¢)]
={(t, () X7 (1) + (¢, al))rot, (1)) X7 (¢)

+ 2 Gai (6 )X O}t + Bl (8, a()) = ot alt) + e1(t a(t)))?

+ (ra(t, at)) = ro(t, at)) + e2(t, a(t)))*]9* (£, 1))
W)+ {- - dWo(t) + {- - JdWA(E) + {- - - JdWa(1)

(
=B[(r1(t, a(t)) — ro(t, a(t)) +e1(t, a(t)))” + (r2(t, (1)) — ro(t, a(t))
+ea(t, a(t)) ]t at) + {- - JdW () + { - W (t) + {- - Wi (1) + {- - }dWa(t),

Soopr (e, D) (3.3), MOFITHUBUS R 3128149
EX?(T) =E[(T, o(T)) X (T)]
=(0,149)To + ,BE/O ¢2(t, a(t)[(ri(t, a(t)) — ro(t, a(t)) + 1 (¢, Oé(t)))2 (3.6)

+ (ro(t, a(t)) — ro(t, a(t)) + ea(t, a(t)))?]dt.
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M (t, i) > 0, TATHFH

B=—% 2~ ${(0o)zo > 0, (3.7)
E [y w2t a(t)[(Ti(t at)))? + (Ta(t, a(t)))?]dt
Hrp
Ti(t,i) = ri(t, i) —ro(t,i) +e1(t 1), Ta(t,i) = ro(t,i) — ro(t, i) + e2(t, ), (3.8)

WAHEX?(T) = z, HeP(t) < 1,17(¢) > 0,15(t) > 0. BIXP(£) AN &L 505,

BV AT RAFAE Z G DR BB T ZE e U IR L 1] R (3.2) A LR FAME[X (T)] = 2 KL
), GIN— AR B H RN € R KRIEBRARFIE[X(T)] = =.

J (x0,i0,m,\) = E {[X(T) - zf} +2A[EX(T) — 2]

(3.9)
- E{[X(T) FA— zf} ~ X%\ €R,
A4, 2(3.2) 3R B M # BT P ORI M 17 0 M A A Dl SR 2 B0 \ ) i 4% 1) i) R
min  J (zo,i0,m,\) = E {[X(T) FA- 2]2} e
eIl (3.10)

1515
ﬁ“{ (X (), m(-)) 2 (2.10).

X ) FATTRR 2 9 By 2R BHR U ] A BB A — OB (LQ) B DA ) i .

7] (3.2) 5 (3.10) B AH R Mg, 1556 I8 LA JLAN 51 2.

51381 R H IR f (2, y) = ax® + by? + cx + dy + exy, #ra > 0Hdab —e? > 0, M f(z,y)H
BUMIF () = —S5e B0 ) = (522, )

51382 B K (¢, 1), Q(t, )i & LL N H Tl J7 1%

. . . a2(t,i)n2(t,i X . d .
K(t,4) = V(1) + Gt — 2rg (4, 4)| K (¢,1) — X5, ai K (¢, 5), (3.11)
K(T,i)=1, i=1,2,...,d,
. . . . a(t,i i) —n(t,s d y ] )
Q(t,1) = ro(t, 1)Q(t, 1) — HEDELIIED — s ST g K (8 D[Q(E ) — Q(t )], (3.12)
QT,i)=1, i=1,2,...,d

Wit 1) = To(t,i)T2(t, i) + To(t, i) T2 (t, i) — 201 (¢, )02t 4)p(t, i) Ti(t, i) T2(t,4)
’ Tu(t,4)To(t, 1) + 03(t, 1)) — p*(t,9)o7(t, )05 (t,9) ’

Tl (ta 7’) = b%(ta Z) + O%(t7i)v T2(t7 7’) = bg(tv 7’) + U%(ta 7’)
A 3(3.11) (3.12) 2 e VE i or T B2 H AR HOE &8, WU A7 fEME— PR AR. B4, 15(3.3)1E M 3K ALl

