
A SELF-ORGANIZING MULTILAYERED NEURAL NETWORK
          UNDER THREE DIFFERENT CONDITIONS

by

Syoji INANAGA

(Received October 31, 1981)

SYNOPSIS
  A self-organized multilayered neural network has been simulated on a digital computer
under each condition in three cases. Several stimulus patterns have been presented re-
peatedly to the cells in the first layer. The informations of them from the cells in the
first layer have been communicated to the cells in the final layer integrating through in
the intermediate layer. In such a case under the condjtion of containing lateral inhibition

effect, a neural network is made almost completely except for some errors of pattern

"o".

1. INTRODUCTION
  The perceptroni) proposed by Rosenblatt in 1962 as a brain model was expected its
capability for information processing. However, it was revealed through the study of
many works that the capability of the perception is not so large as it would be expected

at the beginning,
  Recently, mechanism2) of feature extration in the visual neuvous system was revealed.
Several models3)4)5) constructing with a multilayered neural network have been proposed.
In those models, the synaptic connections between neurons are not fixed and the plastic
modification of the synapses has been considered. In this paper, a neural network self-
organization in the multilayer network is simulated on a digital computer under each
condition in three cases.

2. CONDITION FOR THE SYNAPSEMODIFICATION
  As a condition for the synapse modification, it would be classified into the following

three categories as shown in Fig. 1.
  In Fig. 1(a), a modifiable synapse F(X, Y) from cellX to cell Yis excitatory when cell X
or cell Yfires. In Fig. 1(b), amodifiable synapse F(X, Y) isincreased some amount when
cell X fires simultaneously with cell Y. In Fig. 1(c), modifiable synapse F(X, Y) is changed

Fig. 1 Three hypotheses on the modification of synapses
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when cell X fires simultaneously with cell which controls the reinforcement of its ordi-
nary afferent synapses.

3. STRUCTURE OF MULTILAYER
  In this paper, we use the cognitron as amultilayernetwork. The cognitronwas pro
posed by Fukushima.3) It has a multilayered structure and consists of several neural
layers of a similar structure cascaded one after another. As is seen from Fig. 2, one layer
has excitatory ui(n) neurons and the same number of inhibitory vi(n) neurons, where n=
(n., n,) is two-dimensional coordinates. An excitatory neuron ui(n) receive modifiable
synaptic connections ai(n, p) from neurons ui-i(n+v) in arbitrary connectable areas in
preceding layer. The neuron ui(n) receive modifiable synaptic connections bi(n) from the
inhibitory cell vi-i(n), which receives fixed excitatory synaptic connections ci-i(v) from
the neighboring excjtatory cells ui-i(n+v). The output of the cell ui(n) is given by

     Ut-, Utl- - '-' '- - -- - '- - -t r- --'- - "" '-

I .i? 'rJ{li at(v,rl) i ut(n) l

IN-7 ltt lii i i•oL?"ieli
l: (l) vtt(n),/l i: (l,) v`("'/T•

1-- ------ dl 1- --- - -d -1
 Fig. 2 The structure of the Cognitron.

.(.)=ip[ 1+2vlEi,abi,((vi)n,),-ui-(h()n+P) -1]

where Si indicates the connectable are of a cell ui(n).

ip(x) = ( x xÅrO
o xso.

Meanwhile, the output of the inhibitory cell vi-i(n) is given by

                       vl(n) = ]Åí..s, cl-1(v)ul-1(n+v)•

The value of the fixed synaptic connection ci-i(v) has to satisfy the following condition.

                             2vesi ci-i(v) =1

The amounts of the synaptic reinforcement Aai(v, n) and Abi(n) are given by
When ui(n) = O

Aai(v, n) == qo • ci-i(y) • ui- i(n + v) • 6i(n)

Abi(n) =qo•vi-i(n)•6i(n)
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when ui(n) ÅrO

                   ai(v, n) =qi•ci-i(v)ui-i(n+v)•Si(n) (1)
                         2v.si aiev, n)•uimi(n+p) •61(n)
                  bi(n) =                                                                     (2)                                  2vi-i(n)

       where qo and qi are positive constants.
              6i(n) is given by

              6i(n)=(6 'ofth,",sc]//"i("+V) fOrevery veg, (3)

       where 9i stand for a vicinity area.
The reinforcement of the afferent synapses of cell ui(n) takes place only when none of the
cells situated in the vicinity of ui(n) is firing stronger than u,(n). The algorithm as de-
scribed above is the structure of a cognitron proposed by Fukushima.
  In this paper, however, equation (3) is substituted the others and at the same time,
equation (1) and (2) are substituted the following equation (4) and (5).

