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Abstract

There are some studies which applied a function of pattern separation to technical syst-
ems, The effect of its function on an associative memory system, however, has not yet been
clarified sufficiently.

In the present paper, a new associative memory model having the function of pattern
separation is given, and its ability of recall is derived. The ability is compared to that of
the traditional model. As the result, it is shown that the model is superior to the traditional
model with respect to the recalling ability. Further, it is also cleaned up that the ability of
recall in the model is enhanced by the function of pattern separation,

1. Introduction

There are many studies on an associative memory system (Nakano et al?, 1970,
Uesaka et al?., 1972, Kohonen®, 1972, Kosugi et al?., 1975). As the result, two favorable
properties of key patterns for the associative memory are pointed out. One is the proper-
ty that the firing rate of the key pattern is constant. Another is the property that the
overlapping rate among the key patterns is small.

Marr (1969)% regarded the cerebellar cortex as a pattern separator, and gave a theory
of pattern separation on the cerebellar cortex, using the concept of “Codon”, viz. the idea
of overlapping rate. Wigstrom (1973)® and Nakano et al. (1974)” have proposed a mod-
el of associative memory which adopted the idea of pattern separation described above.
However, they have not discussed about the effect of pattern separation on the recalling
ability in the associative memory in detail.

Recently, Torioka (1978, 1979, 1980)®~19  one of authors, have modeled the cerebellar
cortex as a two-layer neural network with an inhibitory mechanism and given an ex-
tended theory which includes Marr’s theory. He also pointed out that the degree of pat-
tern separation has a favorable property for associative memory and pattern recognition.

In the present paper, we propose a model of associative memory using the property
of the degree of pattern separation given by Torioka, and derive an ability of recall in
the model. We also compare the recalling ability in the model to that in the traditional
model.

As the result, it is shown that our model is superior to the traditional model with
respect to the recalling ability. It is also cleaned up that the ability of recall in the model
is enhanced by the function of pattern separation.

+ Tokuyama Technical College
.+ Technical College, Yamaguchi University
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2. Two-layer Random Neural Net and Notations

Figure 1 shows a model of the cerebellar cortex. It is a two-layer neural net con-
sisting of threshold elements with an inhibitory mechanism. In this model, the first and
second layers correspond to the layer of mossy fibers and granule cells in the cerebellar
cortex, respectively, and are connected randomly. The numbers of elements on the first
and second layers, n and N, are large enough. Each element on the second layer recieves
R (integer) excitatory connections of weight 1 from the first layer. The i-th element
of the second layer has a threshould value h;. An inhibitory mechanism G corresponds
to the Golgi cell. It recieves excitatory inputs from only the layer of mossy fibers and
sends an appropriate inhibitory output 6 to each element of second layer through an in-
hibitory connection. At this time, it controls the overall firing rate of second layer at
a fixed value and enhances the function of pattern separation on the second layer.

Fig. 1 Two-layer random neural net

We denote two arbitary n-dimensional binary patterns added to the first layer by y;
and y.. we give the firing rates of y; and y,, common firing rate between y; and y, and

overlapping rate on y; and y. by
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Tp= “_¢12

CRYE (3)

respectively, where y,; andys are i-th elements of y; and y,. We denote two N-dimen-
sional binary patterns corresponding to y; and ys by Y, and Y,. We also give the firing

rates of Y, and Y, common firing rate between Y, and Y, and overlapping rate on Y;
and Y. by

1 g o,- L3y
S »
1 N
¥, = N _Zl: Yiu-Yy , (5)
and
le le

respectively, where Yi; and Ys; are i-th elements of Y; and Yo.
The degree of pattern separation is defind as

4,= T . (1)
1P

We can define that the pattern y; and y, are separated in the sense of overlapping rate,
when 412<1.
The distribution of the threshold value h; is given by

= _1 _ (h=h)?
f (k) e exp ( o >, (8)

where h is the mean, and ¢ is the standard deviation.

3. The Degree of Pattern Separation and Its property

We give the degree of pattern separation. We show that the degree of pattern sepa-
ration has a property favorable for the association processing. The degree of pattern
sparation has the above property when the standard deviation ¢ is small. Then, we as-
sume that 306<C0.5. Let us also assume that the firing rate of the second layer is con-
trolled at a fixed value ¢, even if any pattern is added to the first layer. The control is
practically performed only through the shift of the mean value h by an inhibitory out-
put 4. At that time, the form of the distribution function f(h) is not changed. For
the later explanation, let us denote the means h, and h, of h shifted as

}TIZF+0(¢1),

and
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h,=h+0 (¢3),
where 6(¢;) and 0(¢s) are the inhibitory outputs corresponding to y; and y; on the
first layer, respectively. [For the details see Torioka (1978).]

