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Abstract.

A possibility of designing functional devices for various applications in
terms of unified technology on the basis of CNNs is discussed on exanpl es
of an associative nmenory device, conplex oscillations generator, devices

for chaotic nenory scanning and pattern recognition

1. | NTRCDUCTI ON.

One of the advantages of analog (CNN)cel lular neural networks (1] is a
possibility of their realization as chips.

But CNNs with relatively small nunber of elenents may al so be promi sing.
Even if all the elenments are coupled with each other, the total nunber of
connections is not excessive here.

Then an interesting possibility to design chips of integral functiona
devices for various applications in ternms of wunified technology on the
basis of CNNs with i nhonobgeneous couplings, appears.

For exanple, a possibility to use neural networks as A/D converter and
circuits for solving linear progranm ng problens were discussed in [2].

Thi s approach can al so be used for designing various classifiers [3].

W will discuss in this report an application of this approach to the
desi gn of devices for chaotic menory scanning and pattern recognition
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2. ASSCCl ATI VE MEMORY, CHACTI C SCANNI NG AND PACENAKER

Two devices are necessary to organi ze chaotic nenmory scanning: a nenory
[4] itself and sone external generator or pacermaker to push the system from
one nenorized pattern to anot her

2.1. Associative menory on the basis of an inhonmbogeneous CNN.

To store images into a neural network, we have to find an algorithm of
formng the matrix of ~couplings or tenplates, providing correspondence
between equilibriumstates of a CNN circuit and nmenorized patterns.

ADALI NE al gorithm [5] was chosen as a learning rule (an algorithm of
coupling matrix forming). This algorithmwas chosen for the next reasons:
it is sinple inrealization and its matrix of couplings is not symetric.

In general, the matrix of couplings is not local. But denmands on
the locality of the matrix of couplings can be lowered for the case of a
little nunber of cells and inmages. This case of a little nunber of cells
and patterns is inportant not only as an exanple, but for classifier
desi gn al so

2.2. Generator of complex oscillations with anplitude nodul ati on

The dynami cs of a non-autononous harnonically driven CNN conmposed of two
cells was studied in details in [6]. A chaotic attractor was found in this
non- aut ononmous system

Such conpl ex dynam cs can obviously be obtained in an autononpbus system
replacing an external harmonic signal by the signal from a generator
conposed of two cells. The dynamics of the four cell-CNN is described by:

dy/dt + Y =T * F(Y),
Y ={y(1), y(2), y(3), y(4) }

F() = { f(y(1)), f(y2), f(y(3)), f(y(3)) }, (1)
fF(x) =(Ix+1] - [x-1]) /[ 2

To design a pacenaker that could be used to control nmenory scanning a
neural generator in which a large anplitude chaotic oscillations are
i nterchanged by oscillations with a small anplitude near zero value, should
be constructed.

W nodify then the system (1) to a neural network of Fig. 1. Two
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additional controlling cells 5 and 6 are introduced here. The dynanmics of
the cells 5 and 6 are described by equations

a(t) dx/dt +x = f(u),
a(t) = ap + a; »in(2pt/T) (2)

where u is an output signal fromthe cells 1 or 3 for the cells 5 or 6

respectively, T is a period of controlling signal for parameter a(t).

Wth an increase of the paraneter a(t) chaotic oscillations disappear in

t he system

We can obtain the needed control signal (Fig.2) for the nenory device
with the help of high-pass filter conposed of neural cells.

Applying the signal fromthe pacenmaker to the associative nmenory device
we obtain the device for chaotic scanning of menory. Fig. 3 shows the
regine of menory scanning for CNN conposed of nine cells with tree stored
patterns V1, V2 and V3.

It should be noted that chaotic menory scanning rmay al so be organi zed in
sone other way [7].

3. PATTERN RECOGNI TI ON

By pattern recognition we nean the follow ng. Let an external si gnal
is applied to a neural system in which chaotic scanning of nenory
is organized. If the external signal corresponds to one of t he
patterns, stored in the neural network (nenory device),the system nust
stabilize itself in the state, associated with that pattern. QO herwi se
it should continue chaotic nmenory scanning.

For the organization of pattern recognition we introduce a local feed-
back between the nmenory and pacenmaker. This feedback turns on and destroys
the conplex oscillations of the pacenmaker only if a given equilibriumstate
of the nenory device corresponds to the pattern being recognized. The
feedback can be described by the relation

a(lly - zl) = k/i(lly - z| + e), (3)

where k and e are sone fixed paraneters and e << 1; vector Z stands for an
external signal or external pattern; vector Y describes an internal state

of associative nenory; || * || is a vector norm a(|]Y - Z|) is added to a(t)

(section 2.2).
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We organi ze pattern recognition only on one conponent of Z.

a(lly - zl) = k/i(1y(2)-z(2)| + e), (4)

where y(2) is the second conponent of Y, z(2) is the second conponent of Z.

Fig. 4 shows the trajectory of the state vari abl e y(2) for a
pattern recognition regine.

4. CONCLUSI ON.

So we di scussed the possibility of applying CNNs and their conbinations
to the design of various functional devices. This approach was di scussed on
t he exanpl es of associative menory, conplex oscillation generator, chaotic
menory scanning and pattern recognition. The advantage of this approach is
in the use of universal CNN chips for different purposes.
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Fig. 1 The four-cell CNN with two control cells 5 and 6. Couplings between

cells are Tll :Tzz = 2. 0, T33 = T44 =1. 2, T15 = T36 = 11
Tso = -Ty =1.2, Teas =-Tys =2.1, Ty = 3.5.
¥
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Fig. 2. Control signal for the "nmenory" device.
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Fig. 3. Chaotic menory scanning. Menory device falls onto nenorized
pattern V1 for 0 <t < 45, 200 <t < 270, 310 <t< 360;
onto V2 for 90 <t< 190, 280 <t< 300;
onto V3 for 45 <t< 90, 360 <t < 400.

y(2)

o.0 133.3 266 .7

Fig.4. Pattern recognition: k =0.02, e =0.002. Z is an arbitrary

external pattern for O <t< 140 and Z = V1 for t > 140.
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