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HESITANT FUZZY RIGHT BI-QUASI IDEALS OF
I'-SEMIGROUPS

Rajendra Kumar Kona and M. Murali Krishna Rao.

ABSTRACT. In this paper, we introduce hesitant fuzzy right bi-quasi ideals
of a I'-semigroup as a generalization of bi-ideals of a semigroup and study
the properties of hesitant fuzzy right bi-quasi ideals. Regular I'—semigroup is
characterized in terms of hesitant fuzzy right bi-quasi ideals of a I'—semigroup.

1. Introduction

Semigroup is a simple algebraic structure and has many applications in math-
ematical analysis, formal language and automata theory. As a generalization of
semigroups, Sen and Saha[21] introduced the notion of Gamma semigroups. Quasi
ideals of a semigroup were introduced by Steinfeld[22]. Quasi ideals are generaliza-
tion of left(right) ideals, bi-ideals are generalization of quasi ideals. Murali Krishna
Rao[17, 18] introduced fuzzy bi-quasi ideals in I'—semigroups, further studied fuzzy
bi-interior ideals of semigroups. Handling uncertainties in all fields is a very impor-
tant task. As number of uncertainties prevail in many real world problems such as
Decision making, Control Engineering, Artificial Intelligence, Robotics and many.
To handle such, some of the mathematical tools such as randomness, rough set and
fuzzy set were introduced. Fuzzy sets were proposed by Zadeh[26]. Rosenfeld[20]
introduced the notion of fuzzy subgroup studied some of its properties. Kuroki[9]
introduced fuzzy ideals in semigroup, and characterized several fuzzy left, fuzzy
right and fuzzy bi-ideals of semigroups.

In 2009, Torra and Narukawa[24] and Torra[23] introduced the notion of hes-
itant fuzzy sets as a generalization of fuzzy sets which was proposed by Zadeh.
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Hesitant fuzzy sets play a remarkable role when there is ambiguity to decide the
membership of an element, when different membership degree for an element was
assigned by the decision makers. Hesitant fuzzy set allows the membership of an
element of a set to be represented by several possible values, which can be a perfect
tool for modeling peoples hesitancy. Recently many authors used these concepts
in clustering analysis and decision making. Jun et.al.[7] studied hesitant fuzzy
bi-ideals in semigroups and discussed relationships between hesitant fuzzy semi-
groups with frontier. Xia and Xu applied hesitant fuzzy set to decision making
[25]. Kostaq Hila et al. studied a hesitant fuzzy set approach to ideal theory in
I'—semigroups [1].

2. Preliminaries
Some basic definitions needed in the next sections were given in this section.

DEFINITION 2.1. Let M and I' be nonempty sets, then M is called a I'—semigroup,
if there exists a mapping MXTXM — M (images of 1, o, m is denoted by
lam,l,m € M,a € I" ) such that it satisfies
i) lam e M
ii) la(mpBn) = (lam)Bn, for all [,m,n € M,«a, 3 €T.

DEFINITION 2.2. Let M be a I'-semigroup. A nonempty subset .S of M is called
a sub semigroup if ST'S C S.

DEFINITION 2.3. Let M be a I'-semigroup. A nonempty subset L of M is called
left(right) ideal of M if MT'L C L(LT'M C L). If it is both, a left and right ideal
then it is called an ideal.

DEFINITION 2.4. Let M be a I'-semigroup. A sub semigroup B of M is called
a bi-ideal if BTMT'B C B.

DEFINITION 2.5. Let M be a I'-semigroup. A nonempty subset Q of M is called
a quasi-ideal if QT'M N MTQ C Q.

DEFINITION 2.6. Let M be a nonempty set. A mapping f : M — [0, 1] is called
a fuzzy subset of a I'-semigroup M.

DEFINITION 2.7. Let f be a nonempty fuzzy subset of a I'—semigroup M and
t € [0,1]. Then the set f; = {x € M|f(x) > t is called the level subset of M with
respect to f.