3.1. The Degree of Pattern Separation
Let y; be added to the first layer. The firing rate ® becomes

R

<I>=a V.(?sl) +p:§1V”(¢l) (9)
with
a=( U0y,

where Vp is the probability that a neural element on the second layer recieves p excited
inputs from y,. The a is the rate that the elements on the second layer of recieving i
excited inputs from the first layer fire, i coincides with the integer threshold which is the
nearest to h; and 0<<i<XR. When y, is added, the firing rate ® becomes

Q=bV; (¢2) +qilva(¢z) (o)
with
b =§ YT s wan,

where V4 is the probability that a neural element on the second layer recieves q excited
inputs from ys;. The b is the rate that the elements on the second layer of recieving j
excited inputs from the first layer fire, j coincides with the integer threshold which is the
nearest to hs, and 0<{j<<R. The common firing rate ¥, is obtained as

R
\P‘lzzc Wij+a Z Wiq +b i WPf
q=j+1 p=i+1

(1

with

c=min(a, b).
In (11), Wypq is the probability that a neural element on the second layer recieves p ex-
cited inputs from Y, and q excited inputs from Y. and is represented by

min (p, @) R!

— — ° — p—r
Wo= 2 o =) T p—qtri (PP

19
(B ) - Phe (1—$r— =P )Pt
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where min (a, b) means the smaller value of a and b, max (a, b) means the larger value
of a and b.

Equation (11) is the probability that the elements of recieving i excited inputs from
y: and j excited inputs from y, fire in common for both patterns. In (9), (10) and
(11), note that infinitestimal terms are neglected. If we put a<(b, then the degree of pat-
tern separation becomes

_ 1 B
A= Ta (A+ > ) 13
with
R R
~z-+:1W’° Z Wpi
A — Q=) + p=1
Vi(é)  V;(¢2)
R R
o 2V 0)-( 2 W)
B____ Z' 2 qu__ p=i+1 q=j+1 (14)
p=i+l q=j+1 V(1)

qixvq (¢z)) ¢ p:élwn;)
vV, ($2) -

[For the details see Torioka (1978, 1979).]

3.2. The Property Favorable for the Association Processing

There are two properties favorable for the key patterns in the associative memory.
One is the property that the overlapping rate among the key patterns is small. Another
is the property that the firing rate of the key pattern is constant.

The two-layer neural net has a function which transforms the patterns on the first
layer into the patterns having the above property. The above fact is cleaned up by giving
an example. We consider the case that ¢,=¢,=¢ and R=2. In this case, 412 becomes

as

e (0<® <$?),
1 { $—28 Putpn 1 ($—pu)is —pu)+Pul
AT (1—9) ¢ o 1—9)
e [u—¢“hﬂw—¢mz ($7=® =24—¢7), 03
T (1—2)
1 ($—9n) - 2—3¢+¢n) z
T (1—9)? (24— $2=® <1.0).

Figure 2 shows the relation between ® and 4. plotted for r; as parameter, where ¢=0.2.
The figure shows that 4,2 is constant under r;3=const. and 4,,<{1 when ® lies in the
range (0, ¢23. The figure also shows that the less 73 becomes, the larger 4;, becomes
and vice versa. Figure 3 shows the relation between 7y, and T;.. As known from the
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0.5 ¢,=0.2
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Fig. 2 Relation between & and 4,, plotted Fig. 3 Relation between r,, and T, plotted
for 7, as parameter, where ¢,=0.2, for & as parameter, where ¢=0.2, R
R=2 and ¢=0.1 =2 and 0¢=0.1

figure, in the sense of mean, the patterns y, and y, having the overlapping rate r,; are
transformed into the patterns Y; and Y, having the smaller overlapping rate by the neural
net, in the range (0, ¢2]. The firing rate of the transformed patterns is also controlled
at a fixed value ®. Consequently, the transformed patterns Y; and Y: on the second
layer have two properties favorable for the key patterns in the associative memory. If
® exceeds ¢2, 4;2>>1 and the relation between large and small 4, reverses itself at a
certain firing rate, thus the useful properties are lost. These facts are also obtained in a

general case that the connection between the first and second layers is R.

