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REMARKS ON FUZZY MINIMAL GROUPS
M. ROOHI

ABSTRACT. In this paper, we introduce and investigate some properties of fuzzy
minimal groups. It is shown that, the right and the left translations are relatively
fuzzy minimal continuous. Moreover, we prove that the inverse image of a fuzzy

minimal group under a fuzzy minimal homeomorphism is also a fuzzy minimal

group.

1. INTRODUCTION

After the discovery of the fuzzy sets by Zadeh [17], many attempts have been made
to extend various branches of mathematics to the fuzzy setting. Fuzzy topological
spaces as a very natural generalization of topological spaces were first put forward
in the literature by Chang [5] in 1968. He studied a number of the basic concepts
including interior and closure of a fuzzy set, fuzzy continuous mapping and fuzzy
compactness. Many authors used Chang’s definition in many directions to obtain
some results which are compatible with results in general topology. In 1976, Lowen
[8] suggested an alternative and more natural definition for achieving more results
which are compatible to the general case in topology. For example with Chang’s def-
inition, constant functions between fuzzy topological spaces are not necessarily fuzzy

continuous but in Lowen’s sense, all of the constant functions are fuzzy continuous.
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In 1985, Sostak [16] introduced the smooth fuzzy topology as an extension of Chang’s
fuzzy topology.

The concepts of minimal structures and minimal spaces, as generalizations of topol-
ogy and topological spaces were introduced in [10]. Alimohammady et. al. [1-3]
introduced and studied the notions of fuzzy minimal structures and fuzzy minimal
spaces. Nematollahi and Roohi [13] introduced and investigated some properties of
induced fuzzy minimal structures, fuzzy minimal subspaces and relatively fuzzy min-
imal continuous functions. In this paper, the concept of fuzzy minimal group and its
properties is introduced and studied.

To ease understanding of the material incorporated in this paper, we recall some
basic definitions and results. For details on the following notions we refer to [1-3],
[5, 8, 11, 12, 14] and the references cited therein.

A fuzzy set in (on) a universe set X is a function with domain X and values in
I =[0,1]. The class of all fuzzy sets on X will be denoted by I* and symbols A, B, ...
are used for fuzzy sets on X. For two fuzzy sets A and B in X, we say that A is
contained in B, denoted by A < B, provided A(x) < B(zx) for all x € X. The
complement of A, denoted by A¢, is defined by A°(x) =1 — A(x). Ox is called empty
fuzzy set while 1y denotes the characteristic function on X.

A fuzzy set in X is called a fuzzy point if it takes the value 0 for all x € X except
one, say a € X. If its value at a is A (0 < A < 1), we will denote this fuzzy point by

ay, where the point z is called its support.

Definition 1.1. Suppose {A, : v € I'} is a family of fuzzy sets in X. The

(a) union of {A, : v € I'}, denoted by V/
is defined by

ver Ay or V{A, 1y €T}, for each z € X

< \/ A7> (x) :==sup{A,(z) : v €T},

yel’
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(b) intersection of {A, : v € I'}, denoted by A . A, or A{A, :v €T}, is defined
by

( A A7> () == inf{A,(z) : v € T}

vel’

for all z € X.

A family 7 of fuzzy sets in X is called a fuzzy topology for X if

(a) ax € 7 for each a € 1,

(b) AN B € 7, where A, B € 7 and

(¢) VaeaAa € T whenever, A, € 7 for all o in A.

The pair (X, 7) is called a fuzzy topological space [8]. Every member of 7 is called a
fuzzy open set and its complement is called a fuzzy closed set [8]. In a fuzzy topological

space X, the interior and the closure of a fuzzy set A (denoted by Int(A) and CI(A)
respectively) are defined by

Int(A) = \/{U : U < A, U is fuzzy open set} and
Cl(A) = /\{F . A< F, F is fuzzy closed set}.
Let f be a function from X to Y. f induces a fuzzy function defined by

Vo Al fH{yh #0
FA)(y) =4 wer L

0 ) =0,
for all y in Y, where A is an arbitrary fuzzy set in X and also f~'(B) = Bof for any
fuzzy set B in Y [17].

