$22% H3Y H =z & =% Vol. 22, No. 3

1996 4£ 5 A ACTA AUTOMATICA SINICA May, 1996

— FhET BV AE SR AL X 14
%fg TN

PR&IRZ Jbz 100081)

R tREL

(b

i £

% H— R RO SRR R 2 M B R TR] B RS 4 %Eﬂ%ﬁiﬁ_ ZERAH A EME I, Lagrange
T MAIUM Kuhn-Tocker SpFMETTHIEZBRK, BEW Kuhn-Tucker 3EF 4142 TR
SR A A LES A EEELCEIELZEM NP REFRNARNAFBETIARMEZ , B
oV HT I ARMERMERMLITTHENNEN, ANTHLSKNENEFSINEGHRER
SRS RS, FTRAERA L FERE MBS AT - SO B 032 R L R IR S I 8 53
23 VEHL X TR B 1Y o5 AR R AR T N HY S 7 A

1 5|5

Hopfield fi2 PA4E ALY BUFR H 4 b R SK AR & Fh A 20 SR At Ak ] 8 T e --
12.7£ Hopfield W2 WM EWIERL E, OB T £ ARE RAU KB AL M3 {1 R &
I PR AT, By SRR 5 R R R VPR B B2 A0 Lagrange 3f T35, B T 5IREEE I3
LM AR P E BB A RARE RS ELRER R EERRELE. BRARBEERKE
AT RIURESEIEE, HSfmEMNEREFLIW ¥ — R E, R *
PRSIt A I 8 AN B Tl B R Re T — e fhi i 4L, (B &R R EE MR A | ik 3
TIRBENHENEERNEAERNERERR N, 3T Lagrange J/RFENHL N KBETIR
TEREHRERXNIIRF, SRTHESMEEALIL, RERANMWET Lagrange T
22 P 2 B g = BRI BUAE T e e A R R B ch (0 R 2 KA HCR B AR 8 5
R, KHARUTHRBWGELEAERLGERY, BRAERBEEARALEXLENIES
HRUEREEREE., MRXRARMTENTELEANERLED, BRALREE

L=

?,u
IIHE
o)
‘_H
=f

Y

HAFANLYRRIEE M R E R UL, (BB 2N L i E , X AR T e
PR 2 U BB S B0, 1 B A = 22 WA 2 R4S HO WO S, SC I8 132 HE Y 34 42 IR 4% A 7R 0 b 7
AFRYRNANFTESIARMER,H3 Kuhn-Tucker 38T 1AL TR TEFT RNBERTF
wWH, —HEMMZRRERE T 5IELE R B & U EEX R 8 Kuhn-Tucker
F-TFRIE, B LEE Kuhn-Tucker B{UHERGHER, i H AR S B2 W4 BIR &AL

1) BERERABEES VBN
AT 199443 A8 H lﬁ{ﬂ




HE
2
il

22 %

294 = h 1Y,

YA

A SR — T R AR BRSO M E MK EE, B5X[6—81hie
R AR R 2 TR AR %] Kuhn-Tucker 3E-T#4 T TR RRYITELLEAE 26
H AP RAER AW, B4 T5IANMAER, FJRUEH, EEANRET, AR
H YA 2 B 48 A 2 IR A 0 2 R Wi S B 5 9 S b 0 TR 8 Y o 1L J8 A 50T oz 1Y P 48 4

2 [n]EfE A

R I — R AR SR M BRI ] R
mlnf(x)r (13)

X

s.t.h{x) =0,g(x) <0, (1b)
Hih x€ R*;f:R*—> R;h:R*— R?;p < n;g:R*— R", [AJB(1)RIE[{THEEICH X.
sEN 1. [F]8(1)Y Lagrange PREL L:R* X R? X R™ — R E X4

L(x,3,8) = 1) + 3 44 + ) migi(0), (2)

P A = (4;,435°°*44,) 5& Lagrange FEF[FIE; p= (pyypiay***ypp) & Kuhn-Tucker
F’THE.
BEl XER PHAERETE, f BT IRESTMAIMRE, K Hesse (2 ESE
lﬁa ,’i(i = 1,2,-- 'aP) )&‘é—%%f{ﬁ%@ﬁaﬁﬁ : k Eﬁ%%ﬁﬁ%%h 45@&31(7 = 1,2,
m) F& IR ESLA YRR R,
BE2 HIE—H R HBE ME)=0Ff g(#) <o,

