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Controlled disordered patterns and information transfer between coupled neural lattices
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The problem of reproduction of spatial images by lattices of oscillating neural units is discussed. We
consider that each neuron can be at rest or can oscillate with fixed frequency and that the neurons are coupled
electrically by a resistor. Then one layer of neurons, one lattice, is coupled to another similar layer. It is shown
that for strong enough interlattice interaction relative to the intralattice diffusion, the shape of the pattern on
one lattice is determined uniquely by the image of the other. The reproduction of a stimulus shape is possible
even when the number of interlattice couplings is much smaller than the number of neurons in either lattice.
Moreover, the spatial features of the images do not depend on the features of the eigenexcitations of the neural
lattices, which are discrete, active nonequilibrium mef$1.063-651X98)11603-3

PACS numbd(s): 87.10+¢e, 05.45+b

I. INTRODUCTION shall call a rarefied interlattice coupling.
Note that perception of stimulus occurs against the back-

The majority of neurons and neural groufsnall and ground of complex spatiotemporal dynamics of the neural

large neural systemsact as electric, or signal, or information : . : -~ -
gegerators. Tyr/lesgmmay be subcritical gnd supercritical gerk"?_ltt'c.e' In particular, the bistability of neuromper_lodlc 0s-
erators. All processing of the incoming signals occurs againgti!lations or the state of resin the presence of intralattice
the background of their own oscillatory activity. A number €0UPling with the neighbors provides a stable regime of spa-
of experiments suggest that the information provided by thdially irregular QSC|IIat|ons. The action of a stlmul'us does not.
neurons and the neural groups is contained in the transfofUPpress spatiotemporal chaos but modulates its spatial dis-
mation of their mutual dynamicgl—4]. The representation tribution so that the envelope patterns reproduce the shape of
and the reproduction of the information in neural assemblieghe stimulus. The patterns thus reproduced against the back-
is possible only due to the spatiotemporal modulation of theground of spatial disorder have nothing to do with the eigen-
activity of the elements in the assembly. Dynamic represenmodes of neural lattice oscillations. With two lattices and
tation of information in the neural systems may vary. Fortwo bistable states, the number of different stimuli that can
instance, it may be represented as the synchronization dfe reproduced by th&? neuronal assembly at a suitable
r]eural groups.wnh dn‘feren_t phase IE85,6], as trangforma- coupling between the elements i¥%

tion from spatiotemporal disorder to order in certain parts of

the assemblies, and so on. For example, it is showf¥]jn

that sensory stimuli can lead to the changes in spatiotemporal Il. MODEL

atterns of activity rather than in average level of the activ- . )
ﬁy y g Among the diversity of neuron models that are able to be

In this paper we discuss an approach to information exin the state of rest and produce periodic oscillations we

change between neural assemblies, namely, spatial contrdi100S€ quite a simple one. We will model the neuron by a
ling of patterns in neural lattices with oscillatory states. ~ van der Pol oscillator with subcritical bifurcation. Two dif-
We take as an example two coupled neural lattices in théerent attractors coexist in the phase plane of such an oscil-
simplest approximationsi) an individual neuron may be in lator. These are a stable fixed point and a stable limit cycle.
two modes(the state of rest and the regime of isochronoug~or simplicity, we assume that the period of the oscillation
oscillations [8,9] and (ii) the neurons are coupled resis- does not depend on amplitude. In this case, one can describe
tively, diffusively [10,11]. We show that the spatial structure the dynamics of such a neuron by the equation
of the image from one lattice may be controlled by the pat-
tern on the other. The initial conditions of the controlled
lattice may include arbitrary spatial disorder. On the other
hand it may happen that some coupling between the lattices
fails to do so due to being broken or ill functioning. This is Here, u;y is the complex amplitude of the oscillation in the
what we j.k node or neuron of the lattice=(|u|?)=2al|u|*—alu|?