4. Traditional Associative Memory System and Its Recalling Ability

For the later consideration, we obtain a recalling ability of the traditional associative
memory system.

4.1. Memorization and Recalling Process

Figure 4 shows the traditional associative memory system. Let X and y, (k=1,...,
K) be the m-dimensional memorized pattern and the n-dimensional key pattern, respective-
ly. Let us assume that the number of memorized patterns, K, is relatively large. The
pattern X, is associated with the key y,, where the subscript k is the label of a particular
pattern. These patterns are given by
Xk= (Xk],XkZ,”.}ijg.",ka))
16
yk’: (ykl, ykZ’ Ty yk}': AR ykﬂ),

where each element takes on value 1 or 0.
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Fig. 4 Traditional associative memory system

The elements Xy and yy; are independent each other stochastically and random vari-
ables. These elements take on value 1 with probability,

P, Xu=1)=¢: 17
and
Pf(ykj=1>=¢y» 18

respectively.
In memorizing process, the pattern X is superimposed on the matrix memory [M]
by the key y, associated with it.

K
[M]’——'Z;Xk - Y5, {19

where the superscript ¢ means the transposition of the vector.

In recalling process, we operate y. as the input pattern to the matrix memory [M].
The pattern . means a incomplete version of y. associated with X:. The incomplete
version is given by adding a noise to y:. The method for generating the noise is ex-
plained later on. The pattern y: is denoted by

gr: (yrlx ny:."J y”-’---’ y”‘)- (20)

N

N
Then, we obtain the output pattern X similar to X.. If X,=X,, the recall is perfect
for X,;. The recall of particular X is made by the following operation

~

X, —u, [[M] - 9.0, o
where
1 (a>h)

. (a)={ 0 (aZh)
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The j-th element X.; of X, is given by

)},jZUh [R'J]

=uh[<§xkj ) ¥,

~ k ~
=u, [er vy, ¥y, + El X Y yr]-

k#1

We examine the probabity distribution of R:; to derive the recalling ability. R:; of (22)
takes two different distributions according as the value of X, is 1 or 0. The threshold
value 1 is determined from the above distributions. [For the details see Shimura (1976).]

4.2. Case of Fixed Firing Rate

Let us assume that the firing rate of the key patterns in the noiseless case is do.
We derive the probability density function of R, ; under the condition Xrj=1. Let us
also assume that ¥: in (21) is the pattern containing a noise s. The pattern is generated
by means of changing the value of each element of y, from 1(0) to 0(1) with probability
s. At this time, the distribution of s becomes as

s =N (E(s), V(s)) 03
with
E (s)=s5,

V(s)=s5 (1—3),

approximately, where N (g, ¢2?) means the density function of normal distribution with
mean value g and variance o2, Then, the distribution of the first term in (22) becomes
as

X9, 9.=N (4, al) e
with
Ma=ng¢, (1—53),
0i=ng,5 (1—3),
approximately. The distribution of the second term in (17) becomes as

X, Y0 Y, =N (y,05%)

M

@0

oA
<+ -

with
Me=(Ww—1)L {go+5 (1—2¢0)},
dﬁ:<w—1)L[(1—¢o>{¢o+§ (1—2990)} + (W_l) $o (2¢g—2¢o+1)§(1—§)],
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approximately, where w=¢x K and L=¢, n. From (25) and (26), the denisity function
of R;; becomes as

fi(x)=N(u,,0?) @7
with
ui1=L (1—5) + (w—1)L {$o+ 5 (1—280)},
ot=Ls (1—5) + (w—1)L[(1—%0){$o+ 5 (1—%0)}
+ (w—1)¢, (28i—28,+1) 5 (1—5)],
approximately. Similarly, the density function of R ; under X; ;=0 becomes as
fo (2) =N (o,0%) )
with
Mo=wL {o+5 (1— do)t,
oi=wL[(1—¢o){fot+5 (1-28)}+Wé, (2¢;—2¢,+1)5 (1—5)],

approximately.
The threshold value 1 is set so that the loss is minimum.® The threshold value is

obtained from (27) and (28) which s=0.

