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LA UK B BSDEsIC. Jb)5, L& %t Teugels BLIR 3 BSDEsI 19 D K AH %
B REHLFE ] 8 20-22) BT T IEARIBESE, BUS T EE AU

SR, 7E B AR AR H, RELBRRBAMUKB T Y BRIRE, 1 557 RS M
% I, AR A B A A BEAL S ] R A EE A BLSE A EE. 2000 4, Oksendal 5 Sulem
(23] EF XTI R ARG T LR EFEE. SRR ATrA, B R G0 % Y A (R bl e —2k
B E A AL R, BR ARl BEAL > 72 (anticipated BSDE) . % J7f2H Peng
5 Yang [24] B WA, Ab AR BHIE B T 33 24 8 w6 17 BE AL 5 R R P — TR AE . I
J&. Chen 5 Wu FEMIERY PR T REAFFR TAE: 2010 4, Mf14AESC [25] HERFRT &
B R RE AL S R, A A X 3k S AR A B e RE AL A AR S T i I R Y B KA R
P, IPLe I T AHSCR A 5245; 2011 4, Chen 5§ Wu #F— P8R T — 28 EAE] W] BEHL I
Sy 778, i IE 16 75 T A I RE LI O R, 8 1 7 R M BRI r R LA R PO 1
A, 3C [27-28] WM 10C T BT RA W AREFRBR. ZIT MM e SRR 20
X [29-32] %

HETOH, Satar sl aroi. B Lévy S RRIK SR REAL RS il (7] 81, Hrg & R gt g—
KHRA 1 & B S R BT R IR RE B 7 RR (AR FBSDELDAS). {H3E R AT 1Hr A1,
R EH X 2 R AR [ R AL 7 R AR SR SR 4. BRI, A% R an IR A & i 5
R AT ) L AR [l B AL o
dz(t) = b(t, 9( ), 0—(8), y+(8), 24 (8), k(1)) dt + o (£, 0(2), 0— (1), y+ (), 2+ (£), b+ (£)) AW (2)

+Zg“te 0 (=), (=), 24 (1), ks () AHD (1), ¢ € [0, 7],

dy(t) = £(2,0(1). (1), 0+ ()dt + ()W (¢ +_Zk:“ (aH® (), te 1], (1.1)

) =A), yt)=pd), z(t)=p), k@)=s<@), te[=50]

t)y=k(t)=0, te(T,T+74],

EHEL 0() = («()Ty()" ()" kO B k() = ROOTEDOT,- )T, 0-() =
(@) - 2O k(DT = (2 = )T y( = )T 2( = )T k(- = O, 0,.() =
(@ ()T () 2 O ke (DT = @ (- + )T EX [y(- + 0)]7, B [2(- + 0)] 7, B [k(- +
O HEAH, 0(—)=(x(—) " y( )T, 2() T RO, - (=) =(2-(—),y-(—)T, 2= ()",
k()T = (@((=0)=)"y(( = 0)=) 20 = )T k(=)D g (=) =B [y((- +0)-)], H
i EF [ ] = E[|F], T RaMEEREE. JAN 8 AC) = (), () p(-),s(). B 6 >0 K%
R AURISHEA/DN. E—B R, MPTA t € [-6,0, H Fo = Fo. {(We:t€[0,T]} K d

HeFREATIES), {H ¢ € [0,T)}32, &5 Lévy R FAHEM Teugels B

S T IR G4, HE— 2T

L) = ()60 0()T gD, Hift g()T = (VT ¢POT,-- )T (12)
TJ&, FBSDELDAs (1.1) B Arg &E A4 —FRH (A, 0,1).

2014 45, Li 5 Wu [33] FFAABFFE & B HIAT Lévy 1 B Bk V3 RE AL 0t P 1 v 1, 3
Fob RGOAT o BHIERD Lévy b BRAY AT 1R8I BE DL 7772 (830 AFBSDEDLS) #
. AATZE ST A HREN T A A Lévy o BRAgREHLE 777 (SDEDLs) K& & Lévy st
T (L BT 150 1 B DL 1LY 7% (ABSDELs) P — 77 HE, ¥ET 15896454 AFBSDEDLs
TR —TETEE G SR TSR, M AT7EST [34) Faft— RS T - BHIEAT Lovy b
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ARG LQ e ML, 55T REYLIG B 0URSH TAE S M — B Il R A . RE
EERR, 1Bt 58y AFBSDEDLs #oAARE S, A SCR i — 20T e 2 M &1
B, XGIEMEHRAERELER. LW 2M G FBSDELDAs fRITFEME —, A
XHIEFIEEAT T E— LR RGN, TS 2 AR 7A 7 — g R IeAh, 3C [33] E4
i ABSDELSs Ry ZESEKMIE. M, 430K B A A FEX —BF 7877 17, i —2 43+ SDEDLs
L5t eifs FBSDELDAs R ESRBTE 2 (2 W51 2.1 5E#H 3.1).

2022 4, J>RAFE —Bery Al T e £ 280EHL LQ MIBIR#ES FBSDEs, Yu [35] i1
FIN— RV G EREYLIAE SRR A ERE VL R, A T — - P E 2. R HE e
AMIREE 2 X 2R G S REEMIAM R, AW SHZ PR ISR, Yu 7E
SCHARE] TS FBSDEs fif i ME— 17 E M4 R X AL OTHY R SR OSSR i X
SRAEZRAE FVEREE ), B BN T 20 M4 SCRB B 7S 7, 43 [36-38] 5.

UE, Yang 45 Yu [39] BF5E T —IT0 55 I WA ATE BT DT AR5 FBSDESs, i1
FIABENLAL Lipschitz 25 fF S HENLAL IR S0, 738 T3X 2K FBSDEs ###)ME—FF7E M.
4 Yang Ml Yu BHFFT (39] MM, ASORE Yu [35] & H B Pl SO HE A AR ) 3 & i
BRTHAESE T, H TR5E 241 FBSDELDAs, HiZ ik adt—5 W i TR —
PR PERERE AR A B S LI R R I RE AL LQ M. ERIEERR, Li, Wang 5 Wu [40]
BRSPS M- IR T, BF9E T — S BT IR B i RE AL J7 PR A A e — 1,
EA AT R FE - IRV A R A (B R 3.2) FERFEER, RTX—ZERK
PRAAVE, W2 WIE 3.1.

Ve LR Ry B AT, FNPR BB o AL & IR BB AT O, i Lévy RIS FENL LQ
M. LQ MR R LR U A iy — 2R G L, SRS EERADIT. 1EFFX
2R LQ MR, AR M IR S, 108 —Fh ity FBSDELDAs. B FBSDELDAs
R ME— TP EVRSE R, ATRE T LQ MBI I R S A M — 4. ERR X2, 1
ABRIE ] LQ MR AL 5 s U PR RE A AR I, BATTIA T — 05252 (5[ 4.1)
AR TR R, X— R RAEEE X

ASCHARTFIER T 5 2 WAL BN EART S, ARSI S S-
DEDLs fil ABSDELs fHIGHI PP ICEET B, XG[FN G M ZXREE. 5 3 TR
- A SR fF T B FBSDELDAs (1.1), B R 7 BRI A TEME— 1, JF4e X2
WHESR R A EEAE MR S MO E e B, XA R B A T2 3.1 . 58 4 AT
JURTHIEE R, BRFE P2 Lévy 1048 DL K il BOR AT OUR S0 1 LQ [, 8 2h ff 5 i P —
B A 1 SR A X B AR

§2 FSEMERNA

B R™ Ky on 4ERRIRES ], HIEHCH |- |, WA (). B S™ S R™™ Hr Bl R FR R e
MR SEE, R FEA n x m EEM R ES, HIEE0E SO [A] = /tr(AAT) (HE
B AeRY™), WRESCH

(A,B) =tr(AB"), A,BeR"™™,
BT >0, [0,7] FRRARBEXE. ¥ (QFFP) A—P5Ea Rz, K

M F = {F : 0 <t < T} HRAEENN P-E2&ENTISM I & T
G={G:Gi=Fi_s, 0<t<T} W, :0<t <T} HRT FEVH d gEpriER BE
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3, {S:: 0 <t < T} N | ESERELRPUENLR, 718 Lévy i3, HEA FRmr g i
HE {W,:0<t < T} MHEM. EH S, WRAEREEA M TR

E(e“5t) = exp [iawt — §Q2w2t —|—t/R(e‘ws — 1 —iwlyg<1y)v(da)],

HitaeR, 0>0,0 FR EWMERTR [,(1A2%)v(dz) < oo. fRYE Lévy ME v 2

/ (e"1o1)u(dz) < oo
(—€,8)°
HASEE e >0, FEEFEE k> 0.
RiZwE F A A S R
Fr=0(Ss,s <t)Vo(Ws,s <t)VN,
b N RRBE PR 54 |
A" 0 <t < TR, K Lévy 1B {S:: 0 <t < T} MKhy Teugels Bt H” fy

Ht(i) = iiY(i) + Ci,z‘—lyt(i_l) + 4 Cz‘.,lYt(l),

Hestprig i > 1, v, = st —E[s\]: s ?”ﬁ%ﬁﬂkiﬂx, wE sY =5, HY i > 2m,
SV = 3 (AS): FM ey xezﬁ'ﬁ La,x? - EFME p(de) = 22v(dz) + 0250 (dz)

0<s<t
W IESSAL BB 1Ak, B0 Teugels 9t {H, “}oo T B 9 IE 35, FLRTRE R A 2 R A
(H HIY = 6,5,

dij = {1’ Z - J
0, i#j.
X T Teugels BLRy B 24077, 7] & W3¢ [14-15).