3 HEMAEIE R R0t

KIEREE (DR LRI R T EE S YRS T E#R:

. jjj — . L(x,2,p), (3a)

¢, $& _ pex), (3b)
dz

C, j;‘ — g(x), p=0. (3¢)

AHF C,, C, W C, DRAEHERNARE, ENAKXLENTEBIRTE; VERE
5T,

L gET (3) ’7%‘__ RUNMEIn: TEMEIT, Lagrange FF 1L T
Kuhn-Tucker JE-F3%05, HEhAEMSBAE (3a), (3b) F1 (3¢) #H®, BT Kuhn-
Tucker # %’*:rnﬁﬁz»:b%‘ﬂ%’fﬁ*a IR AORBMS T ERR,BTPL, Kuhn-Tucker JE-F3#
ZUTRAERDWAFGANTIIME, BIRE Kuhn-Tucker EFHETHWTIESFR, F45
PR R Kuhn-Tucker FEFHEMEMNEENGIRNREFHTIBIBAFEEEAY, N




3 H MAERTF: —METHYIEZME R 2 B 25 A 295

Eﬁb:‘T'K@fﬁ’Jﬁﬁﬂj“TuﬂﬁaélAﬂ”z&lﬂ?‘i—%.
FERLAI(3)H T Kuhn-Tucker TG RAE LRARNE T HFERMR, Fr

L, BT, q:a'jC[9]¥Ml§’inﬁi%u ARG E X, Ak, FEESIATIRS, LU
TR TIHARESRY Kubhn-Tucker Lo HAER. £
A={f€eR”|t&=1o0r0,i=1,2,--+,m}, (4)
NTEA 1e{0,1,---,m}, X&
= {§¢ A|Tov€ Sym(m)=>¢&,4y) = 1,
1<<i<; §,30=0, | <k << m}, (5)

H Sym(m) FxRmhrBHg, SE2HH, Y1 =08 =mi, A, hRE—-1RE,
HABEAZTH LN 1, HTEN §er,0<Ii<m, &

C(&) = {pe€ R™ | uy >0 if £ = 15 = 0 if & = 0}, (6)

BN 2. WFHEER 6 >0, ELTTHMER ¢:(0,6) > R*,w:(0,6)— R? F1 ¢:

(0,8)—>C(&),(feA,0<I<m), MRAMBWEER ) W—TRHBME, WERSTFHr

BHY 2€ (0,8), BIMHRETRFZM:

c,,—S"(‘) — V. L($(), @), @()), (7a)
c, d‘;’fO — h(p(2)), (7b)
de,
C,mr.r(k) ‘P(;:)(i')— = ga(k)(gb(t)) (pu(k)(r) = 0
1 < I( < l’ (7’3)
gu({)(gb(t)) < 0! qocr({)(t) = 0 I < k < m, (7d)

A @oy() T g, (P(0)) FRIRTEE () Tl 8(P(2)) WE o(k) T8 CL.
TR AKE C BE o(R) THARITR.

EX 3. WTHEW x"€R*,A'eR? 71 p€ C(§) (§e A, 0<<I<m), D]} i>
0, Z&MRE x:[0,7) - R*,A:[0,7) > R? 1 p:[0,7) > R7, Hh R, = [0, +00),
FRAMBMABRIGIDL (2,4, p°) HFR SRR, WE: Dx(0) = x°,2(0) = 27,
p(0) = p s 2D)ELEZLAFINEAERZRFRXE (54, +6), 5 UG, + 6;) B
B%T (0,7) A, FFE AR x(),A0) 1 pG) REIESTFRXE G, + 6;)
S, BIEMEREERB)I— T RER .

ST MREBREA(3), T RiE.

BE3 FEEITEH 6., & (7a)—(7d) NBzi9e A XE (5, 1+ 8:) #
R 5, >4,

)Fx%‘““’ﬁﬁiﬁ}?‘i REER, A B,

TRl EEE1f3T, #E R* X R? X R} hiyRENXE D, FENTHEE
“ENARFEHE (A%, ") e D, SBT3 TR,

X 4. [ e RAER F Be C(E)Ee A, 0<I<m) FRAWHEME A
)R85 M B 8%, IR BT R T I 4&4:

b




296 H & & ZF ik 22 %%

v.L(%,i,k) =0, (8a)
h(%) =0, (8b)
gop(X) = 0, f,0 > 0,1l <k < U, (8¢c)
o X) < 0,0, =0,l< k< m, (8d)

RIEERE)E Kuhn-Tucker s{UEERATEEG)IRPHERRE X, AIGUOT &

EHE2 ZAERE1IM2T, DFE x* BABDNEIL#E, WEERE 2*€ R?
pYER™, 15 (x*,A%,p*) BEMGIBPREA; 2)E (%A% p*) BEROGHNEE
LN x*e X BRI RILE.

