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ABSTRACT

In this paper, we define the concept of an intuitionistic Q-fuzzy HX group and define a new algebraic structure of
intuitionistic Q-fuzzy HX group and some related properties are investigated. We also define the level subsets of an
intuitionistic Q-fuzzy HX group and discussed some of its properties.
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1. INTRODUCTION

K.H.Kim [2] introduced the concept of intuitionistic Q-fuzzy semi prime ideals in semi groups and Osman kazanci,
sultan yamark and serife yilmaz [10] introduced the concept of intuitionistic Q-fuzzy R-subgroups of near rings.
A.Solairaju and R.Nagarajan [13][14] introduced and defined a new algebraic structure of Q-fuzzy groups. Li
Hongxing [5] introduced the concept of HX group and the authors Luo Chengzhong , Mi Honghai , Li Hongxing [6]
introduced the concept of fuzzy HX group. In this paper we define a new concept of intuitionistic Q-fuzzy HX group
and its level sub HX groups and study some of their related properties.

2. PRELIMINARIES
In this section, we site the fundamental definitions that will be used in the sequel. Throughout this paper, G = (G, *) is
a group, e is the identity element of G, and xy, we mean x * y.

2.1 Definition [1]: An intuitionistic fuzzy subset (IFS ) XA in a set X is defined as an object of the form A ={ { x , W, (x)
,i(x) ) /xeX }, where W, : X — [0,1] and v, : X — [0,1] define the degree of membership and the degree of non-
membership of the element xe X respectively to be in A and for every xeX, 0 < W, (x) + vi(x) < 1.

2.2 Definition [2]: An intuitionistic Q-fuzzy subset A in a set X is defined as an object of the form A ={ { (x,q), W.(X,q),
vi(x,q) ) /xeXand qeQ }, where 1, : X x Q — [0,1] and v, : X x Q — [0,1] define the degree of membership and
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the degree of non-membership of the element (x,q) € X x Q respectively and for every (x,q) € X x Q, 0 £ mu(x,q) +
i(x,q) < 1.

2.3 Definition [5]: In 2°-{¢}, a nonempty set & C2°-{¢} is called a HX group on G, if ® is a group with respect to
the algebraic operation defined by AB = {ab/a e A and b € B}, and its unit element is denoted by E.

3. INTUITIONISTIC FUZZY HX GROUPS

3.1 Definition: Let G be a group and a non-empty set & C29-{¢} is a HX group on G. An intuitionistic fuzzy subset A
= (A, w(A), vi(A) ) of a HX group ¥ is said to be an intuitionistic fuzzy HX subgroup of a HX group ¥ if the
following conditions are satisfied. For all A and B €9,

(1) m(AB) 2 min{ p(A), w(B) },

(i) vi(AB) £ max{ v,(A), vi(B)) }.

(i) (A = w(A)

(V) Vi(AT) = Vi(A).

3.1 Example: Let G ={ 1,-1} ,then (G,®)isa groupand O ={ {1},{-1} }, then (¥, ®) is a Hx group. Define

W: 0 — [0,1] by i ({1} )=0.8and W, ({-1})=0.5.
Vi ® — [0,11by vi({1})=0.1and vy ({-1})=0.3.

Clearly Ais an intuitionistic fuzzy HX group of a HX group ¥

3.2 Definition: An intuitionistic Q-fuzzy subset A={{ (A,q) , W(A.q) , Vi(A,q) )/ A€} and qe Q } of a HX group ¥ is
said to be an intuitionistic Q-fuzzy HX subgroup of a HX group ¥ if the following conditions are satisfied. For all A
and B € ¥ and qe Q,

(1) HK(ABsq) 2 mln{ HX(Aaq)v HX(BJ]) }7

(11) V}»(AB’q) < max{ V)L(A’q)’ V}»(B’q)) }7

(i) i(A™9) = (A9

(iv) Vi(A™q) = Vi(Aq) .

4. PROPERTIES OF INTUITIONISTIC Q-FUZZY HX SUBGROUP

In this section, we discuss some of the properties of intuitionistic Q-fuzzy HX subgroup.

