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Abstract. In the present paper, some basic concepts of vague sets and vague groups together with the concepts of vague left
and right cosets of a vague group were studied. To more appropriately introduce the vague normal subgroup, we made use
of the feature of vague sets and, as a result, some characterizations of vague groups. We also gave some basic concepts
related to vague cosets and on behalf of these concepts we proved some classical group theorems and we generalized some
new theorems and their proofs on fuzzy coset and fuzzy normal subgroups to the vague coset and vague normal subgroups.

We also discussed some important properties.
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1. Introduction

In 1965, the concept of fuzzy sets was 1st developed by
Zadeh [1]. Zadeh’s work has unplugged new perceptions
and applications with a wide range in the scientific
fields. Many real-life problems are often not crip and
this problem cannot be handled with the help of bi-
valued logic i.e., yes or no. Later, Zadeh described a
mathematical view on such kind of problems containing
vagueness, by giving some truth value function known
as membership function to each element of a given
problem. Kaufmann [2] developed the notion of fuzzy
subsets. In 1971, In his introduction to the idea of fuzzy
groups, Rosenfield [3] also covered the notion of fuzzy
subgroupoids and fuzzy groups. In 1979, Sherwood and
Anthony [4] redescribed the fuzzy group and gave the
theory of fuzzy group w.r.t. t-norm. In 1981, W.M. Wu
[5] established the normal fuzzy subgroup and discussed
some properties of the normal fuzzy subgroup. In 1984,
N.P. Mukherjee [6] explained some properties of fuzzy
costs along with fuzzy normal subgroups. As a fuzzy set
theory extension, Buehrer and Gau [8] later established
the idea of vague sets. The concept behind a vague set is
that each element’s membership can be divided into two
categories: true membership and false membership. In
1994, N. Ajmal
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[7] proposed the lattice of the normal and fuzzy
subgroups and discussed some properties of the lattice
on the fuzzy normal subgroup. In 1999, Demirci [9] gave
a mathematical concept related to Vague groups, which
was a different theory from the theory of R. Biswas[12].
In 2001, Yunjie Zhang [10]2020 Mathematics Subject
Classification. 03E72, 94D05;05B10,14L.30;18C40gave
some properties of fuzzy subgroups. In 2005, Wang Jue.
[11] studied the roughness of vague sets. Biswas in [12,
13] proposed the idea of Vague groups (VGs) and
examined some properties of VGs. Further, in 2008,
Ramakrishna in [14, 15] studied normal groups, vague
normalizers, vague centralizers, vague weights, and the
characterization of cyclic groups with the help of vague
groups. In 2011, A. Solairaju [16] studied Q-vague as
well as vague normal subgroups w.r.t (T, S) norms. In
2015, V. Amarendra Babu [17] introduced the idea of
vague additive groups with their properties. In 2016,
Mallika and Ramakrishna [18] studied the concept of
vague cosets, vague symmetry, vague invariant, and
some of their important properties. Onasanya and ilori in
[19, 20] discussed some properties of fuzzy cosets and
normal groups. In 2017, Zelalem Teshome Wale [21],
studied the concept of I-vague products. In 2020, N.
Ramakrishna [22] introduced the notion of multi-vague
algebra by defining multi-vague groups, (a,B)-cut of the
multi-vague set, true -cut , false a-cut and studied some
various properties in the multi-vague group. Nazimul
[23] described some results on fuzzy subgroups and
fuzzy cosets. Five sections make up the current study
paper, including an introduction. In the second section,
we outlined some of the fundamental concepts that were
used in this work. In the third section, some basic
preliminaries; vague sets, vague cosets, vague normal
subgroups, and some propositions are given. In the
fourth section, we have proved some theorems based on
vague cosets and vague normal subgroups. In the next
and fifth sections, we gave the conclusion of this work.
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2. NOTATIONS

Vi = vague set
ta = Truth membership function.
fa = False membership function.
= for all.
€ = belongs to.
G = A group equipped with binary operation = .
aV4 = vague left coset.

Vaa = vague right coset.