                  Aai(v, n)=qi•ci-i(p)•ui-i(n+p)•Fi(n) (4)
                               gl•2,.sal(v, n)ul-1(n+v)                    Abi(V, n)= 2v,-,(n) ' (5)
Now, Fi(n) is considered to be a function of ui.i(n) and ui(n). We consider following
three cases under each condition.

(i) Fi(n)=(6 8f,h",i,( l,?O (6)
(ii) F, (.)=11 if Ui(n) ll Ui(n+V) ÅrO for every vE S2}, (7)
                      otherwise               to

(m) F,(n)=IgXPIi'"-- 2VES ilill!+P)l iofth"e'(,n.IIIseV)l'ii"i(n)ÅrOfOrVe9' (s)

4. COMPUTER SIMULATION
  In each case described above, a neural network self-organization is simulated on a digital

computer. The parameters for them are chosen in the following way as the same values

m cogmtron.
  The number of the layer are four, Uo, Ui, U2, U3 from the front. Each layer has
12Å~12=144 excitatory cells ui(n) and the same number of inhibitory cells vi(n). The
connectable' areas Si is 5Å~5= 25 cells. The vicinity area S:2i is 13 cells in area where have

a rhombic shape whose height and width are both 5. The conductance ci(v) of the
synaptic connection from an axon terminal ui-i(n+p) to a cell vi(n) is a function of only
v. The initial conductances of all the modifiable synapses ai(n, v) and bi(n) are chosen
to be O.05. The amount of reinforcement qo and qi are chosen to be 16.0.
  Five stimulus patterns "O", "1", "2", "3", "4" have been presented repeatedly to layer
Uo in a cyclic manner. Each pattern is constructed with value 1.0. a cell uo(n) in the layer

Uo is given this pattern repeatedly. In Fig. 3, it shows. The cells in each layer respond
to each of the stimulus patterns in the 10th cycle of presentation. The responses of the
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cells in each layer are shown in Fig. 4. When only stimulated pattern "2" has been
presented, the response for each case as described above is shown in Fig. 5.
  In order to make an investigation that the information of only the pattern "2" in the
layer Uo is communicated till the cells in the layer U3 without erasing, an experiment by
means of reverse reproduction is made. That is, the actual values in the layer U3,ob-
tained above, have been presented to the layer U3. The cells in the layer U2 response
to the stimulus pattern values using the same values a2(v, n) and b2(n) obtained above.
Fjgure 6 shows results of reverse reproduction from the information of pattern "2" in
layer U3. In case of (i), when only pattern "2", the reverse reproductionis made com-
pletely from the information of whole parts in the layer U3, For five stimulation patterns,

however, a complete reproduction of the original pattern is impossible even from all the
u3-cells as is seen in Fig. 7.

  In case of (ii), the reverse reproduction is made almost completely except erasing one
part of cells. When five stimulus patterns, it is made considerably as is seen in Fig. 7.
In case of (iii), the reverse reproduction of only the pattern "2" is made almost completely.

When five stimulus patterns, also, it is made almost completely as is seen in Fig. 7.