£ 5. & (%,1,R) BREBOGHEES, EEG)HEERE E:R*XR? XRY —
R 57 A

ECxA,p) = E(x,h, p) + - V.L(x,A, p)7CE1V,L(x,, 1)

+- ";_h(x)“‘c,rlh(x) + “;" q(x, )’ Cilq(x,p), (9)

S

E(x,A, p) = -; (x — #)TC (x — &) + —;—- (A —1)TC (A — 1)

L (= By, (p — B (10)

MEERE 9(x,p)ER™ HRTE ¢4:R*" X R—>R(k=1,2,---,m) EXH
0, 1if = 0,g,(x) <0,
q&(x,pk) = {gk(x), oth::wise gk( ) (11)
FI3. ZEEE1—3 T, (&,1,R) EEROG)HEES, NN TEESL EHNTHR
>0, BEIH ¢ >0, FEY (&,A,p)eN(%, 1, B) = {(x,A,n0) € R* X R? X
R?|1(x,A,p) — (%,1, B)|| < e} B (Erbll  |%/R Euclidean jE¥), BE)LL (x°,
20, ") HXAKERNBRERESTHREN 1=>0, 8 (x(),A0),p()) € N, (#,i,H),
UERR, BESCTRE B (st + 8) > R*, 02,5+ 6) > R* R @i(h,1,+
8;)—>C(E)E€ A,0 <1< m) BB —1MIE Rl 8, T B R ruEL s L bR
B E, TN
E($(8),0(), () = - (&) — B)7C. (&) — £)

+ -21-- (@() — I)TC (w(s) — X)
_!-2“2 i u'(k)((pu'(k)(t) T ﬁn‘(k))z

%’ Z ;z, U(k)ﬂa(k) (]‘2)

k=1+1

¥ E,(¢PQ),w(2),(2)) ¥ 2 3KF, FHS




3 3 MHERS: —MEFTEVIESR B R A B 4 A 297

dE,(p(e) ,d‘-':’(}): ¢(2)) _ — () — %)TV. L), w(2),p(r))

+ (@(2) — DTh(P(2)) + (p(2) — R)Tg(H ()
-+ i Fopr8aiy (P (2)), (13)

k=1+1

HIERE t 1 L{x,A,p) BRXTEE x» BB MREL FIH™ B OMRBEIERIE L(x,
A,p) & (0(),e(2)) &RT (A,p) BIRYEBEFN, FIELREA

SiEl(Sb(t)rdw(t)! ‘P(’)) < L(.i‘,ﬁ?(t),?(t)) — L(‘l’(t)sl”‘)
2

-+ Z ‘T.:rwgac.p(‘l’(t)). (14)

k=1+1

K (%,4,B) %2 Kuhn-Tucker Beibb:gd, HHHBE 1 748 ViL(x,A,p)>
0, AL, MIERHPFBRANABAEFN:
L(%,0(),p()) < L((),i,B), (15)

75 I E o) gu(k)(¢(t))< 0, I<k<<m, v[{g.: 4 Cl’(t) # X B, dE, (([’(t), w(t),
P()]de < 0; ¥ ) =% B, HUDRTEB dE(P(),w(s),e())/ds =0, Hik,%
B 1€ (5,1, +6;), B dE(P(e),w(e),9(z))/de < 0,

ZRE E, EEEQGPEERMTMEAREENEE AN ESYE, nEBXEE 1=
0, BWR(OP (x%2% p") € N(%, &, P) HFBHKBIOHRER E(x(0), A, p() <

E,(x*,A2% "), HILFAB, N TEELAEHNE » >0, REREB/NY ¢ >0, A1

ZIRTRAER ¢ =0, BE3)DL (X lﬂal‘ﬂ)e N.(x, A "‘) B RENERHEE (x@),
A(),p(e) € N, (%,i,B), JFHe,
B 3R E—E&RE MTEEGINEEE AN, REERo A ERE R, A&
™ EE