3. Preliminary

Definition 3.1. Vague set

A vague set A in the universe of discourse X is characterized by two membership functions given by; (1) A truth
membership function ta: X — [0, 1] (2) A false membership function fa: X — [0, 1] here ta(x) indicates membership grade s
lower bound of x obtained from “witness for X ” and fa(X) represents “lower bound” on the x negation dervied from the
“witness against x” and ta(X) + fa(X) < 1. Consequently, the membership grade of x in the “vague set A ” is bounded with
the sub-interval ta(x), 1 — fa(x) of [0, 1]. The vague set A can be described as indicated in VA(x). = <x,ta(x), fa(x) /x €X .
Where the interval [ta(x), 1— fa(X) ] is said to be the x value in the “vague set” A and

Definition 3.2. Vague Group
Suppose G to be a group, AV 4 of G is considered to be a VG of G, if the following properties are true: —¥x,y € G.
i.  Valxy) 2min{Va(x), Va(y)}. ie., ta(xy) = min{t4(x), ta(y)} &1 - falxy) = min {1 - fa(x), 1 - fa(y)}.
ii. Va (x‘l) = Va(x). ie., ta (x‘l) > ta(x)&1 - fa (x‘l) > 1— fa(x). here the element (xy) stand for (x * y). and
™' is a Binary operation defined on G.

Definition 3.3. Vague left coset
Let Vabe a vague group of a group G, for any a €G, aG, a vague left coset of Vais denoted by a Vaand defined by — (aVa)
(X) = Vaaxi.e., (ata) (x) = taa x&1 — afa(x) = 1 — faa ’x vx €G.

Definition 3.4. Vague right coset
Let Vabe a vague group of a group G, any a €G, a vague right coset of Vais denoted by Va(a) and defined by;
(Vad) (X) = Vaxali.e. (tad) (X) = taxa1&1 — faa(x) = 1 — faxa™ VX €G.

Definition 3.5. Vague normal subgroup

Let Vabe a vague group of a group G then Vais called Vague normal subgroup if vX, y €G,Va(xy) = Va(yX) i.e. ta(xy) =
ta(yx)&1 — fa(xy) = 1 — fa(yx). As an alternative, a vague group Vais considered to be a vague normal subgroup of G, fVa(x)
= Vayxy ti.e. ta(x) = tayxy &1 — fa(x) = 1 — fayxy 1vx, y €G.

Proposition 3.6. Let G be a group and A be any vague group of G; then Vax™* = Va(x) Vx €G.
Proposition 3.7. Vais a vague group of group G if and only if VAxy ™ > min Va(x),Va(y) VX, y €G.

Proposition 3.8. If Vaxy—! = Va(e) then Va(x) = Va(y) is a vague group of G. where e indicates the identity of group G and
Vadenotes a vague group of G, vx, y €G.

Proposition 3.9. If Vais a vague group of a group G then Va(x) <Va(e) ¥x €G.

4. THEOREMS AND THEIR MATHEMATICAL PROOFS
Theorem 4.1. Let Vabe a vague group of a group G, then eV o=Va=Vae i.e. et ta=ta“tae and 1 —efa=1— fa= 1 — fae, where
e being identity in G.
Proof: We assume that Vato be a vague group of G and e being the identity within G. Then eVaand Vae are respectively left
and right cosets of Vain G. Now, Vx €G, We have,
— (eta) (X) = ta€ X =—ta(X) = taxe™ = (ta€) (X) &1 —efa(x) = 1 — fae
=1-fax) =1—faxe ! =1 —fae(x)¥x €G
>etA=tA=tAe&]l —efA=1-fA=1-fAe. eVA = VA =VAe.