B H AR A /RIARF 2], HEEGCH | - o, FTEIIAETHFSE X
1 B R AT A

H

ol = (ix )" <

12(H): ﬁﬁﬁ%EUT%ﬁ:

> \1/2
Il o= (DIFIE) T < oo
i=1

W HAEFH f = {f"} iz MR 25T
Cl(s,r; H): f X1 [s,r] 2] H #2452 5k F0k a i 25 4]
L2(s,r H): BrEW R LT 204

H§ ||L2 s,r;H) / |§ Hdt 2 < 00
7 HL {3l DUAR T Bk KR () MR =S ).
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L3 (9 H): BRI AT 40
l€llzz, ) = ENEIRNY2 < oo

Hy H AH, Fr A[REYLAR B & A4 AR 25 1]
L% (B H): Brf HAH, Fr o EAYA A8 REVLAS A A e 228
Lg(s,my H): BrA# R LT 4 0F

2
1) 207 = / 170lEas)] " < oo

f H {E, F ADRLE AR f() M 22 ).
Mg (s, H): FrAW R LT & 0F

/2
1Oz = [B( [ 170)1Eas)] <o

) HAE, FaBE VR f() H Ry =5 .
Lg(s,m 12(H)): BrA W R T %4+

£ zzo ey = [B( [ i 17 @Eas)] < oo

Hy 12(H) {6, F AR AR f() = {F°() biza MUY 22T,
Lge(s,my H): P HAE, F DR E A 5 2o REA Al a2 ).
L (s,r; H): BrA HAE, G APkt EAHEA 5L B2 A i 25 ).
SF (s, H): FrA R AT 44

1Oz ey = [B( sup 17 0IR)] " < o0

te(s,r]

i HH, F &N AELMN (cadlag) 1R () MR 22 [H].

NIRRT #2452 TR = A e X

N2(0, T; R*(2F) x [2(R™)) := S2(0, T; R™) x S2(0, T;R™) x M2(0, T;R™*4) x L2(0, T;
PR™). MTEREE 00) = ()70 200" k()T € N30, T; R+ x 2(R™)), B

10C) | vz 0, 7;rm 2+ 12 (RR)) = {E| sup lz(t)]” + sup [y(t)[?
F

t€[0,T t€[0,T]
2 1 2
/ 12(2) dt+/ Ol nyte] b
NZ(0, T; R+ 5 2(R™)) := L2(0,T;R™) x L3(0, T; R™) x M2(0, T; R**%) x L2(0,

T
PRM). SFEREE o() = ()7, ()T AT B()T)T € NF(0, T; R x 12(R™)), EHY

T T —— / p()2dt + / ()Pt

+ [ b [ 18wl

Q(—0,0; R*+D x [2(R™)) := C(—6,0;R™) x C(=5,0; R™) x L?(—4,0; R"*%) x L?(—4,0;
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P(R™)). XEFAERE A() = (A(), 1), p(-),s()) € Q(=0,0; R D 5 12(R™)), EHITEHCH

IOl asoezeo ey ={ sup NOF + sup [u(t)*

/ Ip(t)[2dt + / IOl ey}

H[—06,T] := Q(—5,0; R"C+D) 5 2(R")) x LZ (4 R™) x NZ(0,T; R+ x 2(R™)). %t
FAERR (7(),m, p() € H[-0,T], EMTERCH
):n

(e (- ())Hm-m = {ImO1Gs 0mnera ez @) T 11l1z,_@zn)

+ HP(')HJQ\/;(O,T;Rn(zw)xﬂ(Rn))}
FEH§4: ) SDEDL &5 ABSDEL Hy# T34 S A 43051 52
BoE, BT EA SDEDL:
dxy = b(t, x4, 23)dt + o(t, ¢, x}) th—i—Zg’) tywe—, ) )dH(l t € 10,7, 1)
=1 2.1
xt:)\t; t e [—6,0],
He 2, =25 (2 TR o 78t — 6 BHZIWBUE), ©,_ = 2¢_s- (¢j_ TR o 1€ (L —6) BTH
HIZEARER)
RE (b,0,9,\) TR TIRB AT
i 2.1 A(-) € C(=0,0;R™) (Bf A(-) ZX[H] (—46,0) #] R™ W#EZERE), H (b,0,9)
A3 A4 RE WAL B SR
b:[0,T] x 2 x R" x R" — R",
o :[0,T] x Q x R™ x R — R"*4,
g= (g2, :0,T] x Q x R x R" — [*(R™)
BB AT &4
(i) XERE z,2/ € R, b(,z,2"), o(-,z,2") X g(-,z,2') ¥k FAEFAT MR HAH,
b(-,0,0) € LZ(0,T;R™), o(-,0,0) € L2(0,T;R™*%), g(-,0,0) € L(0, T;1*(R™)).
(i) BLEF b, o J g KT (x,2") W /& —2 Lipschitz e, BIXHERE =, 7,2/,7 € R”,
FTEEE L >0, 15
|b(t,$,$l) - b(tvai/” =+ |O’(t,13,13/) - U( T,T )| + Hg(t €, T ) g(tvivi/)”lz(]l@")
< L(lz — 7| + |2 = 7).
5138 2.1 7EfRiE 2.1 T, RECH (b,0,9,))  SDEDL (2.1) TE7EME—f% () € SF(0,
T;R™). WA, 2w 2 a2

E[ sup |xt|2} gKE o el + / Ib(t,0,0)] dt+/ lo(t,0,0)[2dt
te[0,T) [—4.,0]

+ / (6,0, )]/ ], (22)
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Hr K UK T R Lipschitz %30 L WIEHEL #E—2H, % (0,7,9,)) N B —4HN
MR BE 2.1 lRRL H 7(-) € S3(0,T;R™) =HRH (b,5,7,\) XA SDEDL (2.1) Byf#,
B Al

T
E| sup |z —Etﬂ < KIE{ sup A — Ae|? —|—/ |b(t, T, T,) — b(t, Ts, T )| ?dt
t€[0,T] te[—46,0] 0

T
+/ |0(taftaf;£) _E(tvfhf:&)ﬁdt
0

T
+ [ atezm) g0, 707 e ] (2.3)
Horft K RN (URIT T A1 Lipschite %0 L #IEW 5

JE Bt SDEDL (2.1) SRy AATEME—PEETE Li 5 Wu #3C [33] @B 3.1 13 ENIiE
B, A RFRHEHIfE T (2.2) &5 (2.3). TV TIERE R, W K ME ST
XHEF R AL (T WA HBFIEN N Rk, 18 K A 58RI IE R 8, RARBUE
PN AE

KR, il

X |z B Ito AR, 715
B2 = |x0|2+2/<xs,b>ds+/ 15 |2ds + Z/ (@, GVd[H,, Hs

i,j=1
+2/ (@5, 5,dWS) +2Z/ Foe GNYAHD. (2.4)
X G X B U, HR AR ER 2ab < o® + 07, ATH#EH
t
B[z %) < B{ 7ol + / (15[ + B + 1352 + 3sl1: ) s }- (2:5)
2 Gy
t—4 t—o
/ | ds—/ 15| ds—/ EX ds+/ 13, 2ds
)
<46 sup |)\| +/ |Zs|2ds. (2.6)
te[—46,0]

Z5E R 2.1 Y Lipschitz 250 REER (2.6) REARERK (a+b)* < 20° +20%, A[FE]
/ |b |2ds —/ |b(s, x5, x%) — b(s, Ty, T,,) + b(s,Ts, T,) — b(s, Ts, Ty)|*ds

¢
2/ b(s, zs, x) —b(s,fs,f;)|2ds+2/ b(s,Ts,T,) — b(s, Ts, T ) |2ds
0 0



410 B o¥ &£ Tl A# 46 #

t t
< 2L2/ (|§S|+|§;|)2ds+2/ 1b(s,Ts,7.) — B(s, T, T, 2ds
0 0
t t t _
<4L2/ |§S|2ds+4L2/ |§’S|2ds+2/ |b(s, Ts, T,) — b(s, Ts, Ty ) |2ds
0

t
<8L2/0 13, |2ds + 4512 su?O]|/\ |2+2/ 1b(s, T, T.) — B(s, 7o, 7,)2ds. (2.7)

t t
/|Es|2ds<8L2/ |Zs|2ds +40L% sup |\|?
0 0 te[—4,0]

t
+2/ lo(5,Ts,T%,) — (5, Ts, To ) |2ds, (2.8)
0

t t
/I@SIIle(Rn)dsgfﬁLQ/ B4 [2ds + 4012 sup [Af?
0 0 te[—4,0]

+2/ llg(s,Ts,Ts) — g(s,Ts, T )Hl%(Rn)ds. (2.9)
¥ (27) (2.9) N (25), 717
E[|Z¢]?] < KE{/ |Zs|?ds + sup |/\ 12 + / b(s,Zs, T,) — (s, Ts, 7o) |2ds

te[—5,0]