FAFK (t,4) > 0. 2(3.11) 2 Ab B BE ML 2t — R A 428 ] [7] R 1) — i Riccatiy 72, 1 (3.12) 0 T fi#
TR (3.10) H H AR T I
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EIB2 7] (3.10) A el [ g il
T (t,x,i) = (§7(t, x,0), 15 (¢, @, 1), 15 (t, @, 1)), (3.13)
a (it ) + (A= 2)Q(L1)]
« N a(t,)n(t, i)z -z ,i
E(tyx, i) =1+ =) ,
* N Ul(tﬂi)UQ(tvi)p(tvi)%(t 7’) - ( %(t Z) + o’%(t,z))ﬂ (tvl) x e i
W) = G0+ of B + o 0.1) — 20 Dotk o - T O T P
o1 (1 )oa(t. )p(t, Ti (1) — (B(49) + o2ENTald) o
5020) = e i+ o201 BB(E, D)+ 080 1) = P20 )oR(e, DB (e = 4~ Q)
AR
inf J (20,40, 7, A) = [K (0,40) Q% (0,70) + & (i9) — 1] (A — 2)?
mell (3.14)
+2[K (0,40) Q (0,i0) 2o — 2] (A — 2) + K (0,4¢) 3 — 22,
s

HUERR XFd {K (t, a(t))[X (t) + (A — 2)Q(t, a(t))]* i H Ito 51

A{K (D)X (1) + (A= 2)Q a(t)]*}
—{K(t, a®)[X(1) + (A = 2)Q(t, a(t)?
+200 = 2)K(t,a(t)Q(t a))[X () + (A = 2)Q a(t))]
+ 2K (t,a(®)[X (1) + (A~ 2)Q(t, a(t))]
X [X(t)ro(t, (1)) + alt, a(®) (0L, (1) = n(t, a(®)(®)
(01 (1 alt) = rolt, (1) + €1 (8, (1))
+1a(t)(ra(t alt)) = ro(t, () + 2t a(1)))]
+ K (t,a(t) [2(t a(t) (1 - §(1))°
Bt a()E() + B3t a(D)B() + o3t a®)E() + o3 (1, a(t)E()

+2p(t, at))or (¢, a(t))oa(t, (b))l (1)la(1)]
+an K(t,j)[X(@) + (A —z)Q(t,J’)P}dt

{0 3dAW @) + { . 3dWo(t) + { . AW (E) + {. . }dWal(t)
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_alt, a(t))n(t, o))z + (A - 2)Q(, (t))] ’

={K(t, a(t))b*(t, a(t)) |£(t) O ~1

+ L[t at) = 1ot b)) + 1t at))2K (&, a(8)) [X(E) + (A = 2)Q(F,

t,a(t))
+ L)t a(t)) — ro(t, a(t)) + e2(t, at)]2K (¢, (1)) [ X (£) + (A = 2)Q(t, ot

)
+ K (t,a() (1) (07t at) + bi(t at)) + K (¢, a(t))l5(t)(03(t alt) + b3(t, (1))
)l2(t)

]
]

(3.15)
+ WL DK (L, at)[X (1) + (A = 2)Q(t a(t)]”

= e K IO = 22QMalt) + 3 dats K (5N - 27Q(t )°

d
—2(A = 2)*Q(t, a(t)) an(t)jK(t,j)[Q(t,j) = Q(t, a(t))] +0 x X (8)* +0 x X(t) bt

L AW () + L JdWo() + L JdW(E) + .. JdWal(t).

MOBITHUR 3 F 3R IR [ 15

E [ (K (Lalt)X(O) + (- 2)Q(t.al)])
0 (3.16)
=E{[X(T) + A — 2"} + K(0,i0) [0 + (A — 2)Q(0, i),
FATAT LS R AT
E{[X(T) FA— z]Q} —\?

