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{Abstract)

In this paper, we define a concept of some set-theoretical operations of L—R
type fuzzy numbers and discuss some properties of these concepts. Using these
results, we discuss a concept of cardinality of type-two fuzzy sets.

1. Introduction

Let X={x,, %, ',%,} be a finite set, A fuzzy set M in X is defined by
M={(x, p(x)) | x=X}
vhere py :X — [0,1] is the membership function of M. The complement M of a fuzzy
set M has the membership function pp=1—puy . Zadeh[15, 16], A, Ralescu[9], D.
Ralescu[10], Wygralak[12], Dubois and Prade[l,2,3], and Yager[14] investigated
concepts of cardinality of a fuzzy set and obtained some properties of these
concepts.

In this paper, we define the set-theoretic operations; max%, min¥, and complement
of L—R type fuzzy numbers on [(,1], and investigate some properties of these
operations. Using these properties , we define a new concept of cardinality of
type-two fuzzy sets. Furthermore, we obtain several properties results of this
concept.

2. Preliminaries and definitions.

In this section, we introduce fuzzy numbers , L-R fuzzy numbers, and some
operations of I.— R type fuzzy numbers.



Definition 2.1 [2] A fuzzy number is a fuzzy set M of the interval [0,1] if
(1) M is normal, i.e. 3, x,=[0,1] such that py(x,)=1 ;
(2) M is convex, i.e. ulix+(1—Av)z2min(uyx), uu(y)) for all xv,A=[0,1]:

(3) pu is piecewise continuous.

Let L and R be strictly decreasing continuous functions from [0,1] to [0,1] such
that 7(0)=R(0)=1 and L(1)=R(1)=0. Then, L and R is called the left and the
right shape function, respectively(see [7]).

Definition 2.2 [2,7] A fuzzy number M is said to be an L — R type fuzzy number it
its membership function is defined by

L(%) for m—ae=xs=m<l,m=a>0

1a) = R(x_ﬁm) for m+B2x2m=0,1—m=B>0

0 otherwise

Symbolically, we write M= (m,e,f);r and denote that A;p is the class of all
such L — R type fuzzy numbers,

Definition 2.3 Let M=(m,a,8;r and N=(n,7,8 . belong to A;r Then
max "(M, N) and min "(M, N) are defined by
max “{M,N}=(mN'n,a\B, 5NV 1z ;

min “{M, N} = (mA\n,aV B, B/\6) 1z.
Using the next proposition, we can discuss the order of L — R type fuzzy numbers,

Proposition 2.4 Let M=(m,a,H;r and N=(n,7,8);» be elements of A;p Then, we

have
max (M, N=M, min"(M,M)=N if and only if m<n, =7, and <8

Using the definition([2,3]) of substraction M & N of fuzzy numbers M, N and
the Eq.(4,2.1) of [3], we can obtain the following proposition.

Proposition 2.5 [3] (1) If M=(m,a,fr and N=(n,7,0z is a element of A;p
and Ajg, respectively, then M & N=(m—n,a+7y, 4+ .

(2) If M=(m,a,f)r and 1=(1,0,0)z is a element of A;, and Ak, respectively,
then 1O M=(1—m,8 &) .

Using the proposition 2.5(2), we can the following complement of L— R type fuzzy
numbers.

Definition 2.6 Let M=(m,e, A and 1=(1,0,0)z be a element of A;z and Ag,



respectively. The complement M of M is defined by
M=1e M=(1-m,Bdx

3. Type-two fuzzy cardipality.

Let X={x;, x5, ,x,} be a finite set. Using the set-theoretic operations of

L— 1 type fuzzy numbers on [(,1], we define the following new concept of type-two
fuzzy cardinality.

Definition 3.1 Let F: X—A;,; be a type-two fuzzy set and F(x,)=M,=(my ar B1L
for k=1,2,~-,n. Then, a type-two fuzzy cardinality of F 1is a function
fo _card F: {0,1,--, n}—A,; defined by

fo —card F(D=min*{M @, M in) for k=1,2,-,n
where M .M, .My are L—L type fuzzy numbers of M, M,, -, M, arranged in
decreasing order of magnitude of the normal points m,, for #=1,2,,%n, and
M=(1,0,Dr . Meurp=00,1,0)rc

From this definition, we can obtain the following proposition,

Proposition 3.2 Let F: X—A;; be as in the definition 3.1, Then we have that
fo —card F(B)=(m y/N\NQA—m 1), @ wVEB es1» B\ (1)) 1L for %£=0,1,---,n, wvhere

m@py=1, mr=0.

Proposition 3.3 Let F: X—A;; be a type-two fuzzy set. The

1 if k=r
fo— cardF(k) = if and only if F is a nonfuzzy set with # elements.

i if k¥

In order to discuss properties of f; _card F of type-two fuzzy set F , we define
the order( < ) of L—L type fuzzy nuobers and the convexity of f, _card F .

Definition 3.4 Let M=(m,a, A, and N=(n,7,8)r be elements of A;; . Then, we
define the order < of M and N :
M<N if and only if m<n, az=y, and f<6.

Definition 3.5 Let F: X—A;; be a type-two fuzzy set. Then, £ .card F is
convex if
£ —card F()=min"{f, — cardF(k), f;— cardF(»)} whenever k<I<y .

Proposition 3.6 Let F: X>A;, be a type-two fuzzy set and
F(xp) = M= (my, 0y, B 1z for k=1,2,-- n.



Assume that M gpz=M ph2Mgz--2My2M ey Then, f _card F is convex.

Proposition 3.7 Let F: X—A;; be a type-two fuzzy set and
F(xp) =M= (my, @y, B 1 Tor k=1,2,-, n.
Assume that M gn=My2Mop=z-2M =M ,4+1. Then, we have

fo _card F (B=/f, —card F(n—k) for k=0,1,-, %
where F'(xy)= M y=(1—my Bi ey for k=12, n.
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