4.1 Theorem: Let A be an intuitionistic Q-fuzzy HX subgroup of a HX group ¥ then

AW A, q < wmE gandv, (A, q) = v, (E, q) forall A e and q €Q and E is the identity element of ¥.
(ii) The subset H = {Ae O /W, (A, q) = W (E, @) and v; (A, q) = vy (E, q)} is a sub HX group of §.

Proof:
(i) Let Aedand q €Q,

Hx(AaQ)Zmin{M(A’Q)aHA(A,Q)}
=min { i(A, q) . (A", q) }
<w (AA',q)

:HA(EQ)-

WA, q)< Wm(E,q)forall Aedand q€Q.

Vi(A, @ =max { v, (A,q),Vi(A,q)}
=max { v; (A,q),Vi(A",q) }
>vi (AAT,q)
=v, (E, q).

Vi(A,q)=>V,(E,q)forall Aedand qeQ.

(ii) Let H = {Ac /5, (A, @) = W, (E. @) and v, (A, g) =V, (E, q)}.
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Clearly H is non-empty as E € H.

LetA,BeHandqeQ,
Then, W, (A, g) = W (B, @) = i (E, q) and v, (A, @) = V. (B, q) = Vi (E, q).
W, (AB™, q) >min {W, (A, ), w, B, q))

=min {Hk (A’ q)7 My (B > q)}

= min {H}L(Es q)’ M (E > Q)}
= (E, ).

That is, W, (AB™ ,q) > . (E, @) and by part i, w, (AB™, q) <, (E, q).

Hence, W, (AB™" q) = w, (E, q) .

Also, v, (AB™q) <max {vi (A, @), vy B, q)}
= max {V)L (A, q)a Va (B B q)}
= max {V}L (E, q)v Vi, (E s q)}
=V (E, q)
That is, v, (AB™', q) <V, (E, q) and by part i, v, (AB™,q) > Vi (E, q).
Hence, v, (AB™" q) = v, (E, q).
Hence, 1, (AB™ Q) = W (E, q) and v, (AB™" q) =V, (E, q) then AB'eH. Clearly, H is a sub HX group of 9.
4.2 Theorem: Let A be any intuitionistic Q-fuzzy HX subgroup of a HX group ¥ with identity E. Then

W (AB7.q) = W (E,q) =W (A,q) =, (B,q) and
Vi(AB™',q) = i (E,q) =V (A,q) =V, (B,q),forall ABindandqeQ.

Proof: Given X is an intuitionistic Q-fuzzy HX subgroup of © and W, (AB™", q) = w, (E, q) and
Vi(AB™q) = Vi (E,q) .

Then forall A,Bin%andqeQ,

W, (A, q)= . (AB™'B). q)
. (AB™)B, q)
>min { W, (AB™, q), w. (B, q)}
=min { W (E,q),w B,q)}
=wm (B, q).

Thatis, W (A, q)>w, (B, q).
That is, W, (AB™', q) = W, (E, q) = W (A, q) >, (B, q).
Since, W, (BA™', q) = (BA™)', q)
=w (AB™', q)
= MX (E’ q)
That is, b, (BA™'.q) = W (E,q),then w, (B,q) > Wy(A,q).
Hence, W, (A, @) =W, (B, q).
Vv, (A, q)=V, (AB™'B),q)
=V, ((AB™)B,q)
<max {Vv,(AB™,q), Vi (B,q)}

=max { v, (E,q),v+(B,q)}
=v,(B,q).

Thatis, vy (A, q) <V, (B, q).
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That is, v; (AB™', @) = v, (E, @) = V. (A, @) <V;. (B, q).
Since, v, BA™', @) = v, (BA™)", q)

=Vi(AB™, q)

=V.(E, ).
That is, v, BA™',q) =V, (E, q), then v, (B,q) <V, (A, q).
Hence, v, (A, q) =V, (B, q).
4.3 Theorem: If A is an intuitionistic Q-fuzzy HX subgroup of a HX group then for all A, B in 9 and q €Q,
(i) . (AB™, q) 2 min { (A, q), w. (B, q)},
(i) v, (AB™', ) <max {v, (A, q), Vv, (B,q)}.

