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Abstract: The choices of discrete time step for Euler method and trapezoidal method and terminating condition of
iteration in trapezoidal method are discussed in this paper for numerical implementation of continuous time
Hopfield network. The decreasing conditions of an energy function are investigated by the use of convex function.
By utilization of the primal convex function, the conditions are analyzed under which its conjugate function minus a
quadratic function is also convex. Based on the analysis of the proof for convergence of the continuous time
Hopfield network model, a generalized model is proposed. For the common Euler and trapezoidal methods, the
choice of their discrete time step is discussed for numerical implementation of the continuous time Hopfield
network. As the trapezoidal method is an implicit scheme, its realization needs an iterated procedure. The conditions
to terminate the iterated procedure are analyzed. According to the special forms of the continuous time Hopfield

network model, an improved iterated algorithm for trapezoidal method is proposed and analyzed. The numerical
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results show that choosing a suitably large discrete time step will be helpful not only to accelerate the numerical
implementation but also to improve the optimization performance.
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f(x)=(1+% )-@*(x)—%xTWx Hi(x)= (%+%) xTK'x —%xTWx ,

g(x)=(l—g ) D*(x)+ %xTWx JHy(x)= (%—%) xTK'x - %xTWx .

R A0 —Hi(x),g(x)—Ha(x) N ™ B . LI Hx)=x"K 'x=H(x)-H,(x). IR 4l & B 2.5 (WS, 14
VA (1+1)-V g (x(0)=h(VLE (1) -V E& (1+1)2=h (T i+ 1) e+ 1))2, 80 4b Eqoh X (6)E X.hEH 1.2
[ 45 3 AT A AR A R (13)~(16)E M Z1 ¢ (45 1k 4 A

h- (T (D (D) 0 e D=x () HH(X (1+1)=x(1))>0.
PRI, B x(t+ 1) =x"(t+1), A 14T E(e(t+1)<E(x(t)).

@ TEEM 1.1, RATE Ax)=0*(x),g(x)=x"[v()-hV Ex())/2]-h-Ex)/2, :F E(x)h2.2) % X. ki
SO0 —H(x)/2 1™ R E BB 2 2—h)- K +he Wl T 5 B I g (o) +H(x)/2 AR 4 ™ bR 5 TR LA g(x) 3 0k
T ov(O—-hV E(x(0)/2 50 R 2 B 1 SR, BT AT, 1A RAS WS B v D) —v(e+ 1), N F
VL D= (1) 0. H(x (1) =x(£))—> He(1+1)—x(2))>0, T 452 15 45 R (17) 75 BR 25 4 BE A 3. O

B B 2.6 (1) 25 18 W] A0, i S AN 40 T IR 0 R R 25— AN SRR AR R, 31X & 7E R H CTHN 37T 4 &
el i) R A5 H X IR E B 2.6 T He)y=K-|pe]|”, o K A 4 28 0T o 05 B0 Jee A AR A 457 1 4% 1
(A7 K

KT+ D)= (1) (e D=x(0))/ | (1) =x(0)] >0,
X Pr AR AR B ARG R R TR D KA 2 BB NS R B AL 5 1 SR (e D) IR AL (BT T R AL
(13)~(16)FF AW T LAAE e BE 2.5 A B 2.6 H D H K 414 50 20 3 2, 1T @4 H ¥ 36 AR 84 4% 11 T k.
2.5 FRECTHNEER BB 7755 15 R A X Ay it
H 20 A kR HE CTHN A% 20 (1 DA (12) 363 M6 T 7 3, 15 20 8 3 R
v(t+1)=v(t)-h[v(t)-Wx()tv(t+1)-Wx(t+1)]/2,

X(HH1D)=V, d(v(1+1)).

ECSUVEREG:
v(t+1)=(1-2-p)v(t)+p- W(x(t)+x(t+1)),

x(t+1)=V,d(v(t+1)),
H p=h/Q+h).HT e R B AT BT IR — AR A 2R ARt 2 6 1 R iR A K LR 3R (13)~(16)
25 s R
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V(e 1)=(1-2-p)v(H)+2p-Wx({) (1)
X(+1D)=V, (" (1+1)) (22)
V(1) =(1=2-p)(0)+p- W(x (1) +x*(t+1)) (23)
X +1)=v, 00" (1+1)) (24)

Hrf p=h/(2+h), TR 0<p<l X AMERE RIS L E—H AT 2SO 11 BT 2 2.6, K (21)~(24) ik
P10 325 AR R e 4 T A TR g ) L BV AT R TR 4 i

EIE 2.7, 65T h RS MR M FRER CTHN AR B 28 0 i IS BREL g, () b 3% S B = ¥ — G R 8,
k= supw AKX A T K=diag[k, ko, k).

