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ABSTRACT. In this paper, we investigate the relations between con-
tinuous, open and closed maps in interval valued fuzzy topological spaces
(IVFTSs for short) and those of some induced fuzzy topological spaces
(FTSs for short). Then to provide a categorical framework for interval
valued fuzzy topology, we construct some of its subcategories, define many
functors between those subcategories and investigate some of their proper-
ties. Moreover, the relationship between the category of IVFTSs and some
of its subcategories is studied. We proved that the category of FTSs is a
bireflective full subcategory of that of IVFTSs.
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1. INTRODUCTION

Since Zadeh has introduced fuzzy sets[13], many new approaches and theories
treating imprecision and uncertainty have been proposed (e.g.[1], [2], [3],[4]). Some
of these theories are extensions of the fuzzy set theory. It is well-known that a gen-
eralization of a fuzzy set is an interval valued fuzzy set, which is originally proposed
by Zadeh [14], attributed to Gorzalczany [5] and Turksen [12], has been regarded as
an important mathematical tool to deal with vagueness and the relation between ob-
jects in fuzzy information systems. Many topologists have shown interest in several
categories such as Top, Bitop, Unif, Prox[10], etc. The striking similarities among
these categories have led categorical topologists to establish the theory of topolog-
ical categories in fuzzy setting and its generalizations. Lowen [7] proved that the
category of FTSs is topological. Then Mondal, et. al [9] defined the topology of
IVFSs and studied some of its properties, they proved that the category of IVFTSs
with continuous maps is topological. The main aim of this paper is to provide a
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categorical framework for an interval valued fuzzy topology. In section 2, we recall
some preliminary results on IVFSs and IVFTSs which will be used in this paper. In
section 3, we studied the relation between continuity in IVFTSs and that of some
induced FTSs. In the final section, we defined many subcategories of the category
of IVFTSs, some functors on these categories are constructed and investigated some
of their properties. In addition, we examine the relationship between the category
of IVFTSs and some of its subcategories.

2. PRELIMINARIES

In this section, we recall some definitions and results which will be used in this
sequel. For detail we refer to (e.g.[5], [6], [8],[9],[11],[12]). Throughout this paper
let I = [0,1] be the closed unit interval and let us denote the family of all closed
subintervals of T as [I] , where [I] = {[a,b] : a < b,a,b € I}. For any a € I , we
define a = [a, a], then a € [I].

Definition 2.1. [9] Let X be an ordinary set. Then the mapping A : X — [I] is
called an interval valued fuzzy set(IVFSs, briefly) on X. For any IVFS A denote
A(x) = [A1(x), Aa(x)] , where Ay(z) < As(z), x € X. Then the two fuzzy sets
Ay X — [I], A2 : X — [I] are called the lower fuzzy set and the upper fuzzy set of
A, respectively.

Kandil, et al.[6] reformed the above definition for simplicity as follows:
An interval valued fuzzy set is an ordered pair A = (A, Ag) € I x IX such that
A; C Ay , where IX is the family of all fuzzy sets on X. And so the set of all IVFSs
is denoted by ITX and defined by ITX = {A = (Ay, Ay) : Ay, Ay € X, A; C Ay}
The IVFS X = (X, X) is called the universal-IVFS and the IVFS ¢ = (¢, ¢) is called
the empty-IVFS. Obviously any fuzzy set A on X is an IVFS of the form A = (A4, A).

Definition 2.2. [6] Let A = (41, A2) and B = (By, B2) are two IVFSs. Then:
1) A= B < A; = B; where, i = 1,2.
ACB< A; = B; where, i =1,2.

AUB) = (A;UBy, Ay U By).

Aﬁﬁ) = (Al N Bl,Ag n BQ)
A% = (1—As,1— A;) where, A% is the complement of A.

—~

2)
3)
4)
5)

Definition 2.3. [6] Let X be a nonempty set and z € X be a fixed element. An
interval valued fuzzy point(IVFP, briefly) is an ordered pair (zq,z3) of two fuzzy
points with (2, < xg) where, a, 3 € I , 8> 0 and is denoted by z(4 ) = (Ta, 5)-
An IVFP z(, ) € A if and only if (z4 € A and 25 € Ay).

