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Abstract

Under the background of the risk model related to two types of insurance business, the
optimal investment reinsurance of the joint benefits of the insurer and the reinsurer
is studied. Assuming that the insurer can buy proportional reinsurance from the
reinsurer and invest in a financial market consisting of risk-free and risk assets, the
reinsurer can use the expected premium principle to charge premiums and reduce risk
by investing in risk-free assets. Under the mean-variance criterion, the expressions of
the optimal investment strategy and the optimal reinsurance strategy and the optimal
value function of the combined returns are obtained by solving the extended Hamilton-

Jacobi-Bellman equation system, and the validity of the result is verified by example.
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FEORRS DR ES: 2 7] HOAE- 5 ZE e AlE 1)

AR RIS 23 =] [ A1 B R TU B DU SRS [, (R AE LSS A0 v A7 A R I P2 i DR s 2
) AEE ORI 23 7] RS L, e R PR (SR AT BBt AT PR A R 5%, IR A SOk [11] R iR — 10 FHOR B 5 24
WRMTT, BRI A W) MR A R, R ORI B AR AE T, X Herb—Jr S e i) 5 PR 5 3
W, Xt U7 R LR REAS R B, PTEL, ERIRBC B M ARB I FE b, 25 8 ORI 24 =) A0 DR
NPT R E PR, SCHER (12, 13]7%5 58 1 ORES 24 &) A0 ARG 24 7] U7 WA 2, 0 9 25 3R] 2R A7 A0 48
A BIBERBEAT THETC. SCHR [14]8F 78 1 e CE VAR 2R s A5 ) AU B8 7, DA e KA DR B8 XT3 F) 24 3 1
BB N HEN, A5 T e DU R ORI S s fEBLEERS b, SCHR [15, 16)0F 78 1 AN TR A vhE DL
N, DRESE 2 F MU ORES 2 7] A S SR SCR [17] B ShARRITER B, BT 7[RI 25 &
DRIS: 2 ) AP DR 62 23 ) R 2 PO B I P R IS B0 SR e 6F T DR Iz 2 W) R R PR 6z 2 0 XU 12 1 i
SCHR [18)45 H T 9T TR [19]WIF 78 1 DRI 2 ) R R ORI 20 W) 0 A1 2 4 45 5 i 6 S s AR 25 447 PR o
Xt N A BT 3 B DR B SRS P S

BEAk, BEE ATORRE SR A BE 98, DL RIS RC B A 2 MBI R, R AR
B Al S5RGBT R, IEAERS . AR, BAMRL. BEITRAE. X LLR A
MRER RN ARG, LEAn MBS AR 7 Br. il X P OR S R AT T, SCHR [20]7%5 58 17 P FH H A A
RYERIR AL S5, 7 ZRFIEET, FMAEHIZEIEE, o7 &l = 2R 8080 oK
AEN R 52 VR XS R AT AR B 328 20 DR RS 6 84 ) i D18 B A9 P O G S s AT B Py i PR IA 3 S
Bk (21 SE-J7 ZZHEN R, BT IT 1 BA R R UM RS: B 7 ) < R i 37 1) B 10 1 PR 6 5 % 1
Ferp ORE S R Sa AR T AR AR, BRI A B — IR R e SCH, B T BEALAAE kI
BAR, 45 T HIBIT RERGVEMR (04 S5 D0 SR AR bR i) B NI e 2 DA B S 25 SR K F T AR
D, AR SORE R 25 R AR S 2 ) AR GRS 22 =07, A8 0 B2 R 98 D BN 0 78 B AT P SR AR G Al 5%
ISR, H AR R R P BT 22, 3o e DA 8 ORI 1) AR AT 1 R0+

2. AR

RBL(Q F, { Fitiso, P) & — DAL biso M S BR8], AP R{F ool I 26 0F: A
BEEE, I {F o BE TAP-AI IS, FEARSCH, P IBEHLAS A E SRR 2 T .