Theorem 4.2. Let Vabe a vague group of a group G and a €G. Then, Va(a) = Va(e) i.e. ta(a) = ta(e) and 1—fa(a) =1 — fa(e)
if and only if aVa=Va=Vaa i.e. ata=ta~"taa and 1 — afa=1 — fa= 1— faa where e being identity in G.
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Proof: Let a € G with Va(a) = Va(e) i.e. ta(a) = tale) and 1 — fa(a) = 1 — fa(e). Now, Yx € G.
We have (ata)(x) = ta (a‘lx) > min (ta(a), ta(x)) = min(ta(e), ta(x)) = ta(x) and 1 — (afa)(x) = 1 -
fa (a‘lx) >min (1 — fa(a),1 - fa(x)) = min (1 - fa(e), 1 - fa(x)) = 1 — fa(x). [Since, V4 is a vague group and
Va(x) < Val(e)] again, Vx € G. We have £4(x) = t4 (m-lx) > min (rA(a), ta (a-lx)) = min(tﬁ{e),t,q, (a-lx)) =
ta(a'x) = (ata) (x) and 1 - fa(x) = 1 - fa(aa'x) > min(1- fa@),1- fa(a"'x)) = min(1 - fa(e), 1~
fa (a‘1x)) = 1 —afa(x).[ Since, V4 is a vague group and Va(x) < Va(e)]. We conclude that from above
aty = ta&l —afy = 1— fa = aV, = V. Similiarly, we can prove that {4 = tsa&l - f4 = 1— faa = V4 = Vaa.
Conversly, Let aty = t4 = taa. Consider, t4(a) = (taa) (a) = ta (aa‘l) = ta(e) and 1 — fa(a) = 1 — (faa)(a) =
1= fa(aa™?) =1 = fa(e) = Va(@) = Va(e).

Theorem 4.3. Let Vabe a normal vague group of a group G and a €G,then every left coset of Vais a right coset of Vain G
i.e.aVa~Vaaie ata~taaand 1 —afa™1 — faa VX €G.
Proof: Let V 4 be a normal vague subgroup of a group G and a € G. Then aV 4 and V aa are respectively left and right
coset of V. in G. Now, ¥x € G, we have (at) (x) = ta (a‘Ix) =14 (m‘I) = (taa) (x) and 1-(afa) (x) = 1—f4 (a‘Ix) =

1- fa(xa!) = 1 - (faa) () = (ata) (x) = (taa) (&1 — (afa) () = 1 = (faa) (x) = aVa = Vaa Va € G

Theorem 4.4. Let Vabe a vague group of an abelian group G and a €G, then every left coset of Vais a right coset of Vain
Gi.e.aVa=Vaaie ata“taaand 1 —afa=1 — faa Vx €G.
Proof: Proof of theorem 4.3 could be followed.

Theorem 4.5. Let Vaand Vg be two vague groups of a group G and a €G. Then- (i) aVa=aVgif and only if
Va=Vsi.e, ata=atgif and only if ta=tsand 1 —afa=1 — afgif and only if 1 — fo=1 — fg. (ii) Vaa =Vga if and only if VA= Vsi.e.,
taa “tga ifand only if ta=tsand 1 —faa =1 —fegaifand only if 1 — fa=1 — fa.

Proof: Let aV4 = aVp, where a € G and let e being identity in G, =a ty = atg and 1 —afs = 1 —afs.
From the definition of left coset, we have Vx € G,tA(x) = ta(ex) = ta(a 'ax) = (ata)(ax) = (atp) (ax) =
tg (a‘lax) = tg(ex) = tg(x) and 1 — fa(x) = 1 — falex) = 1 — fa (a‘lax) =1—(afa)(ax) = 1 —(afp)(ax) =
1- fa(a'ax) = 1 - falex) = 1 - f5(x) = ta(x) = ts(x) and 1 — fa(x) = 1 f(x) = Va(x) = Vs(x) = Va = V5.
Conversly, suppose that Vs = Vg ie. ts = tg and 1— f4 = 1— fo. Now, ¥x € G, (ata) (x) = ta(a7'x)
tp (a‘ix) = (atg) (x) and 1 — (afa)(x) = 1 - fa (a‘ix) =1-fs (a‘ix) =1-(afg)(x) = ata = atp&l— afs
1-afg=aV, =aVp.

(i) Proof: - of part (i) can be followed.

