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Abstract; This paper gives some Fuzzy composition operators and gets order of
seven composition operators on Mamdani’s composition algorithm. Theoretical
analysis shows that the paper extends Mamdani’s composition algorithm and ob-

tains more rational composition operators.

1. Introduction

Mamdani’s composition algorithm is a kind of Fuzzy reasoning method which
widely is studied and used in Fuzzy control theory and industrial application. At
present, most of controllers are desiged by Mamdani’s composition algorithm.
However, theory and practical application shows that Mamdapi’s method isn’t the
best Fuzzy reasoning method which fits our intuition. The paper improves
Mamdani’s composition algorithm for Fuzzy inference in preciseness and uniformi-
ty. By changeing Mamdani’s max— min composition operator into a series of oth-
er composition operators, we obtain a set of composition operators and set up the
order of Fuzzy reasoning. So,we provide some Fuzzy composition operators with
comparison for designing Fuzzy controllers and lead to rational selection of Fuzzy
reasoning method in Fuzzy control.

2. Unifomi criterium of Fuzzy reasoning

(1) Mamdani’s composition algorithm
Zadeh presented compositional rule of inference in 1975. It transforms a
Fuzzy conditional proposition for instance "If X is 4 then Y is B” into a Fuzzy re-

lation accoding to Fuzzy logic implication operators. later, it reduces on basic of
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composition of Fuzzy relation.

Up to now,there have been a lot of Fuzzy composition reasoning algorithm.
Mamdani’s max—min composition algorithm is popular in Fuzzy control and ap-
plication. In the following, we will introduce Mamdani’s composition algorithm.

Suppose ;€ F(U), Y,€F(V), i€ I(index set), t==1,2,+**,5 to be Fuzzy
set in domain U= {U,,U;,+,U,} and V={V,,V,,+,V.}. F(U) and F(V) are
Fuzzy power sets of domain U and V respectively. 4, B;, i=1,2,... ,n express
Fuzzy variable of convex regular in F(U) and F(V) respectively. Now, we con-
sider the following Fuzzy reasoing. form.

Ant 1 ; If X,=A, then Y,=B,

Ant 2 ; If X,=A; then Y,=B,

(D
Antn ; If X,=A, then Y,=B,

Ant . If Xis 4

Cons : Yis B

So, BB=A° R=A" o U (4XB;). Where ” « " is max—min composition opera-

i=1

fors. X is cartesion product. B= (ry)mxes r.-,=‘\:/l(p4,(i) A 4= (). This is a
Mamdani’s composition algorithm.

(2) Uniformity of inference

At present, many scholars have presented fifteen Fuzzy reasoning methods
and compared their properties [2,3,4]. However a lot of papers didn’t propose e-
valuating criterium to these Fuzzy reasoning methods and leaded to selecting
Fuzzy reasoning methods’s arbitrary in industrial application. Hence, we give a
kind of evaluating method about Fuzzy reasoning.
Definition 1. Unifomi criterium of Fuzzy reasoning.

Suppose (1)’s reasoning form: "If A’ =A4;then B’ =B;(i= 1, 2, *=, n) ",
The Fuzzy reasoning method is called satisfing uniformi criterium. If ” 4’ = 4,
then B'£B;” , the case is called dissatisfing unifomi creterium. Unifomi creterium
also is called reappearing of rule. A kind of Fuzzy reasoning method is good or
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bed, best verifing method is reappearing of original rule. Because fundment of
Fuzzy reasoning is on basic of original rule. It reflects characters of practical
problem which we deal with. So, this evaluating method is effect.

Definition 2: The Fuzzy reasoning method is called complete reappearing : If 4’
= A then B'=B;(i==1,2,+-,n).

Definition 3 : The Fuzzy reasoning method is called uncomplete reappearing : If 4/
= A then B'C B or B'DB;,i=1,2,,n. -

Proposition 1. Mamdani’s composition algorithm is uncomplete reappearing.
Proof. Only to get 4; « ROB;, i=1,2,,a.

Because 4 ¢ R =t\21Ai<u.> A ).'{;‘"(“') A B,(v))
%‘:’1"‘("') A 4Cw) A By(v)

=V 4(w) AB()
=B;(v) (Because 4; is a Fuzzy set of convex regular)
A BR2B(v) [
From proposition 1, we may find that Mamdani’s composition algorithm’s result
conclude original rule’s result. Futhermore, by increasing rule’s numbers the dif-
ference between Mamdani’s reasoning result and original rule’s result are more and
more. So, Mamdani’s method isn’t best one.

3. Discussing other composition operators

Consider two kind of operators

product operators sum operators

a A b=min{a,b} aV b=max(a,d)

a s b= ab a-f-b=a+b—ab
a@b=0V (a+b—1) ab=1A (a+5)
a, b=1 a, b=0
ap b= b, a=1 aV b=< b, a=0

0, a,0<1 0, a,b>1
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Obviously, all of above operators are Fuzzy operators.
Proposition 2. The following ineqalities are correct for product operators and sum
operators ;
A <O< - <ASVI<BLY
Result is obvious.

Now, we begin to discuss other operators on basic of Mamdani’s method.
Change Mamdani’s max—min operators into the following six kind of operators;
V=1, V—=0,V—=A ,+—A,®— A,V —A.So, we may form six kind
of composition reasoning methods and set up their relatiom between above six
methods and Mamdani’s method. We obtain the following propositions.

Proposition 3. V(AAR2V (4 + B2V (4LOR2V (LA R)=B,
Proof. Because

VARY= V 4@ AL ,f(;“r(”') AB,(")]

>b\=/lA‘(U.) . [,,\ZIA’(U") AB,(V)]
= V(4+R)
>V AWGDOLV 4,W) AB,7)]
= V (4OR)
>V 4,0 A [V 4@ AB,()]
= V(4LAR)
>b\="}1,4‘<u.> ALV 4W) AB(]

V4@ ABP)
= B;(V)
Result is correct. [l
Proposition 4. V (4AR2D (4LAR) 2 + (AARDV (4AR)
Proof. The proving method is the same as proposition 3.

We may get the following proposition from above two propositions.
Proposition 5. ¥ (4LAR) 2 & (4GAR) 2 + (AAR2 VUAAR 2 V
(4B 2 V(AOR) 2 V(4LAR)=B,

From proposition 5, we may find that best composition reasoning method is



26

V — A operator, the bad method is V — A operators and Mamdani’s method is
only in middle state. Futhermore, \/ — A composition algorithm content with

complete reappearing of rule.

4. Conclution

The paper gives six kind of Fuzzy composition reasoning methods and sets up
their reasoning order between the six methods and Mamdani’s method on unifomi
criterium. Futhermore, the paper obtains the best composition reasoning method.
The good method extends Mamdani’s composition algorithm. It’s conclusion is sig-

nificance to Fuzzy theory research and practical application.
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