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Abstract A double non-linear penalty function is defined for the non-linear optimality
problems (NP) and the exact penalty theorem is exacted under some conditions. A new
general model of non-linear neural networks i1s introduced and the relationship between
the equilibrium points and the energy function is showed. Under the given condition,
the equilibrium point of the neural networks converges to a solution of NP. This model

plays an important part in many optimal problems.
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1 5|5

H Hopfield 5|3 & 15 2 19 2 W 25 F R SR A DU AL 1R B B 45 m 2 LA Je » 2 48 R BT X
B LA IRl EE B ST E bR RIS R IR . A M SRR AR EN B FE RN E
TREE KRBz S R R & , AR IE R G2 1945 = 5 D04k 18] & 1Y % A8 8 X . Hopfield I
48 BT b A DR 1 — BB 29 SROC AL TR) R, AN AT R () R | B O Bt 1) A A 3 R )RR SR O 25 T 53 B
51 B 2 MR BRI ER KRBT Hopfield BB, TR, AZHRB P EM R LB ALK
SRR FIROK R S A RBI LI RE, an3C1~4]. AR BRI T ARMA R E, TRZE
) FH 111 R R 7 ¥5 SR H4 i R B bR B 5 A B R a3 B 1 R AL B KR IR AL A2 Y 4% ) -4 S A
—E bR B B M. £3C[1]9 Xia fl Wang B T —R] U HEMLE, TEIEH T
ENMHEET RS FESRABILR B R H. FRETTEHC T BIEFERMBRIEL
BN —HH IR, ABEMRERBTRA. A XEB—4 2 WAL T RE, B3
T—MHFHEMEERA, £ EUE P4 5 0] DU S Bt Ac ] B B v 17 4% , XA~ Al A7 A i 2
Fritz John &4, B L& E KRG T EERINHE.

2 JEZR M T BRI BRI 1R

IR, FREN RPN RBE TRRK#HRE, FETIREEA R F T, 0GR
MRETYE, ARRARMACRBRME T HWRE. T EITSIELR LR (NP).
(NP) min f(x)
s.t. x€ X, gi(x) L0, =1, 2y-ym, h,(x) =0, 7 =1,2,, q.
% g (x)=max{0, g.(x)}, i€ I. RAJ{THELE
Xo={xe X|gx)<0,i=1,2, <y, my h,(x) =0, j =1, 2, *+, g}.
%5 R8T 1 (NP) XN 89 3E 2811 Y6 18 11 B ZX

F(x,0) = (f(x)’ +p2g?(x)z —l—thJ-(x)z)”z,
ic | je]
Hee=0, R f, g.(Vie DR A(V;€ D REEAHB, B F (x,0) WREEZEW
B, FHEPHR f(x)=2IE 5 R ¥, 35 XN B S BR B 4k ] R

(P(p)) min F(x,0)s s.t. x € X,
BRI B XRER, BHSWE lm £00=-+oo,

X000, X

max mink (x,p) = minf(x).
PER_I\L. x& X xc X

W b(x)=max{g:(x), h; (x),—h;(x) | i=1, 2, =, m; j=1, 2, *+, q}, A B(X)<
0 M T x B (NP) W] 1T,

EX 1. W3R x" B(NP)BI BB, AR y” F 2~ &3, Lagrange w8, MR LLF
/NG W A

Vi(x™) =— ny Vg (x*) — sz Vh,(x™) (1)
i I je]
yi*gi(x*)zoa yi*;‘-’:“o! gi(x* )goa 1=1,2,+*,m, zj*..}-"o! hj(x*)zoajzlaza"'rq (2)
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EH 2. B x  B(INPHEBEMNLHE, (v ,2°)ER"XR'E(NP)#3® Lagrange &+ &.
Nig X 2ih&E, fH g (Vie DM (Ve DR MEE, x, B(P(o) KIBRMNLE. T
D f(x*)=F(x; ,p) , & b(x; )<0;

T@Af(x")
b(x, )

2) f(x*)=F(x; ,0), & b(x,; ) >0, P?max{kz(m—l—q)Z,Z(m M A=max

{y'y 28 | i=1,y0y, my j=1,2,+,q}.

