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Stability of a Class of Neural networks

Jiemin Zhao

Abstract—We give a concise result of global uniform asymptotic
stability for the Hopfield model
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by means of the method of Liapunov function.

Index Terms—dynamics, neural network, Liapunov function,
stability.

I. INTRODUCTION

The Hopfield model is well known in neural network. It may
be described by the following system of ordinary differential
equations
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where Ti j Vl represents the electrical current input to

celli due to the present potential of cell j, and 7}, is thus the

synapse efficacy. Linear summing of inputs is assumed. /, is

any other (fixed) input current to neuron i [1].
Hopfield [1] investigate a two-neuron system. The system
parameters are

2 A
T,=T, =1, A=1.4 and g(u) :;tan" %u :
Energy contours are

0.449, 0.156, 0.017,
~0.003, —0.023, and —0.041.

For a number of neuron models and their stability analysis,
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we do not enumerate them. This paper presents a concise result
of global uniform asymptotic stability for the Hopfield model
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where a = const.€ (0, 1), Such a concise result is useful to

Hopfield model based neural network design in practical
applications [1-13].

II. ANALYSIS AND COMPUTING

Let
f(ul):a_[:'e"’zds.
Therefore,
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The function u, = f(u,) is illustrated in Fig.1.
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From analysis and computing above, we construct

Liapunov function

V(ul,uz)zé(u1 +u,) + j;l'[u—a J;,e’szds]du+

.[O [u—a J.O e’ dsldu.
Thus, if
(u, (1), u, (1)) =(u,(t,ty,u

1‘,)su2(tato9u2‘,))

is a solution of system (1), then the derivative ar

of V
dt 1)
along (u,(?),u,(r)) satisfies
v du,(t) du,(t)
— | =(u,(t)+u,( + +
ar| (u, () +u, (1)( o o )
u(n _ 2 du (t)
[ul(t)—afo e ds] a;t +
uy () _ 2 duz(t)
[uz(t)—aj0 e ds] TR
Using (1), we obtain
‘;—It/ = (u, () +u, ) -u, () +a [ e ds+

1)

uy (1) _g2
ajo e ds—u,(1)]+

e’szds]x

[-u,(®)+a f:zme""zds]+

r VAN ruz(f)
lu,()—aj e

[y (0)-a [

0

732(,{'5] [aj'ul(t)e 2
0

(.
= —u(t)—u,(t)u, () +au, (1) joz e ds+
u, (1) uy (1)
au,(t) _[02 e’szds+au1(t) _[0' e ds+
uy (1) _s? 2
auz(l‘).[0 et ds—u (Hu,(t)—u;({)—
2 uy (1) _s2?
u; (H+au, (1) IO e ds+
uy (1) 2
au,(t) L e’ ds—
uy (1) _g2 u, (1) _s?
aQ(L) e ds)(IO e’ ds)+

u, (1)
auz(t)j '

0

e ds—
2 () _ 2 uy () 2
a (L e ds)(jO e’ ds)-

w; () +au, () [

=2[-u () —u; (O —u, (Ou, (1) +

2 2
e’ ds

ISBN: 978-988-98671-8-8

uy (1)

au, () |7
au,(t) j”“”

0

e ds+
e ds+

()
au,(t) I02 e ds+

uy (1) _s?
aul(t)_[o e’ ds—

up (1) _ uy (1) _

az(joI e ‘Vza’s)(jo2 e Szds)—

=2, O, ()-a ["e ds]+

u, (1) s
w,(O[uy(0)=a [ e ds]+
uy (1)
[ul(t)—aJ.O] e ds]x
uy () _s?
[uz(t)—ajo e ds]).
Let
F(vl):vl—ajole’szds.
Thavrafara
1 1C1IC1ULC,

F(V1):_F(_V1) >

dF(v)) 2
=l-ae ' >0 forv, 20,
dv,
d*F(v,) 2
72:2‘1‘}16 ' >0 forv, >0,
dv,
lim F(v,)=+x.

The function v, = F(v,) is illustrated in Fig.2.
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From analysis and computing above, we have
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furthermore, the system (1) 1is globally uniformly
asymptotically stable [2—13].

III. MAIN RESULT

From analysis and computing above, we have result as
follow:

The system (1) is globally uniformly asymptotically stable.

REFERENCES

[1] J.J. Hopfield, “Neurons with graded response have collective
computational properties like those of two-state neurons”, Proc. Natl.
Acad. Sci, 1984, 81, pp. 3088-3092.

[2] D. Cheng, L. Guo, J. Huang, “On quadratic Lyapunov functions,” /[EEE
Transactions on Automatic Control, 2003, 48 (5), pp. 885-890.

[3] E.M.RONALD, 4n Introduce to Nonlinear Oscillations, Cambridge:
Cambridge University Press. 1981.

[4] Z.P. Jiang, “Global Output Feedback Control with Disturbance
Attenuation for Minimum-Phase Nonlinear System”, Systems and
Control Letters, 2000, 39 (3), pp. 155-164.

[5] Jiemin Zhao, “Qualitative Analysis for a Class of Second Order system.”
Mathematica Applicata, 1999, 12(2), pp. 29-32.

[6] T.Yoshizawa, Stability Ttheory by Liapunov’s Second Method. Tokyo:
Math. Soc. Japan, 1966.

[7] Jiemin Zhao, “On the Superharmonic Resonance Problems.” Journal of
Hefei University of technology, 2005, 28(12), pp. 1618-1620.

[8] Jiemin Zhao, “The Approximate Solutions for a Class of Time-Delay
Equations.” Journal of Lanzhou University of technology, 2005, 31(6), pp.
144-145.

[9] E. Atlee Jackson, Perspectives of Nonlinear Dynamics. vol. 2, Cambridge:
Cambridge University Press, 1990.

[10] J. Guckenheimer, P. Holmes, Nonlinear Oscillations, Dynamical Systems,
and Bifurcations of Vector Fields. New York: Springer—Verlag, 1983.

[11] J. A. Sanders, F. Verhulst, Averaging Methods in Nonlinear Dynamical
Systems. New York: Springer—Verlag, 1985.

[12] T.A. Burton, Stability and Periodic Solutions of Ordinary and Functional
Differential Equations. Orlando: Academic Press, 1985.

[13] Jiemin Zhao, “On the Analytic Solution Problems for A Class of
Differential Equations,” Journal of Southwest China Normal University,
2007, 32 (1), pp. 19-21.

ISBN: 978-988-98671-8-8

IMECS 2008