Ujk:_uij(|Ujk|2)- D
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+1, anda>8, allows coexistence of the state of rest and the

periodic oscillation in the phase space of the syst&m U:,Ek [G(lujl®) + G (v ) +d(|uj 1= uj il
Two different formulations of the problem are possible. g
These arei) _mutL_JaI co-ordination o_f the patterns mapped by +|uj,k+1—uj,k|2+ |vj+1,k—vj,k|2+ |Uj,k+l_vj,k|2)
different lattices(in the case of reciprocal coupling between 5
lattice9 and (ii) reproduction of patterns through mutual, +hj,k|uj,k—vj,k| 1
possibly rarefied interaction of the lattices. In this paper we
investigate both cases. We consider two mutually coupled 2 iz & 4 2_a 6-
- - : . G(Jul*)=[u[*= S[u[*+ —=|u|*=0.
lattices described by the following equations: 2 3

Thus, Eq.(3) is a gradient system, and under arbitrary initial
conditions its trajectories tend to one of the “equilibria”
corresponding to one of the minima of the functidn

Ujk: —UpF(Jujl® +d(Au) e+ hjg(vik—up),  (2a)

vik=—vikF(Jvjl® +d(Av) e+ hy(uj—vje),  (2b)
B. Manifold features of in-phase oscillations

Bk=12,...N, The existence of a manifold of in-phase oscillations equi-

_ _ _ _ libria follows immediately from the systeit2):
whered andhj, account for intralattice and interlattice cou-

pling, respectively. fu);=(Au);+(Au)—4uj, (Au); S={¢jx=tjk=0p=const, j,k=12,...N},
= UJ' +1k— UJ' —1k>s and (Au)k: uj,k+1+ uj,k—l' We restrict
consideration to the cadg ,=0. We are going to consider
the problem of reproduction of fixed stimulus by a neural
lattice as described by ERa), by takingv  as the external
image, the stimulus image which is involved in the mutual
interaction with disordered states . For some salient fea- By linearizing the systen2) in the vicinity of S and using
tures in a case with only steady states available and a simplghe Gershgorin theorefii4] for the matrix of the linearized

where the phases;  and¢; , are related to the variables of
the system(2):

. e i
Uj =T k€%, vj =pj €Ik

cubic nonlinearity see Ref12]. system it can be shown that the manif@ds locally stable.
Ill. IN-PHASE OSCILLATIONS C. Mutual synchronization of oscillations
For a single lattice, Eq(2), with h;;=0, one can show Let us now show that due to the interlattice coupling the

oscillations in either lattice are mutually synchronizediif

H 2 13 HH H 1R}
(see[13] for detaily that 2V° stable “equilibria” that set nthe inequality

in-phase oscillations in the initial system may coexist in a
autonomous latticésystemL ) at sufficiently weak values 7a—20
of the intralattice, diffusive coupling. These oscillations exist hj = 20

for the values of the parameters in the region

4

is fulfilled, i.e., when the interlattice couplings exceed some
critical values. From Eq2) we find that, on the manifol&,

the equations describing the dynamics of amplitudes have
the form

wherer mins Mmaxs fmins fmax @re, respectively, the abscissas .

and ordinates of the minima and maxima of the function M= =T kF (0 +dAr); —hy (1 k=pj K,
f(r)=—2ar®+ar3—r andr, is the largest root of the equa- ,

tion f(r)=0. The amplitude distribution of in-phase modes pix=—pP;kF(pj i) +d(Ap)j +hj(rjx—pjK). (5
“along” the spatial coordinates is in one-to-one correspon-
dence withN X N matrices consisting of a random set of two
symbols. This means that the amplitude distribution of in-
phase oscillations in the initial system may be extremely
diverse: from simple(uniform, periodic, etg.to irregular,  Then Eq.(5) yields
chaotic in space.

