TAENG International Journal of Computer Science, 50:2, IJCS 50 2 25§

A New Types Interval Valued Fuzzy Ideals in
Gamma-Semigroups

Thiti Gaketem, Pannawit Khamrot

Abstract—In this paper, we define the new types of interval
valued fuzzy ideals, and interval valued fuzzy almost ideals in
I"-semigroups. We discuss the properties of new types interval
valued fuzzy ideals. The relation between interval valued fuzzy
almost ideals and almost ideals are proved. Finally, we examine
the properties of minimal interval valued fuzzy ideals, and
minimal interval valued fuzzy almost ideals in I"-semigroups.

Index Terms—Interval valued fuzzy set, interval valued fuzzy
ideal, interval valued fuzzy almost ideal, minimal interval
valued fuzzy ideal, minimal interval valued fuzzy almost ideal.

I. INTRODUCTION

HE theory for dealing with uncertainty is the fuzzy set
theory initiated by Zadeh in 1965 [1], which has been
applied in many areas, such as medical science, robotics,
computer science, information science, control engineering,
measure theory, logic, set theory, topology, etc. Later in 1979,
Kuroki [2] studied some properties of fuzzy subsemigroups
of a semigroup and characterized a semigroup in terms of
fuzzy subsets of semigroups. The theory of interval valued
fuzzy sets was conceptualized by Zadeh in 1975 [3]. These
concepts were applied in some fields like medical science
[4], image processing [5], topsis decision model [6], decision
making [7], etc. In 1994, Biswas [8] applied this concept was
to algebra structure. In 2006, Narayanan and Manikantan
[9] studied interval valued fuzzy subsemigroups and types
of interval valued fuzzy ideals in semigroups. In 2014,
Bashir and Sarwar [10] developed interval valued fuzzy on
a semigroup, and introduced it to interval valued fuzzy on a
I"-semigroup. The theory of an ideal is properties important
in studies thoery semigroups. Furthermore, many researchers
studied ideal in I'-semigroups. For example, Chinram [11]
studied quasi-I'-ideal in I'-semigroup. P. Kummoon and T.
Changhas [12] studied bi-bases of I"-semigroups, and lampan
[13] studied bi-ideal in I'-semigroups. In 2021 A. Simuen
et al. [14] studied a novel of ideals and fuzzy ideals of I'-
semigroups. Recently, in 2022 T. Gaketem and P. Khamrot
[15], [16] given concepts and investigated propertes of a
novel of ideals on intuitionistic fuzzy ideals and cubic ideals
of I'-semigroups.
In this paper we extend new fuzzy ideal to interval valued
fuzzy ideal of I'-semigroups, and we investigate properties
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of new types interval valued fuzzy ideals on I'-semigroups.
Additionally, we prove the relation between interval valued
fuzzy almost ideals and almost ideals in I"-semigroups.

II. PRELIMINARIES

In this section, we review some fundamental concepts. I'-
semigroups, fuzzy sets, and interval valued fuzzy sets are
presented.

A sub-T"-semigroup of a I'-semigroup ‘B is a non-empty
set K of P such that KT'K C K. A left (right) ideal of a I'-
semigroup ‘P is a non-empty set & of 3 such that PI'R C R
(RT*B C R). By an ideal of a I'-semigroup B, we refwe to
a non-empty set of I3, which is both a left and a right ideal
of B. A quasi-ideal of a I"-semigroup P is a non-empty set
£ of B such that AP NPT'R C K. A sub-I'-semigroup K of
a I'-semigroup *P is called a bi-ideal of P if AI'PI'R C K.

Definition 2.1. [14] Let B be a I'-semigroup, R be a non-
empty subset of B, for all p € B and o, € T'. Then R is
said to be

(1) a left (right) almost ideal of T-semigroup R is a non-
empty set & such that (pTR)NK # O ((RTp) N K £ D).
an almost bi-ideal of I'-semigroup 3 is a non-empty set
8 such that (RTpTR)NRKR # D

an almost quasi-ideal of I'-semigroup B is a non-empty
set 8 such that (pTRN KTp) N K # 0.

an almost interior ideal of a I'-semigroup B is a non-
empty set 8 such that (pT RTp) N K # (.

a left a-ideal of a I'-semigroup ‘B is a non-empty set R
such that PaRk C R A right a-ideal of a I'-semigroup
B is a non-empty set R such that KR C R

an (o, B)-ideal of a I'-semigroup B is a non-empty set
R such that it is both a left a-ideal and a right p-ideal
of °B.