/ (s, T 70) — 75, T 7)oy s . (210)
H I, I H Gronwall AR, A5

T
sup E[|Z:)?] < KIE{ sup | As]? —|—/ b(s,Ts,T,) — b(s, Ts, T ) |2ds
te[0,T te[—4,0] 0

T
+/ o (5, T, Th) — T8, Ts, Th)|*ds
0
T
[ o707 = 37T e ds . (211)

i (2.4), (2.7)-(2.9) K& (2.11), ] Burkholder-Davis-Gundy A=, (fRi#f~ BDG A%

T
B sup (2] < KE{ sup (R4 [ (82 + Buf o+ [5uP + [Gulany)ds
) 0

te[0,T) te[—4,0]
t oot
+ sup 2/ (Ts,0,dWs) + sup ZZ/ (Fo_, 3VdH! Z)}
te[0,T) 0 telo,T] ;= JO

T
gK]E{ sup |/\s|2+/ b(s,Ts,T,) — b(s,Ts, T, ) |2ds
te[—46,0] 0
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T
+/ lo(s, Ty, T,) — (s, Ty, Ty )| *ds
2 1 =~ 12
/ llg(s,Ts,T,) — G(s,Ts, T )Hp(Rn)ds} + §E[tes[%%} |z ] (2.12)
B FT EEE (2.3). 4 (b,7,9,0) = (0,0,0,0), 1] (2.2) AL
KT AT TE e —1E, @ R, | (2.3) WA EREES.
HK, &M T EAM ABSDEL:
dyt = f(tv Yts 2t kta yév Z{tv k;&)dt + thWt + Z kEZ)dHt(l), te [0, T],
= (2.13)
yr =v,
y=z=k=0, te(T,T+ 7],
Hedt g, =B [yys], 20 = B 2045, by = BT [kiys].
%%ﬁl (v, ) T 2 LA T B 4611
iz 2.2 ve L% (G R"), H f A% WREHLBLE,
F:00,T) x Q x R™ x R x [2(R™) x R™ x R™*4 x [?(R") — R"
TR LA 2 A
(1) X‘j‘/ff%a‘ (y; 2 k7yla ZIJ k/) € Rn X RnXd X l?(Rn) X Rn X RnXd X 12(Rn)7 f(7 Y, z, ka y/7
2 k) Sy F-HEF AT 2. eAb, £(-,0,0,0,0,0,0) € LE(0, T; R™).
( 1) et fOeT (y, 2, k ', 2 k) T R —B Lipschitz JELEME, BIXMAER 4,7, v/, 7 € R,
27,27 e R kT K K € 12(RY), GAEM R L > 0, {#i75
|f(t7yazﬂk7y 72 ,k ) - f(t’y’E7E’y/’E/’E/)|
L(ly =71+ |2 =2 + Ik = Elle@n + [y = F1+12 =2+ K = F i2@n))-
5138 2.2 TEfRK 2.2 T, RECH (v, f) # ABSDEL (2.13) FA1EME—## (y(-), 2(-), k()
€ S2(0,T;R™) x MZ(0,T;R™ ) x L2(0,T;1%(R™)). LAl Zm 2 Tt

T T
E| sup |yt|2+/ (|Zt|2+H]€tH122(Rn))dt} <KE[|1/|2+/ |f(t,0,0,0,0,0,0)|2dt}, (2.14)
tel0,T

Hor K ALK T T MWL f i Lipschitz %0 L fIEH % #H—H, & (7, ) HHA—
HFRBL H @), 20),k()) € SF0,T;R"™) x M (0, T; R™*?) x Lg(0, T5 *(R™)) RAH (7, f)
Xt R ABSDEL (2.13) ff# (FLi 2 B 2.2), A A5

T
B sup oo =G+ [ (= 3+ b = Rl
te[0,T) 0

gK]E / |f(taytaztagtayéazéagi)_7(t7ytaztaEtayéaE;ﬁ%:ﬁ)th+|V_v|2 ) (215)
0
Heb 7, = P[5y, 7 = BF [Zgo], By = BF [Ryps], BLIERBL K B3 UG RR—30

WE 5 b, Li 5 Wu7E3 [33] By 2 3.2 HE M ARSI A€ BIER] T ABSDEL (2.13)
R E ME— TR, DRI, AR ST 25 H A 15X IR .
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FAUHh, W K RE T RESFEAT SCHE S A R AL, M RIERFS, iC
ys:ys_ysv Zs = 25 — Zs, Es:ks_ESa

—/

U=y -7, Z.=2.—7, A’:k;—k,
-~ — —
fs=f(87ys,ZsJ€S7ysazsa 5) f(S,yS,Es,ks,ys, /s7ks)
V=v—T.

B, X (Y|P A Tt A5, A

T2 + / Z2ds + Z/ ED kUNA[H;, H),

1,7=1
T . T o0 T . )
—P -2 [ G fads—2 [ @unav) -2 [ @R, (20
¢ t It
IR,
Bl + [ (50 + 1Rl )
t
T ~
e{jof + [ 2171 F.1ds)
t
1 (T T
gE{|D|2+g/ |§S|2ds+5/ 7.Pds)
t t
1 T T
—B{p + 2 [ GPds e [ 1y k)~ F(6,70 7 R TR
t t
+f(83ysazstsvylsvz;a%/s)_7(&?5?257%57?;72{9?Els)|2d8}
1 T T .
B0+ 2 [ GPds+2e [ 170z k2K ST R BB 2 F) P
t t
T B I .,
+26/ |f(83ysazsvksvy/svz/saks) _f(Saysvzska y/s? Zgs )| dS} (217)
t
SR IR T HAR A 20b < 102+ 20 B (0-+)? < 20 +20 (RHER 0 > 0,0 0, > 0
HILL)
EE R 2.2 1Y Lipschitz 25145 Cauchy-Schwarz A=, 715
B0+ [ (0 + 1))
1 T T _ _
B{PP+ 2 [ s 2e [ 1500 2R R T(0sT 2 B 2 F) s
t t
T ~ ~
1261 [ G + P Bl + 21 (24P + I e s (218)
t

FIH Jensen AR LI A, 5HI

T T T
B [ @Pds] =E[ [ [Bsl7IPas] <E[ [ BlGsPIR
t t s . t
:IE[/T+ |§S|2ds} <1E{/ |§S|2ds] (2.19)
é t

t+
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KU, H
T T
E[/ 2] gE[/ &Pds], (2.20)
t t

T o~ T o~
712 2
E[/t ||ks||lz(Rn)dS} g]E[/t ||ks|\l2(Rn)ds] (2.21)

5 (2.19)-(2.21) fOA (2.18). 773
T o~
B[ + [ (2 + IRl oy o]

—I

T
<E{Iﬁ|2+2a/ (5000 B T 20, B = T390, 7, B U 7, Ko Pl
t

e T ~
+g/ |§S|2ds+24aL2/ [|§S|2+|23|2+||k5||l22(Rn)]ds}. (2.22)
t t
PEIURAS/ e, (673 24L2 < 1, 78
T
B[ + [ (50 + Rl en)ds]

T
— — _ —
< K]E{/ |f(svysvzsaksaygazlsvks) _f(svysvzsvksvys’ 57 )| d5+ |V|2
t

T
+/ |§S|2ds}. (2.23)
t

M Gronwall A&, 7] #E15

T
sup. B2+ E[ [ (B2 + [Ful e s

te[0,T]

T
KE 7_37_87k87_s7 IS7EIS —f 7_37_S7I€S7_37 3,_5 2d 224
{[ e s B - T s bl s o} (224
BT LRFTE ST, G4 (2.16), (2.24) FEW A BDG A&, 7715

IE{ sup |7 ]
te[0,T

1 T
< KE{|§|2+E/ |§S|2ds+8/ |f3|2ds+2 sup ‘/ Us, Zs
0

te[0,T]

T
~ = gy oy = =, =y oy =
<[(E{|V|2_'—/ |f(3,y5,zs,ks,y/5,z/s,ks)_f(S,yS,257k57y/572'/5,k5)|2d5}
0

o0

T
v2 s |5 [ Ean
te[0,T] ; t

1 _ r ~
+ B[ sup (3] + KE| | ey (2:25)
SR, Gty (224) 1 (225) BB (215). 4 7,7) = (0,0), WATBEIfHHR (2.14).
BB, ST MM — e, SEALIEAE, PR (2.15) L RETT fii
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§3  fell-RIFMER TSI FSEBRTE I RMEIL MRS A2

A2 S T-HF5E FBSDELDAs (1.1). 5 SDEDL (2.1) }2 ABSDEL (2.13) 152K
o, BATIFTXT FBSDELDAs (1.1) 8 &% (A, @,T) fE—2fRix.

