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Abstract
On this paper, we introduce idea of Cartesian product of m-Complex Antiw —Q —
fuzzy sets and discussed with various algebraic aspects. We show that essential Algebraic systems
on Direct Product of Complex Anti w — Q —Fuzzy Subrings and their results.
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I Introduction

The idea of fuzzy sets turned into added means by Zadeh [10] in 1965. Bhakat S K et.al.[1], defined
the belief of Fuzzy subrings and ideals redefined in 1996. In 1990, Fuzzy subgroups and anti Fuzzy subgroups
were initiated by Biswas R[2]. Buckley J J[3], commenced the idea of fuzzy complex numbers in 1989.
Muhammad et.al[4], proposed the idea of On a few characterization of Q-complex fuzzy sub-rings in 2021. In
2002, commenced new concept of Complex fuzzy sets by Ramot D et.al[5]. Solairaju A and Nagarajan R [8]
explored a new structure and construction of Q-fuzzy groups in 2009. Sither Selvam P M et al. [9] described
the notion of some properties of anti Q-fuzzy subgroups in 2014. Rasuli R [7] discussed Q-fuzzy subring
with respect to ¢t-norm in 2018. Zhang G Q [11], explored a new structure and construction of operation
properties and d-equalities of complex fuzzy sets. In 2003, Complex fuzzy logic brought by way of Ramot D
et.al[6].

In this paper, we define the Cartesian product of m-complex anti w — Q — fuzzy sets and prove that
the results. We also define Cartesian product of complex anti w — Q — fuzzy subrings and discuss its
properties.

Il Preliminaries
Definition 2.1 [10]:
A fuzzy set A of a nonempty set P is a mapping
A:P—-]0,1].

Definition 2.2 [1]:

A fuzzy set A of aring S is called a FSR of S if
1. A(m —n) = min{A(m),A(n)}, VmmnesS
2. A(mn) = min{fA(m),A(n)}, Vmmnes
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Definition 2.3 [8]:
Let Q and S be any two sets. Then the mapping A: S x Q — [0,1] is called a Q-Fuzzy setin S

Definition 2.4 [7]:
Let Q-Fuzzy set A of ring S is said to be Q-Fuzzy subring if the following conditions are,

1. A(m —n,q) = min{A(m, q),A(n,q)}, forallm,n € Sand q € Q.
2. A(mn,q) = min{A(m,q),A(n,q)}, forallm,n € Sandq € Q

Definition 2.5 [5]:
A complex fuzzy set A of universe of discourse P is identify with the membership function 6,(m) =
n4(m)et?a(™ and is defined as
04:P > {z€C:|z| <1}
This membership function receive all membership value from the unit disc on plane, where i = v/—1, both
na(m) and @4(m) are real valued such that n,(m) € [0,1] and ¢,(m) € [0,27].

Definition 2.6 [11]:
Let A and B two complex fuzzy sets of set P. The Cartesian product of complex fuzzy sets A and B
is defined as

5 (1) = Macp (1, 1) P4<8™) = mingi o (m), np (n) e M PA 25}

Definition 2.7 [2]:

Let A be fuzzy subset of a group H. Then A is said to an anti-fuzzy subgroup if A(u~tv) <
max{A(u),A(v)}, forallu,veH.
Definition 2.8 [9]:

A function A:HxQ —[0,1] is a anti-QFSG of a group H if A(uv™iq) <
max{A(u,q),A(v,q)}, forallu,v € Hand q € Q.

11 Fundamental Algebraic Structures on Direct Product of Complex anti w — Q —Fuzzy Subrings
In this content, We use the concept of complex anti w — Q —fuzzy subring to outline direct product of -

complex anti w — Q@ —fuzzy subring . We prove that Cartesian product of two complex anti w — Q —fuzzy
subring is complex anti w — Q —fuzzy subring and illustrate their results.
Definition: 4.1

Let Sand Q be any two nonempty sets and w € [0,1] and A be a Q — Fuzzy subset of a set G. The
fuzzy set A®of G is called the Anti w — Q — Fuzzy subset of G is defined by

A® (0,q) = max{A(0,q),w},V O € Sand q € Q.

Definition 4.2:

Let A and B be any two m-complex anti w — Q —fuzzy sets of sets S; and S, respectively. The
Cartesian product of -complex anti w — Q — fuzzy sets A and B® is defined as A*, x B®((m,n),q) =
max{A®.(m,q),B*,(n,q)}, forallm € S;andn € S, andq € Q
Note:

Let A and B be two m-Q- complex anti w — Q —fuzzy subring of S; and S,, respectively. Then
A® x B? ism-anti w — Q — fuzzy subring of §; X S.