DEFINITION 2.8. A T'-semigroup M is said to be regular if, for each [ € M there
exist x € M and «, 5 € I" such that | = lazpSl.

3. Hesitant fuzzy ideals

DEFINITION 3.1. Let X be a reference set and let P[0,1] denote the power set
of [0,1], then a mapping h : X — PJ[0,1] is called a hesitant fuzzy set in X. The
hesitant fuzzy empty|[resp.whole]set, denoted by h°[resp.h!], is a hesitant fuzzy set
in X defined as, for each z € X, h® = ¢[resp. h'(x) = [0,1].

In this case, we will denote the set of all hesitant fuzzy sets in X as HS(X).
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DEFINITION 3.2. i) Let hy, ha € HS(X). Then we say that hy is a subset of ho
denoted by hy C hag, if hy(z) C ha(z), for each z € X.
ii) we say that h; is equal to hg, denoted by hy = ha, if hy C hy and he C hy.

DEFINITION 3.3. Let (X, ) be a groupoid and let hy, hy € HS(X). Then the
hesitant fuzzy product of hy and ho, is denoted by hy o hs, is a hesitant fuzzy set
in X defined by : for each x € X,

(h1 0 ho)(z) = { Uneelha (0) N a(0)] if bSc = o

¢ otherwise.

DEFINITION 3.4. The hesitant characteristic function of a nonempty subset w
of I"'—semigroup M is defined as &, : M — P(][0, 1]) where,

0,1, ifrew,
Su(z) = { o, ifr ¢ w.
DEFINITION 3.5. The hesitant fuzzy subset of a nonempty subset I of M is
defined as I : M — P([0,1])/I(z) = [0, 1].

DEFINITION 3.6. A hesitant fuzzy subset h of a I'-semigroup M is said to be a
hesitant fuzzy I'—subsemigroup of M if

h(pBq) 2 h(p) Nh(q)for all p,q € M, €T.

DEFINITION 3.7. Let M be a I'—semigroup. A hesitant fuzzy set h of M is said
to be a hesitant fuzzy right(left) ideal of M if h is a hesitant fuzzy I'—subsemigroup
of M and h(pBq) 2 h(p)(h(q)) for all p,q e M, B €T.

DEFINITION 3.8. Let M be a I'-semigroup. A hesitant fuzzy set h of M is said
to be a hesitant fuzzy bi-ideal of M if it satisfies :
i) h is a fuzzy T'—subsemigroup of M.
i) h(lampBn) D h(l) N h(n) for all I,m,n eM, «, 5 € T.

DEFINITION 3.9. A hesitant fuzzy subset h of M is called a hesitant fuzzy
left(right) bi-quasi ideal of M if TohoIoh C h(hoIohol C h).

DEFINITION 3.10. A hesitant fuzzy subset h of M is called a hesitant fuzzy
bi-ideal of M if holoh C h.

DEFINITION 3.11. Let h be a hesitant fuzzy subset of a I'-semigroup M and
t € P([0,1]). Then the set hy = { € M/h(z) D t} is called the t-cut of h.

THEOREM 3.1. Let M be a I'-semigroup, then for P,Q C M, we have
i) Ep Nég = Epng
i) §p o &g = Epq

PROOF. i) Let x € M. x € PN Q, implies z € P and z € Q. Therefore

(€pN&Q)(z) =E&p(z) Néq(w)
=10,1]N[0,1] = [0, 1] = €png ()
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Ifx ¢ PNQ then z ¢ P or x ¢ Q. Therefore
(Ep N&Q)(x) = Ep(z) Néo(2)
=¢No=0¢==Epnq(z)

Hence {p N &g = &pna
ii)Let a € M. Suppose a € PT'Q, then a = zay, z € P,y € Q,a € T.

