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In this paper, we generalize the concept of ordinary and

extended approximate reasoning. We demonstrate that under

certain conditions the generalization actually reduces respec-

tively to the ordinary and extended approximate reasoning and

agrees with the classical concept of modus-ponens. We offer a

simple method of computation, the generalized approach is applied

on a numerical example and very promising results are obtained.
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1. INTRODUCTION

In ordinary approximate reasoning as suggested by

zadeh /1 _/, we make inferences of the form

p s if X is A then Y is B

q s X is x

: ’
r €« Y is B

where the variables X, Y take values in universes of discourse,

. ’
U, V respectively and A, A

. B, B' are inexact concepts which

are approximated by fuzzy sets over U,U,V,V respectively.



In extended fuzzy reasoning as suggested by Mizumoto ZTZ _7,-

we make inferences of the form

P : if Xl is Al and Xz is AZ and eee Xn is An then Y is B
: x, is £, and x., is £, ana x_ is X
qg 1 1S 1 a 2 S 2 an ees n S n
4
r & Y is B

where Xi's are variables taking values in the universes of
discourse Ui; i=1, 2, «+e, n and Y is a variable taking values .
in Vv, Ai and K; 'are fuzzy subsets of Ui (1=1, 2, eees, n), B and ¥/

are fuzzy subsets of V.

In both models the similarity is that the conclusions are
simple fuzzy statements that define the possible state of a single
variable Y. Thus in order to obtain a conclusion, in both fuzzy
models discussed so far we require prior information about all
variables that appear in the body of the rule. Hence the above
method is applicable to deducing conclusions when the expert does
not have adequate infommation regarding one or more variables but
does‘have inforﬁation regarding the other variables that appear
in the body of the rule. Also in this case the existence of the
information in the set of facts induces a possibility distribution
which is implied by the dependence betyeen the variables expressed
by the fuzzy relation(s) as obtained from the translation of

premise(s) p.

Here we shall consider the derivation of a conclusion

( , a relation ) from a rule of the fomm



if Xl is Al and Xz is Az and eceee Xn is An then Y is B
consisting of a number of simple fuzzy propositions in its body

combined using the connective " and “ together with a number of

premises of the form
Xi iS A’i ; i = 1’ 2' LI L ] m
or a single premise of the form
’ ¢
X1 is X; and x2 is A2 and eee X.m is Am
where m s n <e0,
Finally, the procedure to deduce a rule from the above
relation is discussed, in which the body of fhe rule must con-
sist of the variables about which no prior information was found.

And thus in our proposed technique, we are going to make infer-

ences of the form r given by

p ¢ if X1 is A1 and X2 is A apd cee Xh is An then Y is B

2

q

. 4 . /
Xl is Al and X2 s Kz and eee )Crn is Am

R '
r € if xm_lztsAm+1 nd X isA . and..X 1sA then Y is H.

Hence the proposed technique is @ sharp extension of
Mizumoto's extended fuzzy reasoning / 2 _7.

2¢ MATHEMATICAL FORMULATION OF THE PROBLEM

For some n <& , let

Xl' x2' L Y Xn, Y

be n+l linguistic variables taking values in universes of

discourse

W s s



Ul' U2' oo, Un' V

respectively, and let there be two typical premises expressed as

p s if X1 is A1 and X2 is A2 and f.. Xn is An then Y is B
/ ’ ’
q: X1 is A1 and x2 is A2 and ... Xh is Am .
L
Here Ai ( i = 1' 2' LA A ] n)' Ai ( i = 1' 2' .,." m)’ B are inexact

concepts that when approximated by fuzzy sets over their respec-

tive universes takes the form

3 Iy

i , : :
A, = I M (uj)/uj CU = 3% ul; i=1, 2, «.., n
S R R = © o

4 ji v .
A, = : :
B = §uB(vj)/vjcv= §vj.

In the case where the variables appearing in q are not
in the said order, we can rearrange the appearance of the vari-

ables in both premises pand gand then rename them to obtain the

same result.

The translation of the logical relation between sentences
appearing in premises pand q into mathematical relations R and S
respectively, will be given by

p —» [l Xy0 X5 eeey Xp ¥) = RQU; x U, x . xU xV
where

Bp(us, Wpyreee, v) = min { uAi(ul). By (uz)""'“An(“n)' M-B(v)}

2
and




q"—’ n(Xl, XZ, csee, Xm) = SGlesz... XUm
where

us(ul, Ujreses um) = min {uxl(ul). usz(uz), uA:m(um)'}.

Thus we have two relational matrices R and S induced by the

propositions p and q. The particularization of R by S can be
easily obtained according to

NXyo Xpoeer X0 V) £ (XXX ) =8 7=RANS

where 'S

S x Um—l—l x Um+2 X eeex U XV is the cylindrical

extension of S. Projecting RN} S on Uit X Upypp X oee X Uy x V

we have the required inference

re= (X 40 X  oreees Xy ¥) = Proj [/ ROS J
where

]"'(wm+1' u’m+z""“’n' v) = Sup { uR(ul,...,un,v) /\us(ul,uz,..,um)}

(Xml,xm*_z,...,xn,Y) ul,uz'o.o,um

Thus from premises pand g we can have a conclusion r that is a
(n-m+1)th order relational matrix corresponding to (n-mt+l) depen-
‘asnt variables, viz. xmd X’Mi scee, Xh, . To convert it to a

rule we first find the induced possibility distributions of every

variable independently, using the projection principle, and qbtain

ri ) Xi is A’i H 1 =ml, m+2, eee, n

and

r € YisB’ .



¢
where A; , B are fuzzy sets defined over Uy (i = m+l, mt2,

«++, n) and V respectively and are given by

B= Proj, £ N(x_,, Knpot o0 X0 V) 7

and
/ . . —
Ai = PIOJUi [ n (}(rn_'_l' Xm+2, see, Xn, Y _7 s i= IlH‘l, ee, e

Hence from propositions p and q we obtain

4

. 7 ’
r € if Xh+1 is Am+1 and Xm+2 is Am+2 and eee xn is An then

/
Y is B .

Now the obviocus demand that the consequence be

if Xpey 1s A, and Xint2 is Ao and eee X is A then Y is B

whenever

Kié_- Ai '. i = 1' 2‘ e e, m

will be met if we choose the underlying fuzzy sets normal.

4. CONCLUSION

The above fuzzy mathematical model for approximate reason-
ing is completely a new one aiming at application in many enginee-
ring problems. Throughout this paper we use only one rule of
inference but we can surely use other methods in fuzzy logic for
the translation ofipropositions-- We implement the concept of

generalization through computationally simple procedures. The

results obtained are very promisinge
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