32k Hma2M TR 2 2 4 C SRR 2 D Vol. 32 No. 2
2019 4E 4 H Journal of Liaocheng University(Nat. Sci. ) Apr. 2019

XS 1672-6634(2019)02-0014-08 DOI 10.19728/j.issn1672-6634. 2019. 02. 003

KT T-S BERL i TK 0 T e VE Bl BL IV i 4 ik & B
EAERN R4

W o REI

IR 7 Bep B o 22 Be L L AR W3 252059)

i W ERAAT AAHEMAM AR ALY S AR H,/H. $#RTE% P, % 84 H/H.
%R B 9B AR A R R A A R RS T AR AA B R B i A T-S AR 7 ik £ B AR 4%
PR owk B AR A AL A &k 4B TR R 5 X (Linear Matrix Inequality, & 5 4 LMI) % & 65 £ B R4 4L 18]
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F1EW) = 2()+ (y(1) —a))a() s fLEW) = 1 —by (1) — 2* (@) +h(y(t) — y(t— 1)), f5 (E1)
=— () — (), [, (E@D) = [fLED) fr (EW) s £ (E@N T 16, (E(1)) = [61 (E1)) 10, (E()) vos (E)) T,
Hep fi: R >R’ flg, : R — R EIEL M Borel AT % 252 540, 1 /£ Lipschitz 821, B & 3X 3 SX{H # U
Fe. £ € R JBIRE T ; E(0) = & BPIHRRE M it ulo) A AN o0 BT 00 (D) do (D
AT DL AR R — A SRS A O 10 P9 T BEBIL U 3l » R 4 il 25 46 Bl AL I8¢ 8h MRS 224 i A0 88 9% 6 A0 A 8 BRI 9%
T R KI.
B & AR LR PR B ML 4 il 3R 46 () B9 SF- 45 o5 R AE$ ECo) = E) — &, ¥ AR MR HL 4 il 3R 48 (1) Fe e

R DA LR 1 Bl AL 4 il R 2

dE) = (f(t. &), Et—1) +Bu(t) +v())dt +6(E(1))dw. (2
Hip fGLEWEG—1)) = fi(1. 8D +E,.EG—o) +E) . NI ARRERENL & il R 5 (2 I B E() = 0 7
FELPERENL SRl R G (D AL TR R &, . B (1) P A2 PR BE ML 45 Fil 22 55 B0 45 98 58 W 10) 3 45 4k g (2)
P I 2 1 B AL A R GE AR E ()L O T ST RS & S TEARFE I v WIENLE . RAIRS IR Y
L4 RGN H, YEfedEhnE L h

Jou() = [ E@ || LA(R 3R ,Q) + | u() || Li(R" ;R ,R,), (3)
Horp LE(RT.RD 2 — N AFHERKHZ MBI B2 0, fEd s i BB s y@ |

Li(R" R Q) = E{ny"‘(z)Qy(wdw% L Q) ORI R, = 0 5 AT K I R AL 2 B (o)

Y sk AR T PR T SR BT R R E AR N Rl R G H o PERETR bR g Lh
VED || 2k e + 1 u(D | 2 ik, — E{V(0))
Sy = v(/)GI,i.(R*S.lJ:R,v;w.&(,;éo | : | I. - | v | f;mlze*) “
Hrh @, >0 M R, >0, Ho. PEREFE A5 AT LU A 32 S0 T30 B9 e R 60 T 1Y 45 5% XU
KT RZ BAr Hy/H. $O%BUR T Takagi Sugeno (T-S) A5R AR AU H S 35 BL AE 2 4 B HL B
WA ARG, PR T T-S BOMEALES i B,
BRI T i= 1,20, FR 2 is G-+, is G, . N
dE(t) = [(A, + AA (D)IEW) + (A, + A, (1))E(— 1) + Bu () + v ]dt + CE (D) dw (1) (5)
Horp L2 R A ECH , Gy BB FEF AL AL B.C € R 2 HBUEME, 2 = [=-2, ] R,
AA (D) FIl AA, (0) 252 oR B B IR B A