Proof: Let A be an intuitionistic Q-fuzzy HX subgroup of a HX group ¥. Then for all A, Bin®¥andqe€Q,

Now, W (AB™,q)>min{ W, (A, q),w (B, q)}.
=min {W, (A, q), i (B, q)}

W, (AB™', q)>min{ w, (A,q ), . (B, q)}.

Now, Vv; (AB™', q) <max {v;(A,q),Vv, (B, q)}.

=max {v, (A,q), v, (B,q)}

Vi (AB™, @) <max { v, (A,q),Vi(B,q)}.

4.4 Theorem: If A is an intuitionistic Q-fuzzy subset of a HX group and forallA,B in¥, q€Q,
(i) . (AB™, q) > min {w; (A, q) . m (B,q)},
(ii) v, (AB7!, q)<max {v,(A,q),Vi(B,q)}, then Ais an intuitionistic Q-fuzzy HX subgroup of a HX group.
Proof: A is an intuitionistic Q-fuzzy subset of a HX group and for all A, Bin 9, q€Q,
() w. (AB™, @) >min {w, (A,q),m (B,q)},
Now, I (A,q)= w EA™™, q)>min {w (E q),m A" q)) = w A" q)
Also, 1, (A", q)=m, (EA™ ., q)>min {1 (E.q).w (A.q)} = m (A.q).
Hence, . (A, )= (A7, q).
Also, W (AB,q) = (AB™™,q)

>min {W, (A, q),w B, q))

2min {W (A,q),.m B,q)}.
That is, W, (AB, q)=min {W, (A,q), W (B,q)}.
(i) v4 (AB™, ¢ ) < max {Vv, (A, q), Vv, (B,q)}.
Now, Vv, (A,q)= v, (B(A™)™",q)<max {v,(E,q),vi(A™,q)}= v, (A", q).
Also, Vi (A7, q)=vi(EA™,q)<max {vi(E,q),Vi(A,q)}= Vi(A,q).
Hence, v; (A, q) = v, (A7, q).
Also, vi(AB,q)=v,(AB™™", q

<max {v; (A,q),Vvi(B™",q)}
<max {V(A,q),vi(B,q)}.
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Thatis, v, (AB,q)<max {v,(A,q),vwwB,q)}.

Hence, A is an intuitionistic Q-fuzzy HX subgroup of a HX group 9.
5. PROPERTIES OF LEVEL SUBSETS OF AN INTUITIONISTIC Q-FUZZY HX SUBGROUP
In this section, we introduce the concept of level subset of an intuitionistic Q-fuzzy HX subgroup and discuss some of

its properties.

5.1 Definition: Let A be an intuitionistic Q-fuzzy HX subgroup of a HX group 9. For any a , B €[0,1] , we define the
set, Acgp> ={ A€ O/ (A,q)>a and Vv, (A, q) <P, forsome q €Q }, is called the level subset of A.

5.1 Theorem: Let A be an intuitionistic Q-fuzzy HX subgroup of a HX group ® and A, g is non- empty. Then , Acq g
is a sub HX group of U.

Proof: For all A, B € L., 3> and q €Q, we have,

ur (A,q)>a and Vi(A,q)< pand
U (B,q)>a and v,(B,q)< P.

Now, w, (AB™,q)> min {w (A, q), w (B,q) }.

—_————

ux(AB_],q)Z min {a,da}=a.
v, (AB™', q) < max {v; (A, q), Vi (B,q) }.
Vv, (AB™',q)< max { B,B} =p.

AB™ € Aigps -
Hence A, > isasub HX group of ¥.

5.2 Theorem: Let & be a HX group and A be a intuitionistic Q-fuzzy subset of ¥ such that A., g is a sub HX group of
U forall o, B €[0,1] then A is an intuitionistic Q-fuzzy HX subgroup of 9.

