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Abstract

The objective of this paper is to define the intuitionistic fuzzy subgroup of type (M-N) and to study some of its
elementary properties and substructures such as normality, direct and inverse images.Also, many related
theorems and examples will be presented and illustrated.
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1. Introduction and Preliminaries

The concept of fuzzy set was suggested by Zadeh in 1965, as a generalization of the classical logic approach, and
then it was generalized by many concepts such as intuitionistic fuzzy sets, fuzzy sets, and their structures [1-3].

The algebraic structures generated by fuzzy sets and their extensions were studied widely, for example, we have
fuzzy groups, kernels, intuitionistic fuzzy groups, and M-intuitionistic fuzzy groups [4-7].

First of all, we recall some basic concepts.
Definition:
A group G is called (M-N) if there exists two sets M and N such that:

1) M acts on G by
MXG-G

(m, g) - mg.

2) N acts on G by
GXN-G

(g.n) - gn.

3) The following condition is true (mg)n = m(gn) vm e M,n€ N,g € G.

Definition:

Let G;, G, be two (M-N) groups, and f: G; = G, is a homomorphism, then f is called (M-N) homomorphism if:
fmx) =mf(x),f(xn) = f(x)n vme M ,ne€ N ,x € G,.

Definition:

Let X be a non-empty set, an intuitionistic fuzzy subset A is defined as follows: A = {{x, u,(x),9,(x)), Vx €
X}, where p,: X — [0,1] is a membership function and 9,: X — [0,1] is a non-membership function with

0 < py(x) +9,0() <1.
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Definition:
Let X be a non-empty set, and consider

B = {{x,us(x),95(x)),Vx € X}, A = {(x,us(x),9,(x)), Vx € X}, as two intuitionistic fuzzy subsets of X,
then

A= {{x,94(x), ua(x)), Vx € X}

A=B iff Vx€X : py(x) = pp(x),9,(x) = 95(x)
AB iff Vx €X : py(x) < pup(x),9,(x) = 9p(x).
Definition:

Let X, Y be two non-empty subsets, and the mapping f: X — Y, let A,B be two intuitionistic fuzzy subsets of
X,Y respectively, then we define:

fA) =Ly, fd ), fOIW) : y eY}

_ [Subres1y Ha(x) 2 RN # 0
fud ) {0 Y : otherwise

_(infrep1y Oalx) TN #O
fEN) {O Y : otherwise

fTHB) () = pp-105y(X) , 9105 (%) = (H(B)(f(x)).ﬁ(B)(f(X))),
Definition:

Let G beagroup, and A = {{x, us(x),9,4(x)), Vx € G} be an intuitionistic fuzzy subset, then A is called an
intuitionistic fuzzy subgroup if:

ta(xy) = min{u, (x), ua(y)}

Jalxy) < Max{9,(x),9,(y)} Vx,y€QG,
pa(x™) = pa(x) ,9,(x7) =4(x) VXEG,
Main discussion

Definition:

Let G be an (M-N) group and A be an intuitionistic fuzzy subgroup of G, we say that A is an (M-N) intuitionistic
fuzzy subgroup if

ta(mx) = pa(x), 9a(mx) = 9,(x)
Ua(xn) = pa(x) ,9,(xn) =9, (x) VneN,meM,x€G.
Example:
Consider the group G=U(10)={1,3,7,9}, and M={1,3}, N={9,13}, we define:
(m,g) » (m x g) mod2, (g,n) - (g X n) mod4,
A =1[(1,0.8,0.1),(3,0.6,0.2),{7,0.6,0.2)(9,0.5,0,3)], it is clear that A is an intuitionistic fuzzy (M-N) subgroup.
Theorem:
The intersection of two intuitionistic fuzzy (M-N) subgroups of G is an (M-N) intuitionistic fuzzy subgroup.
Proof:
Let A, B be two (M-N) intuitionistic fuzzy subgroups, it is known that A n B is an intuitionistic fuzzy subgroup.