= E/O d{K (t,a(t))[X (1) + (A = 2)Q(t, ()]} + K(0,0)[wo + (A — 2)Q(0,ip)]* — A*

Z - Z qa(t)]K(tvj)()‘ - Z)QQ(t, a(t))2 + Z qa(t)jK(thj)()‘ - Z)QQ(tvj)Q
—2(A = 2)*Q(t, a(t)) Z Gy K (t,9)[Q(t, §) = Q(t, ()] + K (0,i0) [ro + (A = 2)Q(0, )] — N?

(- | {Z o K, QU a(1) - Q(t,j)]2} RO )0 + (- QUi 2%
- (3.17)
HIESZyRIE]

;reng (w0, d0, ™, A) = [K (0,40) Q* (0,0) + 6 (i0) — 1] (A — 2)* (3.18)
+2[K (0,40) Q (0,i0) o — 2] (A — 2) + K (0,4¢) 22 — 2.
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=

d T
=3 [ pltaalQd) - Qi (319)

i=1 j=1

T2 2 e T1, $ N R IR T3 (3.13) m AT & vFE. H 264

N ot a)oo(t,0)p(t, i) Ta(t, 1) — (b5(t, 1) 4+ 03 (t,1))Ti(t,9)
M= G0 + 2 B + A 0) - 2GR GRG0
N Ul(t?i)oé(t’i)p(tai)ﬂ(tai)_(b%(t7i)+a%(t»z))7-2( )
Ml = G0+ od6 ) @30 0) + o30,0) - PRt de ) O
HHEEM, (t,1) = 0HMy(t,i) = 0F
bi(t,4)b3(t, 1) + b3 (t,i)o5(t, 1) + oi(t,)b3(t, 1) + oi(t,i)o5(t, 1) 41
oi(t,i)o3(t,1)p2(t,1) ’
WM, (t,4), My(t,d)ANAE AR N2,
RATHEM, (1,6), Ma(t, i) TR0, T HES LB, 200 50 T BE h 26 .,
e 1t o, D)ol )Tt )
. 1)02(0,2)p(Ly1) /2(0,1
) s = 2 (3.22)
e (b3(t,1) + o7 (t, 1)) Ta(t,0)
T = G ot ol ) (3.23)
s (t,i)o2(t, 1)p(t, i) Ta(t, i) (03(t,3) + of(t, 1)) Ta(t, 1)
01(l,1)02 ,Zp , 1 210,17 . 1 , 1 0'1 , 1 210,17
b3(t,i) + o3 (t,1) <Tlti) < o1t D)oot i)p(t, i) (3.24)

Ferp 15 T8 3 dpe DL SR 7T L 5 B 2.
SIEE3 &Rl S A il (3.13), HK(0,4)[zo + (A — 2)Q(0,4)], i = 1,2,...,dIESFR—5 W4,
K(0,a(t)[X(t) + (A = 2)Q(0, a(t))], € [0, TIMIEF K (0, 40) [w0 + (A — 2)Q(0, io) | IEFLHE

51384 % & w AR AR H1(3.13), X (1) + (A — 2)Q(0,a(t)) < 0,t € [0, 7] HAL g + (N —
Z)Q(O,Zo) < O, io = 1,2, .. .,d.

FI L3 G| FAUE B FE P 2 % Ping M Yam (2013) [11].

EHE3 HEEHL, Hro+ (N — 2)Q1(0,d0) < 0, ig = 1,2,...,d, KK, (t,4), Q1(t,4)iH L LT
W TR

: i) —ro(t,i)+ea(t,0)2 | a?(t,i)n?(t,: . . .
{ KH“J):[““%QJﬁgﬁﬁtn + (;&ét>_2m@JﬂKﬂan-—2ﬁﬂqﬁKﬂu3L (3.25)

K(T,i)=1, i=1,2,...,d.
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Ql (ta 7“) = To(t, Z)Q1<t7 Z) - a(t,i)(e()l\fii)z—n(t,i)) - Klét,i) Z;lzl qinl (ta])[Ql (taj) - Ql(ta Z)]7
QT,i)=1, i=1,2,...,d.

