
ARTICLE IN PRESS
0378-4371/$ - se

doi:10.1016/j.ph

�Correspond
E-mail addr
Physica A 368 (2006) 387–398

www.elsevier.com/locate/physa
Self-organized memories in coupled map lattices

José C.A. de Pontesa, Antônio M. Batistab, Ricardo L. Vianaa,�, Sérgio R. Lopesa

aDepartamento de Fı́sica, Universidade Federal do Paraná, 81531-990 Curitiba, PR, Brazil
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Abstract

Spatially extended dynamical systems subjected to a periodic external input are able to store short-term memories as a

result of self-organization. This phenomenon has been used to interpret sliding charge density wave experiments, and has

been found in lattices of coupled maps and oscillators. In this paper, we aim to describe the influence of a stochastic

perturbation in the self-organized memories in a lattice of coupled linear and weakly nonlinear maps. We consider the case

in which the coupling between maps depends on the lattice distance as a power law.

r 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Recent investigations have shown that a coupled map lattice with an external periodic input can store
configuration-dependent quantities, as long as the input keeps being applied to the system [1–4]. This
phenomenon has been called ‘‘short-time’’ memories, to distinguish it from those memories displayed by
neural networks and other related systems. A synonymous word is ‘‘self-organized’’ memories, since they
appear as a result of a collective phenomenon occurring due to the interaction between coupled maps in a
lattice. Such self-organized memories were used to explain results of a charge density wave (CDW) experiment
in NbSe3 [1], in which the memory encoding manifest as a synchronization of the responses to a periodic train
of driving electric pulses in a crystal.

The investigation reported in Ref. [1] has used a lattice of coupled linear maps, for which the self-organized
memories were multiple, during a transient time, but eventually decay into one or two states for long times.
Coupled map lattices are spatially extended dynamical systems with discrete spatial and time variables, but
allowing a continuous state variable. It has been extensively used as a computational simple model for spatio-
temporal dynamics [5–7]. In a later work, Batista and Viana [3] have shown that multiple memories can be
stored for an arbitrarily long time if a slightly nonlinear term is added to the linear map. They also
demonstrated the potential usefulness of this finding to encode symbols as pixels in a graphical matrix. This
idea was further extended to lattices of coupled continuous-time oscillators, physically representing a chain of
e front matter r 2006 Elsevier B.V. All rights reserved.
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inductively coupled linear RL circuits [4]. More recently, it was shown that multiple short-time memories can
be induced by noise in coupled map lattices [2].

In this paper, we analyze the influence of a stochastic perturbation in the memory storage properties of a
coupled map lattice. The random perturbations are added to the external periodic input. The memories we
obtain persist as long as an external input is being applied to the lattice, so that they are called short-term

memories, to distinguish them from the types of memories stored by neural networks. Once this forcing ceases
to be applied the memorized patters are expected to vanish. A stochastic perturbation is intended to have
typical amplitudes much higher than ordinary extrinsic noise. In particular, we shall allow such perturbation
to have maximum amplitudes of the same order of magnitude as of the variables themselves.

External noise may be a key issue if we intend to use self-organized memories to store graphical patterns, as
done in Refs. [3,4], where the domain interval of the memorized pattern has been partitioned in equal sub-
intervals. A noise level strong enough is able to drive the memorized patterns off the partition limits of these
sub-intervals, and cause some kind of blurring in the memorized pattern. Even though this effect could be, in
principle, overcame by a clever new arrangement of partitions, the situation can become worse if there is
overlapping of the memorized patterns due to the existent noise. In both cases we need to know how much
noise the dynamical system can withstand without losing valuable information in the memorized patterns.