VxeEG,mEMmneN:
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Hang(mx) = min(u, (xn), pp(mx)) = min(u,(x), up(x)) = ans(x)
Hanp(xn) = min(u, (xn), pp(mx)) = min(py(x), pp(x)) = uans(x)
Ianp(mx) = max(9,(xn), 95(xn)) < max(9,(x), 95(x)) = Ianp (x)
Danp(xn) = max(J,(xn), 9 (xn)) < max (9,(x),95(x)) = anp(x)
So that, the proof is complete.
Theorem:

Let f: G; = G, be an (M-N) homomorphism, then:

1)The direct image of an intuitionistic fuzzy (M-N) subgroup is an intuitionistic (M-N) fuzzy subgroup.

2)The inverse image of an intuitionistic fuzzy (M-N) subgroup is an intuitionistic (M-N) fuzzy subgroup.

Proof:

Let A,B be two intuitionistic fuzzy (M-N) subgroups of G,, G,, we have:
A ={y,fud ), fEHB))y €Y},

Ky (My) = SuPse r=1(my)H(a) (2) = SUPxe p-1.my)Hma)»

= SUDf (ma)=(my)i(a) (MX) = SUP £ (x)=(my) K(a) (M),

= Suprm=p)Hw (x) = tray (). Also,

ey (Y1) = Sup,e p=1(ym)la) (2) = SUPsne p=1(ym)Hims)»

= SUpfany=yrmyba) ¥ = SUPf(yn=(ym)H(a) (X1,

2 Sups o=k (%) = ),

Thus (x € f1(y)) .

Now,

Ip a(my) = inf ¢ ;-10ny)9a(2) < INfpxer=1(my)da(mx),

= M (mx)=(my) Ia(MX) = M frnf ()= (my) Fa (M),

< infro=) Ya(mx) = Ipa (),

thus

Ur a(yn) = inf e p-1ymy0a(2) < Infpep—1(ymyPalan),

= infreny=iyn) Ya(xN) = infron=yn) Yo (xn),

< infreo=0y) Ya(x) = Ia(y),

(xef)

On the other hand,

FABYE) = (110 0, 017 () = (s (£ (), 95 (F ()
pp-10py (mx) = pp(f(mx)) 2 pp(f (X)) = pp-1(z (%)
tp-105y(mx) = pp(f(mx)) = pup(f (X)) = pp-105y(x)
D105y (mx) = 9p(f(Mx)) = 95 (f () = 915, (x)
9516y (o) = 05 (f(xm)) = 95(F()) = 91 ()
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VxeG,meMneN
Definition:

Let G be an (M-N) group and B is an intuitionistic (M-N) fuzzy subgroup of G, we equip the set G/B =
{xB:x € G} by the following law: (xB)°(yB) = (xy)B Vx,y € G.

Theorem:

G /B isan (M-N) group.

Proof:

We define: M X G/B — G /B, with (m, gB) - m(gB) = (mg)B, and

G/B x N - G /B, with
(gB,n) - (gB)n = (gn)B , we have:

VaB € G/B , meEM,neN :
(m(aB))n = ((ma)B)n = ((ma)n)B

= (m(an))B
(m(an))B = m((aB)n).
Definition:

Let be an (M-N) group with A as an intuitionistic (M-N) fuzzy subgroup, we define:
A/B = (tass,9as8) * A/B:G/B~[0,1]

Ha/B (aB) = Supyp=qpha(x)

94/8(aB) = infup—apPa(x)  VaB € G/B

Theorem:

A/B is an intuitionistic (M-N) fuzzy subgroup of G/B.