Let X and Y be two nonempty sets and f: X — Y be amap. If A = (A4, As) is
an IVFS in X, then f(A) is an IVFS in Y defined by f(A) = (f(A41), f(A2)) where,
(AN (y) = supge 10 Ai(x) if f71(y) # ¢ and equal ¢ otherwise Vy € Y, i = 1,2.
And if B = (By, By) is an IVFS in Y, then f~!(B) is an IVFS in X defined by
FHB) = (f~1(B), £\ (Ba)) where, £ (B)(x) = Bi(f(x)) Va € X,i=1,2.

For the basic properties of the image and primage of the map f we refer to [9].
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Definition 2.4. [9] The family 7 of IVFSs in X is called an interval valued fuzzy
topology on X iff i contains X, ¢ and it is closed under finite intersection and
arbitrary union. Then the pair (X,7) is called an interval valued fuzzy topological
space. Every element of 7 is called an interval valued fuzzy open set (IVFOS for
short) in X. The complement A of an IVFOS in (X, 7) is called an interval valued
fuzzy closed set (IVFCS, for short) in X and the set of all IVFCSs is denoted by n°.

Definition 2.5. [6] Let 31,32 C IX are two families of fuzzy sets. Then the IVF-
product of 3y, B2 is denoted by (31 x B2 and defined by 31 x 32 = {(A1, A3) € B1 %3 :
A; C Ay},

Theorem 2.6. [11] Let (X,n) be an IVFTS on X. Then the following collections
are fuzzy topologies on X induced by n:

’L) m = {Al : (Al,AQ) S 77},

’LZ) T = {A2 : (Al,AQ) S T]},

ZZZ) m3 = {A1 : (Al,X) S 77} U {(b},

ill) Ty = {AQ : (¢,A2) S 7’]} @] {X},

v) ma ={A: (A, A) € n}. Moreover w3 C 71,74 C o and ma C 71 N ma.

Definition 2.7. [6] An interval fuzzy topological space (X, 1) is called a G-IVFTS
iff 7 = 7 xmy which is the greatest IVFT constructed by IVF-product of my,my
where, in general n C m; X TTo.

Note: It is clear that every a G-IVFT is an IVFT. The Example (2.4.2) in [11]
shows that the converse may not be true in general.

Theorem 2.8. [11] Let (X, T) be a fuzzy topological space. Then the following families
are G-IVFTSs on X induced by T :

1) 7 =7rxIX = {(Al,AQ) T A GT},

2) o = IXxr = {(Al,AQ) i Ay € ’T},

3) m3 = 7xi(X) = {(A1,X) : A; € T} U {6}, where i(X) = {X, ¢} is the indiscrete
fuzzy topology on X. B

4) na = i(X)x1 = {(¢,A2) : Ay € T}U{X},

5)na = {(A,A) : A € 7}. Moreover for n;(i = 1,2,3,4) we have n3 C n1,n4 C 1y
and na € m N 2.

3. SOME RELATIONS BETWEEN IVF-CONTINUITY AND F-CONTINUITY

Definition 3.1. [6] Let (X, 7),(Y,n*) be IVFTSs. Then amap f : X — Y is called:
1) IVF-continuous if f~!(B) is IVFOS of X for all IVFOS B of Y, [or equivalently,
f~Y(B) is IVFCS of X for each IVFCS B of Y],

2) IVF-open function if f(A) is IVFOS of Y for each IVFOS A of X,

3) IVF-closed function if f(A) is IVFCS of Y for each IVFCS of X,

4) IVF-homeomorphism if f is bijective and f, f~* are IVF-continuous.

Theorem 3.2. Let (X,n),(Y,n*) be any two IVFTSs. If the map f : (X,n) —
(Y,n*) is IVF-continuous, then the maps f : (X,m;) — (Y,n}),i = 1,2 are F-
continuous, where (m;, 7)), i = 1,2 are defined as in Theorem (2.6).
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Proof. Let f : (X,n) — (Y,n*) be an IVF-continuous map and B; € 7wj. Then
there is By € 3. Since B = (By, Bz) € n*, then f~1(B) = (f~}(B1), [~ }(B2)) €7
consequently, f~1(By) € m1. Thus f: (X,m1) — (Y, 7}) is F-continuous.

The proof for the case i=2 can be done in a similar way. O

Note: The following example shows that the converse of the above theorem may
not be true in general.