2. Fuzzy MINIMAL SPACES AND FUZZY MINIMAL SUBSPACES

In this section we gather some results on fuzzy minimal spaces and fuzzy minimal
subspaces which all of them with details and proofs can be found in [1-3] and specially

in [13].
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Definition 2.1. A family M of fuzzy sets in a nonempty set X is said to be a

(a) fuzzy minimal structure in the sense of Chang on X if 0x,1x € M ([2]),
(b) fuzzy minimal structure in the sense of Lowen on X if ax € M, for all « € 1
(3D
In the first case, (X, M) is called a fuzzy minimal space in Chang’s sense and in the
second case, (X, M) is called a fuzzy minimal space in Lowen’s sense. In the sequel,
unless otherwise stated, we shall consider fuzzy minimal structures and fuzzy minimal
spaces in Lowen’s sense and for simplicity we call them fuzzy minimal structures and
fuzzy minimal spaces. A fuzzy set A € I¥ is said to be fuzzy m-open if A € M, and
a fuzzy m-closed set if A € M. Let

(2.1) m-Int(A) = \/{U: U < A,U € M} and

(2.2) m-Cl(A) = \{F: A< F,F° e M}.

Example 2.1. Let X be a nonempty set. Then
(a) {ax : a € I} is a fuzzy minimal structure on X,
(b) I¥ is a fuzzy minimal structure on X,
(c) the family of all fuzzy open (semi open, preopen, a-open and (-open) sets on

X is a fuzzy minimal structure on X.

In [3], authors introduced the fuzzy minimal continuous functions as following.

Definition 2.2. Let (X, M) and (Y, ) be two fuzzy minimal spaces. We say that
[ (X, M) — (Y,N) is fuzzy minimal continuous (briefly, fuzzy m-continuous) if
f~YB) € M, for each B € N.

Theorem 2.1. Let (X,, M,) be fuzzy minimal spaces for all v € T' and let {f, :
X — (X, M,) : v €'} be a family of fuzzy functions. Equip X by the fuzzy minimal
structure M generated by {f, : v € T'}. Suppose f : (Y,N) — (X, M) is a fuzzy
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function. Then f is fuzzy m-continuous if and only if fof is fuzzy m-continuous for

each v € T

In [3], it is shown that for a family of fuzzy functions, there exists a weakest
fuzzy minimal structure for which all members of it are fuzzy m-continuous. As a
consequence, fuzzy product minimal structure for an arbitrary family {(X,, M,) :
v € I'} of fuzzy minimal spaces can be introduced. In fact, fuzzy product minimal
structure on X =[] er X4 is the weakest fuzzy minimal structure on X (denoted by
M =Tl er M) such that for each v € I' the canonical projection 7, : X — X, is
fuzzy m-continuous. It should be noticed that fuzzy product minimal structure for

two fuzzy minimal spaces (X, M) and (Y, /N) is the family of fuzzy sets
MXN={lxxV:VeNIU{Ux1ly:U e M}

Similarly one can verify that fuzzy product minimal structure of {(X;, M;) : j =

1,2,...,n}is
n norn ly, 1 #]
HM].:U{HFZ;FZ:{ x 177 whererGMj}.
j=1 j=1 % 1=1 Ui =17,

We use M; X My x -+ x M, instead of [[ M; and specially M; x My instead of

=1

2
[T M..

i=1

Definition 2.3. [13] Let A be a fuzzy set in X and M be a fuzzy minimal space on
X. Then My ={UANA:U € M} is called an induced fuzzy minimal structure on A
and (A, M) is called fuzzy minimal subspace of (X, M).