Eiﬂn EER 3HIBOE T, FES e >0, HAY (2,4, p°) € N(Z,1,H) i,
BRAGHRPL (XL,A%,p°) Aen R Ry el DI — a2 A PR X8I0, +00) |,

T 5. AR INOERT,FESEe >0, #1584 (x°,2°,p°) € N.(%,1,R) K,
HEBRAUGIE (4, p°) AMEFEDIREERIELD, (e B E BE T M.
HEBA, < 2> 0 RONFEARTE(3)RUMERIEN S L B R 45 <8 S 3B 18 B 2 B RO %1
EX2ARFEHE 0 >0, EHp)e C(E),1€ (2 —0,8),§€ A,0 1< m, Y= i,
TR ERY Kuhn-Tucker E-FHSIBoAEREAIGERESL, MRTTF I
k<<l TREHEKIL:

uo)(2) >0, 1€ (2 —p,12),
ﬂu‘(i)(i) = 0, (16)
gxp(x(2)) <0,
WEEEDN 1<k<l, 5 2.0(x0@), ww@) £ 1 =12 B M gp(x(?)) Bk 2= 5
Z. BT

E(x(#"),AC"),p(27)) < E(x(#7),A(F7),u(#7)), (17)



298 = 7y} b = iR 22 &

L, M (16) RS H AT, BE BB EZE » = BHI P AaBkE, anRd16)z=pY
SRR, ENX s AIALEEBRRELE ¢ — i B ESR., Hit, BiEHZER,
FEHATEEAGNEE — TR & RIMENI D, st BN EZE 21 T R, lﬁéﬁi
AR D:(s;,8 + 6,) — R*,0:(2;,8; + 8;,) = R? R @:(2;,t; + 6;) > C(§),§ € Ay,
0 < I < m BERQGH—NELE DR, B ERE(DP(),w0(s),e())X 2 K7, A
7

dE(p(e),w(e),9(2)) _ dE(P(2), @(2), ¢(2))
d¢ dz

— dé @T- ViL((e),0(2),p(2)) dﬁft) . (18)

RiEeEE IWITAEETE, S TEEZN 1€ (4, + 8,), H dE(PD),w(2),e(e))/dt <
0, #}H dE(P(e),0(s),e(s))/ds =0 HHH ¢(r)—i‘ w(t) =1 1 @(e) = B, X
#HEARE BB EERIE] (4,7 + 6;) LREBITE TR, IEER,

TE 6. EEE 3R T, BROREEA (#,1,B) BRINERERD.

iEBH. % (x(),A0),p(e)) RAEHGIPL (2,40 1) = (£,1,F) A& HRR.
WRIEE 3 048, LaA (2,1, BTN, THEIERY — +co B, |(x(),40),
p(e)) — (%,4,B)] — 0, BAHLEBE(3) E’J%E’J%u, RE B PR E &k T-Ai1E] 2 RYH
A TR, B r—> +oo i, H E—a, HEELEMRNLEHE E >e THEUEWA
a=0, RE a0, H E=0 118 ¢>0, HEHE3IA, EAELH 0 <<y, HE
iﬂ‘ﬁ'TEE’J 120, H (x(2),A),p()) € 8= {(x,4,u) € R"XR?XRY|B < ||(x,4,p)—

L] < nl. %Fgfﬂi.ﬁﬂﬁ)ﬂﬁﬁ%’]@tﬁ FEBEFRAN BRI EENZ] 2 4,

EE‘;%{ dE(x(#),A(F ), pu(#))/dt FIATH dE(x(#),A( ), p(#7))/dt R GFER.
G

dE(x(E),A(8), (&) _ {dE(x(f"),l(%“) (i)
ds dz ’

dE(x(7"), l(t““)m(t*‘))} (19)
dz

NIRTLLERR R dE(x(2),A(2),p(2)) /de ERAXH [0,+00) ERYEAEESRE, HTIE

%S dE(x(2),A(),p(2))/dz < 0, iﬂ’lutﬁs EARB EWA, BTRLNTRER
=20, 8 dE(x(z),l(;) p(t))/dz<-—-—b trh b >0, i ) 45

E(x(),A(0, m(0) = E(x%,2, p") + |’ dE("(f)’gf%H(f)) ar

<< E(x%,A%, pu®) — by, (20)

