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The patiern-recognition systems based on~the.mathematicul
model of neursl networks (the models of spin-glass type} are
studied, A comparison is carried out betﬁeen the Hoptfield ul-
gorithm intended for recognition of uncorrelated patterns and
one without this restriction. The new algorithm is shown to be
characterized by the increase of yhe attractivity region and
capacity. Simulstions were carried cut with aﬁ alphabet cone
sisting of 15 Russian letters and 20 random patterns charascter-
ized by 50% representation of opposite orientations, on 19x1C

and 20x2C lattices.
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PACTIOSHABAHWE KOPPEIWPOBARHMY OBEPASCE
¢ HOMOWLBE MOAELM TANA CIMMEOEOTO CTERJA

B padore HCCASAYRTCH CHOTEMH pacnosﬂéBaHMH 0SpasoRr, OC HOBAK~
HUE HA MATEMATHYSCHOR MOlem He#pOHHX cerelt (Mozem THIA 6ﬁm-
goporo overnal), [IposomuTcA cpanﬂeﬂhé'aﬂropumma\XOHQana,npeﬁ -
H23HAUSHHOTD AN PACIO3HABAHAH HeKDppéﬂﬁpOBaﬁHHK 06pasos, u
anTOPNTMH . B KOTOPHX 2TO OPPAKNYGHME CHATO. Hoﬁaaaﬁe, 4TO HO -
S8 ANUOPUTM, KPOME TOTO, X4PAKIEPN3YyeTed yﬁénﬂqennem oGnactH
ATTDAKTABHOCTH 1 EMKOGTH. BHUMCIMTENBHHNE SKCIIGDEMEHTH [ DOBOJH—
IMCH C SIHABMTOM, COCTOSUMM M2 IS pyccxuX OYEB W M3 20 cnyuai-
BEX 06pason, xapakrepuayemsx 50 % IpeACTABY TCALCTBOM npoémBo—
NOnOEHLK opneHTauMﬁ; Ha pele TREX paSMepamm I0 x 10 m 20 x 20.
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1. Introduction

In recent years the petiern~recognition systems bazed on.

the methematical models of the spin-glasgs type have become in-
_creasingly popular. These systems are connected with the prob-
lems of creation of artificiaml intelligence {associative memo-
ry and the 6-th genersiion computers) aﬁd study of higher
- nervous sctivity (neural networks}. Besides, already at the -
achieved stage of development these systems are cepable of
golving specific techmical problems 1ik§ recognition of sym-
bolg of some prescribe& alphabet, However,_as gshown by the si-
mulations with the system working on the basis of the first
algorithm suggested [1, 2} , only uncorrelated patterns cen be
‘recognized with_sufficient confidence. And since most symbols
»f any alphabet are constructed of identicel blocks, the appli~
;ation of such systems is rather limited. Qur purpose was to
congtruct a reccgnition system capeble of recognizing any

gymbola. Our second aim was to incresse the recognivion capa-



city. Both problems were solved through the orthogonalizing
transformstion of the pattern space, using the elgorithm aug-'
zgested in Ref. 3,4 .

2. Method

Consider a two-dimensional lattice. In the latiice nodes
we place the hypothetic particles cheracterized by a "apin”
+ 1 . By the “spin" we imply some orientation snd predetermine
certain terminolegy associsted with the Ising model; e.&.
"spin-flip;. One should, however, keep in mind that such =8
“materislization” of the model iz introduced only for the seke
of convenience, and in the general case the values +1 may he
identified with the white or black colour of the pattern cell
or with the neuron activity in the network. The relaxation of
such cellular structure is determined by the intersction be-
tween the spins. We write down the energy of exchange inter-

action in the form:
E"\i = leSLSJ, (1)