Ernée)a) = | {r(@)néol@)}
a=zay
2 &p(x) N&q(x) = [0,1].
Since a € PI'Q, we have {p N€g(x) = [0, 1].
If a ¢ PT'Q, then a # zay then

pnég)a) = |J {¢p(m)néq(n)}
a=mdn
= ¢ =¢&pqla).
Therefore £p 0 g = €pg- (]

THEOREM 3.2. Let &, be the hesitant characteristic function of the nonempty
subset w of a I'—subsemigroup M. Then w is a I'—subsemigroup of M if and only
if & is a hesitant fuzzy T'—subsemigroup of M.

PROOF. Let w be a I'—subsemigroup of M. Then man € w form,n € M,a €T.
If m,n € w, then &,(man) =[0,1] =J,_,,an{w(m) N&,(n).}
If m ¢ worn ¢ w then &,(man) =0=,_,,anié(m) N&,(n).}
Therefore if man € w, then &,(man) 2 U, _,,aniéw(m) N, (n)
Conversely, suppose £, is a hesitant fuzzy I'—subsemigroup of M.
Let @,y € w, then &,(7) = &, (y) = [0,1].
Thus &,(a0b) 2 U, _ e {w(a) N E,(6) = [0,1]
Therefore aab € w. Hence w is a I'—subsemigroup of M. O

THEOREM 3.3. A nonempty subset w of a I'-semigroup M is a bi-ideal of M if
and only if the hesitant characteristic fuzzy set &, of w is a hesitant fuzzy bi-ideal
on M.

PROOF. Let w be a bi-ideal of M. Then &, is a hesitant fuzzy ['—subsemigroup
of M. &,(m) N&u(n) = [0,1] = &, (mdn).
If m ¢ w,n¢w, then &,(m) N&,(n) = ¢ = &,(mdon).
Therefore &, is a hesitant fuzzy bi-ideal on M. Conversely suppose &, is a hesitant
fuzzy bi-ideal on M. Then w is a I'—subsemigroup of M.

€w (\IJ) = €w (aabﬁc)

2 &u(@) N&u(b) N&ule)
2[0,11n[0,1]N[0,1]
2 [0,1]
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THEOREM 3.4. Let w be a nonempty subset of a I'-semigroup M and &, be the
hesitant characteristic function of w. Then w is a bi-quasi ideal of M if and only if
&w s a hesitant fuzzy bi-quasi ideal of M.

PROOF. Let w be a nonempty subset of a I'-semigroup M and &, be the hesitant
characteristic function of w.
Suppose w is a hesitant fuzzy bi-quasi ideal of M.
Therefore £, is a hesitant fuzzy I'—subsemigroup of M.
Hence wI'M NwI'MTw C w. Then
Swodm Néwo&m 08w = Eurm N&urmrw
= ngMﬂwFMFw
C &

Therefore £, is a hesitant fuzzy right bi-quasi ideal of M.
Similarly we can prove the other.
Conversely suppose £, is a a hesitant fuzzy bi-quasi ideal of M.
Then w is a I'—subsemigroup of M. Therefore
wobmNéuobumoé, €&
= urm Néwrmrw C &
= &ormy NWI'MTw C &,

Therefore wI'M NwWI'MTw C w.
Hence w is a right bi-quasi ideal of M. O

THEOREM 3.5. Let M be a I'-semigroup and h be a non empty hesitant fuzzy
subset of M. Then h is a hesitant fuzzy I'—subsemigroup of M if and only if
hoh C h.

PrOOF. Let hoh C h, then for z,y € M, € T
we have

h(rds) 2 (hoh)(rds) 2 {h(r) N h(s)}.
Therefore h is a hesitant fuzzy sub semigroup of M.