     o uo   eO eO .O .O .O .O .O .O .U .O eO .O
   .o .o .o .o 1.o 1.0 1.o .o .O .o .o .o
   eO .O .O leO .O .O .O 1.0 .0 .0 .0 .0
   .o .o 1.o .o .o .o .o .e t.o -o .o .o
   .O .O 1.0 .0 .0 .0 .0 .0 1.0 .0 .0 .0
   .O .O 1.0 .0 .0 .0 .0 .0 1.0 .0 .0 .0
   .O .O 1.0 .0 .0 .0 .0 .0 1.0 .0 .0 .0
   .o .o t.o .o .o .o .o .o 1.o .o .o .o
   .O .O .O 1.0 .0 .0 .0 1.0 .0 .0 .0 .0
   .o .o .e .o t.o l.o t.o .o .o .o .e .o
   .o .o .o .o .o .o .o .o .o .o .o .o
   .o .o .o .o .o .o .o .o .o .o .o .o
     t uo
   .o .o .o .o .o .o .o .o .o .o .o .o
   .o .o .O .o .o l.o .o .O .O .o .O .O
   .o .o .o .o .o t.o .e .o .e .o .o .o
   .O .O .O .O .O l.O .O .O .O .O .O .O
   .O .O .O .o .O l.O .O .O .O .O .O .O
   .o .o .o .o .o l.o .o .o .o .e .o .o
   .O .O .O .O .O l.O .O .O .O .O .O .O
   eO .O .O .O .O l.O .O .O .O eO .O .O
   .O .O .O .O .O l.O eO .O eO .O .O .O
   eo .o .o .o .o l.o .o .o .o .o .o .o
   .o .o .o .o .o .o -o .o .o .o .o .o
   .o .o .O .o .o .o .o .o .o .o .o .o
     2 UO
   .O .O .Q .o .o .O .o .o .o .o .o .o
   .o .e .o .o 1.o l.o 1.e .e .o .o .e .o
   .O .O eO 1.e .O .O .O 1.0 .0 .0 .0 .0
   .O eO a.O .O .O .O .O .O l.O ,O .O •O
   .o .o .o .o .o .o .o .o 1.o .e .o .o
   .O .O .O .O .O .O l.O l.O .O .O .O .O
   eo .o .O .o .O l.O .O .O .O .o .o .o
   .O .O .O .O 1.0 .0 .0 .0 .0 .0 .tt •O
   .o .o .o l.o to .o .o .o .o .o .o .o
   .e .o t.o 1.o 1.o 1.o t,o t.o 1.o .o .o .o
   .o .o .o .o .o .o .o .o .o .o .o .o
   .o .o .o .o .o .o .o .o .o .o .o .o
     3 UO
   .o .o -o .o .o .o .o .o .o .o .o .o
   eO .O .O 1.0 1.0 1.0 1-O eO .O .O .O eO
   .o .o l-o .o .o .o .o leo .o .o .o .o
   `O .O l.O .O .O .O .O .O l.O .O .O .O
   .o .o .O .o .o .o .o 1.o .o .o .o .o
   .o .o .o .u .o l.o l.o t.o .o .o .o .o
   .e .o eo .o .o .o to .o l.O •o .o .o
   .o .o .o .o .o .o .o .o .o 1.o .o .o
   .o l.o .o .o .o to .o .o .o t.o .o .o
   .O .O 1.0 .0 .0 .0 .0 .0 1.0 .0 .0 .0
   .O .O .O 1.0 t.O f.O l.O 1.0 .0 .0 .0 .0
   .o .o .o .o .o .o .o .o .o .o .o .o
     4 VO   .o .o .o .o .o .o .o .o .o .o .o .o
   eO eO .O .O .O .O .O .O .O .O .O .O
   ,O .O .O .O .O .O .O l.O .O .O .O .O
   .o .o .o .o eo .o l.o l.o .o .o .o .o
   .O .O .O .O .O l.O .O t.O .O .O .O .O
   eo .o .O .o 1.e .o .o l.o .o .o .e .o
   .o .o .o tto .o .o .o t.o .O .o .o .o
   .O .O 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .0 .0
   .O .O .O .O .O .O .O l.O .O .O .O .O
   .o .o to .o .o .o .o 1.o .o .e .o .o
   .o -o .o .o eo .o eo .o .o -o .o .o
   eo .o .o .o .o .o .o .o .o .o .o .o
Fig. 3 Five stimulus patterns "O", "1", "2", "3", "4".
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                                                                               .t .o .s .o .o .o                                                                                                     O .O el                                                                                                              .7 .0                                                                                                 et e.3 .2 .o .o .o .o .o .o .t .2 .4 .o .o .o .o .o eO .o .o .o .o .o .o .O
.6 .S .O .O .O .O .O .O .O .O .O .O .4 .0 .0 .0 .0 .0 eO eO .O .O .5 .1 .0 .0 .0 .0 .0 eO .O .O .O .O .1 .0
:g :g :g :2 :g :g :g :g :s :g :g :g :g :g :s :g :g :o, :g :s :2 :s :s :s :s :g :g :s :s :2 :s :s :g :g :s :g
I,g Ig, i3g i32 ',`g l`s l5s IO; I62 IOs l:, l,; Ig, IOs :S IOg Il IOs i,9 :.:• :.8, IOg IOg IOg :.g, i3 l:, IOg IOs ii ',Og IOg iOg iOs IOg IOs