2.1. BRITE

AX ={X;,i=12.} Y ={Y,i=12 P2 REAFKMHENFEKRF, HAEFMHERK
Mo X = {X;i = 1,2, . VY = {Yi,i = 1,2,...} & M7 [ 5 A i IEBEHLAS &, 45 A BR300 )
NE(z), Fo(y), H“X <0B, Fi(z) =0, %X >00, 0<Fi(z) <1; H¥Y <0B, F(y) =0,
Y > 0fF, 0< Fa(y) < 1o X; 5 REMEBRTRE D, RENEX) = pn, R
NE(X?) = pazs Y —RKEM BRI RGN, HEHENEY) = po1, —HHENE(Y?) = pose
PIZEE AR Zt RS RIGEL () A

]vz(t

Ni(t) )
Lt)= > Xi+ > Yi=Li(t) + La(t).
=1 i=1
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Hort Ny () BN (6) 9.0, TR A — KBRS — R R ISR AERIREL 5X, YL, HRBIRE
HIAH PR T

Ni(t) = Ni(t) + N(t), Na(t) = No(t) + N(2),

Hr, Ni(t), Nao(t), N(t)IkMPoissonsr A HAHH BT, SBEESS AN > 0, Ay > 0, A > 0,
Ni(t), i = 1,287 ARBGE R REIRE, N(t) FRom R — S50 R 2 06 P SR Fh 1) 2 6
UH, BRI R LIV B (N, (), No(t)) i JL R (i Poisson L BN (A5, TR, M bk, f#
(SENEI SN )

R(t) = zo + ct — L(t)
= xo+ct — L1 (t) — La(t)

Ny (£)+N(t) Na(t)+N(t)

=zotct— Y, Xi— Y Y (2.1)
=1 =1

Hrbay > 02 R AR I B AR, cREPR B (FRLALIN TR) P ORRSE 2 7] DR SRR ) o

2.2. BIR[EER

KT RREE KK, R ARISE, VPR A A E R A R, @i M s
G, ¥ TR I 0 49 KUK R S AT [ FL A AR R A B BEAT 5688, B S PRI, R AR A 7] 1 7
(e O B T S LA ARG, 6 T 70 AR ) (0 e Aol 25, B 2 &1 80 11 B BU A8 43 3 g gy s 3K
By €[0,1], i=1,2, BIXET B 2R A RIGHXAY,;, (RRA FEAT g, X Flga Vi, FIRR A
AR A2 (BRI AT (1 — o) XoB (1 — qoy)Yie TRBEFEARIO A B HOLR 210 (quy, qae ) H2 TR (7
e IR B, )

3(qut, gar) = (L 4+m)(1 = qr)ar + (1 +12)(1 — g2)as. (2.2)
Hray = M+ NE(X)s az = Mo+ NE(Y), 0 FARE AR T 2B 22 54 (0 = 1,2).

2.3. &1

DRI 23 B ok 1 3 5 ) K 7 DR IS B B XURG: Ab, 38 W] DAFE SRl T I HEAT 45 B8, SR m I 2 1) g
Tl ARV R I Ao KU B 7 (e ) A — AN UG B 7 (e 52 ) AL e AR 21, o RS B 7 )

1 S0 (t) A
dSo(t) = rSo(t)dt, (2.3)
So(t) = So.
Horhr > ORTERBH ™ (1i%5) RIS KU1 4 S, ()
dSi(t) = Si(t)[Bdt + adW (t)], (2.4)
S1(t) = 5.
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b go RURS: B 7 (B SR ) B IR R, ooy XURS: B8 7 (52 BB B 28, W ()02 — DM AR E A B i 30,
55X, Yi, Ni(t), No(t), N(t)Bhir.

2.4. TELIE

A, DR 2 ) AT RASR BT 0 KU B MRS BE 7, PR ORI 2 ) AT BAAR R T e KU B R
HUIRE RSz FECIS 2, 5o () ORI A A $08 T RS BT 7= B8 ORI & 7] I & i A Ry N

det = [C + T'(th — 7T) — (S(QM, QQt)]dt + ﬂ'[ﬁdt + UdW(t)] — qltdLl(t) — thdLQ(t) (25)
FRORRS: 22 7] B & i A2 Ry

dRaoy = [rRat + 6(qut, q2t)|dt — (1 — qu4)d L (t) — (1 — qor)dLo(t). (2.6)