Example 3.3. Let (X, 7) be any FTS. Then the map Ix : (X,7) — (X,7) is F-
continuous. But Ix : (X,na) — (X,7x7) is not an IVF-continuous map where,
A ={(A,A): Aer}.

Theorem 3.4. Let (X,n) be the G-IVFTS and (Y,n*) be any IVFTS. Then f :
(X,7) — (Y,7%) is an IVF-continuous map iff the maps f : (X,m;) — (Y,n}),i =
1,2 are F-continuous.

”

Proof. 7 = 7 follows from Theorem(3.2). Conversely, let the maps f : (X, m;) —
(Y,7}),i = 1,2 are F-continuous and A = (A1, A3) € n*. Then Ay € 7}, A3 € 7}
and so f71(Ay) € 1, f1(Ay) € mo. Since f7H(A) = (f71(A1), f1(A2)) € n and
hence f: (X,7) — (Y, 7*) is IVF-continuous. O

Theorem 3.5. Let (X,n),(Y,n*) be any two IVFTSs. If the map f : (X,n) —
(Y,n*) is IVF-continuous, then the maps f : (X,m;) — (Y,n}),i = 3,4 are F-
continuous, where (ms,m}),1 = 3,4 are defined as in Theorem (2.6).

Proof. The proof for the case i = 3. Let [ : (X,n) — (Y,n*) be an IVF-continuous
map and B; € 7j, then B = (B1,Y) € n*. Since f : (X,n) — (Y,n*) is IVF-
continuous, then f~1(B) = (f~1(By), /~1(¥)) = (/~1(B1), X) € nand so, [ ~1(By) €
m3. Hence f: (X, m3) — (Y, 73) is F-continuous. The proof of the case i = 4 can be
done in a similar way. O

Note: The Example (3.3) shows that the converse of the above theorem may not
be true in general.

Theorem 3.6. Let (X,n) be the G-IVFTS and (Y,n}),i = 3,4 are IVFTS defined

in Theorem(2.8). Then the maps f : (X,n) — (Y,n) are IVF-continuous iff f :
(X,m;) = (Y,n}),i = 3,4 are F-continuous maps, i = 3,4.

Proof. The proof of the case : = 3. ” = ” follows from the above theorem.

Conversely, let the maps f : (X, 73) — (Y, 73) is F-continuous and B = (B1,Y) € 03,
then By € m}. Since f : (X, m3) — (Y, 7}) is F-continuous, then f~!(B;) € w3 and
so f~L(B) = (f~L(B1), f~1(Y)) = (f(B1,X) € . Hence f : (X,n) — (Y,3) is
IVF-continuous. The proof of the rest case can be done in a similar way. O

Theorem 3.7. Let f : (X,n) — (Y,n*) be an IVF-open(IVF-closed)map. Then
fo(X,m) — (Y,n)),i = 1,2 are fuzzy open(closed)maps.

Proof. Let f : (X,n) — (Y,n*) be an IVF-open map and A; € m;. Then there is

As € my such that A = (A1, A2) € n. Since f : (X,n) — (Y,n*), then f(A) =

(F(A1), f(A2)) € 7* and so f(Ay) € 7} , f(As) € m5. Thus £+ (X, m) — (Y,77) is

a fuzzy open map. The proof of the rest case can be done in analogous way. O
388



S. SALEH/Ann. Fuzzy Math. Inform. 4 (2012), No. 2, 385-392

Note: The following example shows that the converse of the above theorem may
not be true in general.

Example 3.8. Let X = {xayvz}7n = {X’ ?v (¢7X)7 ((ba (zlaym Zl))’ (¢7 (x07y17 ZO)):

(1,90, 20), (21,90, 21)), ((x0,y1,21), X), ((21,%0, 20), X)} and Y = {a, b, c},

Nt = {ng’ ((ba Y)7 ((al’b0700)>y), ((aOv blvcl)’Y>7 (¢7 (aOa b, CO))’ (¢7 (alﬁ bo, cl))}' It
f:X — Y amap given by f((21,¥0,20)) = (a1, bo, o), f((z0,y1,20)) = (ao, b1, o)

and f((xo,v0,21)) = (ag,bo,c1), then f: (X,m;) — (Y,n}),i = 1,2 are fuzzy open
maps. But f: (X,n) — (Y,n*) is not an IVF-open map. In fact,

f((z1,90, 20), (21,90, 21)) = ((a1,bo, co), (a1, bo, 1)) & 7.
Theorem 3.9. Let (Y,n*) be the G-IVFTS and (X,n) be any IVFTS. Then the map
f(X,n) — (Y,n*) is IVF-open(IVF-closed) iff the maps f : (X, m;) — (Y, 7}),i =
1,2 are fuzzy open(closed).