Another issue to be treated in this paper is the generalization of the locally coupled lattice of Refs. [1,3] to a
coupling prescription which depends on the lattice distance as a power law. Applications of non-local coupling
such as this one are found in neural network architectures [8,9]; physico-chemical reactions [10]; oscillatory
biological systems [11], and nucleation kinetics [12]. The power-law coupling to be considered in this paper
presents an effective range parameter, such that we can pass continuously from a local to a global coupling
scheme. It was previously used for chains of limit-cycle oscillators [13], sine-circle maps [14], piecewise linear
maps [15], van der Pol oscillators [16], and logistic maps [17,18]. Couplings with variable non-local range have
been also investigated in recent papers dealing with synchronization in lattices of bistable maps [19], spatio-
temporally periodic lattices [20], travelling fronts [21], and transcritical loss of synchronization [22]. In this
paper, we shall study the influence of the variable range coupling on the dynamical properties of short-time
memories, with and without noise.

This paper is organized as follows: in Section 2 we introduce the dynamical system to be analyzed, with
emphasis on the variable range coupling, as well as the kinds of patterns that can be memorized by the system.
Section 3 shows our results on the influence of the noise level on the storage properties of the lattice. The issue
of the maximum noise admissible is investigated on the basis of the overlapping of memorized patterns. The
last section contains our conclusions.
2. Short-time memories

The coupled map lattice we are studying in this paper is a metaphor of a physical problem intensively
studied in the last decades: the dynamics of an overdamped chain of N particles in a deep periodic potential,
with nearest neighbors connected by linear springs, and subjected to external force kicks of constant amplitude
and period [23]. Due to the overdamping requirement the dynamical equations of motion can be reduced to a
set of first-order coupled ordinary differential equations. Moreover, if we assume that the forcing consists of a
periodic sequence of delta-function pulses, the system is reduced to a coupled linear map lattice with external
input

x
ðiÞ
nþ1 ¼ xðiÞn þ int½kðxði�1Þn � 2xðiÞn þ xðiþ1Þn Þ � ð1þ AnÞ�, (1)

where xðiÞn represents the position (with respect to the equilibrium) of the ith particle of unit mass,
i ¼ 1; 2; . . . ;N, at discrete time n ¼ 0; 1; 2; . . . . Time is discretized here according to the usual prescription that
xn is sampled just after the nth external kick. The spring constant is denoted by k, and An represents the
amplitude of the external kick, applied to all maps once every integer time n. The largest integer less than or
equal to z is denoted by int ½z�.

While linear maps are of physical interest in the coupled masses problem, it can be further generalized by
using a weakly nonlinear map of the form f ðxÞ ¼ xþ Rx2, where R51. It can stand, in the physical picture
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just mentioned, for a small anharmonicity effect in the coupling without altering the Hookean expression in
(1). In this way, a coupled map lattice with local interactions is

x
ðiÞ
nþ1 ¼ f ðxðiÞn Þ þ int½kðf ðxði�1Þn Þ � 2f ðxðiÞn Þ þ f ðxðiþ1Þn ÞÞ � ð1þ AnÞ�. (2)

We can generalize these locally coupled system to a variable range coupling, in which the interaction
strength between maps decays in a power-law fashion with the lattice distance [14]. Such system can model, for
example, chains for which the interaction decays with some power of distance, like Coulombian forces. This
implies that not just the nearest neighbors but virtually all sites play some role in the interaction picture. So we
propose the following model which takes this requirement into account:

x
ðiÞ
nþ1 ¼ f ðxðiÞn Þ þ int

2k

ZðaÞ

XN 0
j¼1

1

ja
½f ðxðiþjÞ

n Þ � 2f ðxðiÞn Þ þ f ðxði�jÞ
n Þ� � ð1þ AnÞ

( )
, (3)

where k40 and a40 are the coupling strength and range, respectively, and with a normalization factor

ZðaÞ ¼ 2
XN 0
j¼1

j�a (4)

with N 0 ¼ ðN � 1Þ=2 for N odd. One recognizes that in the right-hand side of Eq. (3) there is a weighted
average of terms involving non-nearest neighbors of each site, the normalization factor being the sum of the
corresponding statistical weights.