—f min f max

4(r0_rmin) ’4(ro+rmax)

Dch=(d<min , a>8],

Let us introduce new variables:

Xjk=Ujk~Ujks  Yjk=Ujktvjk-

: a
Xi k=d(AX);—oX;  (Fd(AX) ==X Qi «, 6
A. Gradient features of the system ik = A(AX); = 0% o+ d(AX) 8 Qi ©
The systen(2) with the interlattice coupling switched on \\here
may be rewritten as
7a—20
: U : u o=4d+2h;  «— —-,
Uy=———, UVjk=——— 3) 20

* ik * !
an‘k F?Uj,k

14
Qj,kzxik+ 10xj2,kyj2'k— 2xj2'k— 6yj2,k+ Syf’k+ —.

where the “free energy” functional is 5
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From Eq.(6) it follows that there exists in the phase space of

the systen(6) a manifold of in-phase oscillations
M={x=0; j,k=1.2,...Nj},

which is globally stable. To prove this we introduce the
Lyapunov function

X k
2

2
v=> T

J.k

Due to Eq.(4), the derivative of the functiol has the form

N

V:

a 2
Pikt X Qx|
where
Pj’kE_de’k(AX)jO'XJ-Z’k_d(AX)ka,k,

hence all functionQ; , are positive definite. The function

P=X,; «P; « is also positive definite. Indeed, introducing the

vector
Z:(211221 o vaZ)y

wherezy; =Xqg, =Xy, - -
in the following form:

., Zy2=Xyn, P may be written

N2
P= 2 aijZiZ]‘ZZTAZ,
ij=1

wherea;;=a;;, T denotes transposition, amkl=|a;;| is a
square symmetritN>x N2 matrix. The square form oP is
positive definite if its eigenvalues are positiieee, for ex-
ample,[15]). Using Gershgorin's theorefi4] it can be seen
that the union of the Gershgorin disks in the complex plan
is located in the right-side half plane, if the inequali®y is

fulfilled. Thus, the derivative/ is a negative definite func-
tion and, consequently, the manifoldd is globally
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FIG. 1. Replication of the patterned stimulus with distortions in
the core of the replicated image. Initial amplitude distributides
pair), terminal patterngright pain. Parameter valuesa=10,d

with its black core being composed of oscillators that have
been excited(having a finite amplitude while the back-
ground outside the lettel contains the oscillators practi-
cally at restthaving vanishing amplitudeLet the interlattice
interaction be switched on and the values of coupling coef-
ficients satisfy the inequalit{). After a transient process the
synchronization of oscillations occurs because the manifold

& is globally stable, but what spatial structure of the termi-

nal amplitude distribution will appear in the lattices? Figures
1-3 illustrate the result of the interaction by usidg 0.06
andh= 0.6 for the three cases while the shape of nonlinearity

asymptoticallystable for all in-phase motions. This means (the value of the paramete) describing a local oscillator
fchat the different amphtude distributions of |_n—phase motionss different. In the figures, the left pair of pictures corre-
in two coupled lattices evolve to the amplitude patterns ofsponds to initial amplitude distributions, and the right pair to
identical spatial structure. This phenomenon may be interthe terminal patterns obtained by numerical integration of the
preted as themu_tual synchronization of oscillations in the system(5). As already stated, the white color in the figures
two coupled lattices. denotes the oscillators close to the state of rest, while the
excited oscillators with maximum amplitude are shown in
black. Then in all three figures the lattice initially disordered
replicates the shape of the stimulus contained in the other

Let us see how the mutual synchronization of oscillationslatt'ce' although the terminal patterns of Figs. 1 and 2 pre-

may lead to the replication by the disordered lattice of Serve features of disorder either in the core of the |éFay.
given stimulus carried by the other patterned lattice.

IV. REPLICATION OF A STIMULUS
IN MUTUALLY COUPLED LATTICES

1) or in the backgroundFig. 2). The terminal patterns of
Fig. 3 show the possibility of a rather faithful replication of
the stimulus. What scenario and which system parameters
are responsible for thquality of replication? Let us look,
Let the initial conditions be the following(i) The first first, at Fig. 4 where the interaction occurs in the presence of
lattice produces the in-phase motions with spatially disor-another letter, ¥/,” in the disordered latticéwhich, for ex-
dered, but steady distribution of the oscillation amplitudeample, has been earlier replicated on this lajtiegth the
(see, for example, Fig.)1(ii)) The amplitude distribution of parameters taken the same as for the faithful replication
in-phase motions in the second lattice is a given patterishown in Fig. 3. We find that the terminal patterns in this
(stimulug, which also corresponds to equilibrium of the in- case have a significant trace of the lett&*in the core of
dependent lattice. We take as the stimulus the letftdf”  the stimulus. Thus, these four examples show that replication