% 3.1 (i) XER © € R, O(x) J& Fr A F—PH, WER 0,0-,0, ¢ R"CHD
xI2(R"), I'(-,0,0_,04) & FAFFAIEFE AN, (A(0),®(0),I(-,0,0,0)) € H[-5,T);
(ii) W&t @, T 32 —3L Lipschitz B4, BIXERE 2,7 € R®, 0,0,0_,0_,0,,0, €
R+ 5 2(R™), FEAEREL L > 0, 715

|®(z) — ©(T)| < L|z — 7|,
|h(t, 0,0, yy, 24, ky) — h(t,0,0_, 7,74, k)|
SL0 0 +10- = 0|+ ly+ =Ty | + 2+ = 21|+ ks = Fr 2 @ny),
|f(t,0,2-,01) — f(t,0,T—,01)] < L(|0 — 0] + |z —T—| + |04 — 04]),
Horh=1b,099.

Br LR B 3.1 4h, AETREERT L, AR E— X RE (A, @, T) SIAMTEEH]-5
AR

Ri% 3.2 FEFE > >0, v2>0, HEEEN R G e LT (Y mX”) DI e —H
T;

FIAEFEEN R A(-), A(), B(-), B(-) € Lg2(0,T;R™™), C(-) = (C (), Ca()), C()
(C1(),--+,Cal-)) € L (0, T;R™), D(-) = (D;(-))324, D(-) = (D
PR™m)) (Hd m,m € N BEEIEEE, HY ¢t € (0,6 B, At
Dj(t)=0,i=1,2,---,d, j =1,2,---), R LU &ML

() METRFEMEEZ— (Hp>0Hv=0;2)u=0Hv>0.

(i) (FEHZEM) MILEFE (tw) € [0,T] x Q, EAEE «.T,2-,7_, 24, T4,y,7, y—,
Ty Uy ERY 2,227, 24,24 € R bk ko ko, ky by € I2(R™) (BHEASHE ¢),

(D; )) 21 € L (0,
) = B(t) = Ci(t)

— Lo
(@) - 0@ < £ [Gal,
/ |f(x,y,z, k,x_,x+,y+,z+,/€+) - f(f,y,z,k,f_,f+,y+,z+,/€+)|dt
0
T 1 -
< / SA7 + 7,3 ]|
0

T (3.1)
/ |h(x7yazak7x—7y—az—ak—ay+72+7k+)
0

— W2, 7,7, ke 7,2 k-, Uy, 2y, k)| dE

g/ —‘By+0z+ZD k) 4 BT B+y++0+z++ZDj+k- Hdt
Jj=1

HArn

A() =

FRHT) -

b,o l)E_x—gc—x,y—y—y,z—z—zk—k—k(2—123 ) &
(-+

A(46), BL(-) = B(-+90) % (- + 0 FRMBHET, BIxS B RAE 6 KB IE
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TR, ER 2 b P B R 2 = 0 (50 = 0) B, L (8 1) 7R +oc.
Wea 2, # =05k v = 0, TR REHOHE B 2100 1 Sl %
(i) (HIHELLR) LT (1w) € 0.7] x 0, BURIER 0,8,0_,7,60,.0,
RN x 2(R") (AR 1),
(@(2) ~ (T).7) > 0|GEP,

~

T
/ <F(979—39+)_F(535—55+)7 >dt
0
T o .
g/ (~ 0143 + B [A, 2] — u[Bj+ 02+ Y DAY
0

j=1
2)dt,

<+EE[F+@.+€+2.+§:IZ+EQW
j=1

HFg=0-—0, HT(t,0,0_,0.)fH (1.2) &H.

S0 () TR 32 () L AR L 5 L ARy K 5 K (g K > 0). {HAH
I, AT L E K.

(i) fBiz 3.2-(iii) FFFEW T X FRIEA:

SHLEFA (t,w) € [0,T] x Q, VLEAER 0,0,0_,0_,0,,0, € RMC+D x 2(R") (4
At t),

T . PN (3.3)
2/ (v|Aa:—|—E HALT]| +‘By—|—C’z+ZDjk(J)
0

j=1

_ _ O 712
+E [B+37+ + 02+ Y Dj+k<+ﬂ>} ‘ )dt.
=1

G BE A WX R, o 2SR ANE . 2RBHIERT T 2 3 [35).
(iil) ZEALH BT S AT B S AESE T, Li, Wang 5 Wu [40] BF5E T —2K 8755 288
£ PR B BEAL B R, RS I T AT Bt

T
/ (A(t, mi—25, Aty Ai—65 A4, Tet25, Yit25)
0
— A(t,Ty—25, A, ;\t—éaxt+6a5t+26a§t+25)a At — Ag)dt
T
< [ ulBg+ D2+ R BLIP). (3.4)
0

R A PR, BRI (3.2) AT |G + EX (A 54| 5 E7 (D, 2],
FLTES 4 B R 2 R B0, SR MY 5350, 13 [40) BFIIr B S RRE, 1%
VA R B, D2, By BBR— MR TTABITSERE, TSR g 2 R 2 1 3L
BEX .
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R TIREAE A, OGN TS (B ) !
P(z) = Av + EFt[A a4,

P_(z) = A_xz_ +E9[Az],
P(ZL'\) == A/CE\ + ]E]:t [Z+§+],
P_(z) = A_Z_ +E9[A7],

Qy,z, k) =By+Cz+ Z Dk 4 B [§+y+ +Cyzy + Zﬁﬂ*kﬂ ,
j=1 Jj=1 (35)

Q-(y,z,k)=B_y_+C_z_+ iDj_k(_j) + E9 [Ey +Cz+ iﬁjk]},
i=1 =1

Q@,2F) = B+ 02+ 3 DY + 7 [Bii + T2y + YDyl |,
Jj=1 =1
Q- (§.2k)=Bj +C 2 + i D;_kY 4 B9 {Eng 03+ iﬁj@a} 7
j=1 =1

Hefra (t) =2t —9), x4 (t) = 2(t +9), A_(t) = A(t —0), A(t) = A(t +9) %

T2 A AR

TH 3.1 BRE (A D,T) WRBE 3.1 GBI 3.2, W HHHEF LR NI E i R
oy e (FBSDELDASs) (1.1) TEAEME—fE 9(-) € N%(O,T;R"(2+d) « 12(Rn))' AL, 2

T T
E| sup |z>+ sup Iyt|2+/ IZt|2dt+/ el rydt| < KE[L], (3.6)
t€[0,T] t€[0,T] 0 0
Hr
T T
1:|<1>(0)|2+/ |b(t,0,0,0,0,0)|2dt+/ lo(t,0,0,0,0,0)2dt
0 0
T T
+/ lg(t,0,0,0,0,0)||7gn dt+/ | £(t,0,0,0)%dt
£ s N sl / o 2dt+/ ol e, (3.7)
Hod K AAUKIET T, Lipschitz 840, pu, v MEFFE G, A(-), A(), B(-), B(-), C()), C("),
D;(-), D;(+) (j =1,2,--+), S(), S(") I ARIIER B #—H, & (A, 0,T) HH—HRE,
H 0(-) € N2(0,T; R*2+4) x ZQ(R")) ZF% (A, ®,T) XN FBSDELDAs (1.1) #f#. &
B (M), ®@7), T(-,0(:),0-(),04(-)) € H[-5,T], WA FAhi+=:

~

T T
B[ sup 7+ sup |yt|2+/ |2t|2dt+/ [BelB e dt] < KB, (3.8)
te[0,T)] te[o,T 0 0



T
+/O [f(£,00),T-(8),04(t) — F(£,0(1),T-(t), 04 (1))t

+ sup (M2 osup [+ / |9 dt+/ HCthORn)dt (3.9)
te[—4,0] te[—46,0]

H K 44 (3.6) FHHFAIHIHEL

THEMNBOITIEAEH 3.1. T HRREESRMG 3.2) 5 (3.3) RAMBRME JAUE
TR (3.2) T4 HIEATIENT.
Xj"ff% (F('),ﬁ,p(')) € IH[_& T]? ﬁ;ﬁP W() = (5(')T719(')T77—(')T7X(')T)T H p() =
(OO 8O GXE BC) = (BDO)T DT, BATTIAN—HEH S5
€ [0, 1] 220 im fy 5 s 3 5 A T 0 AE ) 1) BE ML sl or 7 72 (FBSDELDASs) 4T
dz®(t) = [b%(¢, 0%(), 02 (1), y L (1), 29 (), KL (1)) 4 ¢(1)]de

o (8, 07(8), 02(8), y%(8), 25 (8), K (8)) + v (D)]dW(2)

+Z Wt 0%(t=), 0% (t=), ¥ (t-),

23 (1), k§ (1) + BV )]AHD (1), te0,T],
dy*(t) = [f*(8,0%(), 22(1), 0% () + p(D)]dt + 2*(£)AW (1)

Zk@)a HAHD (1), te0,T],

=1

(3.10)

o) =ke(t) =0, te(T,T+0],

He 0o(1) = @@OTy 07,220 k)T (H k() = kD@0 kD)), --)7T),
9a() @2y @ 22" k20T, 05(t) = (3T y3 )", 250", kj‘.(t)T)T, (]
0% (t—), 02(t—) E’JEX% s i 5 R T I LE B BE ALY S 7 2 (FBSDELDAS) (1.1) HiY

& SCRE, B “t— (A RFF) VER T 2, - Koy, y-.
SHEE (t,w,0,0_,04) € [—5, T]xQx (R [2(R™)) x (R™Z+D) x [2(R™)) x (R™2+4) x

