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Abstract

Since Hopfield first introduced the concept of energy function to study the stability
for a class of fixed-weight recurrent neural networks called Hopfield networks, and im-
plemented the neural networks in circuits, this kind of neural network was successfully
applied in associative memory, optimal computation and s6 on. The qualitative analy-
sis on the stability of the equilibrium point for this class of recurrent neural networks
has been investigated persistently. It is significantly important in theory and practice to
qualitatively study the stability of neural networks because many applications of neural
networks are dependent on the properties of stability.

At present, there are mainly three kinds of expressions to describe the stability con-
dition of fixed-weight neural networks. One is in the form of M-matrix or in different
kinds of inequalities without any unknown parameters. Another is in the form of alge-
braic inequalities containing amounts of unknown parameters, which are usually obtained
via different approaches of differential inequalities. The above two expressions of stability
results all neglect the effects of neuron excitatory and inhibitory on the neural networks.

The former is easily verified due to no parameters to be adjusted, while the conservative-

- ness is much great; the latter is generally difficult to be tested due to more parameters to

be tuned, while the conservativeness is less greater than the former, although one has no
a systematic method to adjust these unknown parameters. The last one is in the form of
linear matrix inequality (containing the form of diagonal stability), which overcomes the
disadvantages of the former two kinds of expressions. The last form not only reduces the
conservativeness due to suitable numbers of unknown parameters to be included, which
can also be verified using the interior point algorithms, but it considers the difference of
signs in the weight coefficient, which eliminates the effects of neuron excitatory and in-
hibitory on neural networks. Therefore, the stability results in the form of linear matrix
inequality is superior to that in the form of algebraic inequality, matrix norm, matrix
measure, etc., and contains many imitated-biological information. The characteristics of
the obtained results in this book are as follows: they do not require the strict monotony,

differentiation, boundedness on the activation function; they do not require the symmetry
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and singularity of the interconnection matrices, etc.

Global stability problem for continuous-time recurrent neural networks with delays is
investigated in this book on the basis of linear matrix inequality technique and under the
assumption of global Lipschitz continuous activation function. The main innovations of
the book can be briefly described as follows. .

(1) Present situations of the researches on the dynamics of fixed-weight recurrent
neural networks with the functions of optimal computation and associative memory are
summarized systematically. The survey concerns with the main developing history of ar-
tificial neural networks, the main types of the artificial neural networks, the general kinds
of recurrent neural networks with fixed-wights (e.g. Hopfield neural networks, Cellular
neural networks and Cohen-Grossberg neural networks), the kinds of delays and the ef-
fects of the delays on the neural networks, the types of activation functions of neurons,
the effects of neuron excitatory and inhibitory on the neural networks, the contents and
approaches to study the recurrent neural networks, the expressions of stability results
and their characterizations, and the present situation on the researches of Hopfield neural
networks, cellular neural networks and Cohen—Grossberg neural networks are reviewed
thoroughly.

(2) Delay dependent exponential stability condition is presented for a kind of recurrent
neural networks with multiple time varying delays via linear matrix inequality technique,
and the relations between the exponential convergence rate and the connection weights of
neural networks is also presented. The obtained results is superior to the existing ones in
the aspects of stability condition, the estimation of maximum bounds of time delay and
exponential convergence rate, respectively. |

(3) Global stability criteria independent of the magnitude of time delay are presented
for three kinds of recurrent neural networks with multiple time delays via linear matrix
inequality technique, respectively. The stability results on the global exponential stability
results independent of time delay based on linear matrix inequality for neural networks
with multiple time delays are seldom reported in the existing literatures. In this book, a
global exponential stability criterion independent of the magnitude of time delay is firstly
presented for a kind of neural networks with multiple time delays. Secondly, for another

kind of recurrent neural networks with different multiple time delays, i.e., the well-known




cellular neural network with delays,

n n
£(t) = —zi(t) + Zaijf(xj(t)) + Z bijf(z;j(t — 7)) + Uy, i=1,---,m,
=1 j=1
a global asymptotic stability criterion independent of the magnitude of time delay is pre-
sented for the first time via linear matrix inequality technique. Thirdly, a generalized
neural network model with different multiple time delays is proposed, which includes at
least three kinds of recurrent neural network models with multiple time delays studied in
the existing literatures. A global exponential stability criterion independent of the mag-
nitude of time delay is presented for the proposed recurrent neural networks with delays.

(4) A global robust exponential stability criterion independent of the magnitude of
time delay is presented for a kind of recurrent neural network model with both multiple
time delays and interval uncertainties via linear matrix inequality technique. The obtained
result can be easily generalized to the other interval neural networks, for example, interval
Hopfield neural networks, interval cellular neural networks and so on, and improves upon
some results in the previous literatures.

(5) Although many stability results are reported individually for some well-known neu-
ral networks models via different analysis approaches, there are few literatures to compare
these existing results systematically. In this book, some global robust exponential stability
criteria independent of the magnitude of time delay are presented for Cohen—Grossberg
neural networks with single time varying delay via the analysis approaches of linear ma-
trix inequality, matrix norm, Halanay inequality and so on. Comparisons among these
obtained results and the existing results are made, which can give a deep insight into the
stability results derived in different approaches.

(6) At present, robust stability problems are mainly focused on the interval neural
networks. In real life, there are many different forms to express the bounded uncertain-
ties. Via an description of the uncertain in control system, a global robust exponential
stability criterion independent of the magnitude of time delay is presented for a kind of
uncertain recurrent neural networks with multiple time delays via linear matrix inequality
technique. Meanwhile, the obtained result is naturally generalized to the interval neural
networks with delays and bi-directional associative memory neural networks with uncer-
tainties, which further shows the generality of the obtained result.

(7) The researches on the stability of delayed neural networks are often studied from

the viewpoint of passivity. In fact, time delay can be utilized reasonably. Time delay
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can be suitably introduced into the dynamic system, which not only can simplify the de-
sign of control law but also can readily change the dynamics of the system. It should be
noted that the introduction of time delay, whether intentionally or not, can also produce
complex dynamics or side effects. Therefore, it is important to understand the effects
of different kinds of delays on the systems. In this book, a global asymptotic stability
criterion independent of the magnitude of time delay is presented via linear matrix in-
equality technique for a kind of recurrent neural networks with both multiple time varying
delays and neutral type delays, in which the recurrent neural network is composed of par-
tial element equivalent circuits. By suitably constructing Lyapunov—Krasovskii functional
and applying ingenious analysis, some global asymptotic stability criteria independent of
the magnitude of time delay are established via linear matrix inequality technique. The
obtained result is also generalized to the corresponding recurrent neural networks model
without neutral type delay.

Key words: Recurrent neural networks, Hopfield neural networks, cellular neural
networks, Cohen—Grossberg neural networks, interval neural networks, neural networks
with uncertainties, fixed-weight neural networks, continuous time, stability, exponential
convergence rate, global exponential stability, global asymptotic stability, robust stability,
parameter. perturbation, multiple time delays, time varying delay, neutral type delay,
Lyapunov-Krasovskii functional, global Lipschitz continuous condition, bounded sector

condition, linear matrix inequality
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—FF AN SER, TSR BRI, BESWIEEARARATENMET
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