A. Replication phenomenon
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FIG. 2. Replication of the patterned stimulus with distortions in ~ FIG. 4. Replication of the patterned stimulus when the initial
the background of the replicated image. Parameter valaes: disorder contains another pattefietter “V” ). Parameter values:

is sensitive both to the system parameters and to the “prop- B. Dynamical origin of replication

erties” of initial distributions. The explanation of why an  Note, first of all, that the intralattice, diffusive coupling

initially disordered lattice is able to reproduce the pattern ofyetween the oscillators in each lattice must be small enough

another lattice and to control the quality of this reproduction(in regionD;). The N2 possible equilibrium amplitude dis-
ch)-

is given in the following section. tributions of in-phase motions allows us to exhibit indepen-
dent lattice patterns of widely arbitrary spatial structure.
Since a local neuron is bistable, the possible amplitude of its
oscillations for smalld can be localized in the so-called ab-
sorbing domaingsee[13]), i.e., small regions close to the
rest state@°, and to the excited stat§ ", of each indepen-
dent oscillator.

0.00-0.11 0.11-0.22 KA 0.22-0.33

r. .
K pJak- 0.33-0.43 JEO043-0.54 JENO-54-065

1204 120 Let us consider the stimulus as a number of clusteses
100 100] define a cluster as a group of rather large number of neigh-
80- ,801 boring oscillators having the same amplitude — close either
J 60 Jeo to the rest state or to the excited sjatEor instance, the
0 40 stimulus in the Figs. 1-4etter “N” ) has two clustergcore
20, 0. and background A completely disordered pattern does not
‘ 1 have clusters. Then the elements of a cluster are located in

20 40 60 80 100 120

20 "40 60 80 100 120

20 40 60 80 100 120

the absorbing domains close to the sta®% if this is a
cluster of oscillators at rest, or close@', if this is a cluster

of excited oscillatorgfor instance, the elements of the ho-
mogeneous pattern having one cluster are located in either
0% or O*, precisely, while the elements of a disordered
pattern are located rather far fro®® or O* but within the
absorbing domains.

The second point to be noted is that the interlattice cou-
plings h; , should be strong enough to obtain the synchroni-
zation of the amplitude patterns, i.e., conditi@h) must be
fulfilled. Thus, any neuronj(k) of one lattice has a weak
interaction with its neighborsi#0, while it has a strong
interaction with the corresponding neuron of the other lattice,

FIG. 3. Faithful replication of the patterned stimulus. Parameteh; # 0, hence inf,h; (=h,>d is satisfied. This allows us

values:a=10.4,d=0.06,h;,=h=0.6.

to describe the dynamics of the amplitude of any pair of
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P tice (point “1” in Fig. 5). The excited elements of this pair
tend to the rest state by the rodfe. Analogously, the rest
elements of the disorder in interaction with the excited clus-
O ter tend to the excited statgajectoryl’;). Thus, as a result
\ L of intralattice interaction the lattice of disordered oscillators
VU, copiesthe spatial structure of the stimulus with faithful rep-
\ lication.
Iy /Y 2 w, As we mentioned above an oscillator from the disordered
pattern stays rather far from the steady points of an indepen-
L R dent oscillator while an oscillator from a cluster is very close
o N\ 0” r to these states. Hence, the initial conditions are located near
0 two anglesof absorbing domains for a pair of oscillators
when one of them is taken within a cluster and another from
FIG. 5. Phase portrait of the auxiliary systefT). The four  the disordered stat@oints “1” and “3” in Fig. 5). These
rectangles denote the domains where the initial conditions for th%lngles are associated with the edge of the absorbing domain
system should be situated. The trajectoligsl’; ,I's,I'y show the  for one oscillator and the origin of the domain for another.
possible routes of replication as the resultofpetitionof a pair of g js the major ingredient in the evolution process, essen-
oscillators taken from different lattices. tial for replication. (It fails only for oscillators located near
the boundaries of the clusters, hence the distortions of the
replicated images even when the replication is rather faith-
ful.) The second ingredient concerns the mutual arrangement