Definition 2.2. []] A fuzzy set w of a non-empty set X is a
Sunction w : T — [0,1].

For any two fuzzy sets @ and v of a non-empty set T,
define >, =, A and V as follows:
(1) w>ve w(t) >vE) forallted,
2 w=vew>vadv > w,
(3) (w Av)() = min{w(t),v(t)} = w(t) Av(t) for all
te ¥,
(4) (wVr)(t) = max{w(t),v(t)} = w(t) V() for all
tc?T.
For the symbol w < v, we mean v > w.

For any element £ in a semigroup 933, define the set Fy by

Fe:={(n,3) € PBxP|t=n3}
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For two fuzzy sets w and v on a semigroup ‘33, define the
product w o v as follows: for all £ € L3,

\/ =) Av() | (n,5) € Fe} if Fe #0,

Sfor all e € *B.

For two IVF sets w and @ of a non-empty set 3, define
(1) vCwew(t) (k) foralltecP,

(wov)() = { (n.5)eFe (2 w=wm<wl®mand @,
0 if Fp=0. (3) (WNw)(t) =w(t) Azo(k) forall & €,
(4) (WUm) (L) =w(t) y=(k) forall teP.

The following definitions are types of fuzzy almost ideal on
semigroups.

Definition 2.3. [14] A fuzzy set w of a semigroup *B is said

to be

(1) a fuzzy almost left (right) ideal of P if
PowNw#D (woPNw# ).

(2) a fuzzy almost ideal of B if it is both a fuzzy almost left
ideal and a fuzzy almost right ideal of *B3,

(3) a fuzzy almost bi-ideal of P if woPow Nw # .

(4) a fuzzy almost quasi-ideal of B if
(BowNwoP)Nw # 0.

The following definitions are types of fuzzy subsemi-
groups on I'-semigroups.

Definition 2.4. [17] A fuzzy set w of a I'-semigroup B is

said to be

(1) a fuzzy subsemigroup of B if w(uyv) > w(u) A w(v)
forallu,0o € P and v €T,

(2) a fuzzy left (right) ideal of P if w(uyn) >
w(v) (w(uyv) > w(u)) for all u,o € P and v €T,

(3) a fuzzy ideal of B if it is both a fuzzy left ideal and a
fuzzy right ideal of ‘B,

(4) a fuzzy bi-ideal of B if w is a fuzzy subsemigroup of B
and w(uyvfr) > w(u) Aw(w) for all u,v, 0 € P and
v, B8 €T.

Now, we review the interval valued fuzzy set.
Let ©[0, 1] be the set of all closed subintervals of [0, 1],
ie.,

Q,1]={p=1[p ,p"]|0<p” <p" <1}.

We note that [p,p] = {p} for all p € [0,1]. For p =0 or
1, we shall denote [0, 0] by 0 and [1,1] by 1.
Letw = [w™,w'] and @ = [@w™,w"] € Q[0,1]. Define

the operations <, =, A and Y as follows:

(1) w<Xwif and only if v~ < @™ and w* < w™
(2) w=7w if and only if v~ = w™ and Wt =™
B)wirw=[w Aw ), (wr Aw™T)]

@) wyw=[w Vo), (wrVvw’).

If @ > @, we mean @@ = .
For each interval W; = [w; ,w;] € Q[0,1], i € A where

A is an index set, we define

w; = - + w; = - +
i2a”i [ié\sz VL | and e [ié/AwZ e J
Definition 2.5. [17] Let Y be a non-empty set. Then the
Sfunction T : P — Q[0, 1] is called interval valued fuzzy set
(shortly, IVF set) of .

Definition 2.6. [17] Let R be a subset of a non-empty set
B. An interval valued characteristic function of R is defined
to be a function X ¢ : P — Q[0,1] by
Tale) = 1 if e€ R,
X0 i een

For two IVF sets w and = in a semigroup ‘3, define the
product @ o @ as follows : for all £ € L3,

if Fy # 0,
if Fp =0,

(oser {wy) L)}

(@ow)(E) =

where Fi :={(,3) € B x P | € =3}
Next, we shall give definitions of various types of IVF
subsemigroups.