Q
~
~
I

<
Q
—
~
~

I

ISy
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12(R™)),
®*(2) = a®(z) + (1 — a)vGT G,
AM(E) = A®),  p(t) = pt), p%(t) =p(t), (1) =<(b),
PO 0,0-,04) = af(t,6,5-,0,) — (1 — Qo[ A@®)T P(t,2) + AR)TP_(t,2))
(10,0, yy, 2 ky) = ab(t, 0,0, ys, 24, ki)

~ (1= a)u[BM)TQt,y, 2, k) + Bt)"Q-(t,y, 2, k)], ~ (3.11)
G, 0,0_ Y, 2e ki) = ao(t, 0,0, ys, 24, k)

— (L= aulCt)"Qt,y, 2. k) + C(1) ' Q—(t,y, 2. k)],
gD (t,0,0_,y 2, k) = agW (t,60,0_,yy, 2y ky)

— (L= a)u[Di(t)" Q(t,y, 2, k) + Di(t) " Q—(t,y, 2, k)],

/E\:EP P(t,ZE), P_(t,$), Q(tvyvzak)v Q—(tvyvz k) EE (3 5) EX

K, 18 ToC) = (OO0 () gD HA ()T = (gWO)T,
9(2) () 7...)T)

AR — M, RIKFRE (O, T) #Y Lipschitz H 8L LR 3.2-() FHIHEE v 5 v R
FIERRE, EEMER o € 0,1], FrRE (A*, 0, 1) W R 3.1-32, HEASK
FRE (A, ®,T) MR AH I H L

BAR, M o = 0 B, SEHE S E BT EE [ BEPLM s 772 (FBSDELDAS) (3.10) AJEX
AWM TR

dxo(t) = {_N[B(t)TQ(ta yt ) Zt ) ko) + B( ) Q- (t yt ) Zt ) ko)] ( )}dt
HulCW) QY 20, k) + C()T Q- (¢, yf, 2, k7)) + (1) }dW (2)

+Z{ p[D;i()TQt, yi—, 2, k) + Di(t) " Q- (t, yy—, 2, k7))

+89 ()} dH D (t),
dy°(t) = (—o[A()T P(t,20) + A(t) TP (t,29)] + ()t + 20(6)dW (1) (3.12)

+Zk(1 HdHD (¢), teo,T],

20(t) = A(8) +£(t),  y°(t) = p°t) +9(1),  2°(t) = p°(t) + 7(2),
KO(t) =<°(t) + x(t), t€[-4,0],
yO(T) =vGTG2(T) +n, 2°@) =4°(t) =2°(t) =k°(t) =0, te(T,T+4).

43z I, 54 FBSDELDAs (3.12) BAMRIER. BT, MR 3.2-() B 1 ML
(Bf p >0 H v =0), T MBIRGTERE 1°0),2°0),k°0)), FHF (v°(),2°0),k°()) K
ANIER TR «0(). R, MEB 3.2-(1) HE 2 BSL (B p =0 H v > 0) W, 75
KEFIER TR, FREI TR 45 &, 7ERIK 3.1-3.2 T, FBSDELDAS (3.12) fF7EME—fi#
0°(-) € NZ(0, T; R+ x [2(R™)).

B % a=1H (n(-),n,p(-) TEAZE, FBSDELDAs (3.10) 5 FBSDELDAs (1.1)
B BTR, WIPHRY: BT a0 € 0,1), BAIER (7().n,p() € H[-0,T7,
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FBSDELDAs (3.10) #J/F7EME— i, AFTER 221 do > 0, HAAMAER o € [ao, ao + dol,
LiksER i sorn. RESE R BURAL, WA ZSHE RS o BE o = 1. XFIE
RS HEERE, RAIH Hu & Peng 7E3C [6] A4 H.

HEBX— E AR, RATESEF L FBSDELDASs (3.10) 558 fhiit, bt 7e)5 48
LR R SRR A

5138 3.1 AEERK (A, Q1) WEMRK 3.1-3.2. & ac(0,1],(n(), n,p(-), 7(),7,
p(-) € H[-6,T). 1R 0(-) € NF(O,T7R”(2+”” x I2(R")) J2 ,ﬁﬁgu] (AY + 7, @% + 1,1 +p)
i) FBSDELDAs (3.10) (%, H. 0(-) € N2(0, T; R*C+) x [2(R")) RRECH (A +7, D +
7,0 + ) iy FBSDELDASs (3.10) B##, WA i F =

B[ sup [+ swp G+ / B+ / Rl nde] < KEAL,  (313)
te [0
/\I:ij
R T T T T
T+ [@aes [ ala [ ERa [
0
+ s Gl s D+ / 72t + / IRl gyt (3.14)
te[—46,0

Heé=¢-60=¢-7% ML K ﬁ%ﬂ%mijﬁ 3.1 HRA R KM SR TE A 5L

JE TELL FIERAA, MR WA R ¢ WA, BEZIETE K W RERET T 30
S5 AR
5 2.1 gt (2.3), FI1E

T
E[ sup |/x\|2} <KE{/ |a(b(fayazakaf—ay—72—7k—7y+az+ak+)_b(aaa—ay+77+7k+))
t€[0,T]
~ (1= a)ulB"Q@.%k) + B Q-(7.%. )] + s
T —_ = p—
+/0 |a(a.(§vyvzvk7§—7y—vz—ak—7y+7z+7k+)_0(979—754—724—71{:4—))
~ (1= ulC"QE.ZK) + T Q-5 2 0) +71dt
T
+/ ”Oé(g(fvyazakaf—ay—az—ak—ay-l-az-Hk-F)_9(979—7y+77+7k+))
0
(1= uIDI Q.2 F) + D; Q-5 2, 8)) + Bllf eyt
+ sup |€)? } (3.15)

te[—4,0]

Bl Y 5IEE 2.2 At (2.15), ARG

sup 77+ [ Eas [ Rl
t €[0,T]
< KE{|a( (zr) — ®(@7)) + (1 — a)vG GZr + 7

/ |a yagagax—ax-Hy-pz-l-aE-F)_f(gaf—ae-l-))

— (1 - a[ATP@E )+ZTP_(§)]+@|2dt}. (3.16)
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#E—H, X (2(),7()) M Tto A=, 715

T ~
E{(l — a)|Gr|* + a(®@(ar) - ®(@1), Tr) + (1 - a)u/ Q. 2, k)[*dt
0

T T
+(1—a)v/0 |P(§)|2dt—a/0 (0(0.0-.0,) ~1(.0,0_.7,). 6)dt

—~ ~ T A~ A~
—B{- @.30)+ @.T) + [ B3+ .5+ 33 + (B RNt} (317)
0

HAHETY tc[0,60 B, A=B=C =D, =0 {{Ri%.
[, A MR 3.2-(iii) s IR AL, (3.17) WK

T T
E{ v|GZr|? P(2)[*d 7,%,k)|%d
{vl6ark 4o [ 1P@Pa+p [ 1062 DR}
~ o~ T ~ A~ A~
<s{-@an+ @0+ [ @D+ G0+ GA+ERE). 61y

LA FHEWIHHRIREE 3.2-() YR TEHIR R IT.
R 1 > 0 Hoo=0 SHHR (3.15) BAIESE 3.2-Gi) R (3.1), T

E[ sup 3] < KE{ / Bt + / APt + / 1Bl di + sup (£

te[0,T] te[—4,0]

+/0 Q@ dt+/ Q- (7.2 Rt} (3.19)
ARSI ¢t € [0,0] Bt B=C = D; =0 RyHEIR, 715

/ Q- (5.2, F) Pt

o~ T o~
- / Q-3 5, B)2dr + / Q-7 Bt

T-6
/ |By+C’z+ZD k3)|dt+/ |Q(T, 2, k)|*dt

< K] su§>01|19|2 /|T|2dt—|—/ Hx|\lan)dt+/ Q@ 2 RPdt}. (3.20)
¥ (3.20) RN (3.19), MIASHS (3.19) TS
5[ sup (5] < K / 191 dt+/ Al dt+/ ||5H12Rn)dt+/ Q@2 F) Pt
+ swp ({4 sup [ / 72t + / IRbndt}. (321)

W (3.16) B Lipschit %’zﬁ:&ﬂﬂ%x}ﬁe, w17
up [ TA2dt+/T||E|2 at]
5[ w7 + | et [ iR

T
<KE{|il*+ [ |pat+ suwp (3 + swp |E*}. (3.22)
0 te[0,T) te[—5,0]
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H, 254 (3.21) 5 (3.22), &

T T
]E{ sup |Z* + sup 19 + / |E|2dt—|—/ ||k|\122(Rn)dt
t€[0,T7] te[0,T 0 0

KE{J—i—/OT Q72,7 dt} (3.23)

He Tl (3.14) B BIE, 4844 (3.18) 5 (3.23), MR ab < =a? + eb?, ]
5

Eh

E[ sup [+ sup [j>+ / |z|2dt+/ IR ]
t€[0,T te(0,T] 0

-~ o~ o~ T ~ o~ o~
< KE(T = (@.3r)+ @00 + [ [@.3)+ (0.5 + (.7 + (B.B)at)