AN T (R I SO 62 24 =) A R ORI 2 m B A 2, R B R IR Llae € [0, 1008 i
NR; = aRy; + (1 — a)Rye BN EHa = O, RZIE 1 HRE A7 KW E SR, SR
Ha =10, R, ZIE 7 RE A F W E LR, HalRNZE 1 AL S S A b R I 2 & 1
) g b, K U S0 B PR S 28 ] M 2, Be 22 DU ) B P RIS o m] R Bk 55— i, FRATTAD
CABR R — R A m A — A RS A 7 R T 7 MR SERL o (1 — )73 59 BT 1
AR teBl, ROIRIGSE I Bt i, R, dfrg A, JATHE

dR; = [rR; + ac+ (B — r)m + (1 — 2a)(q1¢, Gor)] + condW (t) — Z[l —a — (1 —2a)q;|dL;(t)

i=1

={rRi+ac+af—r)m+(1—-2a)[(1+m)(1 —q)ar + (1 +n2)(1 — g2)as]}dt

+aordW(t) = > [1—a— (1 —2a)gdLi(t). (2.7)

i=1

B B, Yo =20, WEERSq,, 5K, HENHAREEMERE, WA o £ 1
Ha € (0, 1)y 5EA T3R5 kg

X 2.1 2o RABQ = (1, @2, m(0) RE T IR{T ez0- 18 B M RMILAZ, Hih AT F b2
1. Xff‘]}ﬁ,{ft}tEOy (q197q2t77r(t))}%4‘}§}?’_6]-1mqé@;
2. Vs e [t,T], 0< qis <1,i=1,2, E[f) (¢, + a3, +7(s)?)] < +o0:

3. (Q, R®) R MALBL A 7742 (2.7) 84 — ko
W HEQ = (que, Gor, T(t)) T BEHF R, FIA T EHFREGELSTHQ,

3. EXHMS[E

MRYESCHR [22], AT MZFIRHELE TV RIS SRR T — DR A ORE I, ORESR HH H bx
e f KA S I ZI T 1) B, st L38O e R M- 2, RV (¢, ) € ([0,T] x R)»
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BRI oS

sup J(t,x,Q) = sup{Et,w[Rg] — %Vartﬁm[Rg]}. (3.1)
QeQ QeQ

HAE,,[| = E[|R® = 2], Var,,[] = Var[|R? = z], cRVGEES, v > ORISR

WO — KB E, WEXNYY(E,z) € CH2, Wy s M, /2[0,T] x R EELE R,
Hrpp N Xt —Br T, o, i, ApXtc ) —Br @A = e, H

ARY(t, ) = ¢+ {re + ca+ a(B —r)m + (1 = 20)[(1+ ) (1 — q1)ar + (14 n2) (1 — g2)az] }oa
+ %O{20'27T2V7:m +MEY(tz—(1—a—(1-2a)q1)X) — (L, x)]

T RE(E - (1 —a—(1-2a)g)Y) = ¢t )]

+AB[(ta — (1—a— (1 —20)g)X — (1 —a— (1 - 20)g)Y) — (t, )], (3.2)

EMX 3.1 (H#HES) mRQ € Rt x R* x R, h> 0#=(t,z) €[0,T] x R,

J(t,l‘, Q*) B J(t,$7Qh) > (.

R h

A

Q,s € [t,t+ h|,T € R,
Qh(sa‘%) =

Q*(s,z),s € [t+ h,T],Z € R,
W Q*(t,x) A ¥k wg, 48R 69 HEHHA
Vit,z) = J(t,2,Q") = Ey . [R¥] — %Vart,x[fz?*]. (3.3)

ST 3.1 (B ) 43 (3.1), 4o RAEERANEHRU, ), g(t,z) € C12([0,T] x R)#H LT

P\HJB75 A2 48
sup {A%U (¢, 2) — A Jg(t,2)? +9(t, ) A%(t,2)} = 0, (3.4)
QeQ
UT,z) ==, (3.5)
A g(t,z) =0, (3.6)
g(T,x) = x. (3.7)
s
Q" = arg sup{A?U(t,2) = A Jg(t.2)” + g(t,2)A%(t, )}, (3.8)
QeQ
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MV (t,x) =U(t,x), BialRE]=g(t,z), RREKERQ

R EFAIERT,  WOCHR [22] 7 B E F4L 1.
4. 1HEBIK R

AT, BATHESIE-T7 ZEE N T 2R A ORRSE AR R i A0 5 DR AN P ORI e BT (8, ) Mg (¢, ) 5
PN AL E B3 1P AR A I RR L T (3.4) F1(3.6) T LS i R

sup{U; + {re +ca+a(f —r)m+ (1 —2)[(1 +m)(1 — q1)as + (1 + n2)(1 — g2)as]}U,

QeQ
1
+ 5 Uaw = 79:(t,2)))a%0%n? = (01 + Ao + WU () + 39(t, 7))