Conversely suppose h is a hesitant fuzzy I'—subsemigroup of M and a € M then
there exists m,n € M,a € M such that a = man then

(hoh)(z) # 6.
= h(man) D {h(m) N h(n)}.
= h(man) 2 U {h(m) N h(n)}.

a=man

~ (hoh)(a)
Hence (hoh) C h. O

THEOREM 3.6. Let h be a nonempty hesitant fuzzy I'—subsemi group of M.
Then the following are equivalent:
1) h is a hesitant fuzzy left(right) ideal of M.
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2)Ioh Ch (hol C h) where I is a hesitant fuzzy set and I(x) = [0,1] for all
x € M.

THEOREM 3.7. Let h be a non empty hesitant fuzzy subset of a I'—semigroup
M. Then h is a hesitant fuzzy I'—subsemigroup of M if and only if hs is a sub
semigroup for every s € P([0,1]), where hy = {x € M| h(x) D s}.

PROOF. Let h be a hesitant fuzzy sub semigroup of M.
Let s € P(]0,1]), then for some a € M such that h, = s.
Soa € hs = hg # ¢
Let I,m € hs. Then h(l) D s,h(m) 2 s. hence {h(l) Nh(m)} D s.
Now for n € T h(lpm) 2 {h(l) " h(m)} D s.
Hence Inm € hg for all n € T such that h;I'hs C hs.
Therefore hg is a sub semigroup of M.
Conversely, suppose hs are sub semigroups of M for all s € P([0,1])
Let h(l) = s; and h(m) = sg and s1 D so, then I, m € hg,.
Therefore inm € hs,
= h(lnpm) D so = {h(l) N h(m)}.
Therefore h is a hesitant fuzzy I'—subsemigroup of M. U

THEOREM 3.8. Let M be a I'—semigroup and h be a non empty hesitant fuzzy
subset of M. Then the following are equivalent:
1) h is a hesitant fuzzy bi-ideal of M.
2) hohChand holoh Ch.

PROOF. Suppose h is a hesitant fuzzy bi-ideal of M. Let a € M. then

(hoh)(a) = ) {n(b)

a=bfc
c [J h(bse)
a=bfc
h(a)

Therefore hoh C h.

(hoToh)(a)= |J {(hoD)()Nh(m)}
a=lam
- U U {n(p) N 1(g)} N h(m)
a=lam | l=pBq

U ¢ U {rp)n0,1]} N h(m)

a=lam | l=pBq
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= U {n)nhim)

a=pBqgam

c U h»Baam)
a=pBqam
= h(a).
Hence (hoIoh) C h.
Conversely, suppose hoh C h and holoh C h.
Let hoh C h. Then for s,t € M,a €T.

h(sat) D ho h(sat) 2 h(s) N h(t)

Let I,m,n € M,a, 8 €T and a = lamfn.
Since ho I oh C h we have,

h(lamBn) = h(a) 2 (hoIoh)(a)
= U {(hoI)(lam) N h(n)}

a=lampn

U { U {w@nim)ynhn)

a=ppn | p=lam

= U { U onfo 030w

a=ppBn | p=lam

> U onnmy

a=lampn

= h(lampn) 2 h(l) N h(n)

Therefore h(lampBn) 2D h(l) N h(n).
Hence h is a hesitant fuzzy bi-ideal of M. U

THEOREM 3.9. FEwvery hesitant fuzzy right ideal of a T'—semigroup M is a hes-
itant fuzzy quasi-ideal of M.

PROOF. Let hesitant fuzzy right ideal of M then
(hoI) N (Ioh) C hol C h.
Therefore h is a hesitant fuzzy quasi-ideal of M. O

THEOREM 3.10. Let r, [ be right and left hesitant fuzzy ideal of M. Then r Nl
is a hesitant fuzzy quasi-ideal of M.