) 4D

(@21

i

[AA, (1) AA (D] = MF,(0))[N,, N, ], (6)
HA M, . N, fIN,, BEFASEHEBNELEL, F.(0) B— R0 % L2027 085U B 5 2
F.(OF, (1) <1, 7

TSR R RO FT) L, AA () F AAL (0 PISECIEE BT R0,
R R 5 S N

[
dE) = DIh Gz [ (A, + A (D)EWD + (A, + AL (DIEU — o) + Bu () +v(0) ]dt + CED (). (8)
i=1

;H\:EP Z, = [Z;r] 92}“2 9"';211;»]]“ . /1;(2) - H(},']'<Z]j) 2 Ovhi(zl) = 1#1(721) 207 GU (Zy) %iﬁggléﬁv *E
i—=1

2#1(21)
i=1

l
B T S D TR (2 = 1.
i=1

IR b AT R LR P REAL S A RS 2 H s Ho/Ho. 3 BUR u() = K ) + KE(t — o) ] LU i
DA SR 450 T S s 3 )
TT RS ;-
XF = 1,21
W 2, is Gy oor 2y is G,
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M u(t) = K;E () + K& (t— 7).
PRI I S X6 1 AN 2 AF e M BT 4 il R e ) B 2 H R PR I I

l
u(t) = > h (2K EW +KyEG—1). €))
j=1

Horp Koy AK 25 je BT ZNE R G 1 3 45 8RR, FRATDRE 45 Hh — S H 2 5 SCRNS | 7L
X1 BATRES W B A0 E AR MEREPL & Bl R 58 (8) I 2 A AR B M w (o) BB — Dl FVFR
BB, el UE H, M He PEREFS AR AE Pareto S L SCT [ I BUR R /N S5 40 T

min (J, (u()) s J.. (u(2)))
u(y el (10)
s. t. (8) ’

XF T 45 28 1Y AN B AR R BE AL 4 il R e B AR B o U R EITA AR R B B H bR R 4L
JoCu()) FJ (o)) G350 D) ) g s i (o u()) s J o u())) g u(e) 1) H xR

EX 21 WURAFAER R a = 0 il k> 0 45 F AR 45 2 aar . WIFR R 48 () 8L () [ fift E(1) = 0 7E R’
FRAEBEREMN ECED 17 <all & || Pexp(— k).

51 1M ik o . BArE Hy A Ho PEFEFRI LA B0 T, (u()) <o s T (u() < B W 10) 2 i)
% H bRt Ak o] G 1k A

min (a3
w(neU (1D
s.te Jo(u()) < aand Jo (u()) < B.
5138 20 X T HAAE RPN LM A F BT A'B+B'A ATA—F BTB Hrhy BEE
R B

SII8 31 WTEMEMEM A (), 0<h(z) <1, %ieN ,1<i<m,P >0,

D i) =1 ﬁ(Zh(z)M) P(Zh(z)M) Zh(z)MPM

5| 3 40 XT?EELE’JE%;&6>O A x My HAGEHEBW IR E, X .Y , ZFF () B &E4E5
BISEHERE, F(O) J2—DNEFEREGHE FF(OF@ < I, (D XTFOYHY ' FT (DX <e' X" X+eYY, (D
2" X"F(OYy <e'2"X"Xx +ey'Y'Yy.

2 ERNE

2.1 ZHW H,/H. B%Em

RTRMARLM S ARG L His Ho,/H. #5618 36T T-S B0 4RSI RV RN 5 31 1, R 1 49 2 BRE 25
HH SRSk ) R ) — A FE 43 S A

B 1 R R Lt BN SN 2 B AR LA IR R A D T ASOR B AL 4 Al R 48 (8) 1 £ H bR
A 7] RA fit

i _min (as P
P.ZK )y oo Ky Ky e Ky, (12)
s. t. Xiﬂ: la] - 1’27"'al9Tﬁﬂg LMI%WE,
P+ <a rrtlax][‘é'li(s)ﬁ(s)jﬂlq (13)
s€ [0
¥, A,V -+ BY, w Y WC! WNT,
* -V 0 Y, 0 VN7,
* * —Q0,'—V 0 0 0
e <o, (1)
* * * — R’ 0 0
* * * * —WwW 0
| * * * * * e
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W, A.V+BY; w Y, WC! WN/
* —V 0 Y, 0 VNE
* * —Q;' —V 0 0 0
<0, (15)
« « % —R,' 0 0
* * * * —W 0
| * * * * * —e I