+ME[U(L T —0,X) — %g(t, z— 0, X)(g(t,x — 0,X) — 2g(t, ))]
+ X BU (@ — 0:Y) = 2 g(t,@ = 0 ) (g(t, 2 — 0:Y) = 29(t, )

FAE[U(tz — 011 X — 0,Y) — %g(t, 2 —0,X — 0,Y)(g(t,x — 01X — 0oY) — 29(t,2))] = 0, (4.1)

g +{rz+ca+a(B—r)mr+ (1 -2a)[(1+n)(1 —q)ar + (1 +n2)(1 = g2)az]}g

1
=+ 50520’27‘-29191 + /\IE[g(ta T — elX) - g(ta I)]

+ XE[g(t,x — 0.Y) — g(t, x)]
+ AE[g(t,x — 0, X — 60,Y) — g(t,z)] =0, (4.2)

Hg, =1—a—(1-2a)g,i=1,2, WIEBjorkMMurgoci (2010) LA K E L3 1 461F, AR MR

R
U(T,z) = A(t)z + B(t), A(T) = 1, B(T) = 0,
g(T,z) = a(t)x +b(t),a(T) =1,b(T) =0,
X H SR A vT 45
UlT,z) = A(t)x + B(t), Uy (T, x) = A(t), Upe (T, ) = 0, (4.3)
g(T,2) = a(t)a + b(1), g (T, ) = a(t), gua(T, ) = 0, (4.4)
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Hot, A(t) = dA(t)/dt. B(t) = dB(t)/dt. a(t) = da(t)/dt, b(t) = db(t)/dt, RN(41)13

A [re +ca+a(f —r)m+ (1 —2a) (1 +m)(1 = g)ar + (1 +17)(1 — ga)az)] + B(t)

A(t)z = A(t)0rar — A(t)aa; - %a(t)z(afb? + 0262 + 20, 0o A i1 1oy + 0%0272) = 0. (4.5)
HHp? = (A + ME(X?), 2=\ +NE(Y?). %

fla,q2) = —%a(t)Qefb% - %a(t)@%b% — A(t)01a1 — A(t)0sa2 — ya(t)?0109 1y i

+ A1 —20)(1+m)(1 - @)as + AE)(1— 20) (1 +m)(1 — g2)as. (4.6)

i
Oa22) = (20 — 1)(—ya(t)?0,63 + A(t)mar — ya(t)202\p11pan),

Oqu

l (204 - 1)(_’)’(1@)2‘92(7% + A(t)n2a2 - 7a(t)291/\/111,u21),

0q2

*f(ai.az) _ —~a(t)?(2a — 1)2b2, (4.7)

qu

LI — (1) (20— 1),

2
Tl = —qa(t)? (20— 1) Mana .

94192

f(q1, q2) I Hessian i B 1] LLR IR A

8?2 , 52 ,

fpee) ) at22a - 1P —ya(t)(20 — 1) A
9? 1,92 8?2 1,q2 N

D) XL —ja(t?(20 — 12 A\pps  —va(t)?(2a — 1)%3

ARIEAT G-t PR A2, FRATENTEDILS = (M 4N E(X?) A+ N E(Y?) > XN2pd 3y, #y2a(t) (2a—
1)?(b763 — N pdyp31) > 05 FTEAf(qu, go) I Hessian FFEIEE, B f(q1, go) 2K T a1, gL

H
JE
—’ya(t)291b% + A(t)91a1 - 'ya(t)292)\,uuu21 =0,
(4.8)
—ya(t)?0:b3 + A(t)02as — ya(t)*O1 11 po1 = 0.
i
0, = A(t)(—aznzApa przr+a1bin)
1= ’Ya(t)2(b%b§*>‘2“%1/‘§1) ’
(4.9)
g _ A@)(—ainidpi1pzi+azbing)
27T T a3 Nt eE,)
M0 =1—a—(1—2a)g,i=1,2, FliTHg = 259=2) i — 1,2, 1RHE(4.5), 135
At —
- _AWE=1) o)
avya(t)?o?
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¥q,, Gy, TN (4.5)F1(4.2),