N

oscillators(one taken from the first lattice and the othep
from the second coupled byh; , separately. The equations

are of the separatricew/; andw, relative to the absorbing do-
r=—rF(r)— hj(r—p), mains. It depends on the shape of the nonlinearity and on the
strength of the interlattice couplirty ;. Faithful replication
p= —pF(p)+h; (r—p). (7)  for all kinds of stimuli occurs when the separatrices lie as

close as possible to the bisectdfg. 5 of the absorbing

Figure 5 illustrates the qualitative phase portrait of the sysdomain rectanglegor separate the angles where the initial
tem (7). There are two stable equilibrium nod@®%0,0)  points are located If the separatrices intersect the domains
andO™ " (rq,ro) corresponding to the rest and excited statesnear one of the angles or do not intersect them at all we will
of the oscillators, and the saddle poi@dt whose incoming have traces of disorder in the rest clustgig. 1) or in the
separatrices are denoted Wy andw,. The initial conditions  excited clustefFig. 2) of the replicated image.
for this system should be associated with equilibrium pat- Notice also that if the initially disordered lattice contains
terns of independent lattices. Since we use sys®rfor any  a cluster(letter “V” in Fig. 4) the condition for faithful
pair of oscillators all possible initial points are located in thereplication is not fulfilled(point “3” stays below the sepa-
absorbing domains, near one of the poiafs® O*:*, 0%+, ratrix wy) for some pairs of oscillators. Then these pairs do
0" (see Fig. 5. Taking the initial conditions within the not copy the features of the stimulus but retain the features of
absorbing domains we see the influence of the small intralathe disorder(letter “V”). Thus replication in this case is
tice diffusive couplingd in such a way that the state of all incomplete.
other elements of the lattice only determines the position of Needless to say, there is no faithful replication process for
the initial point within the domain. Then, if both oscillators vanishing intralattice diffusioml=0. In this case the initial
from a pair have been near the rest state or have been excitednditions are located directly in the poir@s %, O%" (Fig.
before the interactiorinitial conditions should be taken in 5) and no matter what spatial structure of interacting patterns
the domains near poin3%° or O**, respectivelythey do  and interlattice coupling exigho absorbing domains in this
not change their statgslo not leave the corresponding do- case they are always mapped to the rest si@® shown in
maing after the interlattice interaction is switched on. Then,Fig. 5 by the dashed trajectorjex to the excited statéf the
if the oscillators have been in different statébe initial  separatrices/;, w, lie below the point®*°, O°%" in Fig. 5)
point lies within the domains ne@%* or O*°[these points for each pair of oscillators. This excludes the possibility of
are not equilibrium states for the systdif)], Fig. 5 they faithful replication.
change their states and become synchronized as result of In summary the main features of the replication process
interlattice coupling. Possible routes of this process aralescribed above are as follows:
shown in Fig. 5 by the trajectorids, ,I",,I"3,I"4. They differ (i) The replication of a patterned stimulus by a disordered
by the location of the initial point relative to the separatriceslattice occurs through mutual interaction of strongly coupled
Wy, W,. Thus, pattern interaction is reduced to trmmpeti- lattices with a weak but not vanishing diffusion in each lat-
tion of oscillations in the corresponding pairs of oscillators intice (0<d<h,,).
the coupled lattices. (i) The interlattice interaction can be described as a kind

The replication of a stimulus can be also explained a®f competition of the amplitude states of each pair of
follows. Let the first lattice described in E(f) by r contain ~ strongly coupled oscillators taken independently in a point
a patterned stimulus while the second latiics disordered. (j,k) of both lattices. The initial condition for this competi-
Consider one oscillator from a rest cluster of the stimulugion is defined uniquely by the spatial structure of the image
and corresponding excited oscillators of the disordered latand the disorder for nonvanishing intralattice coupling.