A — #%_/‘lg_zdzln Tz

(
2(p1—po) ’ @

with
T.=¢./(1—¢.).

In (29), o, becomes nearly equal to o’ when s is small and w is large. Then we put
021=020=a’.
Let P, and P, be the probabilities that the elements of X, 1 and 0, are recalled

correctly by the key ¥, respectively. From (27), (28) and (29), these become as

_ 1 _ ) g
Py = = S exp { 902 }dx =F (a,) $0
and

1 )?
S _ X" Ho —
with
o = M1 h ao= AHo
o ’ o ’
_ 1 12
F(z)= -—— S — b
(x) /27: . exp 5 ) dt,
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respectively.
The recalling ability P is generally defined as the probability mean of P;, and P, as

Pi=¢. -F(a,) + (1—¢.) - F (a,). (67
As we direct our attention to the property of the key pattern, we put ¢:=0.5. P, be-
comes as
— n (1—¢,) )
p=F (/"1 &
when s=0.

4.3. Case of Variable Firing Rate

In this case, the distribution of the firing rate of key patterns becomes as

¢y:N<E(¢y)9 V(¢J’)) (34)
with

E (¢y) =¢o,

V (8,) =8, (1—40),
approximately.

The denisity function of R, ; is derived in the same manner as the case of fixed firing
rate. The mean values and variances corresponding to (27) and (28) are given by

p1=L (1—=35)+(w—1) {$o+5 (1—280)}
oi=L (w—1)[(1—¢o){$o+5 (1—2¢0)}
+(w—1)8, {285 —280+1)5 (1—35)+ (252 —25+1) 80 (1—¢,)}),
po=wL {$,+5 (1—280)},
oi=wL[(1—80) {do+5 (1—240)}
+w o {(285—280+1)5 (1—5 )+ (25"—25 +1) 80 (1—40)}],

@9

approximately. The threshold value is determined from (29) and (35) which s=0. The
recalling ability is determined from (30), (31) and (32). We denote it by Py. The re-
calling ability Py becomes

v o (L. [r(1—8,) |
PV “I‘ ( K ¢ 0 ) ’ (36)

when ¢x=0.5 and s=0.
As known from (33) and (36), the smaller @, becomes, the higher the recalling ability
becomes. From the comparison between (33) and (36), we can know that the model has
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the higher recalling ability in the case of fixed firing rate than that of variable firing
rate when the number of the memorized patterns increases (Fig. 5).

P
1.0
Pe
P
¢x - 0'5 V
¢, = 0.5
0.5F n =100
] i (] 1 1 K
5 10 15 20 25

Fig. 5 Relations between K and P; and between K and Py,
where ¢x=0.5 ¢,=0.5 and n=100

From the above consideration, we can conclude as follows. The two properties
that the firing rate of the key patterns is constant and the overlapping rate among them
is small are favorable for the associative memory. Therefore, we can surely apply the
function of pattern separation to producing of the key pattern having the above proper-
ties.

5. Associative Memory having a Function of Pattern Separation

Figure 6 shows the model of associative memory having a function of pattern sep-
aration. In the model, the pattern separation system, viz. two-layer neural net, is directly
coupled as preprocessing device of the traditional associative memory system. Then, the
key pattern y, on the first layer is transformed to the pattern Y, on the second layer

== m-- - -ms - - ———— a
: 1|2[_]_T_[~ m :
R 1 1 '
1 N [
1 2 " ]
2 UEPAREE N + + -—:
o - ‘_\l--:-ch o + + 1
i " N f
2 ’ 1
' ! [ R + 4 + T
n ~ N N \
' 2 i . 1 '
o ENES B ER gy Y

N AU

Fig. 6 Associative memory system with a function of pattern
separation



578 Nobuhiko IKEDA Toyoshi TORIOKA

through the neural net, where the firing rate of Y, is controlled at ®. The pattern Y,
is expressed by

Yi= (Y, Yio, =, Y, Yia), &)

where k=1,...,K and each element takes on value 1 or 0. In this system, the pattern
Y substantially works as the key pattern which is associated with X,. The memorizing

and the recalling processes are performed in the same manner as the traditional model.
Those are described as

K
(M] = ?:1 Xy Yy, , 69
Xr =Uy [[A/I] M ?r], (39)
- ~ K -
X, =u, [Rrj] :uh[er Y:Y, + k2=1 Xy Yi - Y’]' @0

k¥r

In (39) and (40), Y. is the transformed pattern corresponding to yr. It is expressed by