The coefficients T; in the Ising medel are negative, so the

i
configuration with parsilel spins 3; and §; corresponds to
the minimum of erergy. For the spin-giass model T}j are dig~

tributed by some random lesw, namely:

p(T) ~exp [~ (T/M)], (2)

where M 1z the number ofrprototypes [3] .
The rendomnass of 71; brings to the existence of many spi:x

orientations corresponding to locel minime of energy, end the
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initial configuration will relax to one of‘these stationary
states. Thus the gpin glesg is capeble of recognizing patterns,
but a random interaction resulits in a random elphabet. This
drawback was overcome by Hopfield 1 who suggested to teke the

exchange integrals in the form:
™M

Ty=- 2 87 s, 3)
vhere sd - prototype patterns - alphabet written on lattices
with dimer..isuns N (the number of nodes). Then for not very
large number of patterns ( M/N < 0.14) the asynchronous relax-

,ation of the gystem will result in a prototype state, namely in
‘ome to which the initisl patitern 1s closer, say, in the terms
of the Hamming distance. At M/N > 0.14 the gystem behaviour
will be characterized by the inter&cﬁion“of the (2} type, and
the attractivity region of the prototypes will sharply decrease.

However, as already mentioned, such a system is unable to
fecognize-cbrrelated patterns, perhaps for the reason that
svery prototype aci® as an ihdependent iraining element. In the
elgorithm we use, there are stored the "orthogonelized" pat-
terns, i.e., a preliminary processing with a choice of discri-
minative elements is carried ouf, In this case

i Bt P
le= é;; (R ) S Sja

. . (4)
R*= N ‘,215?‘5‘?.
L=

3. Bxperiment

The recognition system was studied with itwo alphabets on
the iattices 10x10 and.20x20. The Russisr symbols (15 letters)



were used ag well as random pattexrns - up to 20 configursiionsd,
‘characterized by = 50% representation of opposite orientations.
In conirast to previous works, the quality of recognition was
cheracterized not by the Hamming digtance R, between relaxed
and protoiype patterns but by a fraction of correctly recog-
nized patterns (for which Ry = 0). 411 the letters in various
combinations were submitited for the recognition, the level of
noise was brought up to 90%. After three iterations or earlier,
during which the lattice was succeasfully pessed round end the
spin-flip occurred according to the interaction laws 3 and 4.
the initiel state relaxed either to some protoiype or to
metastable state, and further change had no longer taken

place.

Table 1 shows the guaslity of recognition of the symbols
versus both random noise &nd fhe number of prototypes. A com-
parison with‘the Hopfield algorithm is not presented'sipce
correlated symbols were not recogrized even for the number of
prototypes 3 snd ingignificent noise. Fig. 1 pregents a few
metastable states the initisl patterns (M,H,r s++x Letters)
relaxed %o when being recognized with the use of interaction 3.

Table 2 shows a comparison of algorithms 3 and 4 on ren-
dom (uncorrelated).patterna. The new algorithm is shown to be
much more stable 4o noise, and its capacitj ig higher,

In Fig. 2 we have shown distorted patterns that are then
recognized by this elgorithm.

Conclued s

We have shown a possibility to recognize correlated pet-

terns with the help of the decorrelated *ranaformation {(4).

6



The resuits preseanted show also the increaée qf the attrac-.i-
vity region of prototypes. The gigorithm under study may becomé
& basis for the consiruction of the physicel information ana1j+
gle systems, sey, dats on scanning the roentgen-emulsion films
exposed on the mountains and containing information about high-
energy perticles, - For that aim, one should develop sppro.
aches ensuring the recognition of both white-black and

*ecoloured" patierns.

The suthors would like to express their sincere graiitude

to 8.G. Matinyan for the useful discussions.



Table 1%

Correctly recognized symbols by the algorithm 4 (%).

M - number of prototypes,

3 ~ random noime

WM 2 5 7
10 100 100 100
30 100 100 43
50 100 100 28
T0 100 40 14
90 50 20 8

Table 2

Correctly recognized rendom patterns by the -

algorithma 3 and 4 (%).
M - number of patterns,

5 - random noise

\M 14 % 18 20

S 3 4 3 4 3 4 |3 {4
0 64 100 48 100 | 22 100 | 14 100
50 28 | 100 | 25 100 | 47 2 | 0 48
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