57 CONTROLLED DISORDERED PATTERNS AND ... 3349

r. . 0.00-0.11 0.11-022 |m0-22-0.33 as for the faithful replication shown in Fig. 3. The coeffi-
1K J,k-0.33 -0.43 JEEN043-0.54 054 -0.65 cients of the matridh; , are randomly distributed within the

ol 120 ~ interval [0,0.6]. Thus, we have some couplings above

1001 threshold, others below threshold, and a number of couplings
completely broken, hence missing. One can see that the rep-
lication actually still occurs here but, as expected, the repli-
cated image is rather imperfect relative to the case of homo-
geneous couplingFig. 3).

Following the arguments given in Sec. IV B we can say
the following. The elements in the pointg, k) for which the
coefficientsh; , exceed the threshold interact in the same
manner as described for the case of homogeneous coupling;
i.e., the disordered oscillators tend to the state defined by the
elements of the stimulus. The pairs of oscillators with broken
or too weakh; , cannot be described by the systé¢m be-
cause the conditioh; ,>d is not fulfilled and they cannot be
considered independent of the other lattice elements. If be-
fore the interaction the oscillators of such a pair have been in
different stategdnear state of rest or near the excited state
they cannot change their states because the couglinigh
the neighbors is too weakkhe magnitude ofd has been
chosen, namely, to provide the possibility of existence of all

2(N-1)? gteady states of the lattice for fixed state of a given
oscillatop. Thus, in the points j(k) of broken coupling
(hj «—0) the replicated image has distortions that we can

100

20 40 60 80 100 120

120 23
100
801
Joo
40
204

-0.80
-0.70

-0.60 see in the terminal patterns of Fig. 6. The oscillators of the
-0.50 disordered lattice for which; \ is not vanishing but does not
-0.40 exceed the threshold can both synchronize with the stimulus
-0.30 by means of the cooperative action of smalbnd not too
gfg large h; , . Either they replicate features of the stimulus or

they tend to a state located somewhere between the state of
rest and the excited state but outside the absorbing domains
FIG. 6. Replication of the patterned stimulus in the case ofof these states. Notice that the terminal patterns are equilibria
rarefied coupling between the lattices. The valuedgf are ran-  for the whole systenithe two coupled lattices as a composite
domly distributed(bottom picture and corresponding grey scale in- system because the system is gradient. However, they are

dicating 0<h;<0.8). Parameter valuea=10.4,d=0.06. not equilibrium states for each lattice taken separately in
contrast to the case of homogeneous coupling.
(iii) The second lattice or “raw material” ready for rep- In summary, the rarefied coupling also provides the abil-

lication should be quite disordered or at least it should noity to replicate a given patterned stimulus in the disordered
contain clusters of oscillators. This provides an advantage tfattice through the mutual interaction of the two lattices.
a patterned stimulus relative to a disordered distribution irSince the system cannot “overcome” the broken coupling
the competition hence gives the possibility of faithful repli- by means of neighbors actidthe couplingd in each lattice
cation. is very small the replicated image will always have distor-
tions where the couplings are broken.

C. Replication for rarefied coupling between the lattices

D. Replication of a stimulus on lattices of oscillators

Previously we have considered the problem of mutual in- ) ) o
with phases arbitrary distributed

teraction of two lattices when all interlattice coupling coef-
ficientsh; , are equal to each other and taken above some We have considered the mutual interaction of two coupled
threshold.(The threshold obtained in Sec. Ill gives only the lattices assuming that all oscillators in either lattice are in-
upper estimated value of real threshold, which is varied fophase. It has also been shown in Sec. Ill that the in-phase
different patterns and depends on the lattice parameters amdotions arelocally stable, i.e., all small disturbances im-
spatial structures of the initial distributionghis is the case posed on the oscillators phases will asymptotically decrease
of homogeneousoupling between the lattice layers. Now let to the phase synchronization mode in the process of evolu-
us see what happens if there is a number of interlattice couion. Here we illustrate the replication phenomenon, which
plings h;  below threshold or simply brokeiti) Would the  occurs through the synchronization of oscillagonplitudes
replication of a given stimulus still be possible for such rar-when the phases of oscillators have been initially randomly
efied couplings?ii) What about the “quality” of replica- distributed along the lattices.
tion? Let us take the initial amplitude patterns and the system
Let us turn, first, to Fig. 6, which illustrates the results of parameters corresponding to the faithful replication for in-
numerical integration of the equatioKig) for a case of rar- phase motiongFig. 3) and randomly distributed phases of all
efied coupling while all other parameters are taken the samescillators within the interval{ 1,1). Integrating Eq(2) we
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1,00 - -0.75 J-0.75 - -0.50 [ -0.50 - -0.25 [ -0.25 - close to the phase synchronization madee last pair of
Dk Vik g 0.00- 025 gmm 025- 0.50 g 050- 075 075-  pictures in Fig. 7. The previous steps shown in Fig. 7 illus-