A virtue of this coupling prescription is that the locally coupled lattice (2) emerges out as a particular case of
(3) when the range parameter a goes to infinity. On the other hand, if a ¼ 0, we recover the commonly used
global (or ‘‘mean-field’’) coupling

x
ðiÞ
nþ1 ¼ f ðxðiÞn Þ þ int

2k

N � 1

XN

jai

f ðxðjÞn Þ � ð1þ AnÞ

( )
, (5)

for which all sites interact in the same way regardless of their relative position in the chain. Such models,
though of little practical application in a coupled mass system, can serve as models for other systems, like
neural networks for example. As the a parameter increases from 0, the coupling type goes from global to local
in a continuous fashion, i.e., the effective range of map interactions becomes shorter as a increases, and the
role of the distant neighbors becomes rapidly less noticeable.

The boundary conditions to be used for the lattice consist of one nailed (fixed) site ðxð1Þn ¼ 0Þ and one
‘‘loose’’ site ðxðNÞn ¼ xðNþ1Þn Þ of the periodic chain. Starting from an initial configuration for the network units
x
ðiÞ
0 , with i ¼ 1; 2; . . . ;N, the system evolves in time by a sequence of patterns fxðiÞn g

n0

n¼0, which may or may not
settle down into a stable configuration, or attractor, as n0 goes to infinity. We suppose throughout this paper
that n0 is large enough so as to yield a stationary pattern for the coupled map lattice. We are not interested,
however, in the details of this asymptotic behavior, but in which type of information we can obtain and store
in the lattice.

Thinking in terms of the physical picture of the system, namely an overdamped chain of coupled masses
under a periodic potential and external input, we expect the stationary state to be a situation where there is
some equilibrium between the friction and the forces (elastic, potential and external) on the coupled masses [1].
This means that the springs are strained in such a way that there is some amount of elastic energy stored in the
chain. This can be quantified by a so-called curvature variable cðiÞn , defined (for site i and time n) as

cðiÞn ¼ k
XN 0
j¼1

1

ja
½f ðxðiþjÞ

n Þ � 2f ðxðiÞn Þ þ f ðxði�jÞ
n Þ�, (6)

where the name (originally given for local couplings) follows by an analogy with discretized spatial second
derivatives.

The memorized pattern following the learning input An may be recovered from the lattice pattern by using
this curvature variable cðiÞn , such that memory storage is characterized by the clustering of curvature variables
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of many sites with a same value: cð1Þn ¼ cð2Þn ¼ � � � ¼ cðNÞn , where the time n is supposed to be large enough to
ensure convergence of the lattice pattern to a stationary configuration. These memories persist as long as the
external input is keeping applied to the chain. Once the external input is ceased such memorized patterns are
rapidly lost. Hence, they have been called short-term memories, to distinguish them from those memories
stored by a Hopfield-type neural network, where the configuration is learned and stored for long times without
further inputs, because the configuration minimizes some energy functional.

Short-time memories are also known as self-organized memories, for they appear due to the interplay
between temporal and spatial degrees of freedom in the coupled map lattice, thanks to its complex behavior.
As an example (Fig. 1), we show the time evolution of all the (superimposed) curvature variables for N ¼ 11
linear maps ðR ¼ 0Þ in a lattice with local coupling ða!1Þ, mixed boundary conditions (one end nailed, one
end free) xð1Þn ¼ 0, xðNþ1Þn ¼ xðNÞn and the two-cycle external input A1 ¼ 9; A2 ¼ 10, etc. It turns out that the
input An ¼ 9 has a transient memory, whereas the other one ðAn ¼ 10Þ is a fixed point and persists as long as
the input continues to be applied. Note that each effective site (8 out of the 11) eventually attains the same
memory value for the curvature variable. Hence, one may think of the short-time memories here as a kind of
‘‘nonlinear echo’’ produced by the chain as a result of the external influence.