Proof. 7 =7 Follows from Theorem(3.7).

Conversely, let f : (X,m;) — (Y,7}),i = 1,2 be fuzzy open(closed) maps and A =
(A1, As) € . Then A; € m, Az € my and so f(A1) € 7], f(A2) € 7. Consequently,
f(A) = (f(A1), f(A2)) € n*. Hence the result follows. O

Theorem 3.10. Let (X,n), (Y,n*) be any two IVFTSs. If the map f : (X,n) —
(Y,n*) is an IVF-open(IVF-closed)map then f : (X, m;) — (Y,n}),i = 3,4 are fuzzy
open(closed)maps, where (m;, 7}, i = 3,4) are defined as in Theorem(2.6).

Proof. The proof can be done is a similar to that of Theorem(3.7). O

Note: The Example(3.8) shows that the converse of the above theorem may not
be true in general.

Theorem 3.11. Let (X,n;),i = 3,4 are the IVF'TSs defined in Theorem(2.8) and
(Y,n*) be the G-IVFTS. Then the map f : (X,n;) — (Y,n*) is [VF-open(IVF-closed)
iff the maps f: (X, m;) — (Y, n}),i = 3,4 are fuzzy open(closed).

Proof. The proof of the case i = 3. ”=" follows from the above theorem.

Conversely, let the maps f : (X,7m3) — (Y,73) are fuzzy open(closed) and A =
(A1, X) € ns, then A; € m3. Since f : (X,7m3) — (Y, 75) is a fuzzy open(closed)
map, then f(A;) € 75 and so f(4) = (f(A41), f(X)) = (f(A1),Y) € n*. Hence the
result obtains. The proof of the case ¢ = 4 can be done in a similar way. 0

Theorem 3.12. Let (X,n),(Y,n*) are two G-IVFTSs. Then f : (X,n) — (Y,n*)
is IVF-homeomorphism iff f : (X, m) — (Y,7}),i = 1,2 are F-homeomorphisms.

Proof. The proof follows from Theorem(3.4)and Theorem(3.9). O
Theorem 3.13. Let (X,n;), (Y,n5),i = 3,4 are G-IVFTSs. Then the maps [ :

(X,n) — (Y,n}) are IVF-homeomorphisms iff f : (X,m;) — (Y,n}),i = 3,4 are
F-homeomorphisms.

Proof. The proof follows from Theorem(3.6)and Theorem(3.11). O
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4. THE CATEGORY OF IVFTSS AND ITS SUBCATEGORIES

In this section, we study the relationship between the category of interval valued
fuzzy topological spaces (IVFTSs, briefly) with some of its subcategories and the
category of fuzzy topological spaces (FTSs, briefly).

Let ¥ be the category of all interval valued fuzzy topological spaces with IVE-
continuous maps and ® be the category of all fuzzy topological spaces with F-
continuous maps. First, let us define some functors between ¥ and ®.

Theorem 4.1. For the categories ¥ and ®. Define:

1) Fi1: ¥ — @ by Fi(X,n) = (X, Fi(n)) and Fi(f) = f where,

Fl(T]) = {Al : (Al,Ag) c 7’]}

2) Fy: W — ® by Fy(X, ) = (X, Fa(n)) and Fa(f) = f where,

Fa(n) = {Az2: (A1, A2) € n}.

3)P:®— ¥ by P(X,7) = (X, Pi(7)) and P(f) = f where,

Pl(T) = {(Al,AQ) : A1 S T,Al - AQ}

4) Py:® = U by Po(X,7) = (X, Pa(7)) and Pa(f) = f where,

Py(1) ={(A1,A43) : Ay € 7, A1 C As}. Then Fy, Fo, P1, Py are functors.

Proof. The proofs for 1) and 2) follows from Theorem(2.6), Theorem(3.2) and the
proofs for 3) and 4) follows from Theorem(2.8), Theorem(3.4). O

Note: Fy(n) = w1, Fa(n) = w2, Pi(7) = m and Py(7) = 1.

