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Abstract: An association principle is analyzéd and synthetized by means of fuzzy logic.
Dynamical and statical model of fuzzy logic neural network association is considered.



1. Introduction.

In [1], [2], [3], and [4] an  unified theory of fuzzy logic neural systems has been
introduced.

We intend to apply this theory to analyze and synthetise of an association process.
An association can be defined as the process of forming mental connections or bonds

between sensations, ideas, or memories.

We impose a hypothesis that the association process is inherently uncertain. Dynamical and
statical models of fuzzy logic neural associations are the subject of this paper.

Fuzzy logic theory is used as a formal tool to attack a vague nature of the association

process.

2. Fuzzy logic neural association principle.

Let us consider a neuron depicted in Figure 1.
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Figure 1. Single Fuzzy neuron

Let the neuron be trained by the following set of fuzzy rules

{IF Zg and Uy, then Y, ALSO},i=1,2,3,..,1 )

where Z;, and Uy, are input fuzzy variables, and Y, is fuzzy output variable.

A formal behavior of the above neuron can be expressed as



Y=UoR,AZoR, 2

where Uand Z are current fuzzy inputs, and Y is a present output; o0 stands for max-min
composition; /A means min operator.

Fuzzy relations R,, and R, are defined as

R =V {Un A Y5}, ang

1

R,=V{ZoA Yo},

Now we formulate an association principle. Given (2), find input signal U which strictly
associates signal Y with signal Z, i.e. Y=Z
In view of (2) and the above principle we get

Z=UOR,AZoR, 3)

We call Equation (3) a fuzzy association equation.

To resolve the above association principle we have to:

1) given R,R, and Z, find U satisfies (3)

2) given Z,U, find R, and R, satisfy (3)

From practical point of view it is more convenient to formulate similarity association
principle:
Given (1), find input signal U which similarly associates signal Y with signal Z,i .e.



Y =Zo0S, where S is given similarity matrix.

In view of (2), the fuzzy association equation (3) can be rewritten as

ZoS-—-UoRll\ZoR,2

To resolve the similarity association principle we have to
1) given S,R,R,and Z, find U satisfies (4).
2) given Z,U, and S, find R, and R, satisfy (4).

3) given R,Ry,and Z, U, find S satisfies (4).

Let us consider fuzzy logic dynamic neuron depicted in Figure 2.

Z,

Un

Figure 2. Fuzzy dynamic neuron

Let the neuron be trained by the following set of fuzzy rules:
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where i=1,2,3,...,1 is the number of rules and n =0, 1, 2, 3, ... is a discrete-time variable.

X, 1s a past memory of the neuron, and X, is an intended memory of the neuron; Z,



U, are current inputs, and Y is present output.

A dynamic behavior of the above neuron can be now expressed as

X 1=%0R, AU 0R,AZ 0R,

Y, =X, 0R, AU, 0R;AZ OR, }

where
R1 = V { Xn(i) A Xn+ 1(i)}
i

R2=\/{Un(i>’\xn+1(i)}
R =V{z A%

n(i) n + 1(i) }

R4=\i/{xn<i)’\Yn(i)}
R5=Y{Un(i>’\ Y, o)

R6=\i/{zn<i>’\Yn o}

Now we may formulate a dynamic association principle:

(6)

(@)

)

Given (6), find input signals U which strictly associates signal Y, with signal Z , i.e.

Y, =7Z,.



In view of (6) and the above principle we get

X 1=%0R AU, 0R,AZ 0R, @
} @)
Z, =X,0R,AU,0R,AZ0Rg (b)
Solving (7)(a) we get [1]
n-1 n-1
n n-i-1 n-i-1
Xn=XooR1/\{_} UoR,0R} 1A /i=\0 ZoR,0R] @®)
Substituting (8) into (7)(b) we have
n-1
n n-i-1
Z,=X,0Rj0R, A /\ UoR,0R]""'oR,
n-1 - .
AUnoRsA/__\OZioR30R'1H' AZ,0R, ©)
i=

To resolve the dynamic association principle we have to
1) given R,,...,R¢ and X, for Z_  given, find U, satisfies (9).

2) given X, Z, U, find R,, ..., R, satisfy (9).
We call equation (9) the fuzzy dynamic association equaﬁon.

We may also shape a similarity association principle for a dynamic system (6). Given (6),

find input signal U which similarly associates signals Y, with signal Z ,ie. Y, =Z oS,

where S is a given similarity matrix.



In view of the above principle we get

n-1
Z,0S=X,0R0R, A Q U,oR,0R;""'oR,
K n-i-1
AU 0RAN ZoR 0K AZ, 0 (10)
1

Equation (10) is the fuzzy dynamic similarity equation.



Fuzzy logic neural network association.

Let us consider a fuzzy logic neural network association shown in Figure 3.
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Figure 3. Fuzzy network association

Let the following set of training rules be given.