O S e BB K A Heo=x"K % 5 20 6 AR A Q2 1)~(4) 45 11 451 4

B (K (14 1)=x () W 0+ D= (1+1)) 2+ H(X 6+ 1) =x(£))>0 (25)

PRI, B x(e+ 1) =x"(e+1), AT E(x(t+1)<E(x(1)).

@ H(2+h)-K"+h-W Jg 1E 58 55 FE I 3EACA QR 1D~ 8 s, X (25) 7T 7E 4 BR 25 Py ik 5.

W@ BAE X n JERECH @(x):i.f(:igai(s)ds ARPEFEFE K ) 5 A5 1.2,%xTKx —@(x) H R
AT FHSE 3 1.3 BI45 i )15 @*(x)—%xTK_lx A %Iiﬁz.ﬁtﬁﬂ‘,E(x)=¢*(x)—%xTWx AEEH 1.2 PEL

flx)= (1+§ )-(D*(x)—%xTWx Hi(x)= (%-4—%) xTK'x —%xTWx ,

g1y @ W, Hm (- K= L,
AR Ax)—H (x),8(x)~Ha(x) 4 1% B B LI Hey=x" K x=H, (x)—H,(x) M 45 30,(23) 3 B & 2 p=h/(2+h),24 k>0 I
BATH
fo(xk(t+1))=(1+g )-vk(t+1)—g- wx(++1)

:(1+§ )[(1—2p)v(t)+pW(x(r)+x"*‘(rﬂ))]—%- W(e+1)
:(1—§ )v(t)+§ Wx(t)y+ g W (1) (D).

S8R,V g (e(0)=(1=h/2)v()+(h/2)- Wx(£), N T V. ik (1+1)-V wg (x(£))= % Wi (D)X @+ 1).

B B 1.2 (W4 R 15 R A QR D~QOTE 2 ¢ 14 1k 444k
B (X (1) =x(0)) W (14 D)= (e 1)) 2+ H(x (14 1) —=x(0))>0.
PRI (e D)=+ 1) BRA AT Ee(1+1)<E(x(2)).

@ LEEM 1.1 o AT )= (x),g(x)=x"[(1-2pW(0)+p Wx(£) |+p-x" Wx/2. BN fx)—H(x)/2 9™y e 5. iR
B2 (2+h)- K +he W R 1E 58 H BRI g (o) +H(x)/2 B4 ™ bR 3L TE B E g(o) IR IE 3P [(1-2p)w(D)+p Wx()]h 5K
& E R 1.1 S5, AR A @I E v+ D)), W v+ D)= e+ 1)>0. B T H(x) W 1EE IR
B HON(+1)=x(0) = He(1+ 1) —x(£)>0, AT 5 1E 4 A1F(25) AE AT BR A0 A — 52 Rk ik 1. O

Pl B 2.6 (K145 @A @ 5 2.7 (145 B.@, ] W, b 20(23)Fifiid 1 AR VRIS LE ph 3015 i 1 ik AR e 8
(109 2% A 55 TR AN/ {00 T 50 B S e B T 7 v 13k AR 2 2023 9 L X (15) A T oStk AN T B B i A

3 HESKE

T B GE BRAE BT AR 5 R FRAT D0 S (S) AR I bR E CTHN BERLOEAT T BB SeBL e e s 8 A o 50
AN EENPIZETT i BSOS bR L () E A ), AT O 1 B 1) Sigmoid bR H R (s)=1/(1+e—s). 11 28 70 2 [ 1 T AL
E AN LR TR B 5t 32 12 AL LA A B 408 DA [ 5,451 .2 1) 34 3 A1 1) LS FRAT TS AN T3] 110 I 4 A A 0 i ‘5
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ot AR 5% 42 AT 1] Hopfield P 442 A 04l 52 oA 889