Yr: (Y,.], Y,vg,"', Y,j"', Ym). (41)

6. Effect of Pattern Separation on Recalling Ability

The density functions of R, in this case corresponding to (27) and (28) can be de-
rived by using the overlapping rate among the key patterns. Let r. and 4; be the mean
of overlapping rate between y. and y: and the degree of pattern separation under those
patterns, respectively. At this time, from (7), the mean of overlapping rate T between
Y, and Y. becomes as

Tr:‘rr ¢ A'Y' (42)
Similarly, the mean of overlapping rate T, between Y, and Y. becomes as

Tszk ° Ak; . (41)
where 7, is the mean of overlapping rate between y, and ¥, and 4, is the degree of
pattern sparation under the patterns y, and y.. We derive the equations of v, and 7,
concretely. In the sense of mean value, ¥, ; takes on value 1 with probability 1-s when

yrj=1. On the other hand, it takes on value 1 with probability s when y.;=0. There-
fore, the mean of firing rate ¢ of y: becomes

$=¢o+5 (1—280). | m

The mean of common firing rate ¢, between y, and y. becomes

¢1=¢0 (1—§). (45)
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From (3), the mean of overlapping rate v, becomes as

r — ¥ — / B o (1—5) 46)
Bo % $o-+5 (1“‘2?‘0)

Ty is also derived similarly. y, and ¥: are independent one another in this case. There-

fore, the mean of common firing rate ¢, and the mean of overlapping rate r, under
those patterns become as

Pr==g, {do+5 (1—284)}, @

rom [P = [ 1dets (1—290)1. w9
b4

T, and T, can be also regarded as the probabilities that Y+ Y:; and Y« Y:j(kaer)
take on value 1 under the condition Y, =1, respectively. By using v, and ry, the density
function of R;; under X, ;=1 is obtained as follows,

fr(x)=N(uy,01) @)

with

pi=M-T,+(w—1)M-T,,
oi=M-T, 1—=T,)+(»—1)M-T: 1—T,),
approximately, where M=®:N. Similarly, the density function of R:; under X ;=0 is
given by
folx) =N (1,,0%) 60
with |
po=w M- Ty,
oi=w  -M-T:. (1—T.),
approximately. The threshold value is determined from (29), (49) and (50), in Which‘

s=0. When s=0, the mean of overlapping rates r. and r, become as

7,=1 61

and
Ti=¢,. 62

The recalling ability is derived from (30), (31) and (32). We denote it by Ps. The
recalling ability Ps becomes :

P‘:F(/Mz—(;;;:m ) , 69
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when ¢x=0.5 and s=0. In (53), 4 is the degree of pattern separation under the patterns
yr and yr.

Figure 7 shows the relation between the degree of pattern separation and the re-
calling ability of the present model. The values of parameters are as follows.

$x=0.5, ¢o=0.5, m=10, n=100, N=300, R=2, s=0.

The recalling ability of the traditional model is also shown to compare with that of the
present model. In the figure, note that the dimension of the key pattern in the tradition-
al model is fitted with that of the pattern on the second layer in the present model. As
known from the figure, the present model has the higher recalling ability than that of
the traditional model when ® is controlled in the range indicated by a heavy line, and has
the highest recalling ability when ® is controlled at ¢0?. Then, we try to derive the re-
calling ability in the general case that the number of connections is R, where ® is control-
led at ¢OR. From (14), the degree of pattern separation 4 in (53) becomes

4=¢§" 64

P
1.0p
0.9t
P
0.8} S
1.0 B =
0
0.7F A
0.27
O . 6 3 2 . 0 0-5//
0.8
0. 5 o —
¢x—0.5
1.0 o = ¢?
0
bt N/K = 2
005 u
1 L L 1 ¢ '{ 1 I} 1 1 J R
0.2 0.4 0.6 0.8 1.0 1 2 3 4 5
Fig. 7 Relations between ® and 4 and be- Fig. 8 Relation between R and Ps plotted
tween ® and Ps, where ¢x=0.5, ¢,= for ¢, as parameter, where ¢x=0.5,
0.5, R=2, s=0 and N=300 o= ¢?%, s=0 and N/K=2

The recalling ability Py becomes

M(1—¢%)

P’=F< 9K 5

(65)
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where ¢x=0.5 and s=0

Figure 8 shows the relation between R and P, where ¢x=0.5, N/K=2, s=0 and
<I>:¢0R. As know from the figure, the higher recalling ability is obtained by increasing
R. The reason for this is as follows. The function of pattern separation is enhanced by
the increment of R. Therefore, the overlapping rate among the key patterns on the sec-
ond layer becomes small. However, the recalling ability is not very improved even if the
number of connections becomes larger than about four. The value of ¢OR becomes very
small as the number of connections increases even if ¢, is large.