PRrOOF. Since ((r Ni)ol N (ITo(rnl)) C ((rol) N (lol) C rNl. Therefore r N
is a hesitant fuzzy quasi-ideal of M. O

THEOREM 3.11. Let M be a I'—semigroup. Let r be a hesitant fuzzy right ideal
and [ be a hesitant fuzzy left ideal of M. Then r Ul is a hesitant fuzzy quasi-ideal
of M.
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PROOF. Let r be a hesitant fuzzy right ideal and 1 be a hesitant fuzzy left ideal
of M. Then r(pdq) 2 r(p) and I(pdq) 2 I(q).

(rud o)) = |J [rudm NI

a=pdq

= |J Hem uim)}nio1]

a=pdq

= U Hrpulm)]

a=pdq

U [(r(pdq) Ui(pg)}]

a=pdq

=r(a)Ul(a)
= (rul)(a).

Therefore ((r Ul)oI)(a) CrUl(a).
Similarly it can be proved (L o (rUl))(a) C rUl(a).
And (rul)oI)N(To(rul)) C (rul)n(rul) C (rul)

Therefore r U1 is a hesitant fuzzy quasi-ideal of M. O

N

THEOREM 3.12. Any hesitant fuzzy quasi-ideal of M is a hesitant fuzzy bi-ideal
of M.
PRrROOF. Let h be a hesitant fuzzy quasi-ideal of M then
holoh C holol C hol
holoh C Ioloh C Ioh
= holoh C hol N1oh C h.

Therefore h is a hesitant fuzzy bi-ideal of M. O

THEOREM 3.13. Let p, q be any two hesitant fuzzy quasi-ideals of M. Then
p 0 q is a hesitant fuzzy bi-ideal of M.

PROOF. Since any hesitant fuzzy quasi-ideal is a hesitant fuzzy bi-ideal.
Therefore
(p o g)oMo(p o q) =p o(q o(M o p)o q)
CpolgoM o Mogq
CpolgoMogq
Cpogq
Hence, p o ¢ is a hesitant fuzzy bi-ideal of M. O

THEOREM 3.14. Let r and [ be hesitant fuzzy right and left ideals of M. Then
M is regular if and only if r o l =1 N1I.

PROOF. Let M be a regular I'—semigroup.
Let r be a hesitant fuzzy right ideal and 1 be a hesitant fuzzy left ideal of M.



HESITANT FUZZY RIGHT BI-QUASI IDEALS OF I'-SEMIGROUPS 261

Letae M

(rol)( U {r(z

C {r(zny) Ni(zny)}
r(a)Ni(a)
= (rnD)(a)
thusr ol Crnl.

Let y € M. Since M is regular there exists o, 8 € I',x € M
such that y = yaxSy. And

(rolw)= |J {r(baz)ni()}

y=bax b

= U { U ro)nr@3inie)

y=pBb p=bax

U r®nie)

y=bax b
2 {r(y) Niy)}-

Since y = y(azfB)y and TMT CTazf €lsorol Drnl.
Thusr ol =rnlI. O

V)

THEOREM 3.15. A nonempty hesitant fuzzy subset h of a T'—semigroup M is a
hesitant fuzzy bi-ideal of M if and only if hy is a bi-ideal of M for every b € P([0,1]),
where hy, = {x € M| h(z) 2 b}.

PROOF. Let h be a hesitant fuzzy bi-ideal of M.
Then h be a hesitant fuzzy sub semigroup of M.
Therefore hy, is a sub semigroup of M for every b € P([0,1]).
Let b € P([0,1]), then for some o € M such that hy = b.
So a € hy = hy 75 1)
Let x,z € hy. Then h(z) D b,h(z) 2 b. he
Now for y € M,a,p € T h(zayBz) 2 {h
that thMth Q hb.
Therefore hy is a bi-ideal of sub semigroup of M.
Conversely, suppose hys are bi-ideals of M for all b € P([0, 1])
Then hys are sub semigroups of M
Hence h be a hesitant fuzzy sub semigroup of M.
Let z,y,z € M,a,8 €T
Let h(xz) = by and h(y) = be and by D by, then z,z € hy,.
Therefore xayBz € hy,
= h(zayBz) 2 by = {h(x) N h(z)}.
Therefore h is a hesitant fuzzy bi-deal of M. O

2
h

?Ce {h(z) Nh(z)} Db.

h(z)} 2 b. Hence zayfBz € hy, such

THEOREM 3.16. Let M be a I'—semigroup, then every hesitant fuzzy right ideal
h of M is a hesitant fuzzy bi-quasi ideal of M.