<KB{J i (s #1) + (s (81)( e 191) + ( / a1at) ( suw 171
T T
() i) (o 31) + [ Bl / 1Bl Bl ey}
T T N
gK]E{3+25L6s[%pﬂ|a?|2+tes[%pT]|§|2+/ |2|2dt+/ |\k||§2(Rn)dt”. (3.24)

B /NG e, 75 2Ke < 1, BIT BEEFIEM TR (3.13), A EBHIEI 52 5.
1B 2 p=0Hv>0 H5HE 1AM, AL (3.15) B Lipschitz 254 K& At

BAE e, "G

T
B| suwp [3?] < KE{ sup [5>+ / 2P2dt + / IFlf eyt + sup (€]
t€[0,T] t€[0,T) 0 te[—46,0]

0 0
b (30 [ rare [ Rl [ 100
— - 0

te[—46,0]

T T
+/O |ﬁ|2dt+/ Hﬁ||l22(Rn)dt}. (3.25)
AR B 3.2-(ii) HrEyFEdil & (3.1), 4G = (3.16), A

E[ sup |§|2+/ |z|2dt+/ ||%|\$2(Rn)dt]
0

t€[0,T
T T T
~ 12 ~\12 )12 ~2 12
<KE{|G:CT| +/O |P(Z)| dt—i—/o |P_(z)|*dt + |7] +/0 = dt}. (3.26)
AR Y t < 0,6 Bf A=0 WHER, A

0 T—6
/ #)[2dt = / Pz 2dt+/ |P_(§)|2dt:/ |Ax|2dt+/ \P(3)[2dt
0 -0 0

<K{ sup |§|2+/0T|P(§)|2dt}. (3.27)

te[—46,0]

¥ (3.27) R (3.26), A5
T T
E[ sup |g|2+/0 |2|2dt+/0 IR ]

te[0,T



422

B} o% £ Tl AH 46 ¥

H, 4ie

T T
KE{|G§T|2+/ |P(z)[?dt + sup |§|2+|ﬁ|2+/ |@|2dt}. (3.28)
0 te[—6,0] 0

(3.25) 5 (3.28), A[15%

]E{ sup |Z* + sup 19> + / IZ] dt+/ ||kle Rn)dt
te[0,T]

<KE{J+|G§T|2+/ |P(§)|2dt}, (3.29)

R T (3.14) @ RJE, &G (3.18) 5 (3.29), A7

E[ sup |z 4+ sup [7]* +

/ 324t + / IRl ]
te[0,T] te[0,T]

<KE{I— 330+ @i+ [ 1G5+ @D+ 6+ BRI} 330

0

FRHETI R G 1 (3.24) B9 S—B0, AHTRAGIED 55 5.
5 1, 31T A IENI SR

BTk BT 518 3.1 PRyl fhit, MABEY — &4 52

B3 3.2 WMEB 3132 ML HTEAE a0 € [0.1), HEMER (x().n.0()) €
H[~6,T), FBSDELDAs (3.10) 7E N2(0,T; R+ x 2(R™)) difefeme—f, MAETET B
5o > 0, fEABRHERE 6 € (0,00 H o = ap + 8 < 1, LRZERRRAL.

E B do > 0 K FICHERIHEEL MR 0(-) € NF(0, T;R™CTD < P(R™)), SINITF &

RAE () =
(HA K () =

dX(t) =

X(t) =

(X()T,Y()T, 2(-)T, K(-)T) € N2(0, T; R*Z+d x [2(R")) #§ FBSDELDAs
(KOOT KOOT )T 5 a = ap+ 6 B (3.10) AEXTR):

{—(1 = ao)u[BMO)TQ(t, Y, Zs, Ki) + B(t) " Q—(t, Vi, Zy, K1)

+aob(t, O(1), O (1), Yy (1), Z4 (1), K1 (£)) + $(t) bt

(1 = a)ulCHTQ, Y1, Zt, Ki) + C()TQ_(t, Yy, Zs, Ky)]

+aoo(t, O(t), 0-(1), Ya (1), Z4(t), K4 (1)) +7() }dW (1)

+ Z{_(l - O‘O)/L[Di(t)TQ(tv }/t—v Ztv Kt) + Ei(t)TQ—(tv }/t—v Ztv Kt)]

Faog (t, 0(t—), O_(t—), Yy (t—), Z4(t), K1 (t))
+BD W HD(8), te0,T], (3.31)

dY () = {— (1 — ao)v[A(t) T P(t, X;) + A(t)T P_(t, X))

+aof(t,O(t), X—(1), 04 (1)) + @(t) }dt

+ZK(Z HdHD (8), telo0,T),

X(t)=At), Y(@)=pul), Z@)=pt), K@)=s(), te[-40],
Y(T) = ao®(X(T)) + (1 — ao)oGTGX (T) + 7,
Y(t)=Z(t) = K({t)=0, te (T,T+9],
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o

D(t) = V() + 8b(t, 0(t), 0—(t), y+ (1), 24 (£), k(1))
FOu[BH)TQ(t, ye, e, ki) + B(t)T Q- (t,ye, 20, k),
F(t) = () +60(t,0(t), 0 (), y+ (1), 2+ (1), k4 (1))
+ou[C(O)TQt, yt, zt, ki) + C(O)TQ—(t, ye, 21, ke )],
BO) = BO(t) + 59D (£, 0(t), 0—(t), y1 (1), 24-(8), k1 (1))
+Ou[Di ()T Q(t, ye, 26, ke) + Di(t) " Q—(t, ye, 2¢, k),
G(t) = @(t) + 0 f (£, 0(t), x—(t),0+(t)) + Su[At)T P(t,2¢) + A(t) T P_(t, z)],
7=n+60(x(T)) — vGTGx(T).

LRI, XM T e(t—) M e_(t-), MRS (— UERT X, X_ kY, Y. #—
H#i, 32 AC) = (AC), (), p(),s()) H () = (@)1 0T 3T, 80T, HEIE (A,7,p) €
H[—6,T]. R A[%I, FBSDELDAs (3.31) 7£ N2(0, T; R+ x [2(R™)) FfE7EME—
O(). Lk, RATEM I T LS.

O(-) = Taprs(0(-) : NF(0, T; R x P(R™)) — N (0, T; R x I2(R™)).

BT R, ATKAE: X4 0 E5/NT, FIRBRS S R 4% Lt B

BEO(),0() € NR(0,T; R+ x 2(R™)), H O() = Tag+5(0()), O() = Tae+5(0(-)). 28
LI, 30 0(-) = 0() — (), B(-) = O(-) — O(-) %. MFIFIHE 3.1 CHFRIER WA A ¢), 7
5

(3.32)

”@”?\72(0 TyR?(2+d) 5 2 (Rm))

:E|: sup |X|2+ Sup |Y|2 / |Z| dt"’/ ||K||12(Rn)dt
te[0,T

< K52]E{|( (1) — <I>(xT)) — vGTGEr|?

~

/ (60,051 24 1) — b(B,8-, 4,74, F1)) + i[BTQ, 2 F) + BT Q_ (7,2 B)) Pt
+/ |(0(979—7y+72+7k+)_0(979—7y+72+7k+))+N[CTQ( )+C Q (:/y\/Z\/];)]th
0
T ) N _
+~/O Z||(9(Z)(9a9—7y+72+ak+)_9(1)(979—7§+7E+7k+))
i=1

~aT T ~aT
+ M[D?Q(y,z,k) + Dz’ Q—(yvzvk)]le?(R”)dt

T
+/O |(f(0,2_,04) — f(6,7_,0,)) +v[ATP(Z) + AP (E)]|dt}
i (@,T) i Lipschitz 2k, LLX G, A(), A(), B(-), B(), C(-), C(), Di("), Di(-) B9A
Bk, FTEY a0 M1 0 BRMFTHE K > 0, 15
HéH?vg(o,T;Rn(zw)Xzz(Rn)) < KI52H§||?VF2(0,T;R71<2+@Xlz(Rn)y
HEHR 0 = 5h, WU 6 € (0,00] B, AIUERFBRET Togrs KRBT, I, BUH To,45 17
TEME—A B, A S ABI N FBSDELDAS (3.10) HME—f#. A5 BLUEH] 58 .
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ZRA LR Ar, A4 Han N EHA.

%32 3.1 WIEBR 45, i FBSDELDAs (3.12) fM—FT#t: &5 8 3.2, WTHERS FB-
SDELDAs (1.1) £ N2(0, T; R+ x (2(R")) flgie— AT fitte. HUK, 765178 3.1 1, B
0= 1 (<), 1.p()) = (0.0,0), B (70)7.7() = (R0)~AC) Ber) —0(er). T(-00.0- )
B () = T 8(-), B (), (), MIFIBIEE 3.1 drgg fibsk (3.13) WTAEIAEHE 3.1 p fhit
R (3.8). BJF, HHREM (A, 8,T) = (0,0,0), 1 (3.8) AR (3.6). T, & HHLHI52EE.

§4 FEERMEZ R[NP HY R A

AR T P R L R R U ] 1P R, T A BRAX B 20 R [ BT S 1 A e 2

@ﬁ%éﬁ., Yol 250 3 T il iﬁ W2 fFH) FBSDELDAs. [N, diE@B 3.1 o B4

T X B R SAFTEME— RO 4508 350 b, IRTTX SIS B0 AR Ui A et S A 3
Eﬁﬁﬁ%zﬁJ$ﬂz~. TERRE, A7 *ﬁimﬁ‘ﬁﬁﬁkdﬁj 4.