WARXEATRER, AN TR ¢ E, FRARERWARENN, X5 E>= 0 F/E.
At ,2 ¢ —~+co i,/ E—0, gitkal% oy ¥er—+oo K, H x(1) > x, l(t)”}l

_I‘

p(z) = B, {EEE,

2 FMERE 6 RULEESRIREG T, KR A W4 R B YR 85 R P
3] 5 IR IR Y o UC R AE RS B BOSE 85 AL




4

[ 1]
(2]
[3]

[4]

L5 1]

[6]

[7]

[8]

[9]

[10]

299

MAERE: —MEFRIAERE R mE R SR

7 R TE

AT 4 H RY S R AR 2ot L ]
O 48 A5 U g ik L, B % SRS [ 10 R PO RS o o DL .
BihEFIT AT
T\ s MR
1 222 O 4 g WAL sl 5 B
IR 3] =

X B RS RET OK R AL R I IE O,
W 4R AR, W A A SR & R KB AE TR X [R] &,

iﬂiﬁﬁ ATk 72 TSI R BER UL L 42

BRG] Kuhn-Tucker 3+ 342 L1E
THE, ARSI AREE, BRBHTHAFRYLYRALEERXRLRAE
tﬁiT%ﬁ%RHKMTMF%mﬂ%F“fﬂ?r%ﬂ%%ﬁ#%LﬁMﬁ
. OEH EEYURRET, A CR HRUHR L N 4 B8 iy JE 2 5 #7
El”ﬁ];‘iﬁﬂ’a B U SR AR B B S A
A{F ) Lagrange BR¥H 15 AH RN Y7

L Y 441 4

=

g *F X M

Hopfield J J. Neurons with graded response have collective computational properties
those of two-state neurons. In Proc. Natl, Acad. Sci, USA, 1984, 81: 3088—3092.

Kennedy M P, Chua L O. Neural networks for nonlinear IEEE Trans. on Cir-
cuits and Systems, 1988, 35: 554—562.

Maa Chia Yiu, Shanblatt M A. Linear and quadratic programming neural network analysis,.
IEEE Trans. on Neural Nerworks, 1992, 3: 580—594,

Rodriguez Vazguez A, Dominguez Castro R, Rueda A, Huertas J L, Sanchez Sinencio E, Non-
IEEE Trans. on Cir-

like

programming.

linear switched-capacitor *Neural” networks for optimization problems,
cuits and Systems, 1990, 37: 384—398.

Wang Jun. On the asymptotic properties of recurrent neural networks for optimization, Inrer-
national Journal of Partern Recognition and Ariificial Intelligence, 1991, 5: 581 —601.
Cichocki A, Unbehauen R. Switched-capacitor neural networks for differential optimization.
International Journal of Circuit Theory and Applicarions. 1991, 19: 161—187,

Zhang Shengweli, Constantinides A G, Lagrange programming neural networks. IEEE Trans, on
Circuits and Systems, 1992, 39: 441-—452,

Maa Chia Yiu, Shanblart M A, A two-phase optimization neural network.
Neural Nerworks, 1992, 3: 1003—1009.

Li Jian Hua, Michel A N, Porod W. Analysis and synthesis of a class
Linear systems operating on a closed hypercube. IEEE Trans. on Circuits and Systems,
36: 1405—1422,

Miller P K, Michel A N. Ordinary differential equations.

IEEE Trans, on

of neural networks:
1989,

New York: Academic-Press, 1982.



300 H 3 & % # 22 %5

A NOVEL NEURAL NETWORK MODEL FOR
NONLINEAR PROGRAMMING

Y anG Ruorr Wu Cancru
(Dept. of Automaric Conirol, Beijing Inst. of Tech., Beijsng 100081)

ABSTRACT

A novel neural network model for solving nonlinear programming problems is
proposed 1in this paper. It is composed of variable neurons, Lagrange multiplier neu-
rons and Kuhn-Tucker multiplier neurons which are interconnected. By making the
Kuhn-Tucker multiplier neurons operate in an one-sided saturated mode, the in-
troduction of the slack variables is no more necessary in dealing with the inequality
constraints of nonlinear programming problems. This method can avoid the increase
in the number of neurons caused by the slack variables. This is advantageous to the
hardware implementation and the convergence rate improvement. It can be shown
that under suitable conditions the trajectory of the proposed neural network model
converges to the equilibrium point corresponding to the optimal solution of the non-
linear programming problem.

Key words: Neural network, nonlinear programming, optimization.
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