262 K. R. KUMAR AND M. M. K. RAO.

PROOF. Let h be a hesitant fuzzy right ideal of M, and x € M

(hoD)(x) = |J {h(r) N 1(s)}

T=Tros

= J {ar)nio,1)}

T=Tros

U ()}

T=Tros

U {h(ras)}

T=Tros

U {h()}

T=ros

C h(z)

N

N

N

Therefore (hol)(x) C h(x).

(holoh)(z) = U {(hoI)(man) N h(p)}

rz=manfp

c U A{h(man)nh(p)}

rz=manfp

C U h(z)
rz=manfp
C h(x).
and
((hoI) N (holoh))(z) = {(hol)(x) N (holoh)(x)}
C {h(x) "Vh(x)}
= h(x).
Therefore h is a hesitant fuzzy bi-quasi ideal of M. O

THEOREM 3.17. Let h be a non empty hesitant fuzzy subset of a I'—semigroup
M. Then h is a hesitant fuzzy bi-quasi ideal of M if and only if the t-cut hy of h is
a bi-quasi ideal of M for every t € P([0,1]),where hy = {x € M| h(z) D t}.

PROOF. Let M be a I'—semigroup and h be a nonempty hesitant fuzzy subset
of M.
Suppose h be a hesitant fuzzy bi-quasi ideal of M, h; # ¢,t € P([0,1]).
and n,p € hy,a €T
Let « € MThy N iy I'MThy then x = man = pBqyr where m,q € M,n,p,r €
hi,a, 8,7 € T. Then (Ioh)(z) Dt and (holoh)(z) Dt
= h(x) 2 (Ioh N holoh)(z) D t.
Therefore = € hy. Hence h; is a left bi-quasi ideal of M.
Similarly we can prove h; is a right bi-quasi ideal of M.
Conversely, suppose h; is a bi-quasi ideal of M for all ¢t € P([0,1])
Then h; is a hesitant fuzzy sub semigroup of M.
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Let x,y € M, h(z) = t1, h(y) = t3 and t1 D tg, then z,y € hy, and zay € hy,

= h(zay) Dty = {h(z) Nh(y)} 2D ta.

We have MTh, N h,TMTh, C hy, suppose t € P([0,1]).

Then MI‘ht n htFMth g h,t.

Therefore (Ioh N holoh)(x) D h.

Hence h is a hesitant fuzzy left bi-quasi ideal of M.

Similarly we can prove h is a hesitant fuzzy right bi-quasi ideal of M. O

THEOREM 3.18. Let M be a regular I'—semigroup and h be a hesitant fuzzy
subset of M. Then h is a hesitant fuzzy bi-quasi ideal if (Ioh N holoh)(x) C h.

PROOF. Let h be a hesitant fuzzy bi-quasi ideal of a regular I'-semigroup M.
Then to prove that (Ioh N holoh)(z) C h.

(Ioh)(z) = U {I(aab) N h(a)}

rz=aabBa

= U {0.10nn@}

rz=aabBa

U (@)}

rz=aabBa

c U {h(aabBa)}

rz=aabBa

c U {na)y

rz=aabBa

= h(x).

N

Therefore (Ioh)(z) C h(x).

