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A Neuron- Inspired Fuzzy Relation Model of Dynamic System
And Its Learning Algorithms
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Abstract In view of fuzzy sets and their operations, three kinds of logical neurons,
i,e., AND,OR and AND/OR neurons can be chassified into two types: weighted and re—
lational. Using AND, OR and AND/OR neurons, a fuzzy relational model for dynamic
system modeling is provided as well as its learning algorithms. By a simple example, the
soundness and learning capability of the algorithms are verified.
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1 (Fuzzy Neurons)
: x Q=(pup2 »pi),
)X o= il prelp2, il pi) x= (p,p2 )
1 (Weighted Neurons)
, OR AND ) ) AND

1 (AND OR)

,  xi= (M, pe,  ,pin)  AND  OR :
AND: y= ANDwix: = (MiHWiHi],M_iIIWiIJiZ, ,llY[inwiuu,) (1)

I€i<n I€i<n
OR: y = IQ_sz'xi: (ngwmu,%\i[gxwmn, ,M;ixwiuiz,) (2)
, AND/OR. ,AND/OR
AND OR , AND OR AND/OR
A=1,¥=0 ,AND/OR AND, A=0,¥=1 ,AND/OR OR.

y= AND/ORwix:
= (Max(?\Minw,'un,yngwmn), , (Max (AM imw iptir, ¥ Maxwipi))) (3)
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wi(i= 1, ,n) s , AY,wi(I=1, ,n) [0, 1],
wi= 1
2
2 (Relational Neurons)
) wi, s, Whn
Ri, ,R. vy ,0=(p'1,p'2, ,p'm) :Ri=[ri](i= 1,
=1, ,1,j=1 ,n).
AND: y = AN <DxLORt (4)
OR: y = 1(<)B xi ORi (5)
“o , Max— Min  Max- Product
AND/OR: y= OR(AAND(x:°Ri), ¥ OR (xi© Ri)) (6)
2
[5]7 :
X(t+ I)Zf(X(t),X(t— 1)? 7X(t_ r)vU(tvt_ r)) (7)
Y(l) = g(X(t)aX(l_ 1)7 9X(t_ r)oU(tal_ r))
r
’ (7) B 2
X(t) = (“”(t)v 9“”1(t)7 7“"1(t)7 9“"’1(”)
Ule) = (wi(e), ,wu(z), ,wa(), ,wu,())
Y(t) = (V“(t))v 7W3(t)= 9‘/)1(”9 vv/‘l3(t))
C=1[C:(w=1, ,nb,z=1, ,plsi=1, .1
D= [du:](w =1, ,nb,z= 1, ,pl3)
. AND OR : )
vi(t) = Min( Mln l<1\2[1n CAL Han(t— E"+ 1), 1I\/%ax dri, Wan(t)) = WP
A . (8
vi(t) = Max(Max M ax cuuum(t— E"+ 1), Max dri W2e(t)) = ng(9)
IS s ES 1Sk, P
AND/OR swi= Max(Av s yvf_?“) ( 10)

= (1— 1)*b+j
( [5]): ur= u(k', ), vi= v(k', L)
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i Hi1 Hi Hi3 Hu i Vil vi2 Vi3 Vi4 3 w1 W2 Wr3
1 {0.97 [0.11 |0.00 [0.00 1 10.00(0.35(1.00 | 0.00 1 {0.00(0.27]0.80
2 (0.00[0.35(1.00 [0.00 2 10.08 (0.70 | 0.30 | 0.00 2 {0.00[0.35]1.00
3 (0.080.70{0.30 [0.00 3 10.00(0.020.15]0.95 3 (0.08(0.7010.30
4 10.0 (0.02]0.15]0.95 4 10.00]0.10{0.30]0.95 4 10.00(0.02]0.15
5 (0.00]0.10 {0.30 [0.95 5 [0.00]0.10(0.45]0.02 510.00(0.10]0.30
6 (0.00]0.10 {0.45 [0.02 6 10.00(0.120.50]0.01 6 [0.00]0.10(0.45
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