§4.1 IEMmZMEZIRFEHL I HEE
o, R AT SDEDL I3l # ] R4
dl?t = (Atdft + tht_(s + Btvt + F{Ut_g)dt

(Ctitt + atxt 5+ Dt’l}t + Etvt_(;)th

(4.1)
+Z EWz, +E I(t 8)— +F()vt+F( vi—s)dH, t€0,T),

o = a, —)\t, _Ctv te [_570)’
Hs> 0 jﬁ%%{ﬁ(ﬁ? a € R", A € C(=6,0;R"), (; € C(—06,0;R™). AN, R AR A2
A, Co, BD A, T, BY € Le(0,T;R™™™), By, Dy, FY € L0, T;R™™), B, D;, F." €
L (0, T IRi"x’") H4 t €[0,0] Bt, By = Dy = Fy = 0. RYHFEHIEICH Vaa, HAE—TTER
U() € Vaa ﬁ-ﬁﬁﬂ?%iﬁ

’UtZCt, te [—5,0),

v = v € LE(0,T;R™), t€[0,T).
WRFEHIFR M2 VPSR, 15138 2.1 A[ %0, SDEDL (4.1) FE7EME—f# () € S2(0, T;R™).

BTk, 4 Hm T R AEREHE A
T
J(v(-) = %]E{/O (Quze, ) + (Quwe—s5, T—5) + (Reve, vr) + (Ryvy—s,vi—s)
+ 2<Stxt, ’Ut> + 2<§t$t—55 Ut_§>)dt + <GIT, Q?T>}, (42)

ﬁ‘:':':' Qt’@t S L%O(O,T7Sn), Rt,ﬁt S L%O(O,T7Sm), St,gt S L%O(O,T;Rnxm), E_ G 79 F-
A nox n XETPREFHER REHER. WA, Yt e (T, T+ 0] B, Q, =R, =5, =0.
AT FE BT
=8 4.1 (fich LQDL) FH—DFIFEH u(-) € Vaa, 15

Jw() = g J0(). (4.3)

OB, B () KR, 2 () AR SR RS B
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e, A4 T R

fBig 4.1 () G RIoEmb: B
(i) XHER (w.1) € Q x [0,T], Qi +E7[Q, ] RARGUEHM;
(iti) FHERE (w,1) € Qx [0,T], R +E* [Roys] BIERHFE AN FEEEWHL 0 > 0, {f

NN
4lm

(Rt + E7*[Riys5))v,0) = 6|vf*,  as.

RHER v € R RILFFA ¢ € |6, T) L
(iv) HEFE (Q: +E7[Q;15]) — (St +EF*[Siys]) T (Re + E7*[Re16]) 71 (S + EF[S116]) 2
3B 112 Y.

AL Lt Wa 75X (34 sHEBFITH & AR Lovy RHY LQ L. JATH, A%
B RE Y IR BE A B Je Ml — M fb, AR T 3 (Quxr—s,Te—5), (Stxe,ve) K (Stwe—5,vi—s).

B2, FT Sun F7E3C [41] F5IHE 2.3 L5, RATBIAM T BIF LI E .
5138 4.1 IMERE v() € Vaa, B 2"(1) AT RITREHI#:
dzy = (Ayzy + Ayzy—s + Byvg + Byvg—s)dt + (Cyy + Cowy—s + Dyvy + Dyv—s)dW,

+ Z(Eﬁi)xt_ + Egi)x(t_[g)_ + Ft(i)’Ut + F,Ei)’ut_(;)dHt(i), te[0,T],
=1
2g=0, z:=0, v,=0, te€[-40),

TXHER ©() € L*(0,T;R™*"), FFIEWEL v > 0, #if%F

T T
E/ vy — O |?dt > ’yE/ log[2dt,  Vo(-) € Vaa.
0 0

W BREX—TMHRAEERF D Via = Vaa WT:
Dv=v— Oz",
M © ZxUpt, H¥HEF 91 i A4
D1y =0v+ 07",

Horr 3v () & Tk IR i
dfi) = [(At + Bt@t)gg + (Zt + §t®t—5)5?_5 + Biup + Et’vt_[s]dt

+ [(Ct + Dtgt)%}g) + (61& + Et(at_g)ff_(; + Dtvt + ﬁtvt_g]th

+ 3 (ED + FO0)F + (B + T, 0rs), )

=1

+ Fu + FOu_)dH?,  telo,T),

F=0, =0, v,=0, te&[-40).
HA A e B A A, 91 A RAT, HHEHWE 971 > 0. BTk, 7

T T T
IE/ vg|2dt = IE/ (D 1Dv)[2dt < ||©—1||E/ |(Dv):|dt
0 0 0

T
- H@—lmE/ vy — ©ua? 2.
0
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BJE, By = |97, BIAT S8 Rk A

BTk, BMNG AT ERESR. H5E 4L SDEDL (4.1) X MHREHLIS R 5
LU

dxt = (Atxt + tht—é + Btut + Etut_(;)dt
+(Ot$t + Utxt—é + Dtut + ﬁtut_(s)th
3Bz + B asy + F v+ B us)dHY, 1€ (0,1,
=1
dyr = — (AtTyt +CFze+ 22, Eti)Tkwgi) + Qixe + Sl
—T —T
+E [At+5yt+6 +Cyi52t46

o~ (i) T i = =T
+ Z Ei(f-z& kig-iz& + Qt+6$t + SH—JUt} )dt (4 4)
i=1 .

+zdW, + kAP, teo,T),

i=1

ZTo = a, xt:Ata ut:<t7 te [_570)7

yr=Gar, y=z=k =0, te[-0,00U(T,T+ 4],

(Rt + ]E]:t [FH(;])ut + (B;Tyt + DtTZt + Z Ft(i)Tkgi) + StLEt
i=1

—=T —=T S )T (4 —
+E]:t Bt+5yt+5 + Dt+52t+5 + ZF&_L; kg_gé + St+5$t}) =0.
=1

AR, WA RS (4.4) Al —F FBSDELDA #fii&. F, fFBIE R 3.1, AT 50
TR

EI 4.1 FERIEK 41T, LRGEIRY (4.4) FIEME—/F (0(), u(-)). HIL, u(-) &2
[ 4.1 (LQDL) #yMeE—sFEH, 2(-) RHIT Y By SRR S HIEL.

'1.1_E B2, HEERL, iC R, = R+E™ [Riss), Qi = Qi +E” (@116, S; = Sy+ET [Stts)-
Gy Ry A AR, AT ARG BB R SE (4.4) BTG — D M u():

Uy = —ﬁt_l (B;I‘yt + DtTZt + Z Ft(l)Tkgz) + gtitt
=1

[T T ()T, (5
+]E]:' |:Bt+5yt+5+Dt+5Zt+5+ZFt+5 k§_35:|) (45)
=1

H (4.5) FOANEHER RS (4.4), 7[5 —4> FBSDELDA. 78 5%3EF, % FBSDELDA # 2%
WA 3.1, B 3.2-(1) 188 1 ARABIR 3.2-(ii). TR 3.2-(iii), B4 H 0 T4
By E:

~

/T<F(9,9_,9+) C(3,0.,7.), Byt
0

T
:/ ((47 +42_ + Ba+ Ba_,5) + (CF + T2 + D+ Da_,2)
0
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()~

+ (B + BV + FO5+ Y 5O)

- <AT§+ CTz+ Z EOTED 4 Q7 + ST + EF A+y+ +0, e

=1

LB 40,54 5] 8 )ar
lT:l T~ T T oo
:/0 (<uB J+D +ZF” E0 — 53

R [B+y+ +DiE + Z FOTRD ] > — (07, ’:z?>)dt
=1

T o~ o~ o~ o~ o~ o~
- / (~(RQ@.2.%) + 52),Q@.2. %) - §7) — (O, 3))dt

T o~ o~ o~ ~ ~, o~ ~
- / (—(R'Q@.2.8).Q@,50) — (G - §TR15)7,3))dt, (4.6)

Ho Q@ 2 k) i (3.5) X FiegRit 4.1, BIW SE xR 3.2-(ii) WRIE. B, e
B 3.1 A, i% FBSDELDA fF7EME—fif, XFEM FITE AL (4.4) FF7EME—E.