Theorem 4.2. For the categories ¥ and ®. Define:

i) F3: 0 — ® by F3(X,n) = (X, F3(n)) and F5(f) = f where,
Fy(n) = {A1: (A, X) e np U {0}

i) Fy : U — @ by Fy(X,n) = (X, Fs(n)) and Fy(f) = f where,
Fu(n) = {A2: (¢, 42) € n} U{X}.

i) Py : ® — U by P3(X,7) = (X, P5(7)) and Ps(f) = f where,
P3(T) = {(Al,X) : Al S T} U {?}

w) Py:® — U by Py(X,7) = (X, Py(7)) and Ps(f) = f where,
Py(m) ={(¢,A2) : Ay € T} U{X}. Then Fs, Fy, P35, Py are functors.

Proof. The proofs for i), ii) follow from Theorem(2.6), Theorem(3.5) and the proofs
for iii), iv) follow from Theorem(2.8), Theorem(3.6). O

Note: F5(n) = s, F4(n) = w4, P3(7) = 13 and Py(7) = n4.
Theorem 4.3. The functor Py : ® — W is a left adjoint of the functor Fy : ¥ — ®.

Proof. By using the universal property. Let (X,7) € ® and the map Ix : (X,7) —
Fi(P(X,7)) = (X, 7) be F-continuous. We only need to prove that the map Ix is
universal. Let (Y,£) € ¥ and the map f : (X,7) — F1(Y,£) be F-continuous, then
it is sufficient to prove that the map f*: P (X, 7) = (X, Pi (7)) — F1(Y,§) is IVF-
continuous. So let B = (B1, By) € &, then By € Fy(§). Since f: (X, 7) — F1(Y,¢§)
is IVF-continuous, then f~1(B;) € 7 and hence f~1(B) = (f~1(B1), f}(B2)) €
Py (7). Thus f*: P(X,7) — F1(Y,§) is an IVF-continuous map. Therefore Iy is an
Fi-universal map for (X, 7) in ®. Hence the result follows. O

Theorem 4.4. The functor Py : ® — W is a left adjoint of the functor Fy : ¥ — ®.
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Proof. The proof can be done in a similar way of that of the above theorem. O

Definition 4.5. On the category ¥, we define five subcategories as follows:

1) ¥, : The full subcategory of ¥ whose objects are all IVF'TSs from the type n3
defined in Theorem(2.8) with an IVF-continuous maps.

2) U, : The full subcategory of ¥ whose objects are all IVFTSs from the type 14
defined in Theorem(2.8) with an IVF-continuous maps.

3) ¥, : The full subcategory of ¥ whose objects are all IVFTSs from the type 1,
defined in Theorem(2.8) with an IVF-continuous maps.

4) ¥, : The full subcategory of ¥ whose objects are all IVFTSs from the type 2
defined in Theorem(2.8) with an IVF-continuous maps.

5) U, : The full subcategory of ¥ whose objects are all IVFTSs from the type na
defined in Theorem(2.8) with an IVF-continuous maps.

Note: It is clear that the category ¥, (¥,,) is a fully subcategory of the category
\I”h (lllﬁz )

Theorem 4.6. Let Fy : V,, — ® and Fy : V,, — ® be the restrictions of the
functors F3, Fy , respectively. Then:

i) The functor Py : ® — U is a left adjoint of the functor F3 : ¥ — ®.

ii) The functor Py : ® — VU is a left adjoint of the functor Fy: ¥ — ®.

Proof. The proof for the case (i) follows from fact that, F3 0 P; = Iy and P30 Fi =

Iy, , where F§ = F3|I\1,n3 is the restriction functor of the functor F3. Indeed,
F30P3(X,7) = (X, 7)V(X,7) € ® and P30 F5(X,¢{) = (X, HV(X,§) € .
The proof for the rest case is analogous. O

Theorem 4.7. The category ¥, is isomorphic to the category ®.

Proof. We define the functor Pf : & — ¥, by Py(X,7) = (X,na), P{(f) = f,
where, na = {(A,A4) : A € 7}. Consider the restriction F} : ¥,, — & of the
functor Fy. Then Py, Fy are functors. Indeed Fy o Pf(X,7) = F' (X, P (7)) =
(X, Ff Py (1)) = (X, 1) V(X,7) € &. Now we only need to prove that P o F}'(X,n) =
(X,n) V(X,n) € ¥,,. So let (X,n) € ¥,,, A = (A1,42) € n, then 41 = Ay ,
Ay € Ff(n) and hence A = (A1, Az) = (A1, A1) € (Ff(n))a. Thus Pf o Fi¥(X,n) =
PH(X,Ff(n) = (X, (Pf(n)a) = (X, n). Hence the result follows. O

Theorem 4.8. The category ® is isomorphic to the categories ¥,,, and ¥,,.