(3.26)
T 7] R (3.10) B 0 S 4 il
F(t,x,0) = (£ (L x, i), I (ta,i), by (¢ 2,1)), (3.27)
Hr , . .
E(t i) = 1 4+ WG+ A= 2@ - ey oy
b2(t, 1)
rx N <T2(tai) —To(t,i) +62(tai)) .
l2 (t,$,2) - b%(t,’i)—FU%(t,’i) [$+()\—Z)Q1(t,l)],
A E
inf J (ZL‘(), 10, T, /\) [K1 (0, ZQ) Q% (0, Zo) + 51 (Zo) - 1] ()\ - 2)2
well (328)
+2[K; (0,i0) Q1 (0,ig) o — 2] (A — 2) + K1 (0,10) x5 — 22,
Hr

T

= Z Z pioi(t)qa(t)j [Ql(ta ]) - Ql (ta i)]zdt

i=1 j=1

S—

kB RE SR ABL T 2.

EIB4 HERE2, #izo+ (N —2)Qa(0,i0) < 0, do=1,2,...,d, FHKy(t,4), Qa(t,i)HELLT
oy iR

< ; r1(t,3)—ro(t,i)+e1(t,3))? a®(t,i)n> (t,i . . d :
{ Ks(t,i) = [ (tb%(t,f)(ia)ﬁi)(t 0”4 (tbzzzi)@ ) — 2ro(t, )] K (t,0) — D75 qi Ka(t, 5), (329)

Ky(T,i)=1, i=1,2,....d,

Qa(t 7) = 1o(t, D) Qs (t, 1) — AL — ofers 5301 i Ko (t )[ @t 5) — Qa(t ),
Q:(T,i) =1, i=1,2,...,d,
(3.30)
) (3. 10) 5 e 1 S s

Tt @, i) = (E°(t, 1), I (t,x,1),15" (t, x,1)), (3.31)

Hr

Fepp oy Al n(t i)+ (A= 2)Qa(t,4)]
E(t,x, i) =14 V2L, 1) )

i) = - RS (- Q)

" (t,x,i) =0,
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E3Hzo + (A = 2)Q(0,i0) < 0, BB W RUUT R LR, AL B /D — ARG 2 (3.2) T
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. N 25 44 RS B 04 e 22
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AeR TEIL
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QT i)=1, i=1,2,...,d,
Q(t,i) = ro(t,)Q(t,1) — alt, i) [0(t,7) — n(t, )] — i Ty ¢ K (£, )Q(t ) — Q(t, )],
QT,i)=1, i=1,2,...,d
(4.4)
WL Q(t,4), Q(t, i) NFRNIIREL, K (4.2) 10N (3.14)F
;IGI%J (l’o,io,’ﬂ', /\)
— K0 '>[@<0 ')+Q(O’i0)]2+ (i0) + o (i) + v (i) = 1§ (A= 2)?
= » 20 ) 20 N> 7\t N Mo O —2)? 0
(4.5)

+2{ (0, lo)[ (70)_’_(2)\((1@]]:0
_ [K 0, i0) Q2 (0,40) + 7 (o) — 1} (A= 2)2+ K (0,i) [0 + Q (0,40)]* — 22 + v (io)

+ {2K (0, i) [0 + Q (0,40)] Q (0,70) + 241 (i) — 22’} (A= 2),
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e[ Z%(t)j — QP vl =B [ 3 au0(Qd) - Qe

/ an(m Q(t, §) — Ot i)][Q(t,5) — Qt, D]dt,

AT R T, A
K (0,19) @*(0,40) + 7 (i9) — 1 < 0,

(4.6)
BRGNS N — 2F
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wRKNEN
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