Proof:

AJB is an intuitionistic fuzzy subgroup of G/B, that is because:
VxB,yB € G/B:114/p((xB)(YB)) = pa/p((xy)B) = Sup,p—sypita(2)

= SuPaps =xyBHa (ab) = Supap=xaus(ab)
bB=yB

> min{Sup,p-rpia(@), Suppp=ysita(b)}
= min{,uA/B (xB), Ha/p (yH)}
V xB, yB € G/B ﬁA/B((xB)(yB)) = ]9A/B = ((Xy)B) = insz:xyBﬁA(Z)

= infabB:xyBﬁA (ab) = infap=xp9,(ab)
bB=yB

< Max {infupz0a(a), infyp—yp94(b)}
< Max{9,/5(xB),94/5(yB)}.
V(xB)™* € G/B:ps/p((xB)™") = pa/p(x™*B)
Supg-1p=x-1pta(a@™") = Supap-xpita(a) = pa/p(xB).
V(xB) ™' € G/B:9,/p((xB)™") = 94/5(x'B)
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infg-1p=y-1594(a™") = infop_yxp9a(a) = 94(xB)
On the other hand,

VaBeEeG/B,meM,neN :

Ha/p (m(aB)) = MA/B((ma)B) = SUPmxp=mapta(mx)
2 Supxp=apha(X) = pa/p(aB)

pasp((@BIn) = pa/5((an)B) = Supnp=anpia(xn)

> Supyp=qpha(x) = MA/B(aB)

Y4/p (m(aB)) = 19A/B((ma)3) = infixp=map9a(Mx)

< infyp=qpia(x) = 19A/B(aB)

19A/B((‘lB)n) = ﬁA/B((an)B) = iNfyng=ansVa(xn)
< infyp=ap¥a(x) = 19/4/13(613)
Thus, the proof is complete.
Theorem:
Let G/B be an (M-N) group, A,C be two intuitionistic fuzzy (M-N) subgroups of G, then

CcA=C/BCA/B i
C/BNA/B=CnA/B i

Proof:

VxB € G/B pa/p(xB) = Supyxp—,pia(2)

2 Supxp=zic(2) = pe/p(xB)

VxB € G/BVY,/p(xB) = infip=,p94(2)
C/B <€ A/B, < infyp-z59.(2) = 9¢/p(xB)
I1.VYXB € G/B pisnc/p(XB) = Supyp=zptanc(2)
5quB=zB{min{l1A (2), e (Z)}}
MIn{Sup,p-,p4a(2), SuPxp=zphc(2)}
min{ﬂA/B(Z)'”C/B(Z)} = #A/Bnc/B(xB)
VxB € G/B99unc/p(XB) = infrexnVanc(2)
infep=rp{max{9,(2),9c(2)}}
max{infip-,59,(2), nfip=259.(2)}

max{ﬁA/B (2), 9c/B (Z)} = Y4/Bnc/B (xB)

References

[1].Zhan, J. Tan, Z. 2004. Intuitionistic M-Fuzzy Groups-Soochow Journal of
Mathematics, V 30, pp. 85-90.

[2].Atanassov, K., 1986. Intuitionistic fuzzy sets-Fuzzy Sets and Systems, V. 20,
PP. 87-96.

[3].Sharma, P., 2011. (a, B)-Cut of intuitionistic fuzzy groups - International

Doi: https://doi.org/10.54216/GJMSA.040102 19
Received: November 20, 2022 Accepted: March 13, 2023



https://doi.org/10.54216/GJMSA.040102

Galoitica Journal Of Mathematical Structures And Applications (GIMSA) 0l 04, No. 01, PP. 15-20, 2023

Mathematical Forum, V.6, pp. 2605-2614.

[4].Xiong, Q., 1978. Modern algebra - science and technology publishment in
shang hai.

[5].Sharma, P., 2012. On the Direct Product of Intuitionistic Fuzzy Subgroups-
International Mathematical Forum, V.7, pp. 523-530.

[6].Mordeson, J. Wierman, M. Clark, T. Pham, A. Redmond, M., 2012. Linear
Models in the Mathematics of Uncertainty- Springer- Verlag.

[7].Sharma, P., 2011. Homomorphism of Intuitionistic Fuzzy Groups-
International Mathematical Forum, V. 6,PP. 3169 - 3178.

Doi: https://doi.org/10.54216/GJMSA.040102 20
Received: November 20, 2022 Accepted: March 13, 2023



https://doi.org/10.54216/GJMSA.040102

