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PACIT03HABAHME KOPPEJIL'1POJ3AHHb!X 05PA80B 

c ITOLl01llblO MO.llEJ!l1 TL'IITA crrn.HOBOro CTEKJIA 

B pci.001'C MCCJ!G/\YIOTCH CllCT8Mbl paCTI03Hanamrn OOpa30TJ 1 OC HOBaH-

1me Ha MaTet'aTl1li8CI<Oi1 MO}IE'Jll1 HetlpOHHbDC ceTetl: (M0}\8Jll1 Tflrna CITl1-

HOJJOI'O s1·e1rna) . !1ponoro1TcR cpanHett11e anropV!TMa XonclJl1JI7~a , rrpe;n -

HP..3iialJCHHOI'O J\JIH pacrro3Hanamrn mrnoppen11ponaHHbDC o6pa30B , l1 

aJirOpVITllbl.B KOTOpHX 3 TO orpaHl1l{8Hl1CJ CHHTO . nmmaano , liTO HO -

BLili aJil'OpMTM, KpOMC Toro , xapaJ<Tepr,rnye TCR YBC~ll1li8Hl18M 06JiaCTl1 

aTTpa!<'rHBHOCTVi 11 eMKOCTVI . Bbllll1CJI11Te JrbHh1e aKcrrepvrMeHTbl rr pono11J1-

Jfl1Cb c an1;anl1TOM. COCTOHil\l1M l13 15 pycCKl1X 6y1rn 11 Vl3 20 CJiyqaLl­

HbDC o6pa30B, xapaKT8Pl13Y8MbDC 50 % rrpc;ncTaBl1TCJ!bCTBOM npOTl1BO­

ITOJJOlKHLlX op1rn11Ta~11n, Ha pelilCTKax paaMepaMl1 rn x IO )If 20 x 2fl. 
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1. Introduction 

In recent years the pattern-recognition systems based on 

the mathematical models of the spin-glass type have become in­

creasingly popular. These systems are connected with the prob­

lems of creation of artificial intelligence (associative memo­

ry and the 6-th generation computers) and study of higher 

nervous activity (neural networks). Besides, already at the 

achieved stage of development these systems are capable of 

solving specific technical problems like recognition of sym­

bols of some prescribed alphabet. However , as shown by t~e si­

mulations with the system working on the basis of the first 

algorithm a~gested [1, 21, only uncorrelated patterns can bE 

recognized with sufficient confidence. And since most symbols 

)f any alphabet are constructed of identical blocks, the appli­

cation of such systems is rather limited. Our purpose was 

construct a recognition system capable of recognizing any 

to 

symbols. Our second aim was to increase the recognition capa-
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city. Both problems were solved through the orthogonalizing 

t ransformat i on of the pattern s pace, using the algorithm sug­

~ested in Ref. 3,4 • 

2. Method 

Con.sider a two- dimensional lattice, In the lattice nodes 

we place the hypothetic particles characte:r:lzed by a "spj.n" 

.±. 1 • By the "spin" we imply some orientation and predetermine 

certain terminology associated with the Ising model, e.g. 

"spin- flip". One should, however, keep in mind that such a 

"materialization" of the model is introduced only for the sake 

of convenience, and in the general case the values ±1 ma; be 

identified with the white or black colour of the pattern cell 

or with the neuron activity in the network. •rhe rel!:!.Xation of 

such cellular structure is determined by the interaction be­

tween the spins. We write down the energy of exchange inter-

action in the form: 

Elj"' TijSiSj, ( 1 ) 