Theorem 4.6. Let Vabe a vague group of a group G nd a” €G. If Va= Vaa xai.e. ta(X) = taa xaand 1 — fa(x) =1 — faa xavx
€G thenaVa=Vaai.e, ata“taaand 1 —afa=1 —faa.
Proof: Let V4 be a vague group of a group G and let @ € G and e being identity in G. Let V4 =

Va (a“xa) Yx € Gie. tq = ta (a‘lm) and 1—fo =1~ fa (a‘lxa). Now, from the definition of right
coset, we have Yx € G, (taa)(x) = ta (m‘l) = I (a“ (m“)a) =i, (a“.m‘la) =ty (a‘lxe) =ty (a‘lx) =

(ata) (x) and 1—(faa) (x) = 1-fa (m‘l) =1-fa (a‘l (m‘l)a) =1-f4 (a‘lm‘la) =1-fa (a‘lxe) =1-fa (a‘lx) =
1-(afa)(x). = taa=atyand 1 - faa=1—-afy = aVa=Vaa

Theorem 4.7. Let Vabe a vague group of a group G and a,b,c,d €G. Then, i.a (bVa) = (ab)Va, if bVais a vague group of G.
ii.(Vad) b = Va(ab), if Vaa is a vague group of G. iii. (ab)Va(cd) = a (bVac) d, if bVac is a vague group of G.
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Proof: (i) Yx € G, Wehave, [a (bt4)] (x) = (bta) (a7x) = t (b7 (a71x)) = t4 (b~'a ') = ta ((ab)'x) = [(@b)ta] (x) and
1-[a (bfa)] () = 1=(bfa) (a7'x) = 1=fa (0! (a7'x)) = 1= fa (b7'a %) = 1—fa ((@b) 'x) = 1-[(ab) fa] (x) = [a (bta)] (x)
=[(ab)t] (0)&1 ~ [a (bfa)] (x) = 1 - [(@b) fa] (). = a (bV ) = (ab)Va.
(i) Vx € G, we have,[(t4a) b] (x) = (t4a) (xb™1) = ta (xb~'a™") = t (x(ab)™!) = [ta(ab)] (x) and 1-[(faa) b] (x) =
1= (faa) (xb07!) = 1= fu (xb'a™") = 1 = fi (x(@b) ) = 1 = [fa(ab)] (x) = [(taa) b] () = [ta(ab)] (x) and
1-[(faa) b] (x) = 1 = [fa(ab)] (x).
(iti) Yx € G, we have, [(ab)ta(cd)] (x) = ta [(ab)'x(cd) | = ta [b7laxd e ] = 4 [b7! (a7 1xd™Y) 7 = (btac) (a7 'xd ) =
[a (btac) d] (x) and 1—[(ab) fa(cd)] (x) = 1—fa [(@b) " x(ed) | = 1= fa b0 xd e | = 1= fa [ (e xd 1) ! =

1—(bfac) (a“xd‘l) =1-[a(bfac)d] (x). = [(ab)ta(cd)] (x) = [a (btac)d] (x) and 1 — [(ab) fa(cd)] (x) =
1—[a(bfac)d] (x). =) (ab)Va(cd) = a (bV ac)d.

Theorem 4.8. Let Vaand Vg be two vague groups of a group G and a,b €G. Then,(i) aVa= bVzif and only if
Va=abVegi.e. ata=btgif and only if ta=a'btsand 1 — afa=1— bfgif and only if 1 — fa=1 — a™*bfs. (ii )Vaa =Vgb if and only
if Va=Vgbai.e. taa “tgb if and only if ta=tgba*and 1 — faa =1 — fgb if and only if 1 — fo=1 — fgba™.

Proof: (i) Let V4 and Vg be two vague groups of a group G and a,b € G and e being identity in G.