Hpw=P' . V=2, =K,W.Y,, = K,W.W, = AW+WAT +BY,, + (BY,)" +¢ 'MM/ . ¥, = AW

+WA? +BY,, + (BY,))" +¢ ' MM + %I.

iR 4 VEGW) =§T(Z)P§(t)+ﬁ ET () ZE (o) ds g AT 7 AR LRk Bk i 45 Al R 6 (8) M 2= A 15 R R

B HAP P >0, 2> 0 X BRI E 5 .
AT eE R 2 B QD T T, (u()) < o T80 50 FIH }i_rpV(é(t)) >0 135

Jo(u()) = E{JW(ET(t)Qlé(I) +u" (ORu())de}
< E{V(ED}+ E{J E"DOQED +u" (DR u())dt) + dV(E))
0

— E(VE)) + E{J [E"(DQEMD +u' (DR u(p) + E (DZE (D)

— &'t —DZE(t— 1) + 28" (OPf (1, E() &t — 1)) + 2ET (1) PBu (1)
+ 6" (EWPs(E))]dt + 28" () Pe (E(1)) dw).
WA T H Y Hamilton-Jacobi-Bellman A% 30 (HIBD Fl) 46 {19 39 2B A 45 257
E"WQED +u" (ORu(t) +E (DZE() —E" t— ) ZE(t — ) + 28" (DOPF (1,.E(1)
Et— 1)) + 28" (OPBu (1) + 6" (E())Pe(E(1)) < 0, (16)
E{(V(E)) < a, an

WA T, (u()) = E{J:”(ET(leE(r) T ORu()Hdt) < E(VE) ) <a.
FEF5IH 3 5 H 4,458 F m AL
l
2ET(DOPf (1, &7 (DL E (1 —1)) = 2 > h, (DET(DOPL(A, + DA, (1D)EW) + (A, + M4, (D)IEG— )]
i=1
[
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i=1
+ [I0]"PM.F,(O[NyN,, ]+ NN, JTFI(OMIPLI0] (o)

1
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i=1

+e'[10]"PMMP[10] +€[N1iNZi:|T[N1iN2i:|}n(t) s

l
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j=1
l
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i=1
+ET(t - T) (PBKZJ>TE(t).
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E{(V(E0))} < A(PYE{ET(0DEW) ) +A(2) rr[lax]E{é'l‘<s>é<.s>},
s€—7,0
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E'(QED +u" (DORu(t) +E (DOZE() —E" (1 — 0 ZE (t — o) + 28" (D) Pf (1,E(1) ,
l l (1) (1)

~ =T T Hll Hl2

E(t— ) + 28 (DPBu() < > (), () (z)[ R }nm,

i=1 j=

(18)
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Ho MY = Q +Z+KIRK, +AP+PA, +¢ 'PMM'P+eNIN,, + PBK,, + (PBK,,)" +CIPC, . I}y =
K'R K, + PA, + PBK,, + eNIN,, . II\Y’ =— Z+ KR K,, + eNLN.,.
AERMIEHZ Br it B A D H T (u()) < BT &M FIHSIHE 3 15 3]

E{J" E(DQED +u" (DRu())dt) < E(VE)) —I—E{JW(ET(t)QzE(z‘)—l—uT(t)Rgu(t))dt}—I—dV(E(t))

— E(VE)) +E<Jw [E"(DQ.E(H) +u' (DRu(t)) +E (D ZE (D)