AT 7 JLIR S5 B0 S D0 1 45 SR AR AL R T B AT 4 HH vy e o — 23 AR R i 2 40 HH 1 S5 S L. el 6
JE 750 Euler J7 35 BB S5 56 45 R EE AR, BRT- R 08, B AU S R Buler 751 sE 50 45 1.

o -4y 5 I A AN A R I BV B 58 B 8 1 B KRR A A R B /N AE A A HH TP 28 0 B0 PR
)ik £ X K=0.25-1. 58 Euler J7vESEELIN ARG EH 2.2 45 R h=8/(4—Amin) LEAS SEIE P 10T
Amin =—29.8160, A 111 13 3 £=0.2366.CTHN IR ZS I HIE x(0)=(0.5,0.5,...,0.5)".24 h=0.2366, & 1 F1 & 2 %F B T Euler
A 8 AR AR Hh 2K (6) 1 I8 114 009 8% 6 R B — 3 BN [ 8RB 1 iR h=0.2366 I8, Buler 777473 311
CTHN RS [0 25 70 % Hi B8 B 1) A2 4k 14 1 T 3G v [ 15— 4R e e R — AN o ¥ i HE s AL 3R N T LU R
WL, KL 40 25 ARSI B 2 &Y h=0.2366 It Buler J5i415 21K fE B3 40 BB ANE 2 haf UE LR B AE 15 25
I AE Ak EL 2 W] S 218 3K N 1 AT L ER A e B S o TE T LB 3 M 4 R RAAH T4
h=0.0473 F FH Euler J5 V5 I BUE S2 I8 8] 3 /224 h=0.0473 I, Euler J5 145 2 (K] CTHN 1R 114 28 o i 1 B 1) )
BB, L dg— R om — AN E 0 0 d B AL N B R ] L ZE 100 S5 I R Sk B 4 Y
h=0.0473 i, Euler J7 V13 2 1¥ e AL EUE, Bl 4 da] LUE L REREAE 40 D IHARAL CL28 B B 2818, 1IX i A 3
A DK 34 DL el L e B 1 R 3, 3T R I A K (9 B ) 25 R T ) bR AR IR S B 2 R 4
o HH 11 0 8% 3 R R AR R AL B ] T I — 5 S A T AE 10 SR RPRAS Y 4 R AS R B 0 )
o KAT I 5 28 9 45 i 1 1 B, ol g AL 0 AR [RD AL, A K A K ) I ) i 2% o 4 /) A s v DL 81, %)
TP A WA, BB R I 2 S TB) A A ) R B 4 v T D04k 12k R 3k L 5 A i) 130 A 1 s K B S5 1R B T
Al 2 AT .
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4 & iE

FE A ST IRATTFR o BR BB FEPE S CTHN BEAT 550 A il 50 R A8t v 781 Fi 508 A 400 ) 85 A g e )
K L R HE )T IE 42 Hopfield 4 AE AL 5N T — AN X CTHN 24 55 F il 207 A (8) ik (1) ¥ CTHN
ﬂmﬁ@#ﬁ%ﬁﬁ%CMN%%#%H%Tmmﬁ%ﬂﬁ%ﬁ%%ﬁ%%ﬁ%iﬁﬁ?%#N?ﬁﬁ%
CTHN, H 52 B 2.4 15 H 7RG 6 S BRI B 1 5 R 06 1A 335 I ) 28 K 02 IS8 X AN 518 N Ah. 1 TR i ik
B 5 v, R I 1) D AT 5 B AT AR SRR 3 15 FRAT T 5T T R P A SR A I £ L 1 4% A2 N BRATT 1R 93 W T
CLF H ARl CTHN (1525 B 7 2 0 B )20 4K 1R B — 5 TR ¥ T+ Hopfield 199 45 7 45 50 F 10 S5 /N Re AR, TR) B
B T P 245 B A i 28 0 19 B0 BR B0 2 000 KN, 5 0 48 0 ) i BB TG DR IR BE g4, — T T B B T AR EAT
CTHN 25 S0 I IS 1) 25 (R 5, o — J Tt A B B AT T 8 b 40 G 110 350G B 00 8011 S 30 3R W IR K (W 25 KXo
1) B 24 fig B /N DR, BT 1 - AR ABR P K B A S (B A ).
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