- -. 257 trate how the system reaches this state. This process involves
forming phase clustergwe define a phase cluster as a group
of neighbor oscillators with equal phasehich grow follow-
ing intralattice interactiorismall clusters are absorbed by big
ones and, finally, we have all oscillators in-phag€urther
details on phase cluster interaction are given in Refs.
[13,16.) Notice that the phase patterns on the intermediate
stages clearly copy the main featuf¢gbe contours of the

120 120 [

80 100 120 0 ) d .
090 60k k letter “N” (Fig. 7)] of the amplitude patterns already syn-

chronized(Fig. 3). Thus, the coupled lattices of oscillators
whose phases have been arbitrarily distributed are able to
replicate a patterned stimulus carried by the amplitudes
while the phases of all oscillators tend to the phase synchro-
nization mode.

100

V. CONCLUSION

We have investigated how control and synchronization
phenomena occur in a system of two coupled neural net-
works, i.e., two lattice layers composed of active, bistable

t=0 oscillating neurons. The model discussed here is a particular
-1.00--0.75 075 - -0.50 050 - -0.25 | -0.25 - example using control and synchronization of spatiotemporal
Pjiks Vik g 0.00- 025 g 0.25- 050 0.50- 0.75 075-  images to transfer and process analog information between

120 different neural assemblies or different parts of the cortex.
We used for this model quite a simple description of the
bistable behavior of the neurof8]. We also assumed that
the coupling between neurons inside each lattice is weak
relative to the interlattice coupling. Such an assumption is
common when modeling the cooperative dynamics of neural
assembliegsee, for exampld,10]).
The most important results of our study are the following:
20 40 60 80 100 120 (i) for strong enough coupling between lattices the spatial
k pattern on one neural lattice controls completely the image
pattern replicated on another orfi) such control is realized
even when the number of connections between assembilies is
much smaller than the number of neurons in each lattiicé;
the observed phenomena also occur when the spatial distri-
bution of interlattice connection is disordered in space. The
robustness of the observed control and synchronization phe-
nomena permits us to safely say that similar results are ex-
pected for more realistic models, which may take into ac-
count(1) the spiking-bursting behavior of neurons described
by a conductance-based modéHodgkin-Huxley—like
mode) and/or(2) the nonlocal coupling between neurons in
the lattices, two items for future work.
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FIG. 7. Replication of the patterned stimulus on the mutually
coupled lattices of oscillators with arbitrary distributed phases. Evo-
lution of phase distributions. Vertical pairs of pictures show inter-
mediate stages in the evolution. Terminal patterns correspond to the v/ | N. would like to thank the Universidad Complutense
Fihase S_y”ChrO”'Zé‘t'O” mode. Parameter values:10.4.d  ge \Madrid for financial support. This research was supported
=0.06,h=0.6. by INTAS under Grant No. 94-929, NATO under Grant No.

OUTR.LG 96-578, the National Science Foundation under
find that amplitude patterns synchronize rather quickly ( Grant No. IBN-96334405, the DGICYTSpain under Grant
~12) (replicated amplitude patterns are shown in Fig. 3 No. PB93-81, the Fundacion BB{Programa Catedra Cam-
where the initially disordered lattice reproduces the stimuludridge, and the Russian Foundation for Basic Research
given by the second lattice. The evolution of the phases ofGrant No. 97-02-16550M.1.R. has also been supported by
oscillators has a longer time scale, and Fig. 7 illustrates th&).S. Department of Energy, Office of Basic Energy Sciences
steps of this evolution. The terminal state of all oscillators isunder Grant No. DE-FG03-96ER14592.
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