—ET(t— ) ZE(t—1) F2ET(OPS (1, E(t) JE(t—1)) +2E" (1) PBu (1)
+ 28T (OPv (1) + 6" (E(1))Po (E(1)) ]dt}

< E(VE)) + E{J [E"(DQ.E(D +u (DRu(t)) +E (DZE (D)

—E =Lt —1) + 2T WOPf(1.ED) £t — 1) + 26T () PBu (1),
053 2 Hamilton-Jacobi-Isaacs A 252
ET(DQ.E() +u" (DR u(t) +2E"(DPF (1, E(t) JEt— 1)) +2E" (OPBu (1) +E" (D ZE (1) —E" (1 — ) ZE (1

— ) F 28" (OPf (. EW)E(t — 1)) + 28" (1) PBu (1) + %&Tmppém +6" (EW))Pe(E(1)) <0

FIHBIHE 2,15 8 A5 X
ET(DQEM +u" (DR u(t) +2E" (OPF(1,E() JE(t—1)) +2E" (OPBu (1) + 28" (OPf (1,E(t) E(t—1))

28T () PBu (1) +%§T(z‘)PPé(t) 16" (E())Pa(E(1))

) 1
< Z Zh,,(z)h] " (D)

i=1 j=1

[H()) H(Z)

(2)
22

}nu), (19)

Hop 1P = Q,+Z+ K R,K,, +A'P+PA, +¢ '"PMM'P +¢N'N, + PBK,, + (PBK,)" +C'PC, +%PP,

Iy = K{R,K;; +PA, +PBK,, +eN [N, . I, =— Z~+ KR K, +eNIN.,.
R A =018 F(19) 3, an S /2 F 5 A 45 X

my oy
[ ) ]\o, (20)
x I
Hif) H(’)
[ } 0, 21
*% HU)
W5 J, () <o FJ . (u()) <B.AW=P' , V=2"',Y,=KW.Y, =K,V .EfH535%Fk
w oo
[ W} R 2 (20) A2 D4 B4 F AR 2 2t
([@D) 1)
11 12
[ }g 0. (22)
* 5
(2) (2)
11 12
[ }g 0, (23)
% @

Hrh Q) =WQW+WV 'W+Y,R,Y,, + WA + AW+ eMM! + ¢WNINT, +BY,;, + (BY,;))" +WC/W !
CW.QY =Y'R\Y,,+A,V+BY, .Q) =—WV 'WHYL RY,, +eVNLN,, V. Q" =WQ,Q+V 'WHY| R,Y,;

+WAT+AW+MM!, +eWNLN, ,W+BY,, + (BY),," +WCIW 'CW+ BI .02 =Y RY,, +A,V+BY,,,

2 =—WV 'W-+YLR,Y,, +eVNLN,V
4% Schur %b%l}i%fffuzzﬁu<23>%M?é§ﬁ%ﬁﬁ$%%iﬁ(14)%ﬂ<15>.
2.2 REES N
T2 Zv(0=0,3FH u()EZ BFIAL R E12) ol — A 1147 . 0 AS B0 2 35 28 1 i 4 il 32 45
(2) 8% (8) By FLARE & (o) 48 Kty J5 ks 1.
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IERR TS E I R PR AL V(E(WD) =E(DOPE () + [ E(DZE (DT R ANER &, || Eo) || P <<
VEWN<l, | E@) || 2 i &y =0 F1 &, =>0,3158 V(E()) —V(EO)) 11 28
E{V(E)—V (&)} =[E{LV(E(s))}ds. (24)
FRAE (16) F1(24) 2L

LVE)H<E" (OHQEWD<E, || E) | ‘~’<—i—3v<é<z>>, (25)
2

$F 24y Soxt zﬁ%Jﬁﬂﬁﬁ(zmiﬁ,ﬁsfiu%mw&m}=E{Lv<é<z>>}<—%E{V(E<z>>},EuE< |2 <

[ %E{V(i“))}gE{V;&)}exp(——iS’f),Mz‘ghmE{ 1ECO |17} =0, o /2 B limE (O =0, FF L ECO 1997
1 R0 2 P P
EE IR EW.