Definition 2.4. [13] Suppose (A, M,) and (B,N4) are fuzzy minimal subspaces
of fuzzy minimal spaces (X, M) and (Y, N) respectively. Also, suppose that f :
(X, M) — (Y,N) is a mapping. We say that f is a mapping from (A, M,) into
(B,N,) if f(A) < B.
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The mapping f from (A, M4) into (B, Np) is said to be

(a) relatively fuzzy minimal continuous (briefly, (r fm)-continuous), if f~H(W)AA €
M for every fuzzy set W in Np,

(b) relatively fuzzy minimal open (briefly, (r fm)-open), if f(V) € Np for every
fuzzy set V in M 4.

Theorem 2.2. [13] Suppose (A, M) and (B,Np) are fuzzy minimal subspaces of
Juzzy minimal spaces (X, M) and (Y, N) respectively. If f : (X, M) — (Y, N) is fuzzy
m-continuous with f(A) < B, then f: (A, My) — (B,Ng) is (rfm)-continuous.

Theorem 2.3. [13] The composition of two (rfm)-continuous functions is (rfm)-

continuous.

Theorem 2.4. [13] Suppose {(X;, M;) : j € {1,...,n}} is a family of fuzzy minimal
spaces, (X, M) is the corresponding fuzzy product minimal space, A; is a fuzzy set
in X; for each j € {1,...,n} and A = ﬁ A;. Let (B,Ng) be a fuzzy minimal
subspace of the fuzzy minimal space (Y, N).]:Yl“hen f:(B,Ng) — (A, M) is (rfm)-
continuous if and only if mjof : (B,Ng) — (Aj,MjAj> is (r fm)-continuous for all

jed{l,....n}.

Theorem 2.5. [13] Suppose (X, M), (Y, N) are fuzzy minimal spaces, C = A x B,
Q =M x N and also A and B are fuzzy sets in X and Y respectively. Then for
each yo € Y with B(yg) > A(z) for all x € X, the mapping iy, : (A, M) — (C, Qc)

defined by iy, (x) = (x,y0) is (rfm)-continuous.

Theorem 2.6. [13] Suppose (X, M), (Y,N) are fuzzy minimal spaces, C = A X B,
Q=M x N and also A and B are fuzzy sets in X and Y respectively. Then for
each xg € X with A(xo) > B(y) for ally € Y, the mapping j., : (B,Ng) — (C, Qc)

defined by j.,(y) = (xo,y) is (rfm)-continuous.
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3. Fuzzy MINIMAL GROUPS

The concept of fuzzy subgroupoid and fuzzy subgroup were introduced and studied
by Rosenfeld in [15]. Anthony and Sherwood [4] redefined the notion of fuzzy group.
Foster [7] in 1979 introduced the concept of fuzzy topological group using the Lowen’s
definition of a fuzzy topological space. Ma and Yu [9] changed the definition of fuzzy
topological group in order to make sure that an ordinary topological group is a special

case of a fuzzy topological group.

Definition 3.1. [6, 15] A fuzzy set G in a group X is called a

(a) fuzzy semi group, if G(xy) > min{G(z),G(y)} for all z,y € X,

(b) fuzzy group in X if G(zy) > min{G(x),G(y)} for all z,y € X and G(z~ ') >
G(x) for all x € X.

Proposition 3.1. [15] Suppose G is a fuzzy group in a group X and e is the identity
element of G. Then G(z™') = G(z) and G(e) > G(z) for allz € X.

Proposition 3.2. [15] A fuzzy set G in a group X is a fuzzy group if and only if
G(xy ) > min{G(z),G(y)} for all z,y € X.

Definition 3.2. Suppose X is a group, (X, M) is a fuzzy minimal space and G is
a fuzzy group in X endowed with induced fuzzy minimal structure M. Then G is
said to be fuzzy minimal group, if the functions ¢ : X x X — X and v : X — X

1

defined by ¢(z,y) = xy and ¥(x) = x~' respectively, are (rfm)-continuous. This

fuzzy minimal group is denoted by (G, Mg).