To understand how these memories are formed, we begin by considering the effect of the first pulse A1,
which is applied to all lattice sites. So, the increment in the state variable xðiÞn is the same for all sites, except for
that located at the fixed end xð1Þn ¼ 0. This causes some strain in many strings due to the competition between
the input and the damping effect, so that the mass positions become fixed as long as the input is kept being
applied. Hence, there is a progressive increase of the curvature in the vicinity of the fixed end. It will further
increase with time until the coupling between the fixed end and the next site becomes large enough to held the
curvature constant. It happens for the other sites towards the free end of the lattice until the saturation value is
reached, which corresponds to the permanent memory.
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Fig. 1. Time series of the curvature variables for all sites of a coupled lattice with N ¼ 11 linear ðR ¼ 0Þ maps, k ¼ 0:01, a ¼ 15, and a

two-cycle external input: An ¼ 9, n odd, An ¼ 10, n even.
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3. Multiple memories in a weakly nonlinear lattice

One drawback of using linear maps ðx 7!xÞ in the coupled chain is that just one curvature variable can be
stored in terms of short-time memories. This fact has already been recognized by Coppersmith and coworkers
[1], who, in a later work, propose that external noise is able to make the system store multiple memories [2].
Another way of getting multiple stable memories for an arbitrarily large time (as long the external input is kept
being applied) is to use weakly nonlinear maps ðx 7! xþ RxÞ, with R51 [3]. All these works have dealt with
locally coupled lattices, for which only the nearest neighbors interact.

Fig. 1 suggests that this can be true also for a variable range coupling. In fact, the use of linear maps ðR ¼ 0Þ
limits us to single memorized patterns like those depicted in Fig. 1. The role of the variable range, here, is not
to change the kind of memorized pattern, but instead the time it takes to achieve this stationary self-organized
memory. Fig. 2 shows the time t necessary to achieve a stationary memory (i.e., the minimum n such that
cð1Þn ¼ cð2Þn ¼ � � � ¼ cðNÞn , up to a given tolerance) as a function of the range parameter a. It is well fitted by a
sigmoid curve, for which t is minimum for global mean-field coupling ða ¼ 0Þ, and increases steadily until it
saturates for local (nearest-neighbor) coupling (large a).

The increase of t with a can be understood by the fact that any disturbance in the lattice is propagated along
it with faster speed for global lattices, in which the sites interact with many others. Hence it becomes more
difficult for the lattice to achieve a steady pattern corresponding to a memorized configuration, if the
interaction becomes localized to the nearest neighbors. In fact, this time is very sensitive to the power-law
exponent a since it saturates only for a ¼ 10. On the other hand, other types of self-organization phenomena
in coupled lattices, like complete synchronization (for which the map amplitudes themselves are equal),
depend very weakly from a if it is larger than, say, 2:0 [15,17].

We have observed that, if we increase the number N of coupled maps, the time it takes for achieving
permanent memories also increases. On the other hand, if we increase the coupling strength k, this transient
time decreases [3]. Another factor which affects the transient time t is the periodicity of the external input. Let
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Fig. 2. Time to achieve stationary memories versus range parameter for a lattice with N ¼ 11 linear ðR ¼ 0Þ maps, k ¼ 0:01 and a two-

cycle external input: An ¼ 9, Anþ1 ¼ 10.
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us consider different inputs with period varying from p ¼ 1 to p ¼ 10. The input amplitudes will be chosen to
be decreasing values starting from A1 ¼ 10, A2 ¼ 9, A3 ¼ 8; . . . ;A10 ¼ 1. For example, a p ¼ 3 periodic input
consists of the repeating sequence of pulses: A1 ¼ 10, A2 ¼ 9, A3 ¼ 8, and so on. Our results are shown in
Fig. 3(a), where t is plotted against p. There results that, for small periods, t increases with p until 4, after
which it oscillates with increasing amplitudes.