Definition 2.7. [9] An IVF set w of a semigroup *B is said
to be an IVF subsemigroup of P if W(ejez) = wW(eq) Aw(ez)
for all ey, eq €°P.

Definition 2.8. [9] An IVF set w of a semigroup B is
said to be an IVF left (right) ideal of B if w(e1e2) =
w(ea) (wW(erea) = w(er)) for all ey,eo € P. An IVF subset
w of B is called an IVF ideal of *B if it is both an IVF left
ideal and an IVF right ideal of *B.

Next, we shall give definitions of various types of IVF
I"-subsemigroups.

Definition 2.9. [10] An IVF set w of a I'-semigroup B is said
to be an IVF T-subsemigroup of B if W(ejes) = w(ey) A
w(eq) for all eq,e0 € P and a €T

Definition 2.10. /9] An IVF set W of a I'-semigroup *B is
said to be an IVF left (right) ideal of B if W(ejces) =
w(es) (w(eraes) = w(ey)) for all eq,e0 € P and a € T. An
IVF subset w of B is called an IVF ideal of B if it is both
an IVF left ideal and an IVF right ideal of *B.

III. NEW TYPES OF INTERVAL VALUED FuzzY IDEALS

In this section, we define the interval valued fuzzy («, §)-
ideal and study basic properties of it.

Definition 3.1. Let w be an IVF set of a I'-semigroup P and
a,B €T, Then @ is called

(1) an IVF left a-ideal of B if w(uav) =
u, v €,

an IVF right B-ideal of P if w(ufv) =

u, v P,
an IVF («, f)-ideal of B if it is both an IVF left a-ideal
and an IVF right B-ideal of B.

w(v) for all

2) w(u) for all

3

Theorem 3.2. Intersection and union of any two IVF left
a-ideals (right (B-ideals, («, B)-ideals) of a T'-semigroup P
is an IVF left a-ideal (right [-ideal, («, 3)-ideal) of .

Proof: Let w and % be IVF left a-ideals of 33, and let
u,v € B. Then

(@N@)(uav) = w(uav) A w(uav)
v) A @(o

Mw)(v)

—

~

gl

Y
v &8
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and
(WU @) (uan) = w(uav) Y ww(uav)
= w(v) Y @(v)
= (@um)(v).
Thus, w M and w U are IVF left a-ideals of ‘P. ]

Theorem 3.3. Let R be a non-empty subset of I'-semigroup
B. Then R is a left a-ideal (right -ideal, (o, B)-ideal) of
P if and only if the characteristic function X is an IVF left
a-ideal (right B-ideal, («, B)-ideal) of P.

Proof: Suppose that 8 is a left a-ideal of 3 and
u, v € PB.

If b € P, then uav € K. Thus, X4(v)
Hence, ¥ ;(uav) > Yz (0).

If v ¢ B, then uav € K. Thus, Y4(v) = 0 and Y ¢ (uav) =
1. Hence, Y g(uav) = Xg(v). Therefore, Y is an IVF left
a-ideal of ‘.

Conversely, assume that X is an IVF left a-ideal of 3
and u,v € P with v € K. Then X4(v) = 1. By assumption,
Xs(uav) > X 4(v). Thus, uav € K. Hence, 8 is a left a-
ideal of ‘B. u

- Xﬁ(uom) = T

Theorem 3.4. Let w be a IVF set of a I'-semigroup P and
wp = {n € P | wy(n) = p}. Then @ is an IVF left a-
ideal (right B ideal, (o, f)-ideal) of B if and only if Ws
is a non-empty set, and wy is a left a-ideal (right § ideal,
(a, B)-ideal) of B for all p € Q[0,1].

Proof: Suppose that @ is an IVF left a-ideal of *J3 and
p € Q[0,1], we have Wp(uam) > wx(m) for all u,m € P.
Thus, Wy # (. Let m € Wy and u € P. Then Wz(m) = p.
Thus, wWp(uam) > wy(m) > p, so uam € wy. Hence, wy is
a left a-ideal of ‘.