Theorem 3.1. Suppose that X is a group and (X, M) is a minimal space. A fuzzy
group G in X is a fuzzy minimal group if and only if the mapping n : (G, Mg) X
(G, M¢g) — (G, Mg) defined by n(x,y) = zy~" is (rfm)-continuous.
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Proof. Suppose G is a fuzzy minimal group. Since idg : (G, Mg) — (G, Mg) and 1 :
(G, M¢g) — (G, Mg) are (rfm)-continuous, so it follows from Theorem 2.4 that the
mapping a : (G, Mqg) x(G,Mg) — (G, M¢)x (G, M¢) defined by a(z,y) = (z,y™)
is (r fm)-continuous. That 7 is (r fm)-continuous, follows from Theorem 2.3 and the
fact that n = woa. Conversely, suppose the mapping 7 : (G, Mg) x (G,Mg) —
(G, M¢) defined by n(z,y) = zy~! is (rfm)-continuous. It follows from Proposition
3.1 that G(e) > G(x) for all € X and so by Theorem 2.6 the mapping j. is (rfm)-
continuous. Clearly 1) = noj., then by Theorem 2.3, ¢ is (r fm)-continuous. On
the other hand, since idg : (G, M¢g) — (G, Mg) and ¢ : (G, Mg) — (G, Mg) are
(r fm)-continuous, it follows from Theorem 2.4 that the mapping o : (G, Mg) X
(G, M¢g) — (G, Mg) x (G, M) defined by a(z,y) = (z,y™!) is (rfm)-continuous.

It is easy to see that ¢ = noa and so by Theorem 2.3, ¢ is (r fm)-continuous. 0

Definition 3.3. [7] For a fuzzy group G in a group X with identity e, set G, := {z €
X : G(z) = G(e)}. Clearly, G, is a subgroup of X. For a € X, the right and left

translations rq,l, : X — X are defined by r,(z) = xa and [,(x) = ax respectively.

Proposition 3.3. [7] Suppose G is a fuzzy group in a group X. Then for all a € G,
we have r,(G) = 1,(G) = G.

Definition 3.4. Suppose (X, M) and (Y, N) are fuzzy minimal spaces. The bijection
mapping f from (X, M) into (Y, N) is said to be fuzzy minimal homeomorphism if f
and f~! are fuzzy minimal continuous; i.e., f is both fuzzy minimal continuous and
fuzzy minimal open. Suppose (A4, M) and (B,N,) are fuzzy minimal subspaces
of fuzzy minimal spaces (X, M) and (Y, N) respectively. The bijection mapping f
from (A, M) into (B, Np) is said to be relatively fuzzy minimal homeomorphism
(briefly, (r fm)-homeomorphism), if f(A) = B and f and f~! are (rfm)-continuous;
i.e., f(A) = B and f is both (rfm)-continuous and (rfm)-open.
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Theorem 3.2. Suppose G is a fuzzy minimal group in X and a € G.. Then r, and

la are (rfm)-homeomorphism.

Proof. 1t follows from Proposition 3.3 that r,(G) = [,(G) = G. Obviously, r, =
poi, where ¢ and 1, are defined in Definition 3.2 and Theorem 2.5 respectively. By
Proposition 3.1 and Definition 3.3, G(a) > G(z) for all x € X and hence Theorem
2.5 implies that i, is (rfm)-continuous. That r, is (rfm)-continuous follows from
Theorem 2.3. On the other hand, it is easy to see that (r,)™! = r,-1 and so (rfm)-

continuity of (r4)~!

is achieved similarly. Therefore, r, is (rfm)-homeomorphism.
Finally, by using Theorem 2.6, in a similar manner, one can prove that [, is (r fm)-

homeomorphism. 0

Corollary 3.1. Suppose G is a fuzzy minimal group in X and a € G.. Then the

inner automorphism T : G — G defined by T(x) = axa™" is (r fm)-homeomorphism.

Proof. 1t is an immediate consequence of Theorem 3.2, Theorem 2.3 and the facts

that T = l,or,—1 and T~ = r ol,-1. O

Definition 3.5. [6] Suppose A and B are two fuzzy sets in X and a € X. Then, the
fuzzy sets AB and A~! in X are defined by AB(z) = sup{min{A(y), B(2)} : v = yz}
and A~!(z) = A(z™1). Also, aA means a; A.