Let us consider now the influence of a weak nonlinearity in the coupled maps with variable range. Fig. 4
depicts a three-dimensional plot of the stationary curvature variables versus site i and coupling range
parameter a. Notice that both the curvature and site axes display only integer values, although the mesh was
plotted as they would be continuous variables. For large a values, just like we would expect for locally coupled
maps, almost all lattice sites have a different stationary value for the curvature variable, indicating multiple
stored memories. As the coupling range decreases its value, so that the coupling becomes more and more
global, the number of different stored memories decreases sharply until practically one stored value, essentially
the same situation depicted in Fig. 1 for linear maps. Moreover, the stored memories in this case are always
those with the highest value of the external input, namely cðiÞ ¼ A2 ¼ 10.

The existence of multiple stored memories for general a suggests that a single quantity which could represent
the stationary state of the lattice is the average curvature value over the lattice: cL ¼ hc

ðiÞi ¼ ð1=NÞ
PN

i¼1c
ðiÞ
ns
,

where ns is a time large enough to get a stationary memory (in fact nsXt, where t was plotted in Fig. 2). Our
results are shown in Fig. 5(a) in terms of the range parameter. Since for a near zero there is only one
memorized pattern at A2 ¼ 10, this will be also the average curvature. This can also be seen in Fig. 5(b), where
we plot the corresponding dispersion

sL ¼ ½hðc
ðiÞÞ

2
i � hcðiÞi2�1=2. (7)

The behavior of the average curvature variable with varying range parameter exhibits a plateau (with very
small fluctuations) until a � 1:6, above which it decreases monotonically until saturation near the arithmetic
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Fig. 3. (a) Time to achieve stationary memories and (b) lattice averaged curvature variables versus external input periodicity p, for a lattice

with N ¼ 11 coupled maps with R ¼ 10�8, and k ¼ 0:01. The external inputs have amplitudes An ¼ 11� n, with n ¼ 1; 2; . . . ; 10.
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Fig. 4. Curvature variables as a function of the lattice site and the range parameter, for N ¼ 11 weakly coupled maps with R ¼ 10�8,

k ¼ 0:01 and a two-cycle external input An ¼ 9, Anþ1 ¼ 10.
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Fig. 5. (a) Lattice averaged curvature variables and (b) the corresponding dispersion, as a function of the range parameter, for N ¼ 11

weakly nonlinear coupled maps with R ¼ 10�8, k ¼ 0:01 and a two-cycle external input An ¼ 9, Anþ1 ¼ 10.
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mean � 6:5 (it is actually slightly higher than this value since there are some sites with equal c, cf. Fig. 4). A
similar plateau for low a can be observed in the dispersion of the curvature with respect to its average. The
observed fluctuations in Fig. 5 should result from the actual dynamics of the lattice and are rather insensitive
to the initial conditions used, since they remain regardless of using one or more randomly chosen initial
conditions (and after performing an average). We also investigated the dependence of the lattice averaged
curvature variable hcLi with the period of the external input, the results being presented in Fig. 3(b). We
observe that the average value memorized by the lattice also shows a dependence with the period, and,
comparing with Fig. 3(a), it turns out that, as long as the transient time t increases, the memorized value is
kept constant at the highest value of the external input. On the other hand, the memorized value can be lower
for higher periods, and variations are observed when the transient time decreases.

4. Stochastic perturbations

Noise is an important issue when dealing with short-time memories, since they were originally conceived to
analyze experiments on CDW conductors such as NbSe3, and where the presence of noise is ubiquitous. The
ability of the noisy coupled (linear) map lattice to store multiple was observed in numerical experiments [2] as
well as in the laboratory experiments on sliding CDW [1]. Another scenario where extrinsic noise is
conspicuous is the possible use of short-time memories to store graphic patterns. By partitioning the interval
of possible curvature variables (e.g. ½1; 10� in Fig. 1), we can store many graphical signs using a rectangular
matrix [3]. We recently applied this idea (not in a coupled map lattice but in a coupled electric oscillator chain)
to store symbols of the Braille alphabet [4].