Suppose that —aV, = bVp ie. aty = bty and 1 —afs = 1—bfy. Now Vx € G, We have (a~'btg) (r) =
tp ((a‘lb)_l x) = tp (b‘1 (3‘1)_1 x) = tg (b‘Iax) = btg(ax) = ata(ax) = ta (a‘1ax) = talex) = fa(x) and
1-(a'bfs)(x) =1 f3 ((a‘lb)_l x) =1-f (b—l (a‘l)_l x) = 1- fz(bax) = 1 - bfs(ax) = 1- afs(ax) =

1—fa(alax) = 1— falex) = 1 - fa(x). = ta=a 'btpand 1 - fa =1-a"'bfs = V4 =a V5.

Conversly, suppose that V4 = a 'bVg ie. tqx = a'btg and 1 - f4 = 1 —a"'bfsg. Now,¥x € G, we
have (ats) (x) = t, (a‘lx) = (ﬂ_lbtg) (a‘lx) = Ip ((a‘lb)_l (a‘lx)) = tg (b‘l (a‘l)_l (a‘lx)) = i3 (b‘laa‘lx) =
tg (b‘lex) =tz (b‘lx) = btg(x), and 1 —(afa)(x) =1— fa (a‘lx) =1- (a‘lbfg)(a‘lx) =1-f3 ((a‘1b)_1 (a‘lx)) =
1-f3 (b‘1 (a‘l)_l (a‘1x)) =1-fp (b‘laa‘Ix) =1-f3 (b‘lex) =1-fp (b‘lx) = 1-bfp(x). = ats = btg and 1—afs =
1- be. = aV,y = bVB.

(i1) same as above.

Theorem 4.9. Let Vabe a vague group of a group G nd a,b,c,d €G. Then, aVab = cVad if and only if bVaa?=dVacli.e.,
atab “ctad if and only if btaa ™ “d'tactand 1 — afab =1 — cfad if and only if 1— b—1 fAa—1 =1 — d-1 fAc-1
Proof: Let aVab = cVad ie. atab = ctad and 1 —afsb = 1 —cfad. Now, ¥x € G, we have, (b7'taa71) (x) =

ta(bxa) = ta [(bm)‘l] =ta [a‘lx‘lb‘l] = (atab) (x‘l) = (ctad) (x‘l) =ta (c‘lx‘ld‘l) =ty [(dxc)‘l] = ta(dxc) =

(dtac) () and 1 - (07 faa ™) (x) = 1 = fabxa) = 1= fa[(bxa)™] = 1 - fa[a 07| = 1 - (afab) (x77) =

1= (cfad) (x71) = 1= fa (c7x71dY) = 1 — fa [(dxe) | = 1 = faldxe) = 1— (47 fac™) (2).

= (b‘lt,qa‘l) (x) = (d‘ltﬂc‘l) (x)and 1 - (b‘lf,a,a‘l) x)=1- (d‘lf,a,c‘l) @A) =2b Wl =d1Wuc!
Conversly, suppose that b1V a7 = d 1V c ! e (b‘ltAa‘l) (x) = (d“t,{c‘l)(x) and 1 — (b‘lf,qa‘l)(x) =

1-(d" fac™) (x). Now Vx € G, we have, (atab) (x) = ta (a~'xb™") = t4 [(a‘lxb‘l)_ll =t [(b-l)_1 X1 (a‘l)_l] -

ta [bx‘la] = (b‘lt,a,a‘l)(x‘l) = (d‘lt,qc‘l)(x‘l) = I, [dx‘lc] = Iy [(dx‘lc)_ll = ta [c‘lxd‘l] = (ctad) (x) -

and 1 — (afab) (x) = 1 - fa (a‘lxb‘l) =1-fa [(a‘lxb‘l)_l] =1-fa [(b‘l)_1 x (a“)_l] =1-fa [bx—la] =

1- (b‘lan‘l) (x‘l) =1- (d‘lf,qc‘l)(x‘l) =1-fa [dx‘lc] =1-fa [(dx‘lc)_ll =1- fa [c“xd‘l] =1-

(cfad) (x). = (atsb) (x) = (ctad) (x) = 1 — (afab)(x) =1 - (cfad) (x) = aVab = cVd