Corollary 3.2. Suppose G is a fuzzy minimal group in X, A is a fuzzy set in X and
a € Ge. If U is (rfm)-open, then aU, Ua and U~ are (rfm)-open sets.

Proof. Suppose U is a (rfm)-open set. It is not hard to verify that {,(U) = aU
and 7,(U) = Ua. That aU and Ua are (rfm)-open sets, follows from Theorem
3.2. Clearly, ¥(U) = U~! and v is (r fm)-homeomorphism, which imply that U~ is

(r fm)-open. O

Corollary 3.3. Suppose G is a fuzzy minimal group in X and a € G.. If F is
(rfm)-closed, then aF, Fa, F~' are fuzzy (rfm)-closed sets.
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Proof. Similar to the Corollary 3.2, one can deduce the result. O

Definition 3.6. Suppose (X, M) is a fuzzy minimal space and z € X. A fuzzy set
W in X is called fuzzy minimal neighborhood of x if there exists U € M for which
U<Wand U(z) =W(x) > 0.

Corollary 3.4. Suppose G is a fuzzy minimal group in X, W is a fuzzy minimal
neighborhood of e with W(e) = 1 and a € G.. Then aW is a fuzzy minimal neigh-
borhood of a such that aW (a) = 1.

Proof. Since W is a fuzzy minimal neighborhood of e with W(e) = 1, there exists
a fuzzy m-open set U < W such that U(e) = W(e) = 1. On the other hand,
aU(a) =U(a™'a) =U(e) =1, aW(a) = W(a"'a) = W(e) =1 and

aW(x) =W(a'2) > U(a '2) = aU()

for all x € X. Then there exits a fuzzy minimal open set aU such that aU < aW
and aU(a) = aW (a) = 1. O

Proposition 3.4. [7] Suppose X and Y are two groups and T : X — Y is a homo-
morphism. Then, for a fuzzy group G in'Y, the inverse image T~Y(G) of G is a fuzzy
group in X.

Theorem 3.3. Suppose X andY are two groups andT : X — Y is a homomorphism.
Equip Y and X with fuzzy minimal structures N and M = T~YN') respectively. If
G is a fuzzy minimal group in Y, then the inverse image T (G) of G is a fuzzy

manimal group in X too.

Proof. Tt follows from Proposition 3.4 that T-1(G) is a fuzzy group in X. In accor-

dance with Theorem 3.1 it is sufficient to prove that

n: (THG), Mr-1(c)) X (T"HG), Mp-1(6)) = (T7HG), Mr-1(c))
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defined by n(z,y) = xy~' is (r fm)-continuous. To see this, suppose U is an relatively
fuzzy minimal open set in (T~!(G), Mp-1(g)). Therefore, there exists V' € N for
which T7(V) = U. Since T : (X, M) — (Y, N) is fuzzy m-continuous, it follows from
Theorem 2.2 that T': (T~HG), Mp-1g)) — (T7(G), Mr-1)) is (r fm)-continuous.
We have

0 U)(@,22) = Ulay, ') = T7H(V) (a1, 25)

= V(T (21)(T(22)7")
for all (z1,7,) € X. Then
N U) AMTHG) x THG)) = (T < T)" (™ (V) AT™HG) x TH(G))
is relatively fuzzy minimal open in T-1(G) x T~(G). We are done. 0

Definition 3.7. [15] A fuzzy set A in X is said to have sup property if, for any subset

) C X, there exists wy € €2 such that A(wy) = sup A(w).
wel

Proposition 3.5. [7] Suppose X and Y are two groups and T : X — Y is a homo-
morphism. Also suppose that G is a fuzzy group in X with sup property. Then the
image T'(G) of G is a fuzzy group in'Y.