M1 MEME2 PHUEB LM R, €81 feH 2 W R Fla, ) E—ERHBTR~—
AR TIRE, BIFE—TTISE p H18 31 R (P (o)) 1 B 1 % 2 JE 18] & (NP) B9 & L
. BB 2 WARBEMN YRR TS BTT e, SCL2HER T X FIENE R T B8 T1 sk 3L
EH BB AR FROL R B, BT EHEENBLREEFELRETRASIERENEREE
EEVIMERR. THEERNIEH DR XA HE.

3 ARER ML 2 W 5 AR A

XM ERE 6:R" XR'—R", ZEHN S =HITRE

dx(z)
dz

HP x@) =, @) yz; (1) s+ 52, ()", B=diag(Bis B s B M B >00:i=1,2, *=,n) H
IR ER, x BERETE.

ENX2 WMRRxeXHAEO x,O=0(V), WF x 3111 RSG5 (3) 11 .

EX 3. WHR XxE X, MRMELH e F 2, =0, FF7E 0(erst0) >0, H 1=, |l xo—x || <
Sest )BT B || x (520 ,20) — % || <<ey HH x(t520,8,) BNV xo HAR A ¢, Kyl SR B 8] 3 B &R

GOP—5ZHMEL WK x B NTRGZGRBEA.
FHEITEKERBINP) R U HZRMEBER, (NP R R E XA

_Bb(xat) (3)

E(x) = F(x,p)? = f(x)? +p2g+<x>2 + 0> h; (x)? (4)
ielJ
XL s 1 R G E XN
XD —— BVE(x) (5)

XA 2R I 2 AR BN AR H LT L[ 1 IR RY. HSE, Hopfield MR EZERIER 2 8 3F
HIFFIE - RS FTRHRERBVAEENMETTEENRYUETRREREH 2 KK F 2
(Hesse #58/). NI, Hopfield A MEZE BN SN T RGE SBRERTEBE SR (G)—
FEHRREAR. 2 TMHETTHI RS 2, (O ZE, W EORAF 2 KT, B4 W% 1%
ENRBE LR

_ 9°E(x)
i dx,;9x;
EE3 BRxBRREGCOHETISE p THRFH LS F xZ0H E(x)F#0, | x 23
NERGEGOMRBER. #HE—2, MR x X MR RBOERE (w;) oo B¥IEE R, N x BDIEK
8] &8 (P (p)) W) J& R B AT fRt -
WERH. BRI, XTF x#£0, H E(x)>0, HAN

1v] = 1,2,
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dE(x) oFE dx,(2) oF
2 oxy cflt Z a.rk ( axk)::\:o'

M # Lyapunov 18 %€ E%f_ﬂé%ﬂ BN NERGCOHNBRERF 21 BRI, HEEE.

EH 4. % x BIIMMALBE PO —MRILE. W x BRAFZG)OWETNSH o THF
17 .

T4 EBRBOL. EHIMER 4450 7THRAREYRABES S HRER FH AW
Z BB R. RATE Z A T | E 3 M HE S LS.

EFE S BRIZEE fog(VieDf A (V€D RESEMNZEEE, lim f(x)=-1co.

x-»co,xc X

o, ) BB TIEFKWERFTY. BEFF{x BN HRE(WDETISE o, T WFRHE

LR BE(EGHIER, MEI (S HEERS x BEAWFAR(NP) WA 1T, 71
ﬁ){,m ' Q2" !aqﬁ#;;O! 1=1,24ym ﬁ/ﬁ

AVFE) + D Vg () + D a; W, () =0 (6)

i€l jelJ

Wit 1. R X EBOME, fH g (VieDfr(VieDEMHBMBEE, BiZEHE 5 W&
2B s B A>0,u5 @;220, i€1, j€T , MFEI{ I HEBRRR x B(NP)HIBRILE.

FHSAHTNEEESSREAEZ B PBKR,R(6)R Fritz John £ 4%, R RE
HERET LR 1 RAVHE SR ERB K RMAHE. B, /T4 E T o — 7R

Stepl. A EHFIHK x*, p,» 0, N>1, B k=0,

Step?2.