(holoh)(z) = | J {(h(a)N Ioh(bBa)}

rz=aabfBa
= U {@n{ U {d®) nhla)}}
r=aam m=bfa
= |J {(@)n{ U {(0,1]nh(a))}}
r=aam m=bfa
> U (k@) nh(a)}
rz=aabBa
2 h(z).

and

((I o h) N (holIoh))(x) = {(hol)(xz) N (holoh)(x)}
C {h(z) N h(z)}
= h(zx).

Therefore h is a hesitant fuzzy bi-quasi ideal of M. O
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THEOREM 3.19. Let M be a I'—semigroup, then every hesitant fuzzy right ideal
of M is a hesitant fuzzy right bi-quasi ideal of M.

PROOF. Let h be a hesitant fuzzy right ideal of a I'-semigroup of M, and
a € M. Then

(hoI)(a) = | {h(z)nI(y)}

a=zoy

U @) n o)

a=zoy

U {r@)}

a=zoy

c U {(nzay)}

a=zoy

c | {n)y

a=zoy

C h(a)

Therefore (hol)(a) C h(a). And

(hoIoh)(a) = U {(hol(zay) N h(z)}

a=zayBz

U U rw)nie)nne:)}

a=zayBz p=zay

U {r)nh(=)}

a=zayBz

c U (k) nhe))

a=zayBz

C {h(zayBz)}
C h(a).

Now,
((hoI) N (holoh))(x)

{(hoI)(a) N (holoh)(a)}
{(hoI)(a) N h(a)}

{(h)(a) N h(a)}
h(a)

a).

N 1N 1N

Therefore (hol) N (holoh) C h.
Therefore h is a hesitant fuzzy right bi-quasi ideal of M. (]

THEOREM 3.20. Let M be a I'—semigroup. Then M is reqular if and only if
h=(hoI)N(holoh) for any hesitant fuzzy right bi-quasi ideal of M.
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PRrROOF. Let h be a hesitant fuzzy right bi-quasi ideal of M. Then

hol(x)= |J {ha)nI(bBa)}

a=aabBa
= U th@no1)
a=aabBa
= h(x).
holoh(x)= U {h(a) NI oh(bBa)}
a=aabBa
= J {n@)n |J {10) nh(a)}
r=aap p=bBa
= U @n Y {0.11nh(a)}
r=aap p=bBa
= |J {na)nh(a)}
r=aabBa
D h(aabBa)
= h(z).

Therefore (hoI)N(holoh)=h.

Conversely suppose that h = (hoI)N(holoh), for any hesitant fuzzy right bi-quasi
ideal of M. Let L be a left bi-quasi ideal of M. Then &, is a hesitant fuzzy left
bi-quasi ideal of M. Therefore

S =&moérNérolpolyr
& =&urr N&Lrmre
= L=MI'LNLI'MTL.

Therefore M is a regular I'—semigroup. U

4. Conclusion

In this paper we introduced the concepts of hesitant fuzzy I'—subsemigroup,
hesitant fuzzy ideals, hesitant fuzzy right bi-quasi ideals of I'—semigroup and in-
vestigated some of the properties and relations between them. We characterized
regular ['—semigroup using hesitant fuzzy ideals.

References

1. Aakif F. Talee, Sabahat A. Khan, and Kostaq Hila, A Hesitant Fuzzy Set Approach to Ideal
Theory in I'—semigroups, Advances in Fuzzy Systems, (2018) Article ID 5738024, 6 pages.

2. R. A. Good and D. R. Hughes, Associated groups for a semigroup, Bull. Amer. Math. Soc.,
58(1952), 624-625.

3. M. Henriksen, Ideals in semirings with commutative addition, Amer. Math. Soc. Notices, 5
(1958), 321.

4. K. Iseki, Quasi-ideals in semirings without zero, Proc. Japan Acad., 34 (1958), 79-84.

5. R. D. Jagatap, Y.S. Pawar, Quasi-ideals and minimal quasi-ideals in I'—semirings, Novi Sad
J. Math., 39(2) (2009), 79-87.



