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Abstract
Fuzzy Model are various implication operators for applying to different
practical problems and properties of Pairwise Fuzzy -continuous mappings,
pairwise fuzzy semiopen sets and pairwise fuzzy dense sets are studied.
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1.

Introduction

The fundamental concepts of a fuzzy set introduced by Zadeh (3) in 1965 provide a
natural foundation. for building new branches of fuzzy mathematics. In 1989 Kandid
((4) introduced the concept of Fuzzy biotopological space as an extension of fuzzy
topological space and a generalization of topological spae. Recently Smapath Kumar
(5) generalized the notion of -sets and -continuous mapping in fuzzy biotopolofical
spaces. In the present paper we obtain some characterization and properties of
pairwise fuzzy dense sets, pairwise fuzzy semiopen sets and pairwise fuzzy continuous mapping
The fuzzy inference discussed here presents a model having the following
formulation:
IF X = F(1) THEN Y = G(1), ALSO
IF X = F(2) THEN Y = G(2), ALSO

276

Md. Arshaduzzaman

Where (F(1)’, F(2), ‘G(1) and ‘G(2) are some verbal descriptions which can be
quantified by fuzzy sets. It should be noted that by means of fuzzy implication
operator the model can be transformed into an inference algorithm.
This kind of fuzzy model was first presented by Zadeh; it was applied to designing a
fuzzy logic controller by Mamdani. Many authors were interested in research and
applications of the model. They suggested various implication operators for applying
this model to different practical problems. Thus, the applicability of these implication
operators becomes a very fundamental problem in research of this fuzzy model.
Kiszka and his colleagues discussed the applicability of a series of fuzzy application
operators. They took a d.c. series motor as their example where relation between the
current / and the rotating speed N can be determined exactly by a function N = F(I)
based on physical measurement. Observing the influence of cun’ent I on the rotating
speed N of the motor in steady states, the process operator (person) can formulate its
verbal description which has the formulation above. Examining thirty-six different
definitions of fuzzy implication operators and seventy-two fuzzy relations, they
recommend two fuzzy relation operations for constructing a fuzzy model of real
systems.
In the present paper we investigate the same operations as Kiszka et.al. and apply
them to several different physical systems with different membership Functions.

2.

The fuzzy Model

As we have mentioned above, in this paper the following model is considered :
IF X = F(1) THEN Y = G(1), ALSO
IF X = F(2) THEN Y = G(2), ALSO
IF X = F(3) THEN Y = G(3), ALSO
where X and Y are physical variables, F(1), F(2)….., (F(n), and G(1),. G(2)……G(n)
are verbal descriptions of the corresponding physical variables X and Y, respectively.
Particularly, here we assume that all of the verbal descriptions can be subjectively
quantified by users using fuzzy sets over some sets of the real numbers,. That is
F(k) : all possible values of the variables
X --> [3, 1] for every k in 0,1…..n
F(k) : all possible values of the variable Y--> [0,1] for every k in 0,1…..”
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This model can be employed to describe some practical phenomena. We call it fuzzy
mode, since F(k) and G(k) are quantified as fuzzy sets. Using the fuzzy model, for
example, Mamdani designed a fuzzy logic controller. This is Mamdani’s linguistic
synthesis approach where the word ‘linguistic” means that all the fuzzy sets F(k) and
F(K) (k = 1, 2,……n) in the model are verbal descriptions of real physical variables.
The main intention of the fuzzy model is to implicate fuzzy information about a
variable Y from fuzzy information about another variable X. This process is called
fuzzy implication. The first discussion and realization of the fuzzy implication is by
Zadeh. In this approach, the fuzzy relation approach is employed. Until now, the
fuzzy relation approach is still the basic method to realize the fuzzy model.
In the process of the implication based on this fuzzy model, imposition operations of
fuzzy relation matrices will be met twice. The first one is to generate a fuzzy relation,
say R, of the variables X and Y according to its fuzzy model. The second one is to
pursue implication from given fuzzy information above variable X according to the
fuzzy information about variable X according to the fuzzy relation matrix R. Our
discussion will focus on composition operation for generating a fuzzy relation R of a
fuzzy mode. Regarding this composition, many authors proposed various operations
which are called implication operations in some papers. This composition contains
two steps : the first is to generate a fuzzy relation from every sentence in the fuzzy
model and the second one is to compose the H-fuzzy relations which are connected
through ALSO as a whole fuzzy relation. That is, we need two operations and such
that
F(k )  G(k )  R(k )foreveryk .
R(1)  R(2)  ....  R(n)  R.