, . A(t)?
(A(t) +rA(t))z+ B(t) + At) (ac — (1 + m)aa; — (1 4+ no)aas) + 2%5(1)25 =0, (4.11)
. ; A(t)?
(a(t) + ra(t))x + b(t) + a(t)(ac — (1 + n1)aa; — (1 + n2)aas) + fya(t)Qg =0, (4.12)
/\l:':‘
2,272 2,271 (B—r)?
€ = ainib;y + agnyby — 2a1a2mne Apins po1 + P (4.13)
BAE (4. 11)RI(4.12) %o, U
A(t) +rA(t) = 0, A(T) =1,
B(t) + A(t)( 1+ 14 m2)aas) + Alt)° (t)=0
(t) + A(t)(ac — (1 +m)aa; — (1 + n2)aay 27@(15)25 =0,
a(t) +ra(t) = 0,a(T) =1,
' A(t)?
b(t) +a(t)(ac — (1 +m)aa; — (1 +n2)aas) + —=56(t) =0
va(t)
it LR ik, A
A(t) = e" T, (4.14)
1
B(0) = (ac — (14 naas — (14 maaa) (T = 1)+ 6T =0, (415)
a(t) = e Y, (4.16)
1
b(t) = (e — (1 +m)aa; — (1 + ng)aaz)%(er(T_t) -1)+ ;f(T —t). (4.17)
4 (4.14)F1(4.16)F RN (4.9), 7S
_ 1 —agMoApi11 o1 + a1bam 1
D= 2010 — V) (1%)
_ 1 —ay i Apa1fior + azbing 1
= 201 e ) ¢ 19
Wmy = —agmApaiper + a1b3n, me = —aimApiipi21 + asbing, Xﬁ$%iﬁﬁfﬂ%@g‘” <

b Aty (T, o) RALART, = 0@ = 0,6 = O)EILHIRT I 5, 1 (D, 1) RAE A, = 1(q; =

ayApiiper ©

1,q = 1) BOLIIRE R, to; RfE45q;(T —t) = 0 BOLIIS Rl AL, @ = 1,2, 5,215 ¢(T —t) =0
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FROLIIE A £ = 1,2, T RIRATAT LA S0 F A g 2
EE 4.1 L <a<l, NREFREES (G, 0)N

R b? by
(1 éTh > a1>\(22111,u21772 > &2 aullblg“mng i, Bp (mg > 0,ms < 0)

(070)7t S %\10

(qik7qs>: (Z]\l,o),%\lo<t</f\11

(170)7t 2 %\11

T (1—a)A\pa1po1+nia1

[—=
yer(T—)p2

Fq = 2a1—1

—(1—-a)
2
(2) :‘5#&#21772 > > %11)1;21772 B, Bp (my > 0,mgo > 0)

Fmy > ma, A
(0,0),t <ty

(0751\2)72\10 <t <t

e (M=)

(4.20)

(4.21)

Q11211202

(¢1,02) = (@1,8a)st20 <t <tna
(1,q2),t11 <t < to
(1,1),t >ty
Foob = gl [ mtne (1 _ )], g, = L

Emy <ma, A
(070)7t S %\20

(0,62),?20 <t <t

-(1-a)

Ner(T=1b2

(4.22)

ve" T adpi1por+mas

-(1-a)

(41, 6) = (@,T2),ti0 <t <txn
(@, 1), b1 <t <tn
(1,1),¢ >0
Foby = 5y [ et (1 _q)], G = 5l
(3) %2y > @Xngony, >y B, B (my < 0,ms > 0)
(0,0),t < a0
(45, 05) =3 (0,G2), o0 < t < o1

(07 1)9t 2 %\21

.Yer(T—t) b%

(4.23)
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2
0 er(m-t) 2132 AN ud p3, 1 (B-r)*  miaj _
(e 1))a?[b? o ] + 27[ =t (T —t) (6.25)
(D ¥iqr =1,¢5 = 1, RN (45)FM(4.2),
. ) A
(A(t) + rA®)z + B(t) + A(t)(ac — (1 + n2)aas — aa; — %;“7‘”2)
ol At (B—r)?
- §a(t)2a2(b§ + bg + 2)\M11M21) + 2'7&({:)2 0_2 = 07 (626)
, A
(a(t) + ra(t))z + b(t) + a(t)(ac — (1 + n2)aas — aa; — %5”72“2)
A(t) (B—r)*
e 2 O (6.27)
el (1) ek, AT DA B L E B AL
: 1 B 1 (B—r)?
— r(T—t) o _ S r(T—t) _ - _
V(t,z)=e z + (ac — aa; aag)r(e 1)+ SR (T —1t)
= (T 1020 4+ 20 n) (6.28)
1% 5 BUIE I 52 B,
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