Proof: Clearly A is non-zero.

Let A,Be BandqeQ.

Let W (A,@)=0a; and (A, q)=p;and
W.(B,q)=0, and vi(B,q)= Bo.

Suppose let, o;<a, and By > P, ,then A, B € Acgy pi> -

As  Aco1,pi> is asub HX group of 0, AB'e Aeat,pi> -

Hence, W, (AB_I, qQ) > oy = min { oy, 0}
> min {W (A, q), W B,q) }

That is, w, (AB™', @) >min{w, (A, q), W, (B, q)}.

v, (AB™!, q) < By =max{ B, B2}
<max {v; (A, q), v» (B, )}

That is, v, (AB™, q) <max {v; (A, q), Vs (B, q)}.
By Theorem 4.4, A is an intuitionistic Q-fuzzy HX subgroup of 0.

5.2 Definition: Let ) be an intuitionistic Q-fuzzy HX subgroup of a HX group 9. The sub HX groups A< >, o, B
€[0,1] are called level sub HX groups of A.

5.3 Theorem: An intuitionistic Q-fuzzy subset A of ¥ is an intuitionistic Q-fuzzy HX subgroup of a HX group ¥ if and
only if the level subsets A< 3>, @, B € Image A, are sub HX groups of 0.

Proof: It is clear.
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5.4 Theorem: A is an intuitionistic Q-fuzzy HX subgroup of a HX group . The sequence of level sub HX groups

{A<an, pn>/ neN} is a nested family if o, is decreasing and B, is an increasing, where N={0,1,2,3,...}.

Proof: The level sub HX groups of an intuitionistic Q-fuzzy HX subgroup A of a HX group ¥ form a chain. Since
W(E, q) = WA, q)and vy (E, q) < V(A q) forall Ain ¥ and qe Q, therefore A.q go> , Where W(E, q )= ay and
Vi(E, q) = By is the smallest and we have the chain :

{E}S Aca0,p0> SAcalpi> Shawprs> S--- C Acanpn> =0, Where op> o> ap >...... > a,and By < By < o<
...... < Ba

5.5 Theorem: Any sub HX group H of a HX group ¥ can be realized as a level sub HX group of some intuitionistic Q-
fuzzy HX subgroup of 0.

Proof: Let A be an intuitionistic Q-fuzzy subset and A€ ¥ and q € Q. Define,

-
0 ifA¢ H
WA q) =
o if Ae H, where a e(0,1].
\
s
0 if AeH
VA(A’q) =<
B if Ae¢ H, where B e(0,1].
~

We shall prove that A is an intuitionistic Q-fuzzy HX subgroup of 0.

Let A,Be Vandqe Q,

(i) Suppose A, B € H, then AB € Hand AB" € H.

W(A,q)= o, (B,q)= 0, and (AB",q) =a.

vi(A,q)=0,v,(B,q)= 0, and \(AB™,q) =0.

Hence i, (AB™, q) > min { 1. (A, q) . M(B,q) } and v, (AB™, ) < max { Vi (A,q). Vi (B.q) }.
(ii) Suppose A € Hand B ¢ H, then AB ¢ Hand AB'¢ H.

W(A.q) = (B,q) =0and ; (AB”,q) = 0.

Vi(A,q)=0,v.(B,q) =pand Vv, (AB",q) = p.

Hence W, (AB™, q) = min { (A, q), ®B,q) } and v, (AB™, g)<max{v,(A,q),v.(B,q) }.
(iii) Suppose A,B ¢ H, then AB' € Hor AB” ¢ H.

W, (A, q)=0,u, (B,q)=0and p, (AB",q)=aor0.

Vi (A, q)=P,MB,q)=Ppand v, (AB”, q) =0 orp.

Hence b, (AB™, q) > min { 1, (A, q), (B, q) } and v, (AB™, q) < max { v (A,q) . v (B, q) }.
Thus in all cases, A is an intuitionistic Q-fuzzy HX subgroup of ¥.

For this intuitionistic Q-fuzzy HX subgroup, Acq p>=H.
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