D ERE—-TMHERESA 2, &y =x, & ;j=0;

2) MFE—VE(y)#0 , 4 D=—VE(y) , FHEtFBE(yY +DDH<E(y), &y =y
+Dt, B j+1=5, BE Step2, FNHE A 3);

3) W x"=y, Bl y &3S RIGH PR FE A Steps.

Step3. #WIR | E(x*")—EW*) | <e, o, ,=Neo,, B k:=k+1, EE Step2.

E. RIMNMEAZXBEEHT T — P EXE, RHBEEBR KOS ET /] IR R
2 B B 00 R 47 Bk & U

References

1 Youshen Xia, Jun Wang. A general methodology for designing globally convergent optimization neural networks.

IEEE Transactions on Neural Networks, 1998,9(6):1331~1444

2  Staoshi Matsud. “Optimal” Hopfield network for combinatorial optimization with linear cost function., IEEE Trans-
actions on Neural Networks, 1998,9(6):1319~14326

3 Smith K, Palaniswami M, Krishnamoorthy M. Neural techniques for combinatorial optimization with applications.
IEEE Transactions on Neural Networks, 1998,9(6):1307~1318

4 Teixeira M C M, Zak S H. Analog neural nonderivative optimizers, IEEE Transactions on Neural Networks, 1998,
9(4).629~638

5 Rubinov A M, Glover BM, Yang X Q. Extended lagrange and penalty functions in continuous optimization. Optimi-
zation, 1999, 46(3):327~351

6 Yang X Q. An exterior point method for computing point that satisfies second-order necessary condition for a C {1,1}
optimization problem. Journal of Mathematics Analysis and Application, 1994, 187(1).:118~133
7 Rubinov A M, Glover BM, Yang X Q. Decreasing functions with applications to penalization. SIAM Journal of Op-



5 A 759

timization, 1999,10(1) :289~313
8 Fiacco A V, McCormick Garth P. Nonlinear Programming. Philadelphia, USA: The SIAM Press, 1990

%

R 1MUER. 5 (NP ARG — R A R SR AT XA x€ X, 4
Fi(x) = gi(x)yi = 1,200 ymm3 forrs (X) = B, (x) 5] = 1,2, 35 fonver; (X) =— 1, (x)sj = 1,2, ,q

B X, ={xER" | x€X, £fi(x)<0, i=1,2,,m+2q},]={1,2,,m+2q). BR X,=X,. Hilt (NP)[q]

BAf M B R(NP) min { f(x) | x€X, fi(x)<K0,i=1,2,+, m+2q}. % BT mEI W H T 5BE

F(x,p) = (f2(x) + D p.p (fF (x)))V?

ie]

Hd 0=1C(p, 0, """ 20,42, 20,2205 i€ L. F1X[5]#) Theorem3.1, & max minF (x,p) =minf(x). X KA

_ERm-!-Zq xc X xEX

B i=1,2, m+2¢, AP p,=p MEHG WAL HE B,
ER2HIER. & DEERY. NFEHLER 2. B f, go(VieDM A (Ve DERH KL, NA
fx) = fx")+9Vf(x" )T (x—x"), Vxe X
gi(x) = gi(x")+ Vg (x Y (x—x*"), VYx€ X,i=0,1,2,,m
hi(x) =2 h(x*)+Vh(x"))(x—x"), VYx& X, j=0,1,2,-,q
N x* BR(NP)R BN,y M z" iR Lagrange ®fFmHE. A AKX (D, OMEEAFA, KE

(X)) Zf(x*)+VFx* )T (x—x") = f(x* )_EJ’= Veg:(x*" ) (x—x* )—“EZ; Vh; (x* )T (x—x") =

jel

f(x* ) — Eyi*gf(x) - Ethj(x)

ic i€t

W I (x,)=0€l| g (x)>0F J (x,)={j€] | hj(x;)>0}, A
F) = fxm)— D ygixs)— Dz hi(x)

iert (e} ) jE':I+(.t: )
B A= max{}'z ’ Z' \ t=1,ym, j:]-!"'pCI}a ﬁlﬂﬁ A;O %ﬂ
Agi(x; )y Vi € I+(-x; ) s _Z';hj(x; ) ;_MJ(I; ), V] ~ J+(x;)