2.3 LMIs-ZJ 3% MOEA

T FATHAH LMIs-2y 35 i) MOEA 3k 5-#k Pareto e fi#. & J¢ . Il 47 X s BE HL AR il — 284N 1R, Hok
R T BAR B BEAEXT (12) B i) MOP S AT AT A AT A9 A RO AR 4l (13)-(15) i i) LMIs £ 7% P (19 1E
S R A A B A AT AT B AN, OF ] MATLAB i) LMI T 24 feasp sK 2 AT RS o & 2
(13)-(15) H ) LMIs A F AT 00 SR B8 T A G r ik B 2 M A 0. 1t 4h . MATLAB H iy LMI T
LA T LA AT 250 ARG T 3k A AR 15 96 A (13)-(15) g LML o WA T BB 400 4 2 A F0 0 43 3 . 76 i 2 i B9
FEmh b FRATTG B T T LMIs W R JE 2tk B AL 4 il 3R 52 22 H A 4% 08 ORI 1) 1R A T A0 B

IR XATATHY B AR A (ol ) EEIE R (a0 2 80) X (as ) - T EIEACR L N FBERCH N, .58 X

HYR 2 AT AR T EEALE R N, ATAT AN AR R B IA P

HUR 3 R EEAIEEL

B4 HZENE N MR RN, $/E EA, I o £ A FAH RN 09 B bR 8482 % HF LMIs (13)-
(15) B RIAT I B A5 ) iR AR 8 2N, ASATAT B9 A

HPRS WEEAAEE 3 -5 JENATAT R AR 2N, BEEE N, AN 58 i AR SR HEY O ik A B R
K Py

A6 AL A ML, AR EE U N, W R R O N4 Py =P

BT BEEERE A C MR BT HAR R G L) € Pr. — HEEBE T RN
AIAT HARASAR W AR A5 XF B () Pareto e B ff ¢ = (W .V K WK Koy Ky Koy s oo Ko b 38 5 R
¢ L AL RIM Z Hbr H,/H. B35 R B u (o).

3 ik

HIEW Z BRI WG H,/ Ho BVERE , 45 7 B9, RF0 S8 NI S A AR TP 70 5l el a= 1.
5,6=0.2,c=0.25,E=[0.45,—3.56,0.71],&=[0.1,4.5,—0.2], ° _ .

— =3

o (2 () s y(D),2())=0.03X [ 2D+ (D~ x() ]y, (x () s y(t) sz * z
(1))=0.01X[1—by()+(x())?*Juos (2 (1) s y(1) y2(£)) =0. 02X [ — '
() —cz() ], v(t)=[0.01sin(22), —0. 02sin(2¢) , —0. 01sin(2z) ].

B 13 AR THE MR SR R S (D) (0, y (O F 2 () =
AR BE. M T-S BB 5 v FRATR B Hr £ 48 /2 2 vl 3613 1Y, 530 N
BAR R« (O XIH 3 B, SRR = (OF X8 3 M
WIS BT AR R S5 S O AN MBI BB R SRR b 2 oo <o L
RIS Y 55 SR 280, e T A

0.6333 0.1000 1. 0000 ] 0.6099 0.1000 1. 0000

Amplitude
ll\’ =3 14
—
s
\
|
/

1
EN

A, = | 1.3000 —0.2391 0 0.9100 —0.2391 0 s
—0.9667 0 —0. 2500 —0.9550 0 —0. 2500
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LU AN