Once the attribution of a given symbolic sequence depends on what interval the curvature variables belong
to, if there is noise in the coupled chain this curvature variable will fluctuate at a rate proportional to the noise
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Fig. 6. Time evolution of the curvature variable for one site of a lattice with N ¼ 11 linear coupled maps with k ¼ 0:01 and a two-cycle

external input An ¼ 9, Anþ1 ¼ 10, with three different stochastic perturbation levels and (a) a ¼ 0; (b) a ¼ 15.
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level. A problem appears if the fluctuation amplitude is large enough to intersect the partitioning intervals (e.g.
½0; 1�, ð1; 2�, and so on). If this is so, the role of noise is also to corrupt the symbolic sequence, just like it occurs
in usual communication channels. For a given noise level, a clever repartitioning of the curvature variable
interval could even remedy this problem, but a worse situation would occur if two uncertainty intervals
overlap within a given partition. This would give us the maximum allowed noise level for that type of lattice.
Numerical tests using coupled electrical circuits pointed out that noise levels as low as 0:4% are enough to
spoil the encoding of graphic symbols using short-time memories [4].

In this paper, besides considering a more general form of coupling, we will also be concerned with how does
a stochastic perturbation (hence not just low-level extrinsic noise) affects the time evolution of the curvature
variables, using the numerical diagnostics explained in the previous section. We will consider such
perturbations to be applied only in the external input. In terms of Eq. (3) this amounts to replacing the input
amplitude An by dRnAn, where Rn 2 ½0; 10� is a uniform random process, and d is the defined as the ratio
between the maximum noise amplitude and the maximum value of external input. Stochastic perturbations in
the other lattice parameters have been observed to have a lesser intensity, when compared with noisy input
amplitude [4], although they are also expected to have some cumulative effect.

Fig. 6 shows the time evolution of one curvature variable (the site in the free boundary of the coupled chain)
for two widely different values of the range parameter. When the coupling is mean-field global ða ¼ 0Þ (cf.
Fig. 4) the lattice is able to store only one value of the curvature variable. For the site i ¼ 10 (Fig. 6(a))
this memorized value increases according to the stochastic perturbation level. This also occurs for a locally
coupled lattice (Fig. 6(b)) and with the same stationary value of cn, although the time for achieving
stationarity increases, as already expected (see also Fig. 2). The main difference between these two limiting
cases is in the stationary values memorized and also in the level of fluctuations around these values, which are
higher in the global case than for the local one.
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Fig. 7. (a) Temporal mean and (b) dispersion of the curvature variable versus stochastic perturbation level, for one site of a lattice with

N ¼ 11 linear coupled maps with k ¼ 0:01 and a two-cycle external input An ¼ 9, Anþ1 ¼ 10, with three different values of the range

parameter.
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This fact is more evident in Fig. 7(a) and (b), which plot the temporal mean and the corresponding
dispersion, respectively, of the curvature variable cð11Þ for three different values of the range parameter, in
terms of the stochastic perturbation level. The memorized values increase with d (Fig. 7(b)), showing that any
partitioning of the curvature variable interval should take into account the maximum stochastic perturbation
level to be expected in a coupled chain. Moreover, the amplitude of the curvature variable fluctuations also
builds up with increasing stochastic perturbation (Fig. 7(a)), but at a lower rate for local couplings. This
increase is steeper with diminishing a, attaining its maximum for a mean-field lattice. This behavior starts at a
critical noise level dc � 0:1, which may be related to some kind of bifurcation which enhances transient
behavior in the high-dimensional system formed by the chain. The enhanced transient time is more apparent in
Fig. 8, where t has an anomalously large value for d less than dc � 0:1.