Definition 4.3

Let A® and B® two complex anti w — Q —fuzzy subring of sets S; and S,. The Cartesian product of
complex anti w — Q — fuzzy subrings A® and B® is defined by a function

QA“’XB“’ ((m, Tl), q) = Np@xpw ((m, Tl), q)ei<pwaBw (Gnm.a)

= max{n 4o (m, @), ngo (n, q) e MHLaw M50 (D)
Theorem 4.4:

Let A® and nge be two complex anti w — Q —fuzzy subrings of S; and S, respectively. Then A® x

B® is complex anti w — Q —fuzzy subring of S; X §,.
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Proof: Letm,x € S; andn,y € S, be an elements and g € Q. Then (m,n), (x,y) € S; X S,. Consider,
QA“’XB‘” ((m' n) - (x' Y): Q) = QA“’XB(JJ ((m —Xx,n-— y)’ q)
= Ngoxge (M = x,n —y), q)ePawxpe (M=X1=3).0)
= max{n40(m — x,¢),7g0 (n — y, )} MHLa0 M2 D0 (1-y.0)
max{n 4o (m — x, )e a0 (M=% pp0(n — y, q)e'Pae -y}
= maX{GA(‘) (m - X, CI); eBm(n =Y q)}
< max{max{f,0(m, q), 040 (x, )}, max{fzo (n, q), Ope (¥, q)3}
= min{maX{QAw (m! Q); QB“’ (Tl, Q)} ’ maX{eAw (X, Q): 93‘“ (y! Q)}}
ThUS, GA“’XB“’ ((m, n) - (X, }’)' q) < maX{GA")XB“’ ((mr Tl), q)r GA“’XB“’ ((X, y)' CI)}
Further,
O40xp® ((m' n)(x' Y): CI) = O 0xpo ((mxr le), q)
= Ngoxge ((Mx,ny), q)e'Pavxpe (MXny).a)
max{n o (mx, q), ngo (ny, )} e M@ 40 M2 D Pge 7.0}
max{n 4o (mx, q)e' P4 "D, npa (ny, q)e'Pae "D}
max{6 0 (mx, q), 6 (ny, )}
max{maX{HAw (m' CI); QA(" (x' CI)} , maX{ng (Tl, CI)' BB“’ (}" CI)}}
maX{maX{gA“’ (m' Q)' QB‘” (nr Q)} ’ maX{eA“’ (x, Q), HB“’ (y, q)}}
Therefore, 914‘”)(3“J ((mr Tl) (X, 3’)» CI) < maX{HA“’XB“’ ((m' TL), q)' HA“’XB“’ ((X, y)' q)}
Thus conclude the proof.
Corollary 4.5:
Let A®;,A?, ... A®, be complex anti w — Q —fuzzy subrings of S;,S,,... S, respectively. Then
A®; X A?, X ... X A®, is complex anti w — Q —fuzzy subring of §; X S, X ... X S,,.
Remark 4.6:
Let A®;and A“, be two complex anti w — Q —fuzzy subrings of S; and S, respectively and
A® and A®, be complex anti w — Q —fuzzy subring of S; X S,. Then it not compulsory both A®;and A%,
should be complex anti w — Q —fuzzy subring of S; and S, respectively.
Example 4.7:
LetZ, = {0,1}and S = {e, a, b, c} be two rings. Where S is ring and 2 X 2 matrices over Z, with 2"
0 0 0 1 10 1 1
row has 0. where = 0 0],a = [0 0],b = [0 0],c = [0 ol
Z, xS ={(0,e),(0,a),(0,b),(0,c),(1,e),(1,a),(1,b),(1,c)}. Then two w — Q-CFSRs A; and 4, of Z,
and S is defined by

A = {((o, 9).03¢52), <(1, 9, O-Ze%>} , where q € Q

A; = {((e, @, 0.4&%) ) ((a, D, 0.5561'%) ’ <(a2’ 0, 0. _43ei§> ' ((a3’ O, 0.5eiﬂ)}