Theorem 4.10. Let Vabe a vague group of a group G. Let H be a normal subgroup of G and Va(x) = Va(e); ¥x €H then 3a
function Ap : 41— [0, 1] such that Vay = HE,Ayis a vague group.
Proof: Since, H is normal subgroup of G.Therefore, x&is a group. Now, define a mapping
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G
Ap: 7~ [0, 1]suchthat

Va,(xH) = {

tae);xe H

Vale);xeH
Valx);x¢ H

1— fale);xe H

ie., ta,(xH) = { Ea(r):x & H &1 — fa,(xH) = { 1-fa(yx g H

Now, assume that, xH = yH = xy~! € H. Consider, V5 (xy‘l] = Vale) = Valx) = Va(y) = Va,(xH) =
Vau(yH) et ta, (xH) = ta,(yH) and 1— fa, (xH) = 1—fa,,(yH). Hence, V 4,, is a well-defined map. Now, ifx, y € H
then consider, t, ((xH)™) = ta, (x'H) = t4 (x7)) = ta(®) = ta,(xHD&L — fa, (cH) ) = 1= fa, (x'H) =

1= fa(x!) = 1= fa(x) = 1= fay(xH). = Va, ((xH)™) = Vi, (xH). Also, ta,(xH * yH) = ta,(xyH) = ta(xy) >
min (£4(x), ta(y)) = min (ta,(x), ta,(y)) > min (ta,(xH), ta, (yH)) and 1 - fa,(xH = yH) = 1 — fa,(xyH) =
1 - falxy) = min(1 - fa(x), 1= fa(y)) = min(1 - fa,(x),1 - fa,(y)) = min(1 - fa,(xH),1 - fa,(yH)) =
Va, (xH % yH) > min (Va,(xH), Va, (yH)). Ifx,y € H then consider ,ts, (xH)™) = ta, (x'H) = ta(e) =
ta, (cH) and 1= fa, ((cH) ™) = 1=fa,, (xH) = 1= fa(e) = 1-fa,(xH). = Va, (@H)™) = Vo, (xH). Also, ta,, (xH>
yH) = ta,(xyH) = ta(e) = min (ta(x),ta(y)) = min (£a,(x), ta,(y)) = min (Ea, (xH), ta, (YH)) &1 = fa, (xH *

yH) =1 = fa,(xyH) = 1 = fa(e) 2 min (1 - fa(x),1 = fa(y)) 2 min (1 = fa,(x),1 = fa.(y) 2
min (1 - fa,(xH), 1 = fa,(yH)) = Va,(xH = yH) 2 min (V4,,(xH), Va,,(yH)) .

5. Conclusion

Group theory has many real-life applications in the field
of Space study, Analytical chemistry, computer science,
medical sciences, life sciences, economics, etc. Here, we
studied some new outcomes of vague groups and then
defined a novel way to represent the vague left and right
cosets. The idea of a vague normal subgroup has also
been defined. The basic objective of this paper is to find
outsome new outcomes on vague coset and vague
normal groups. We generalized the results of fuzzy group
theory to the vague group theory by adding the false
membership value in existing results of fuzzy group
theory and also in the last theorem, we provedthe
existence of a function for making crisp quotient group a
vague group and found that these results are applicable
in vague group theory.Vague set theory was
universallyused in pattern recognition,decision-making,
logic programming,andmedical diagnosis. It seems to
have been more popular than fuzzy sets technology in
recent years. In the end, we hope that this work
encourages further study in this field. As it is the area
has maximum application in almost every field.

Acknowledgment

This work has been carried out under the URGS Ref.
number Dev./1043 dated 29.06.2022. The second author
is grateful to the University Grants Commission for
financial assistance. Aknowledged the other authors also
for providing literature and writing, editing and
formatting the article as per journal requirements.

Conflicts of Interests: None

References

[1] L.A. Zadeh, Fuzzy sets, Information and Control .
8(3) (1965), 338-353.
https://doi.org/10.1016/S0019-9958(65)90241-X

[2] A. Kaufmann, Introduction to the theory of Fuzzy
Subsets, Academic Press, New York, 1975.