Another place where the coupling range and the stochastic perturbation level play a combined role is in the
time it takes for the lattice to store stationary memories, up to a given tolerance. When there is a stochastic
perturbation in the system we have to consider a stationary pattern with a higher tolerance than in the absence
of perturbation. Generally speaking, the time t for stationary memories is higher in local than global lattices,
even in the presence of stochastic perturbation (Fig. 8). Curiously, a small stochastic perturbation is more
likely to produce irregular variations of t than a higher stochastic perturbation. Conversely, when plotting t
versus the range parameter, the variation follows approximately the same sigmoidal curve (Fig. 9) as it does in
the noiseless case (Fig. 2).

The effect of varying the coupling range can be also appreciated in Fig. 10(a) and (b), where the average and
the variance, respectively, of one of the curvature variables, are plotted against the a parameter. As we
observed earlier, the average value of cL increases with stochastic perturbation. In particular, for a globally
coupled lattice (where the effect is the most pronounced) the average curvature variable increases less than
150% as we vary the stochastic perturbation amplitude to 150% of the maximum input amplitude (Fig. 10(a)).
This proportion seems to be obeyed also by local lattices. The variance of the curvature variable fluctuations is
also expected to increase both with a and d, but for global couplings there is a little increase with d.
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Fig. 8. Time necessary to stationary memories versus stochastic perturbation level for a linear lattice with N ¼ 11 linear, k ¼ 0:01, a two-

cycle external input, and three different values of the range parameter.
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5. Conclusions

In this work, we investigated the storage of short-time memories which result as a self-organizing
phenomenon in a coupled map lattice subjected to external periodic inputs. The short-time memories show up
as stationary values achieved by suitably defined curvature variables for each map of the lattice. The nature of
the coupling we have used enables us to pass from a global to a local interaction between sites. Moreover, we
have considered the effect of a stochastic perturbation applied to the external inputs to the system.

Our main results can be summarized as follows: for lattices of coupled linear maps, we can store short-time
memories as long as the lattice is subjected to external stochastic perturbation (actually it does so even for low-
level extrinsic noise). Weakly nonlinear lattices, which can store multiple memories even without noise in local
couplings, reduce the number of memories it can store as the coupling becomes more global. For mean-field
couplings it stores just one stationary memory.

For weakly nonlinear chains, as the coupling range varies continuously from global to local, the average
value of the curvature variable decreases, and the variance of it decreases. This observation is valid even
though there is a large amplitude stochastic perturbation occurring in the system. The time it takes for a
stationary value of memorized patterns to be achieved also varies with the level of the stochastic perturbation,
but in all analyzed cases it is higher for local lattices than for global ones. This indicates that it is easier to
encode short-time memories in a globally coupled lattice, in which each site is coupled with the mean-field of
all the others, than in a locally coupled chain, for which only nearest neighbors interact.

Acknowledgments

This work was made possible with help of CNPq and CAPES (Brazilian Government Agencies).
References

[1] S.N. Coppersmith, T.C. Jones, L.P. Kadanoff, A. Levine, J.P. McCarten, S.R. Nagel, S.C. Venkataramani, X. Wu, Phys. Rev. Lett.

78 (1997) 3983.

[2] M.L. Povinelli, S.N. Coppersmith, L.P. Kadanoff, S.R. Nagel, S.C. Venkataramani, Phys. Rev. E 59 (1999) 4970.

[3] A.M. Batista, R.L. Viana, S.R. Lopes, Phys. Rev. E 61 (2000) 5990.

[4] A.M. Batista, R.L. Viana, Physica A 303 (2002) 410.

[5] K. Kaneko, The coupled map lattice, in: K. Kaneko (Ed.), Theory and Applications of Coupled Map Lattices, Wiley, Chichester,

1993.

[6] K. Kaneko, I. Tsuda, Complex Systems: Chaos and Beyond, Springer, New York, 2000.
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