(Note that here F(k), G(k) are fuzzy sets, R(k) and R are fuzzy relations, and the
operations ,  will be discussed in other sections.) Then, for every fuzzy set,
denoted as X also, which is determined by a given variable X, we can have
Y = XoR
where Y is a fuzzy set over the set consisting of all the possible values of the variable
Y. To determine a particular value of the variable Y according to the fuzzy set Y is
called defuzzification. We will adopt the defuzzification operator used in, i.e. we have

Y  Y(1)  Y(2)  .... Y(m)/ m
where Y is a particular value of the variable Y and Y(k) are the support values in
which the membership function of the fuzzy set Y reaches its maximum, and m is the
number of support elements in which the membership function of / reaches the
maximum value.
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For the sake of convenience, we adopt the following example, that is, we discuss
a.d.c. series motor whose real static characteristic was determined by a function N =
f(1) shown in Fig. 1. We know that the following verbal description can be employed
describe the relation between the current / and the rotating speed N :
IF I = null THEN

N = very large,

ALSO

IF I = zero THEN

N = large,

ALSO

IF I = small THEN

N = medium, ALSO

IF I = medium THEN N = small
IF I = large THEN

N = zero

IF I = very large THEN

N = zero.

ALSO
ALSO

where the linguistic variables ‘null’, ‘zero’, ‘small’….., Very large’ are fuzzy sets
over the sets of all the possible values of the corresponding physicl variable I and N.
In most cases the membership functions of these fuzzy sets are determined
subjectively.

Fig. 1 : The real static characteristic of a.d.c. motor.

Preliminaries
Let X be a nonempty et and I = [0, 1]. A fuzzy set in X is mapping from X into I.
The null fuzzy set 0 is he mapping from X into I which assumes only the value 0 and
the fuzzy set 1 is mapping from X into I which takes value I only. The union  A 

resp. intersection  A  ) of a family A  :   of fuzzy sets of X is defined to be
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the mapping Sub A (resp. Inf A). A fuzzy set A of X is contained in fuzzy set B of
X denoted by A  B if and only if A( x)  B( x) for each x X . The complement of
a fuzzy set A is defined by 1 – A(x) for each x X .
Let f : X  Y be a mapping. If A a is fuzzy set of X, then f(A) is fuzzy set of Y defined
by

subA( x ) if 1 ( y )  0 


f ( A ) ( y )  x  f 1 ( y ) if y  X 
0
otherwise


If B is a fuzzy set of Y, then f-1(B) is a fuzzy set of X defined by f-1(B)(x) = B(f(x)),
for each x X .
Throughout this paper we shall denote X, 1 2  as fuzzy bitopological spaces. For
any subset A, i  int Aand i  CIA denote the fuzzy interior of A and the fuzzy
closure of A with respect to i (i 1, 2) . Fuzzy subset A of X, 1,  2 ) is called (i, j) –
fuzzy semiopen set (resp. (I, j)-fuzzy -open set) if A  j  Cl 1  IntA  (resp.