International Journal of Intelligent Systems and Applications in Engineering

[3] A. Rosenfeld, Fuzzy Groups, Journal of
Mathematical Analysis and Applications,
35(3)(1971),512-517.
https://doi.org/10.1016/0022-247X(71)90199-5

[4] J. M. Anthonyand H. Sherwood, Fuzzy Groups
Redefined, Journal of Mathematical Analysis and
Applications,69(1)(1979),124-130.
https://doi.org/10.1016/0022-247x(79)90182-3

[5] W. M. Wu, Normal fuzzy subgroups, Fuzzy
mathematics,1(1)(1981),21-30.

[6] N.P. Mukherjee, Fuzzy normal subgroups and
fuzzy cosets,Informatisciences,34(3)(1984),224-
239. https://doi.org/10.1016/0020-0255(84)90050-1

[71 N.Ajmal and K.V. Thomas, The lattice of fuzzy
subgroups and normal subgroup, Information
sciences, 76(1)(1994),1-11.
https://doi.org/10.1016/0020-0255(94)90064-7

[8] W.L. Gauand D.J. Buehrer, Vaguesets, IEEE
Transactionson System, Man,and Cybernetics,32)
(1993), 610-614.
https://doi.org/10.1109/21.229476

[91 M. Demirci, Vaguegroup, Journal of Mathematical
Analysisand Applications,230(1)(1999),142-156.
https://doi.org/10.1006/jmaa.1998.6182

[10] Y. Zhang, Some properties offuzzy subgroups,
Fuzzysetsandsystems,119(3)(2001),427-438.
https://doi.org/10.1016/s0165-0114(99)00102-5

[11] W. Jue., S. Y. Liu and J. Zhang., Roughness of
vague set, International Journal of computational
cognition,3(3)(2005),82-86.

[12] R. Biswas, Vague Groups, International journal of
computational cognition, 4(2)(2006), 20-23.

[13] H. Khan, M. Ahmed, and R. Biswas, On Vague
groups,International Journal of computational
cognition, 5(1)(2007), 27-30.

[14] N. Ramakrishna, Vague normal groups,
International journal of computational cognition,
6(2)(2008), 10-13.

IISAE, 2024, 12(2), 823- 828|827


https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/0022-247X(71)90199-5
https://doi.org/10.1016/0022-247x(79)90182-3
https://doi.org/10.1016/0020-0255(84)90050-1
https://doi.org/10.1016/0020-0255(94)90064-7
https://doi.org/10.1109/21.229476
https://doi.org/10.1006/jmaa.%201998.6182
https://doi.org/10.1016/s0165-0114(99)00102-5

[15] N.Ramakrishna, A charatcterization of cyclic
groups, International journal of computational
cognition, 6(2)(2008), 7-9.

[16] A.Solairaju, R. Nagarajan and, P. Murugananthan,
Q-vague groups and vague normal subgroups with
respect to (T, S) norms, International Journal of
computer application,15(7)(2011). 88-87,

[17] V. Amarendra Babu, K.V. Ramarao and T.Anitha,
Vague additive groups, Universal Journal of
Applied Mathematics,bf3(3)(2015),50-52.

[18] Ch.Mallika, N. Ramakrishna and G.Anandha Rao,
Vague cosets, World Journal of Research and
Review(WJRR), 3(2)(2016), 28-31.

[19] B.O. Onasanya and S.A.llori, On fuzzy subgroup
and fuzzy cosets, International Journal of Computer
Application, 81(14)(2013), 20-22.

[20] B.O.Onasanya and S.A.llori, On cosets and normal
subgroups, International Journal of Mathematical
Combinatorics, 3(2014), 35-40.

[21] Z. T. Wale, On I- vague products, Ethiopian Journal
of Science, 40(1)(2017), 9-15.

[22] N. Ramakrishna, T. Eswarlal and B. Nageswararao,
Multivague groups, NOVYI1 MIR research journal,
5(4)(2020), 0130-0135. [23] Md. N. Islam, Some
results on fuzzy cosets of a fuzzy subgroup of a
group, Thai Journal of Mathematics, 19(1)(2021),
29-36.

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(2), 823- 828|828