266 K. R. KUMAR AND M. M. K. RAO.

6. R.D. Jagatap, Y.S. Pawar, Bi-ideals in I'— semirings, Bull. Inter. Math. Virtual Inst.,
6(2)(2016), 169-179.

7. Y.B. Jun, K.J.Lee and S.Z.Song, Hesitant fuzzy bi-ideals in semigroups, Commun. Korean
Math. Soc., 30(3) (2015), 143-154.

8. J.H. Kim, P.K. Lim, J.G. Lee and K. Hur, Hesitant fuzzy subgroups and semirings, Annals of
fuzzy Math. and Infor., 18 (2019), No. 2, 105-122.

9. N. Kuroki, On fuzzy ideals and fuzzy bi-ideals in semigroups, Fuzzy sets and Systems 5 (1981),
203-215.

10. K. R. Kumar and M. M. K. Rao, Hesitant fuzzy interior ideals in Gamma- semigroup, Int.
J. of Math. trends and Tech., 67(6) (2021), 176-189.

11. S. Lajos On the bi-ideals in semigroups, Proc. Japan Acad., 45(1969), 710-712.

12. S. Lajos and F. A. Szasz, On the bi-ideals in associative ring, Proc. Japan Acad., 46 (1970),
505-507.

13. M. Murali Krishna Rao, I'—semirings-I, Southeast Asian Bull. Math., 19 (1) (1995), 49-54.

14. M. Murali Krishna Rao, T' -Field, Discussions Mathematicae, General algebra And Applica-
tions, 39(1) (2019), 125-133.

15. M. Murali Krishna Rao, I'— semiring with identity, Disc. Math. Gen. Alg. and Appl., 37
(2017,) 189-207.

16. M. Murali Krishna Rao, Ideals in ordered I'—semirings, Disc. Math. General Alg. and Appli.,
38 (2018), 47-68.

17. M. Murali Krishna Rao, Tri - ideal of I'—semirings and Fuzzy tri-ideal of I'—semirings,
Annals of fuzzy Math. and Infor., 18 2 (2019), 181-193.

18. M.Murali Krishna Rao, Bi-quasi-ideals and fuzzy bi-quasi-ideals of I'—semigroups, Bull. Int.
Math. Virtual Inst., 7(2) (2017), 231-242.

19. N. Nobusawa, On a generalization of the ring theory, Osaka. J. Math., 1 (1964), 81-89.

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

21. M. K. Sen and N.K. Saha, On I'—semigroup-I, Bull.Cal. Math. Soc., 78 (1986), 180-186.

22. O. Steinfeld, Uher die quasi ideals, Von halbgruppend Publ. Math., Debrecen, 4 (1956), 262-
275.

23. V.Torra, Hesitant fuzzy sets, Int. J. of Intelligent Systems (25) (2010), 529-539.

24. V.Torra and Y. Narukawa, On hesitant fuzzy sets and decision, in Proc. IEEE 18th Int. Fuzzy
Syst.(2009), 1378-1382.

25. M. Xia and Z.Xu, Hesitant fuzzy information aggregation in decision making, Int. J. Approx.
Reason. 52(3)(2011) 395-407.

26. L. A. Zadeh, Fuzzy sets, Information and control, 8 (1965), 338-353.

Received by editors 30.10.2021; Revised version 23.3.2022; Available online 29.3.2022.

RAJENDRA KUMAR KONA, DEPARTMENT OF MATHEMATICS, GIS, GITAM (DEEMED TO BE
UNIVERSITY),, VISAKHAPATNAM- 530 045, A.P.,, INDIA.
Email address: rkkonal972@gmail.com

M. MURALI KRISHNA RAO, DEPT. OF MATHEMATICS, SANKETHIKA INSTITITE OF TECH. AND
MANAGEMENT, VISAKHAPATNAM- 530 041, A.P., INDIA.
Email address: mmarapureddy@gmail.com