Proof. The proof for the first case, let us define the restriction functor P5 : & — ¥,
for the functor P by P} (X, 1) = (X, P; (7)), P5(f) = f where, P; (1) = {(A1, X) :
Ay € T} U {¢} and consider the restriction Fy : ®¥,  — @ of the functor F3. Then
P;, F} are functors. It is clear that Fifo Py (X, 1) = Ff (X, Pi (1)) = (X, F{Pi (1)) =
(X, 7)V(X, 1) € ®. Moreover, PyoF5(X,n) = (X,n) V(X,n) € ¥,,. Hence the result
follows. The proof for the seconde case can be proved in a similar way. O

From the Theorem(4.7)and Theorem(4.8) we obtain the following corollary.
Corollary 4.9. The categories ® , ¥, , U, and ¥,, are isomorphic.

Theorem 4.10. The category ¥, . is a bireflective full subcategory of the category
v,
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Proof. It is clear that the category ¥,, is a full subcategory of the category W.
Now let (X,n) € W and n* = {A e€n: A= (A4,A)}. Then (X,n*) € ¥,, and
Ix : (X,n) — (X,n*) is IVF-continuous map. Consider the IVFTS (Y,¢) € ¥,
with an IVF-continuous map f : (X,n) — (Y,£). We only need to prove that the
map f : (X,n*) — (Y,§) is IVF-continuous. So let B € £. Since (Y,§) € ¥,
and f : (X,n) — (Y,€) is IVF-continuous, then B = (B, B) and f~1(B) € n.
But f~1(B) = (f~4(B), f}(B)) € & Hence the map f : (X,n*) — (V,€) is IVF-
continuous and so the result holds.

O

From the above theorem and Corollary(4.9) we obtain the following result.

Corollary 4.11. The categories ® , ¥, and V,, are a bireflective full subcategories
of the category .

REFERENCES

[1] K. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and System 20(1) (1986) 87-96.

[2] J. L. Deng, Introduction to grey system theory, J. Grey System 1 (1989) 1-24.

[3] W.-L. Gau, D. J. Buehrer, Vague sets, IEEE Tran. on syst., Man, and Cyb., Vol. 23,No. 2,
(1993).

[4] J. A. Goguen, L-Fuzzy sets, J. Math. Anal. Appl. 18 (1967) 145-174.

[5] B. Gorzafczany, Approximate inference with interval valued fuzzy sets- an outline, in: Proc.,
Polish Symp. On interval and fuzzy math. Poznan, (1983), 89-95.

[6] A. Kandil, O. Tantawy, M. Yakout and S. Saleh, Separation axioms in interval valued fuzzy
topological spaces, Applied Mathemaics and Information Sciences, 5(2) (2011) 1-19.

[7] R. Lowen, On the existence of natural nontopological, fuzzy topological Spaces, Heldermann,
Berlin, (1985).

[8] G. Meng, The basic theories of interval-valued fuzzy Sets, Mathematica applicate 6(2)(1993)
212-217.

[9] T. K. Mondal, S.K. Samanta, Topology of interval-valued fuzzy sets, Indian J. Pure Appl.
Math. 30(1) (1999) 23-38.

[10] G. Preuss, Theory of topological structures, Reided, Dordrecht, (1988).

[11] S. Saleh, On interval valued fuzzy topological spaces, Ph.D. Dissertation, Ain Shams Univer-
sity, Egypt, (2009).

[12] B. Turksen, Interval valued fuzzy sets based on normal forms, fuzzy sets and Systems 20(1986)
191-210.

[13] L. A. Zadeh, Fuzzy sets, Information and control 8 (1965) 338-353.

[14] L. A. Zadeh, The concept of a linguistic variable and its application to approximate reasoning-1,
Inform. Sci. 8(1975) 199-249.

S. SALEH (s_wosabi@yahoo.com)
Department of Mathematics, Faculty of education-Zabid, Hodeidah University, Hodei-
dah, Yemen

392



