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Abstract
In this paper new Logical representations and generalization of OWA operator are given. Gener-
alization is based on substitution of AND function, which is min faultiness in logical representation of
classical definition, by any other AND function or class of AND functions.
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1 Introduction

Order weight aggregation (OWA), [3], is very popular in many fields of applications, [4]. The reason for
this is, among others, the facts that (a) the complexity of the aggregation problem by OWA operator is
same as complexity of aggregation by weighted coefficients and (b) by OWA operator can be modeled the
interaction among attributes which is impossible by weighted coefficients approach.

In this paper logical representation and generalization of OWA operator is given. Logical representation
and generalization of order weight aggregation operator is based on the fact that classical OWA operator
is particular case of discrete fuzzy Choquet integral and on logical representation and generalization of
discrete fuzzy Choquet integral [1].

In the first section the logical representation of OWA operator is given, and symmetric and logical
symmetric fuzzy measure and Mobius coefficients are defined. Logical representation of OWA operator
in function of symmetric fuzzy measure and symmetric Mobius coefficients are given too. Relationship
between symmetric fuzzy measure and/or symmetric Mébius coefficients with weighted coefficients in
OWA operator are derived.

In the second section generalization of OWA operator is given. Generalization is based on substitution
of AND operator, which is in logical representation of classical OWA operator defined as a min function,
by some other AND function or class of AND functions.

2 Order weight aggregation - OWA

We consider discrete spaces only. In the whole paper, we will work on a finite universe 2 of n elements,
Q= {a1,...,an}. P(Q) is the power set of 2, while |2| denotes the cardinal of a set 2, and A\ B denotes
the set difference.

2.1 OWA classical definition, [3]:
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2.2 OWA - new logical representation as a function of w

Proposition 1 OWA operator can be represented as

OW Ay (ay,...;an) = iwi \/ /\ ap, Yw; >0, iwz =1.
i=1

i=1  ACQ;a,€A
|A|=i

Proofs can be found in [1].
Example 1 For the case of three attributes Q = {a1, az,a3}:

OW A, (a1,az2,a3) = wi(ay Vaz Va) +we(ar Aaz) V (a1 Aas) V (az A ag) + ws (a1 Aaz Aag) .
Proposition 2 OWA in function of w and AND operator only can be represented also as:

OW A, (a1,...,an) = Zwi Z (—1)|A|_i /\ ap

ACy ap€EA

Vw; > 0, Y wi=1

Example 2 For the case of three attributes Q = {a1, az,as} :

OW Ay (a1,a2,a3) = wy(a;+as+az—a; ANag—ay Aazg —as Aag+ay Aas Aaz) +
+w2(a1Aa2+a1Aa3+a2Aa3—a1/\a2Aa3)+
+ws (al/\ag/\ag).

2.3 OWA - new logical representation as a function of j,—symmetric fuzzy
measure
Definition 1 Symmetric fuzzy measure is fuzzy measure which is a function of only cardinal number:

pi (A) = p (A ; |A| = j; AcCQ.

Definition 2 Logical symmetric fuzzy measure is symmetric measure p™° if it takes the values from

(0,1}

Example 3 Logical symmetric fuzzy measure for the universal set Q = {ay1,az2,a3} :

M1 | M2 | M2 | M1,2 | H1,3 | H23 | H1,2.3
1ES o nas ol olo] o 0 0 1
H(ainaz)V(aiAas)V(azAasz) 0 0 0 1 1 1 1
1E2 asvas 1111 1 1 1 1




2.3.1 Conjunctive form

Proposition 3 OWA operator as a function of symmetric fuzzy measure can be represented by next
conjunctive logical expression, [1]:

OWA,L(al,...,an)zzum WS S A

AcCQ; BCO\A apc AUB
|Al=1

Example 4 New conjunctive logical representation of OWA operator for three attribute case:
OWAu (al, as, a3) = ‘LL‘1| ((11 + as + as — 2(11 A ag — 20,1 A\ as — 2(12 A as -+ 3@1 A a9 A 113) -+
2 (a1 AN az + a1 Aaz + az Aaz — 3ay Aag Aaz) +
+u‘3|a1 N ag N as.
=my| (a1 + az +az) +mg (a1 Aaz + a1 Aag +az Aaz) +mys| (a1 A az A ag)
where my; are symmetric Mobius coefficients:
M1 = A
Mi2| = Hi2) — 241
3| = 31| = Shz + fhi3)-

2.4 OWA - new logical representation as a function of symmetric Mobius
coeflicients

Definition 3 Symmetric Mébius coefficient is Mébius coefficient which is the function of only cardinal

number:
my; = m(|A]); Al=4; AcCQ.