Definition 3.8. [15] A fuzzy minimal group G in X is called f-invariant, if for all
z,y € X, f(z) = f(y) implies that G(z) = G(y).

Conjecture 3.1. Suppose X and Y are two groups and 7" : X — Y is a homomorphism.
Equip X and Y with fuzzy minimal structures M and T'(M) respectively. If the fuzzy
minimal group G in X is T-invariant, then the image T'(G) of G is a fuzzy minimal

group in Y too.
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Remark 1. It follows from Proposition 3.5 that T'(G) is a fuzzy group in Y. In

accordance with Theorem 3.1 it is sufficient to prove that
n: (T(G), Mr@)) x (T(G), Mr)) = (T(G), Mr())

defined by n(z,y) = zy~ ! is (r fm)-continuous. We think that Conjecture 3.1 without
any additional conditions is not true. But, may be with the property U for the
minimal space (i.e., arbitrary union of fuzzy m-open sets is also fuzzy m-open), one

can prove Conjecture 3.1.

Acknowledgement

The author thanks the referees for their valuable suggestions leading to an improved
version of the manuscript. This work is supported by research project 90/71/1969

(Golestan University).

REFERENCES

[1] M. Alimohammady, S. Jafari and M. Roohi, Fuzzy minimal connected sets, Bull. Kerala Math.
Assoc. 5(1)(2008), 1-15.

[2] M. Alimohammady and M. Roohi, Compactness in fuzzy minimal spaces, Chaos, Solitons &
Fractals 28(4)(2006), 906-912.

[3] M. Alimohammady and M. Roohi, Fuzzy minimal structure and fuzzy minimal vector spaces,
Chaos, Solitons & Fractals 27(3)(2006), 599-605.

[4] J. M. Anthony and H. Sherwood, Fuzzy groups redefined, J. Math. Anal. Appl. 69(1979), 124—
130.

[5] C. L. Chang, Fuzzy topological spaces, J. Math. Anal. Appl. 24(1968), 182-190.

[6] I. Chon, Some properties of fuzzy topological groups, Fuzzy Sets and Systems 123(2001), 197
201.

[7] D. H. Foster, Fuzzy topological groups, J. Math. Anal. Appl. 67(1979), 549-564.

[8] R. Lowen, Fuzzy topological spaces and fuzzy compactness, J. Math. Anal. Appl. 56(1976),
621-633.



FUZZY MINIMAL GROUPS 105

[9] J. L. Ma and C. H. Yu, Fuzzy topological groups, Fuzzy Sets and Systems 12(1984), 289-299.

[10] H. Maki, J Umehara and T. Noiri, Every topological space is pre Ty,5, Mem. Fac. Sci. Kochi
Univ. Ser. A Math., 17(1996), 33-42.

[11] P. P. Ming and L. Y. Ming, Fuzzy topology. I. Neighbourhood structure of a fuzzy point and
Moore-Smith convergence, J. Math. Anal. Appl. 76(1980), 571-599.

[12] P. Pao-Ming and L. Ying-Ming, Fuzzy topology II. Product and quotient spaces, J. Math. Anal.
Appl. 77(1980), 20-37.

[13] M. J. Nematollahi and M. Roohi, Fuzzy minimal structures and fuzzy minimal subspaces, Ttal.
J. Pure Appl. Math. 27(2010), 147-156.

[14] N. Palaniappan, Fuzzy Topology, Alpha Science International Ltd. 2002.

[15] A. Rosenfeld, Fuzzy groups, J. Math. Anal. Appl. 35(1971), 512-517.

[16] A. P. Sostak, On a fuzzy topological structure, Suppl. Rend. Circ. Matem. Palermo Ser. II,
11(1985), 89-103.

[17] L. A. Zadeh, Fuzzy sets, Inf. Control, 8(1965), 338-353.

DEPARTMENT OF MATHEMATICS, FACULTY OF SCIENCES, GOLESTAN UNIVERSITY, P.O.Box.
155, GORGAN, IRAN,

E-mail address: m.roohi@gu.ac.ir