For neuron No. 1

1 1 1
{1F U, and U, and Z; then Y, , ALSO)

For neuron No. II

1
{1IF Uy, and U}, and Z;, then Y,;, ALSO}

Fuzzy equations shaping a behavior of the network can be stated as

where

Y'=U'oR, AU20R2/\ZOR3}
Y UoR/\UoR /\ZoR

(11)

12)

(13)



Now we may specify a net association principle:

Given (13), find input signals U?!, U2 which similarly associate signals Y!, Y2 with

signals Z1, 72, i.e.

[ :}[zzz]

where S, , S, are given similarity matrices.

S
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In the presence of (13) and (14) we have

1 1 2 1
Z oS, =UoR AUORAZOR,
z’08,=U'oR, AU’ 0R,AZ OR,

To resolve the net fuzzy association principle we have to:
1) given S,,S,; R, ..,Rg and Z,,Z, find U!, U? satisfy (15).

2) given S,,S,;Z,,Z,, and UL U2 find R,, ..., Ry satisfy (15).

Let as regard a fuzzy dynamic neural network association depicted in Figure 4.

(14)

15)
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Figure 4. Fuzzy dynamic network association.
Let the considered network be trained by the following set of fuzzy rules:

For neuron No. I

1

1
{IF x:l(i) and U, and Ui(i) and 7, then XIn+1(i) and Yi(i)’ ALSO}‘ (16)

For neuron No. I

1
{IF X,y and Uy, and Us, and Z, then X[ . and Yi(i),ALSO} an

Using (16) and (17) we may precise the following set of fuizy equations:

For neuron No. 1

X, , =X, 0R. AU,oR,AUL0R, AZ O R,

n+l

} (1)
Y, =X, 0R;AULoR,AUioR,AZ oR;



where

n + 1(i)

R11=\/{xi(i)/\x’ }

i

R§=V{Z:x(i>’\Yl }

4 n(i)
1

For neuron No. I

X]:+1=XHORIII/\U,110R121/\U310RI31/\£0RE

} 19)
Y, =X, 0R;AULOR,AU:0RIAZ R}

where

le:V{Xn AXE }

v n(i) n + 1)
1
11
Ry= V { Zyy A Yi(i)}

i

Equations (18) and (19) portray the fuzzy dynamic network association of Figure 4. A dynamic net

association principle may be specify as follows:

Given (18) and (19), find input signals UL, U2 which similarly associate signals Y., Y> with
signals Z:l, Zﬁ, ie.



-[z Z]o

where S,, S, are given similarity matrices.

In view of (18), (19) and (20) we have

n-1 n-i-1

| QR G 1 Il p!
Z,08, = XooRIORSA/i}UioRz{RI} 0

1

n-1
I 1 I I
= Rs/\UnoRs/\{_}tfoR3 0

n-1-

1
I
o{Rl} OR,AUZOR A

N ol (R
/\ZioR4o{R1} OR,AZ,ORy

=0
and
oonm . A omfenlt
ZE,IOS2 = XooRloRSAAUiokz{Rl} o
i=0
- R A UL RH/\/n-\le I ot
= R nORe A4S i OR; °{R1}

n-1
o 18 1 m_
oR; AU30R] A\ Z 0R, 0

n

it I N i
o{R1 } o R, AZ,0R;

Equations (21) and (22) condition the similarity association principle.

association principle we have to:

(20)

€2))

(22)

To resolve the above



1) given X, X0, and R, ..., Ry , and §,,S,, and Z, Zy, find U, U; satisfy
(21) and (22)

In the same manner we may state a memory net association principle.

Given (18), (19) and Z., Z2, find input signals UL, U2 which similarly associate the intended
and past experience of the network of Figure 4, i.e.

I
XD, =X ., 0S, and X, =X,08,.

n+1= n+1

In the presence of (18) and (19) the memory association principle can be stated as follows:
XfloRIIIoSZ/\ U;oRgAUioRgAZio Rf=
I 1 I 1
=)C¥loRloSI/\UnoRZOSI/\Ufloksos1

AZ,0R,08, 23)

To resolve the memory net association principle we have to

I

I 1 .2 ..
s Ry ey R,. and Sl, Sz’ find U,, U, satisfy (23)

3
=
te
N
a8

2) given Xy, Z;, Zo, R}, ... , Rf; and U, UL, find S, S, satisfy (23).

4. Summary.

The association process has been structured by means of fuzzy logic.

To resolve the fuzzy logic association principle a set of fuzzy association equations must be

solved.

The idea outline in this paper may be utilized in pattern recognition, machine translation,

speach processing, etc.



References.

[1] MM. Gupta, J.B. Kiszka, and G.M. Trojan, Multivariable structure of fuzzy control
systems, IEEE Trans. on SMC, Vol. SMC-16, No. 5, Sept./Oct. 1986.

[2] J.B. Kiszka, and M.M. Gupta, Fuzzy logic model of single neuron, BUSEFAL, 1989.

[31 J.B. Kiszka, and M.M. Gupta, Fuzzy Logic neural network, BUSEFAL, 1989.

[4] J.B. Kiszka, and M.M. Gupta, Fuzzy logic neural network with feedback, BUSEFAL,
1989.

[5] J.B. Kiszka, and M.M. Gupta, Fuzzy logic neural processor, BUSEFAL, 1989.