2,

FARCA R B2 O

2
- 0.5611  0.1000  1.0000 - 0.8333  0.1000  1.0000 -
A,=| 0.5200 —0.2391 0 ,A1{ 13000  —0.2429 0 .
| —0.9306 0 —0. 2500 | —0.9667 0 —0. 2500 |
- 0.8099  0.1000  1.0000 - 0.7611  0.1000  1.0000 -
A= 0.9100 —0.2429 0 A= { 0.5200  —0.2429 0 .
| —0.9550 0 —0. 2500 | —0.9306 0 —0. 2500 |
- 1.0333  0.1000  1.0000 - 1.0099  0.1000  1.0000 -
A= 1.3000 —0.2474 0 A= { 0.9100  —0.2474 0 .
| —0.9667 0 —0. 2500 | —0. 9550 0 —0. 2500 |
- 0.9611  0.1000  1.0000 - —0.2667 0.1000  1.0000
A= 0.5200  —0.2474 0 ,A,l={ 13000  —0.2273 0 .
| —0.9306 0 —0. 2500 | —0.9667 0 —0. 2500
~—0.2901  0.1000  1.0000 - ~—0.2389  0.1000  1.0000 -
A,= 0.9100 —0.2273 0 JA,=| 0.5200 —0.2273 0 ,
| —0. 9550 0 —0. 2500 | | —0.9306 0 —0.2500 |
~—0.2667  0.1000  1.0000 - ~—0.2901  0.1000  1.0000 -
A= 1.3000 —0.2290 0 JAs=| 0.9100  —0.2290 0 ,
| —0. 9667 0 —0. 2500 | | —0.9550 0 —0. 2500 |
~—0.2389  0.1000  1.0000 - - 0.0333  0.1000  1.0000 -
As=| 0.5200 —0.2290 0 JA,=| 1.3000  —0.2310 0 .
| —0.9306 0 —0. 2500 | | —0. 9667 0 —0. 2500 |
- 0.0099  0.1000  1.0000 - ~—0.0389  0.1000  1.0000 -
As= 0.9100 —0.2310 0 JA,=| 0.5200 —0.2310 0 .
| —0. 9550 0 —0. 2500 | | —0.9306 0 —0. 2500 |
.30 0 .05 0.01 0.01 .01 0 0.05
c,=|0 01 0 |A, .M=|0.1 0.05 0 |.N,=N;,=10.02 0.01 0 |,
0 0 0.2 0.01 0 —0.01 0.03 0 0.01
Hrpg=1,2,,9. EHRHHRATA B TREFE Q =L, .R =1,.,,0.=1I,., ,R,=0.5I,.,.

TR R LMIs 29500 MOEA SRR i MOP, 5E 8 RIEHE Sy T=[20100]X[0.51. 5], k¥ H
N=100.F#H H N, =50, X% N.=0. 8 AZER% N, =0. 15, 5 T4 th 3t L3R e K 2 Pk BT 50

2H Pareto F L /E N Pareto B, M H 3B BT 1 Z4Hf# (54. 0989,0. 6544).
100

5 T T T T

Pareto solutions
Pareto solution]
Pareto solution2
Pareto solution3

90

4

*o+

80
3

70

The H,performance index a
Amplitude

05 06 07 08 09 1 L 12

The H % performance index 8
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Multiobjective Optimization for Nonlinear Stochastic
Financial Systems with Time-Delay Based on T-S Method

YANG Yang ZHAO Jian-li

(School of Mathematical Sciences, LLiaocheng University, LLiaocheng 252059, China)

Abstract This paper is concerned with the multiobjective H,/H.. investment policy for uncertain
nonlinear stochastic financial systems with state-delay. The multiobjective H,/H.. investment policy can
solve the problems of uncertain nonlinear stochastic financial systems with a state-delay to reach a desired
state with minimum the investment cost and risk. By applying T-S fuzzy approach,the multiobjective H,/
H.. fuzzy investment problem can be replaced by a linear matrix inequality (LMD -constrained multiobjec-
tive problem (MOP). In addition,we use a LMI-based multiobjective evolution algorithm (MOEA) to effi-
ciently find Pareto optimal solutions for the MOP of multiobjective fuzzy investment policy. The managers
can select a mutual benefit policy according to their preference.

Key words multiobjective problem; T-S fuzzy approach; Pareto optimal solutions;linear matrix ine-

quality