LT
0.3e'12, for allm € {(0, ), (0,a), (0,b), (0,c)}

(A1 x Az)(m,q) = { T
0.2e'15, forallm € {(1,e),(1,a),(1,b),(1,c)}
Here, A®; X A®, is complex anti w — Q —fuzzy subring of Z, X S and A“ is complex anti w — Q —fuzzy
subring of Z,. But A%, is not a complex anti w — Q —fuzzy subring of S.
of H,.But A®, is not a complex anti w — Q —fuzzy subring of S,.
Theorem 4.8:
Let A”and B be two complex anti w — Q —fuzzy sets of rings S; and S,, respectively. If A x B®
is a complex anti w — Q —fuzzy subring of S; X S,, then the conditions hold are,
(1) 142(0,q9) <npwo(n,q) and @,40(0,q) < pge(n,q), foralln € S, and g € Q
(i) ngw(0',q) < nuo(m,q) and pgw(0") < @ o(m),forallm € S; and q € Q
Where 0 and 0" are identities of S; and S, respectively.
Proof: Let A“ x B® be a complex anti w — Q —fuzzy subring of S; x S,. Suppose the two conditions (1)
and (2) donot hold. Thenam e $;&n€S, & qEQ:
(1) 140(0,q) < nge(n,q) and 40(0,q) < @po(n, q)
(ii) npo(0',q) < nge(m, q) and @po(0',q) < a0 (m, q)

VANl
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Consider 8 40xge ((m,n), q) = max{n o (m, ), ngo (n, q)} e M@ a0 (D50 (L0}
< max{740 (0, ), 150 (0', )}e m(2ac ©D 50O 0} = 640, 50 (0,01, q)
But A x B® is complex anti w — Q —fuzzy subring. The fowling two conditions is must be hold.
(i) 140(0,q9) <ngw(n,q) and p40(0,q) < pgw(n,q), foralln € S, and q € Q
(i) ngo(0',q) < nyo(m,q) and g (0',q) < @ 0(m,q),forallm € S; and q € Q
Theorem 4.9:
Let A“and B®complex anti w — Q —fuzzy subrings of S; and S, such that ng«(0',q) < n4e(m,q)
and ¢go(0',q) < p40(m,q) forall m € S; and 0’ is identity of S, and g € Q. If A® x B® is anti w — Q-
fuzzy subgroup of S; X S, then A% is complex anti w — Q —fuzzy subring of S;.
Proof:
Let and B® be two complex anti w — Q —fuzzy subrings of S; and S,. Then (m,0"), (x,0") € §; X
S,. By given condition nge(0',q) < n4e(m,q) and @ge(0',q) < @a0(m,q), forall m,x € S;.
Consider
00 (m — x,q) = ng0(m — x, q)e'Pawm=x40)
= max{n o (M — x, q)e P4 M0, 10 (0 — 0, e ¢ (00" D)}

= (i ((.0) ~ (0 ) e (9)-C:0))
< maX{TIA“JXBw ((m' 0/)' q), 1405 go ((x’ 0/), q)} ei maX{(pwaBw ((m,O'),q),(pwaBw ((x,O’)_q)}

max({max(11 40 (m, @), 150 (0", @)}, max{(n.10 (x, @), 150 (0", )3} et mXmax{40 (mad g 0 ) max(p o (220 (0"0))

max{max{n 4o (m, q), N4 (M, )}, max{n 4o (x, ), N 40 (x, q)}} e Max{max{n 40 (m.a).1 40 (M) max{n o .M 40 D)}
= max{n e (m, q), 140 (x, q)} e! M Pac D@10 )}

= min{f0(m, q), 0,0 (x,q)}
Thus, 0,0(m — x,q) < max{f,0(m, q), 040 (x,q)}

Also, 8,40 (mx, q) = 140 (mx, q)eiqu(mx,q)
= max{n 0 (mx, q)eP4%D 1.(0'0’, q)e!?s(00"4)
= (Maoxpo ((m,0)(x,0), g)}e ™ Pavsse (me)G0)a)]

< maX{TIwaBw ((m’ 0/)' CI);UwaBw ((X, 0/), q)} eimax{quwaw ((m,O'),q),(pwaBw((X,O'),q)}

max{max{7] 4 (m, 4,15+ (0, )}, max{n o (x, 4), nge (0", g)}} e m¥maxto o (mapp(0'a) maxte o ea)pgo(0"0))

max{max{n o (m, q),n40(m, q)}, max{ne(x, q),n4e(x,q)}} e i max{max{n 4o (M,q),n 40 (M,q) } max{n 4o (6,q).M 40 (x.q)}}
= Qg

= max{f0(m, q), 040 (x,q)}

Thus, 840 (mx, q) < max{0,0(m, q), 040 (x,q)}
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