For this reason, the control of the firing rate @ is difficult. In addition, there is some
fear that the number of the firing elements on the second layer, N- ¢OR, becomes smaller
than one under a fixed N. Therefore, an appropriate R should be adopted according to
N, with considering the mean of firing rate $, of the patterns on the first layer.

7. Computer-simulated Experiments

On computer simulation, the patterns, X, and yy, are produced by pseudo-random
numbers. The simulation is repeated several times by changing the initial value of pseudo-
random numbers. Figure 9 shows the recalling abilities Ps, P; and Py against the noise.
The value of parameters are as follows.

éx=0.5, ¢o=0.5 m=10, n=100, N=300, K=30, R=2, &=0.25.

The solid lines are the theoretical recalling ability. The chain lines are the mean value
of the recalling abilities obtained from computer-simulated experiments, where the recalling
ability is the mean value of the rates of the elements recalled correctly to all elements of
X;. The figure shows that the recalling abilities, Ps, P; and P,, get worse according to
the increment of the noise s. The present model, however, holds the high recalling ability
over the wide range, and the recalling ability is higher than that of the traditional model.
This means that the present model is tolerant of the noise.

Figure 10 is the relation between the mean of firing rate ¢, and the recalling abilities,
P, P; and P,, under the condition s=0.05. The values of other parameters are
same as those in the figure 9. As known from the figure, the recalling ability Ps of the
present model holds the high value, while P; and P, of the traditional model get worse
drasticlly when the firing rate %, becoms large. This means that the property of pattern
separation in the present model is very effective for the associative memory system when
the overlapping rate among the key patterns is large.

To sum up the above theoretical and experimental examination, the excellent points
of the present model are as follows.

(1) The model has the higher recalling ability than that of the traditional model

when @ is controlled at near to ¢0R.

(2) The recalling ability is the highest WhenCI>=¢°R.

(3) The recalling ability is improved by increasing the number of connections be-

tween two layers.

(4) The model is tolerant of the noise.

(5)  The model maintains the high recalling ability even if the overlapping rate a-
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P P
1.0 -
P
s
¢X= PV
0.5} 9,70.5 0.5F R= P,
¢ =0.5 % = ¢§
R=2 | s =0.05
¢ =0.25 1
1 I g ! 4 1 ) } ¢0
0.1 0.2 0.2 0.4 0.6 0.8 1.0
Fig. 9 Recalling abilities, Ps, Pf and Py, Fig. 10 Recalling abilities, Ps, P¢ and Py,
agaist the noise s, where ¢x=0.5, ¢ agaist the mean of firing rate ¢,
=0.5, N=300, K=30, R=2 and ®= where ¢x=0.5, s=0.05, N=0.05, N
0.25 ’ =300, K=30, R=2 and ®=¢E&,

mong the key patterns becomes large.

The excellent points of the present model are attributed to the function of pattern
separation of a two-layer random neural net described before, which produces the pat-
terns favorable for the associative memory.

8. Conclusion

We have clarified that the function of pattern separation of a two-layer random
neural net has the property favorble for the associative memory. Then, we have pro-
posed a model of associative memory having the function of pattern separation. The
recalling ability in the case including the noise has been derived, and has been compared
with that of the traditional model. In addition, the recalling ability has been examined
through computer-simulated experiments. As the result, as expected, it has been proved
that the model has been superior to the traditional model with respect to the recalling a-
bility. Further, it has been cleaned up that the recalling ability has been enhanced by
the function of pattein separation.

In conclusion, in the comparison of the recalling abilities, we have fitted the dimen-
sion of the pattern Yx on the second layer in the present model with that of the key
pattern yy in the traditional model. However, the total number of the elements in the
present model is larger than that in the traditional model by the elements of the first
layer. The comparison considering these points should in the future.
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