A  i  int (i  IntA ),i, j 1, 2,i  j) . Every (I, j) fuzzy -open set is (I, j) – fuzzy semi
open but converse may not be true [7]. The set of all subsets of X that are (I, j)-fuzzy
semi open sets (resp. (I,j) fuzzy -open in X will be denoted by (i. j)- FSO(X) (resp.
(I, j) – F(X)).
Definition 2.1 [7]. Let X, 1,  2 ) be a fuzzy bitopological space. The (I, j)semiclosure, denoted by (I, j)-sCl, of a fuzzy set A of X is defined as follows :

(im j)  sClInf B :B  A,B is(i, j)  fuzzy semiclosed.
Definition 2.2 [7]. Let

X 1,  2 

be a fuzzy bitopological space. The (I, j)-

semiinterior, denoted by (I, j) – sInt A = Sup B :B  A,B is(i, j)  fuzzysemiopen.

i, j sInt A  SupB:B  A,B is(i, j)  fuzzy semiopen.
Pairwise Fuzzy -Continuity
Definition 3.1 [8]. A mapping f : X 1,  2  Y, 1,  2  is said to be pairwise fuzzy continuous (resp. pairwise fuzzy semi continuous) (resp. pairwise fuzzy semi
continuous if the inverse image of each  i'  fuzzy open set of Y is an (I, j) – Fuzzy
-open (resp. (i. j) fuzzy semi open) in X for each I, j = 1, 2, i  j .
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Remarks 3.1 Every pairwise fuzzy a-continuous mapping is pairwise fuzzy semi
continuous but the converse may not be true [7].

X, 1,  2 

Definition 3.2. A fuzzy subset B of a space

is said to be pairwise fuzzy

dense if every non-empty fuzzy subset of X which is the intersection of 1 -fuzzy open
and a  2 -fuzzy open subset of X has non-empty intersection wit Y.
Theorem 3.1. Let X, 1,  2  be a fuzzy bitopological space,   X pairwise fuzzy
dense set. If A is non-empty 1 -fuzzy open set (I = 1, 2) then A    0.
Proof : Let A be 1 -fuzzy open set. X j ( j 1, 2,i  j). Hence A  X  A  0. Since 
is pairwise fuzzy dense set, A    0.
Theorem 3.2 : Let

X, 1,  2 

be a fuzzy bitopological space. Lelt A and B be the

fuzzy subset of X. If A is a 1 -fuzzy semi open set with respect to  j and B is
pairwise fuzzy dense set then  j  Cl A   j  Cl A  B,i, j 1, 2,i  j.

Proof : If A is empty set then the proof is obvious. Let A  0 . Since A is a 1 -fuzzy
semi-open set with respect to  j then there exists a a 1 -fuzzy open set Aj such that

A i  A   j  Cl A i . Hence A i  0 . If there were Ai = 0  j  ClAi  0 . This would be a
contradiction. Since B is a pairwise fuzzy dense set of x  and x   j  Cl A . Since A
is a 1 -fuzzy semiopen set with respect to  j we have x   j  Cl A . This implies
that C   j  Int A  0 .
Since B is pairwise fuzzy dense set we have C   j  Int A B  0 . This gives
A  B  C  0 . Hence x   j  Cl( A B) . This completes the proof of the Theorem.

Theorem 3.3 : Let be a fuzzy bitopological space. A  X A If B(i, j)  F( X) , then

A B(i, j)  F ( A ) in each of the following cases I, j 1, 2,i  j :

(a)

A is pairwise fuzzy dence set

(b)

A 1   2

(c)

i   j and A (i, j)  F( X)

Proof (a) Let B(i, j)  F( X) , We have B  i  Int i  Int B) . The




=   Int A    Int   Cl   Int B
A B  A  i  Int  j  Cl(i  Int B))
j

j

j

j
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  j  Int A   j  Cl  j IntB 

By Theorem 3.2, we obtain

A B  iA  Int A   j  Cl i  Int B  A 
 iA  Int  j A  Cl i  Int B  A 
 iA  Int  jA  Cl iA  Int i  Int B  A 
 iA  Int  jA  Cl iA  Int B  A 
Which concludes the proof.
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