                                                                                                        .2 .0 .0 .0.o .o .o .s .O .o .O .5 .4 .0 .0 .2 .0 .0 .e .O .O .O .O .O .O .O .e .O .O .1 e3 .0 .0 .0 .0 .4

los ii ',i log Ii l3e Io2 Iog ls; :.i ii .:i Ios log Ios ig Ii Iog ii lg ',: ll i:, :.g lg, Ig log Is, I2, li lsg Ig, Ig los lo: Ig

:2 :g :o, :,s :s :o, :o, :s :g :g :l :g :o, :g :s :g :s :2 :g :s :g :2 :g :s :s :s :s :s :g :s :g :s :g :? :g :g

:g :4, :g :g :o, :s :g :s :s :s :s :? :s :g :g :s :g :s :s :g :s :g :g :s :s :g :2 :g :s :s :: :s :g :g :g :g
il`i 'i2i 'loi 'ig, loi 'i.z, l.l 'il 'l•i 'i.l loi l.2 lz• i.z 'l:, l.i l.ig 'lo: 'i.'g lig li 'lg, iloi, i.:, i.:, l.'3 'ioi, i.i i.i 'iig l: loi 'ii 'i.i 'i.i i.ig

 .o4.g3.o .o .e .o .o .o .2 .6 .o .6 .o 2oUio .o .o .o .o .o .o .e .o .4 .o .42 U.g .o .o .4'.o .o .s .o .o .o
I03 'IOg, iOg, iOg ':.i ii 'IOg IOs, IOg 'i i`g, i3i loi l:, l'g l.i, iOg, li 'ii iO:, ioi IOs, lg li iOg iOg iOg ii, li, l.i lg, lg •Ii iOg ii, ii

ii':.iii,2lg'ii'iiliiilg;glilii•gI•gii'iii.glglii:igli#iiilr:i:lgl:iiii•1,iIIliigi'g

 .o .o .o .o .2 .2 .o .o .o .o .o .o .o .o .o .o .o .s .o " .o .o .o .o .o .o .o .o .4 .6 ".                                                                                                      3 .0 .0 .0 .0
                                                                                .o .o .o .o .o .o .o .o .o -o .o -o .o .o .3 .o .o .o .o .o .o .o •o .3 .o .o .o .o .o .O .o .e .o .e .o .o
 .o .o .3 .o .o .o .o .o .o .2 .1 .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o .o •o .o .o .2 .o

                (i) (ii) (iii)                         Fig. 4 The responses of the cells in each layer for five patterns.
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               (1) (ii) dii)Fig. 5 The responses of the cells for only pattern "2".

        IO, I 1, and I2 mean 1.0, 1.1 and 1.2 respectively.
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                                                                    .O .7 .0 .0 .0 .o .O .o .O .O .O .o.4 :2 Z2 il :O 10 IO .O :2 i2 e5 .e .O .O .O .O .O eO .O .O .O .O .O .O                                                                    .O .O .O .4 .9 .Z .7 .2 .0 .0 .0 .0.4 .8 .9 io :O lo :e lo eg .s .S .O .O .O .O .O .6 .0 .6 .0 .0 .0 .0 .0

.o .o .o .o .o .o .o .o .o .o .e .o .o .O .o .O .o .O .O .O .O eo .e .O .O .o .O .O .o .o .o .o .o .o .o .o

.o .o .o .o ;o lo rO .O .O .O .O .O .O "O .O .O .6 .6 -7 -O eo -o -o .O .o .o -O eo .9 e9 "9 eo eO .O .o .o

.o .o .o :e .o .o .O 10 .0 .o .O .O .o .e .o .6 .o .O .o .9 .o .o ee .O .O .o .e .9 .o .O .O :o .O .O eO .O

.o .o lo .o .o .u .o .o :o .o .o .o .o .o .7 .0 .o .o .a .o .s .o .o .o .o .o .g .o .o .o .o .o .g .o .o .o

.o .o .o .o .e .o .c .o lo .o .o .o .o .o .o .o .o .o •o .o -s .o .o .o .o .o .o .o .o .o .o .o .g .o .e .o