TR, BABEWEM (4.5) B9 u(-) BB B v() € Vaa MEBHAMEER], 2°() N
XERLHPIRAS. HATHEE J(u() 5 J(u() BEE:

J(()) = J(u(-))
1 T _ _
= §]E{/ (Qexf, x)) — (Qiae, 21) + (Qury_s, TY_5) — (QuTt—s, Te—s) + (Reve, vt)
0
- <Rtut, Ut> + <Rtvt—6a Ut—6> - <§tut—6, Ut—6>)dt + <G1173“, $g~> - <G$T7$T>

+ 2<St$;), ’Ut> — 2<St$ta Ut> + 2<§t$;)_5, ’Ut_5> — 2<§t~rt—67 ut_5>}

T
= %E{‘/O (<Qt( - l't) CC — CL‘t> <@t(x115)_5 _ xt—é)afff_(; _ xt—6>

+ (Re(vy — ), vp — ug) + <Rt(vt—6 — Up—5), Vs — Ur—5) + 2(S(x] — x4), vp — ug)
+2(S4(z¥_s — 14—5), vi—5 — ug—s))dt + (G(z% — x7), 2% — TT)

T
+ / (2{Qiwy, xf — mp) + 2(QTi—5,Tj_5 — T—s) + 2{Ryuy, vp — uy)
0

+ 2(Rpus—s,v—5 — Up—g) + 2(Se(x} — x4), us) + 2(Spws, vy — uyg)
Sy — wros)sttps) + 2wt ves — urs))d
+2(Gar,af — o) }.
EEFY e (I,T+0] B, Q=R=15=0, RIFFFNBERL K (4.4), 7[5

J(v()) = J(u(-)

1

= 5]14:{ /()T(<@t(x§ —Ty),my — Te) + <§t(vt —Ut), vy — Ug)

25, (2 — x0), 00 — ue))dE + (G(al — o), 2l — xT>} FA, (4.7)
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Hr

T ~ ~ o~
A= IE{ / ({Qiwy, xf — mp) + (Ryug, vp — ug) + (Se(z) — ), ug)
0
+ (S, v — ug))dt + (Gap, 2l — ZZ?T>}
X (zf — ze,ye) N It6 AR, AT1R

E[{(z% — x7,y7)] IE{/ (< ut,Btyt+tht+ZFZ)T]g(l +Sx>
{

i=1

+ (Vt—5 — Ut—s, tyt+D Zt+ZF(Z )+§txt—6>
=1

- @tl?tvﬂﬁf — ) — <§t($7§ — Tt), uy)
— (See, ve — ug) — (Sewi_s,ve—s — ut_5>)dt}. (4.8)
BeA, 24t € [—6,0) B, vp = ug, 24 t € (T, T+ 6] BF, yp = 20 = ke = 0, W] (4.8) A[IXE N
E[(z} — 27, Gar)]

T 0 ) )
= E{ / (<’Ut — Uy, Bg‘yt =+ DtTZt + E Ft(Z)Tk,‘gl) =+ Stxt
0

i) T ~
+E” [Bt+6yt+6 + Dt+6zt+6 + Z Ft—Zé kt-i—zs + St+5xt]> — (@, xf — )
i=1

- <§t($t —Ty), up) — <§t$t, v — Ut>)dt}- (4.9)
B, 2546 (4.5) FIH#EAS A = 0. mitk, FIF G BydEf @, 718
J(()) = J(u(-))

T ~ ~
ELA(@N&—%%%—¢0+UMw—u&w—u0
Si(

Y= ) v — u))dt + Gk —wr), o — ar) }

S

E (<@t(9€€ —x),x) — ) + (Re(ve — ug),ve — ug)

2<Rt_1§t(x7§ - il't), Et(’l)t - Ut)>)dt}

r ~ ~n o~ 4~
- %E{ /0 (@ = S;FRt_lst)(x? — X)), Ty — Ty)
+ <Rt[(’Ut - Ut) + Rt 15,5( — 1})]7 (Ut — ut) + Et_l:gvt(x;} _ l't)>)dt} (410)
R 4.1-(iii)—(iv), ZRiE

() — J(u() > 0.

KR u(-) M 4.1 (LQDL) BRI,
K THE—1E, FAFE A —RFER] u (), HX PR N 27(), A

J(@()) = J(u())-
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BT (4.10), 254 R 4.1 5513 4.1, 7]15

0= J(@()) — J(ul)
T ~ ~ ~ ~ — p—
> 55 [ (G = ST R ) — ). )
- (Rel(@ = o) + By 'S — @), (@ — ) + B Suaf — w)))at |

1 .

2 §E{/O 7<Rt(ﬂt — ut),ﬂt — ut>dt} (411)
M Re BAE RS v > 0 B9 SL, (4.11) ATHEH () = (). ME—HHE ] 58 5.
§4.2 EImZE_ R =

AT ABSDEL K3 258
dys = (Atyt + AiE7 [ys15) + Bizi + BiETt [2414]
+ Z kD + Z CVE7 K)5) + Dyvy + Dyvis ) dt

t2dW, + Z EYAHD . telo,T), (4.12)

=1
yT:b, ytZZtZkt:O, te(T,T+5],

Ve = Llg, [—5 0)

Het b e L (R, 1 € C(—0,0;R™). Mah, 5 R 2 AtaAtaBtaBtvctl)ac W e
L(0, T;R™™), D, € L2(0,T;R™™), D, € L (0, T; R™™), F.% ¢ € [0, ] if, Dy = 0.
e Ua HEBW TR o) MEWES:

Ve = Llg, [ 5 0)
vy = v € LE(0,T;R™), t€[0,T).
SR 2 ) Bk Ay 2 P .
HHTSCRL, 45 T R R AR
1

T J— J—
J(v(-) = §E{/0 (<Qtyta Ye) + (QuUt+s, Ytrs) + (Lize, 2¢) + (Lizits, Zes)

7 7 7 (@), (i 7
Z )kt),k i) —I—Z G tﬁ67k1§+5> <Rt’Ut,’Ut>

=1 =1

<Et’l}t_§,’l)t_5>)dt+ <M, y0>}, (413)

HAH Q1 Q,, L T, 630, G € L(0,T;8%), Ry, By € LE(0,T;8™), H M % F-if Mgy
nx n WFRAE 0 M FEREHLAS B LAY, % ¢ € [~6,0) B, @, = T = Gr = 0 (FL3CH
G WBH G, WAMEFE—BCbE); 24 t € (7,7 +0) i, By = 0. 2600lts, 1% Qi+ Qy_s,
Li+Li_s, Gi+Gi_s W RAETUERME, H R+ E5 [Ryys) RS 4.1 39 Ry +E7¢[Ry15]
HAIRI 9 2 -

AT B B B
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[BRE 4.2 (f&idh LQAL) FH—PEFEH u(-) € Uaa, [H15

J(u(-)) = (§I€1£adJ(v('))- (4.14)

SefplHh, 45 ABSDEL (4.12) M35 R 55 a0 -
doy = —(Afz + Aj_szi—5 + QF e + Qt_éyt)dt — (B2 + B,_sws_s

oo

T i [ z
+ L2+ Ly gz)dWy — > (O Ty + O gy + GO TR

=1

DTN D, te 0,1,

+G,

dy, = (Atyt + A BT yeys] + Beze + BiET [204] + ) ik
i=1
(i i = 4.15
+ 3 CVER D] + Deug + Diut-s )t (4.15)
i—1

+zdWe + > kDAY, teo,T),
=1

xo=-M, x:=0, u=1, ¢tE[-40),
yr=>b, xi=y=z=k =0, te(T,T+/],

—T —
(Dff w +E7[Dyy swirs]) + (R + E7[Reps])ur = 0.

B, WEWAL (4.15) FHd—4 FBSDELDA #ii#, Hi% FBSDELDA i 2% 3
TR R HIL, dE R 3.1 AR T E B
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By P — R P A

e 41 BRI, JAMPREE J(o() 5 J(u() ®ZAE, BEX (20,47 —ve) B
H 166 A3 TP IE R BRARRL, #5852 i R4 IE .

E 42 bR b BB 3.2-(1) FRIBIRREE B ML R EI R LQ W R
3.2-(iii) FHIHIEPESR A, DARIE 3.1 FF 4 gy HX AR =X, o0 30 T e/ IME A kAl
PERBTEARH IR, 23 L, - R P2 (A X R P 2R e DL F 1 (I R, A S b A i — 22
27530 (35] Wy 1 B AAH S STHE

£ 4.3 T8 A2 T, WERHKERE (M,yo) X—IURLIBF A (Myo,yo) B
FERTE UL, XS B T IS IRL (4.15) H xo = —M X—45R, HXFFAEWRE AT
BFREAEN T 2um oL, 35 b RERYIERS zo = U(y) BB ANTFFIH 72
(1.1) R, HFA S AT LR R FEX RO, BATHT TSR 45 Rt T LAY i 2] 224
Hy i LQ TR,
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Abstract The authors’ focus lies in the thorough investigation of a specific category of
nonlinear fully coupled forward-backward stochastic differential equations involving time
delays and advancements with the incorporation of Lévy processes, which shall be abbrevi-
ated as FBSDELDAs. Drawing inspiration from diverse examples of linear-quadratic (LQ
for short) optimal control problems featuring delays and Lévy processes, the authors proceed
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to employ a set of domination-monotonicity conditions tailored to this class of FBSDELDAs.
Through the application of the continuation method, the authors achieve the pivotal results
of unique solvability and the derivation of a pair of estimates for the solutions of these FBS-
DELDASs. These findings, in turn, carry significant implications for a range of L(Q problems.
Specifically, they are relevant when stochastic Hamiltonian systems perfectly align with
the FBSDELDAs that fulfill the domination-monotonicity conditions. Consequently, the
authors are able to establish explicit expressions for the unique optimal controls by utilizing
the solutions of the corresponding stochastic Hamiltonian systems.
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