The coefficients ~j in the Isine; m0del are negative, so the 

configuration w:i.th parallel spins 5 1 and Sj corresponds to 

the minimum of energy. For the spin-glass model T<j a.re dis­

tributed by some random law, namely: 

p ( T) ..,,. exp [ -1/'< ( T /JM )2] , (2) 

where M is the number of prototypes [ 3 J • 
The randomness of T1j brings to the existence of raa.ny spix 

orientations corresponding to local minima of energy, and the 

4 

initial configuration will relax to one of these stationary 

states, Thus the spin glass is capable of recognizing patterns, 

but a random interacti on r esults in a random alphabet. This 

drawback was overcome by Hopfield 

exchange integrals in the form: 
M 

' o(."' T · =- - .c- S s. 
lJ ct=1 i J ' 

who suggested to take the 

(3) 

vhere s"' - prototype patterns - alphabet written on lattices 

with dimer.:, '.o~s N (the number of nodes). Then for not very 

large number of patterns ( M/N < 0.14) the asynchronous relax­

ation of the system will result in a prototype state, namely in 

one to which the initial pattern is closer, say, in the t erms 

of the Hamming distance. At M/ N ~ 0.1 4 the system behaviour 

will be characterized by the interaction of the (2) type , and 

the attractivity region of the prototypes will sharply decrease. 

However, as already mentioned, such a system is unable to 

recognize correlated patterns, perhaps for the reason that 

every prototype acts as an independent training element. In t hb 

algorithm we use, there are stored the "orthogonalized" pat­

terns, i.e., a preliminary processing with a choice of discri­

minative elements is carried out. In this case 
M -1 ol/3 a(. Jl 

TlJ. ::: L ( R ) Si Sj , 
ot,fo 

N • 

R"'.a= N- 1 L.. s~ si 
l :1 ~ . 

(4) 

J, Experiment 

The recognition system was studi_ed with two alphabets on 

the lattices 10x10 and 20x20. The Russian symbols (15 letters) 
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were used as well as random patterns - up to 20 configuration~, 

characterized by % 50% representation of opposite orientations. 

In contrast to previous works, the quality of recognition was 

characterized not by the Hamming distance RH between relaxed 

and prototype patterns but by a fraction of correctly recog­

nized patterns (for which RH= 0). All the letters in various 

combinations were submitted for the recognition, the level of 

noise was brought up to 90%. After three iterations or earlier, 

during which the lattice was successfully passed round and the 

spin-flip occurred according to the interaction laws J and 4, 

the initial state relaxed either to some prototype or to 

metastable state, and further change had no longer taken 

place. 

Table shows the quality of recognition of the symbols 

versus both random noise and the number of prototypes. A com­

parison with the Hopfield algorithm is not presented since 

correlated symbols were not recognized even for the number of 

prototypes J and insignificant noi.se. :B'ig. 1 presents a few 

metastable states the initial patterns (VJ, H, r , , , , letters) 

relaxed to when being recognized with the use of interaction J. 

Table 2 shows a comparison of algorithms J and 4 on ran­

dom (uncorrelated) patterns. The new algorithm is shown to be 

much more stable to noise, and its capacity is higher. 

In Fig. 2 we have shown distorted patterns that are then 

recognized by this algori,thm. 

Concl:.wj _,n 

We have shown a possibility to recognize correlated pat­

terns with the help of the decorrelated +~ansformation (4), 

6 

The results presented show also the increase of the attrac-.i­

vity region of prototypes. The algorithm under study may becomt 

a basis for the construction of the physical information analyt 

sis systems, say, data on .scanning the roentgen-emulsion films 

exposed on the mountains and containing information about high~ 

energy particles, For that aim, one should develop appro 

aches ensuring the recognition of both white-black and 

"coloured" patterns. 

The authors would like to express their sincere gratitude 

to S.G. Matinyan for the useful discussions. 
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Table 1 

Correctly recognized symbols by the algorithm 4 (%) . 

M - number of prototypes, 

S - random noise 

~ 2 5 7 

10 100 100 100 

30 100 100 43 

50 100 100 28 

70 100 40 14 

90 50 20 8 

Table 2 

Correctly recognized random patterns by the 

algorithms 3 and 4 (%) . 

M - number of patterns, 

S - random noise 

14 16 

3 4 3 

64 100 48 

28 100 25 

18 

4 3 4 

100 22 100 

100 17 72 

20 

3 · 4 

14 100 

0 48 
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