.O •O .O .V .O .O IO :O eO .O .O .O .O .e .O .O .O "O e8 .8 .0 .0 eO .O .O .O .O -O .O .O .9 IO .O ,.O .O .O

.e .o .O .o .o lo .e .o .o .o .o .e .o .o .e .o -e .9 .o .O -o .o .o .O .e eo .O .a .o .9 eo .'o ,.O .o ,.e ..o
eo ia .o .o :o -o eo to "o "o -o tu .o to to to t6 -o "Q .o .o -o .u .o .o .o -o .o eg .o .o .o to .o .o •.o
.o .o .o lo .o .o .o .o' .o .o .g .o .o .o .o .o .o .O .o .o .o .o .a .O .o .o "o .g .o .o .o .e .o .o .o .o
.e .o :o ro !o lo le 10 10 .e .o .o .O .O .S .S .8 .8 .8 .?..7 .0 .0 .0 .o .o -.9 .9 .g .9 .g .s .8 .o •.o .o
.a eo .o .e .o .o .o'.o eo .o .o .o .e .o .o .e .o..O .o .o •.o .o .o .O .o,.o .o'.o /.o .e .a .o .o .o .o io

 vo "o .o .o .o .o .o .o .o .o .o .o .o .o .v .o .o .O .o .o .o .o .u .O .o .o .o .o .o .o .o .v .o .o .o -o

                (i) (ii) (iii)
                   Fig. 6 reverse reprodaction of the pattern "2".

                          I O, I 1, and I2 mean 1.0, 1.1, and 1.2 respectively.
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ilo ioii:i• lo'lo• iio• ilg'i'ilo illo ilo• ilo ilo• illo iii ilo ig• iii il:" ilo •lo' io• iiii ilo' ilo lii iilo' ilgi ii' ilo' oi oi ilg' iii lo'o ilo' loi'

olliioli lsi ii•iliii ii ;i•o iii olo loi llo iog'iiiuoiii iii lo ii' iii ii oi los i]si lii li'i 11 lgli ol ioi,iOl• ii'i, iOi li Oi li 10i•

lo'o lo'oilo lo'i, oi ilo•'lo io• lo ls io• lo ,lo' ioi ilo ioi ilo ilo •l' lg io• ii' io• gi liiilo ii ,olo lo' loi ilo loi lo lo'o

ilo lo'iiiii iii" ilsl iol io?'ilo ilo ,ii' iioi iili'o ilo iili'" iioi iioi ilo ,iloii iiloi iili ili ioi ,il' iil:o ii'o iio• il:' iilg'o iilo iiii ,ilo'iqi ili• iolo ioi ioi

ii` 11•oo"o, ilo• ii• ioi li• iiiilo, 1:i lg• ilo• gi lo,` g'o"o lgi lo• ilo ioi lig i• ol, g'o ilo• lgo l', li ili ,lgo il oi 1:o lg' lo ilg'o lo ilg'o

                                                              '                 (i) (ii) (iii)
                          Fig. 7 reverse reproduction of five stimulus patterns.
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5. CONCLUSION
  Under each condition in three cases, a self-organized multilayered neural network has
been performed for only one pattern "2" and five stimulate patterns "O", "1", "2", "3",
"4". As is seen these results, when only pattern "2", in the case of (i), neural net-
work has been made completely. It results that in case of (i), all the synaptic connections
between presynaptic cells ui.i(n) and postsynaptic cells ui(n) are made completely with-
out erasing when ui-i(n) and ui(n) fired. In the five stimulated patterns, however, it has
not been made almost except the pattern "1". It would result that the inhibitory synapses
became too strong in each layer, because all the synaptic connections receive a lot of
stimulations from the five stimulate patterns repeatedly.
  In case of (ii), the neural network has been constructed considerably, but the reversely
reproduced patterns contain some errors for four stimulated patterns except the pattern
"2". It would be supposed that the cells of the layer U3 could receivea few information
through the cynapices from each preceding layer.
  In case of (iii), the neural network has been constructed satisfactorily for each stimulate

pattern on comparing with two the other cases. In this case, however, there are a number
of firing cells in the layer U3 than in case of (ii).

  In three cases, (i), (ii) and (iii), a self-organized multilayered neural network has been

performed. It results that in case of (iii), it performed better. It is expected that the
neural network would acquire more ability, if the information from the cells in each layer
is integrated more effectively in the case of (iii).
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