Proposition 4 OWA,, operator as a function of symmetric Mébius coefficients:

OW A, (a1, ...,a,) = me Z /\ ap.
i=1

AC; ap€EA
|Al=i

Proposition 5 Connection between symmetric fuzzy measure ), i = 1,...,n, and symmetric Mobius

coefficients my;| i = 1,...,n, for the case of n attributes, is given by the next expression:

i—1
JUH =1 E myj| + My 1=1,..,n.
Jj=1

2.5 Connection between symmetric Mobius coefficients and OWA weights

There is connection between symmetric Mobius coefficients my;, ¢ = 1, ..., n, and weights in OWA operator
wj 7 =1,...,n, given by next proposition:

Proposition 6 Connection between symmetric Mobius coefficients m;), i = 1,...,n, and weights in OWA
operator w; 7 =1,...,m 1s:

Wi =Mmyp_1) + My i=1,...,mn; my :=0.

and inverse _
1

my; = Z (1) wj, i=1,..,n.

Jj=1



2.6 Connection between symmetric fuzzy measure p, and weights w in OWA

Proposition 7 Connection between symmetric fuzzy measure pj;), @ = 1,...,n, and weights w;, j =1,...,n
in OWA for the case of n attributes (variables) is given by the next relation:

Jj—1 .
k -1 )

k=0

3 Generalization of OWA operator

Generalization of OWA operator is based on replacing AND operator defined as min function, in logical
OWA representation with some other function or family of functions, used as AND operator.

3.1 Multiplicative OWA operator
In equivalent logical representation of multiplicative OWA fulgurate as AND operator the multiplicative
function
N a=1]] a
ap€A a,€A

instead of min function

/\ a, = min {a,}
ayEA ap€A

as it is the case in classical OWA operator.

3.1.1 Multiplicative OWA operator in function of OWA weights

OW Ay (a1,...;a,) = iwi ST EDATT ap

=1 ACQ; apEA
|A[>i

n
V’LUj > 0, Zwi =1
i=1

Example 5 Multiplicative OWA operator in function of w for the three attributes:

OW A, (al,ag,a3) = wp (a1 + a9 + a3 — arag — ajaz — aza3 + a1a2a3) +
+wy (a1a2 + araz + azaz — arazaz) +

+wsaiaz2a3

3.1.2 Multiplicative OWA operator in function of symmetric fuzzy measure

OWA#(al,...,an):ZMi‘ Z Z (71)‘B| H ap.

i=1 ACQ BCQ\A ap€EAUB
|A|=1

Example 6 Multiplicative OWA operator in function of i for the three attributes:

OWA, (ai,a2,a3) = py1) (a1 + a2 + a3 — 2a1a2 — 2a1a3 — 2aza3 + 3aiazaz) +
+p2) (a1az + a1a3 + agaz — 3arazaz) +
+u3) (arazaz) .



3.1.3 Multiplicative OWA operator in function of symmetric Mébius coefficients

OW Ay, (a1, ....a ZWHZ IT

ACQ; apEAUB
|Al=1

Example 7 Multiplicative OWA operator in function of m for the three attributes:
OW Ay, (a1, a2,a3) = mpy (a1 + a2 + a3) + myg| (a1a2 + a1a3 + azaz) + mzjaiazas3

3.2 Yager Yager OWA operator

If for AND operator in equivalent logical representation of OWA operator is used Yager generalized AND
parametric operator:

/\apzl—min 1, Z(l—ap)A ;o A>0,

ap €N ap€EN

it was got the Yager-Yager operator
3.2.1 Yager-Yager OWA operator in function of OWA weights

OW Ay (a1, may) = > w; . (DM 1—min{1, | Y (1-a,) © A>0.
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3.2.2 Yager-Yager OWA operator in function of symmetric fuzzy measure

OWA, A (a1,....a Z,uH Z Z lB‘ 1 —min < 1, Z (17%))‘ ;o A>0.

i=1 AcCQ; BCQ\A ap,€AUB
[A|=1

3.2.3 Yager-Yager OWA operator in function of symmetric Mdbius coefficients

OWA;,A(a1,...;a ZmHZ 1—min{ 1, Z (l—ap)/\ : A>0.

=1 ACQ; apEAUB
|A|=1

4 Conclusion

In this paper is given logical representation of OWA operator, based on logical representation of dis-
crete fuzzy Choquet integral [1]. Symmetric fuzzy measure and symmetric Mobius coefficients are defined.
Relationship between symmetric fuzzy measure and/or symmetric Mébius coefficients with weighted coeffi-
cients in OWA operator are derived. Equivalent representations of OWA operator in function of symmetric
fuzzy measure and symmetric Mobius coefficients are given.



Generalization of OWA operator is based on substitution of AND operator, defined as a min function,
in logical representation, by some other continual AND operator - for example: multiplicative function.

Possibilities of applying the logical representation of OWA operator and generalized OWA operators
in different fields (such as multi-variable statistical analysis, data mining, reliability analysis, pattern
recognition, fuzzy-neural systems, etc.) will be the subject of our forthcoming paper.
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