_.'}’:' gi(xp )_-_,..--*_
NIE:]
FO) = ferd—a D) g(x))—a D, hi(x))

ic I+(x: ) jéj’+(x; )
HOBENE f(x)=f(x")—a(m+blx)). MR fFx"H)<Aim+blx ), BRE
FP(x} ,0) =(f(x* ) — Am+blx; N +p D) g (x)2+p > h;(x) ) =

ert et GEJ
Flx*)— Qlm4+@blx) ))® + pb(x, )° (A1)
MR () =ZAnt+q)b(x) ), W15F)
Fz(x; HO) ;(f(x*)_ll(m_Fq)b(x;))z_l_P E gi+(x; )2 _‘_‘Ozhj(x; )2 ,-->-":'
el (x* ) A
o

") —=20(m+b(x,; ) f(x" )+ Qlm+ @bz ) + pb(x, ) =

(A2)

FPlx*)—22m+@b(x) ) f(x" ) +pb(x) )’

R B o> max | A2 (m+g)? ,2(”“*;(9;1‘{("‘* ) } R (ADFICAL) A Flx o0 f(x* ), B 1R %5 i
p
k5.

CHIBL S, WS 18 2) B L.
EE S IER. BECH.EFE—TPMKTOWE L, 8 L>EX*), k=0,1,2,-. RE{F I ER. B4

x*—>coXf b>—+oco, | FEBE L>(f(x*))2—>+c0,k=0,1,2,-, BRS5EMTFE. FTEHIEHR (I HIE
BRBABT Xo. ARERE APHRE >3, MR € X, MAFERERT 8y ER g7 (X)) >0 B
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hi(x)>0. AN frogGEDM A (OGEDREZEW, E(OWRBELZR. HITFE L>EX)=(f(x"))"+
oo 287 ()idp, 2h; ()5 & k>+oo, N p—>+ooFH L>EKX)—>+oo, B —IF/F.

1€ I jeld

R {6)MIERR. MW —VE(*)=0, £=0,1,2,+. 153

2 (x*) V() +p, D287 (&) Vg (&) +p, D2k (x*) VA, (x*) = 0 (A3)
el jeS
S XX a=2] FGD | +0, 2287 M Hp, D21 A () | +1>0. B frgGEDM A (DGEDRE

Al B/, WMEFI2 () s {p2g" (XF)E I {p2h (B I BRERFH, HHENFERSH FF
5, AT ENTHCER, %
20f(*NE = A3 20,87 (BZ > s =0, i € I 200, (XDGE > a;y jE€ T
ACADFARBRU 5 B S b>too, RIFHE(6). jE .
Bl. FA1EH Visual C++6. 0 f£ PentiumIII(CPU, 128M WIHOWL EX T EEAEB #1477 H{H X K
max f(x) =z, t+ -+ x,.,
s.t. apnx1 + - tayx, <10, i = 1,,m,
iy yx, = 08 1,

K g; (=1, ym,j=1,,n) & 03 2 ZERWEEPLE. BT E 200X 200 AW FZLRRH, ZHEIN
HinERE 7 M8 EREANBERNIRIAEAR. R1IGHET 6 MEENITESR.

x1 6MRAEMITEER

Table 1 The calculated results of six models

- INE R ] /N AR 2 . INE ] /N R 2
REARA 2HE BRE oy (g | BEXD BEE OBRE oy g/

30 X 30 Z 9. 000000 92 92 100 X100 4 7. 000000 39 39
60 X 60 17 8. 000000 07 67 200 X 200 12 8. 000000 7.2 7.9
90 X390 9 8. 000001 41 41 300 X 300 2 7. 000001 4.0 4.3

B DEPHAMERMNM P £ B2 B inE, i THRIMERNRBUEA R B LE KRB ;2)
KP/PMEPR LR StepZ REFHB— L ANNRE, PESHITE—2 BiR{HEAKE.

BEW HALETHRRFEIURA . IEMERFZEELEERITEIRMAE. LEHAR T AN
BRI S m % .
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