Conversely, assume that wy is a left a-ideal of B, p €
Q[0,1], and wp # 0. Let u,0 € P and p = wp(v). By
assumption, wWy(v) = P, we have v € wy. Thus, Wy # 0.
Hence, wy is a left a-ideal of B. Since v € Wy and u € B,
we have uav € wp. Thus, Wp(uav) > § = wy(v). Hence,
wp is an IVF left a-ideal of . u

Next, we define the a-product.

For IVF sets w = [w™,w"] and @ = [w™,w™] of a T-
semigroup ‘B3, define the product @ o, T as follows: for all

te P,

Vo (@) 2 3)}
(U7a55)€FEa
0 if Fp =0

it Fy, #0,
([@o.@)(t) =

For any element £ in a I'-semigroup ‘B, define the set Fj
by Fr, :=={(n,a,5) € B x T x P | £ =1naz}.

Next, we define the interval valued fuzzy («
ideal and study its basic properties.

, B)-interior

Definition 3.5. Let W be an IVF set of a T'-semigroup B and
a, B €T. Then @ is called an IVF («, B)-interior-ideal of 3
if XpOaWOpXq & W, where Xg is an IVF set mapping every
element of B to 1.

Theorem 3.6. Let R be a non-empty subset of I'-semigroup
B. Then R is an («, B)-interior-ideal of B if and only if the

characteristic function X ¢ is an IVF («, (3)-interior-ideal of
pts

Proof: Suppose that £ is an («, 3)-interior-ideal of 3
and u,v,10 € P.

If v € B, then uavfw € K. Thus,
Xg(uavfw) = 1. Hence, Y (uavfw) = xg(v).

If v ¢ ‘B, then uavfBv € K. Thus, Yg(v) = 0 and
Xg(uavfw) = 1. Hence, Y g(uavfw) = Y g(v). Therefore,
X is an IVF left a-ideal of *B.

Conversely, assume that ’y ; is an IVF left a-ideal of °3 and
u,v € P with v,10 € & Then Y4(v) = 1. By assumption,
X (uavfro) > Yz (v). Thus, uavfro € K. Hence, 8 is an
(o, B)-interior ideal of . [ ]

Xa(0) =

Theorem 3.7. Intersection and union of any two IVF («a, 3)-
interior ideals of a T'-semigroup B is an IVF («, B)-interior

ideal of .

Proof: Let w and T be IVF (a, §)-interior ideals of 3,
and let u, v, 1w € P. Then

(@N@@)(uavfro) = w(uavPo) A w(uawvSio)

and

(WU ) (uavfo) =

Thus WMz and w U are IVF («, B)-interior ideals of 3.

Theorem 3.8. Let w be a IVF set of a I'-semigroup P and
wy = {n € P | wp(n) > p}. Then W is an IVF (o, ()-
interior ideal of *B if and only if Wy is a non-empty set, and
wy is an («, B)-interior ideal of B for all p € Q[0, 1].

Proof: Suppose that @ is an IVF («, 3)-interior ideal of
P and p € Q0,1], we have wz(uavfw) > wx(v) for all
u, v, 10 € P. Thus, Wy # 0. Let v € wy and u, v € P. Then
wp(v) = P. Thus, Wp(uavfio) > wy(v) > p, so (uavfo) €
wp. Hence, Wy is an (a, §)-interior ideal of .

Conversely, assume that @y is an («, §)-interior ideal of
P, p € Q0,1], and wy # 0. Let u, v, € P and p = wy(v).
By assumption, wWy(v) = P, we have v € Wp. Thus, Wy # 0.
Hence, wy is an (o, B)-interior ideal of 9. Since v € wy and
u,m € P, we have uavfr € wp. Thus, Wx(uavfro) > p =
w5(v). Hence, wy is an IVF («, B)-interior ideal of 3. MW

Next, we define the interval valued fuzzy («, 3)-bi-ideal
and study its basic properties.

Definition 3.9. Let W be an IVF set of a I'-semigroup B3,
and o, 3 € T. Then @ is called an IVF («, 3)-bi-ideal of B
if WO, XyOpw C W, where Xy is an IVF set mapping every
element of B to 1.

Theorem 3.10. Ler 8 be a non-empty subset of I'-semigroup
B. Then K is an («, B)-bi-ideal of P if and only if the
characteristic function X ¢ is an IVF («, 8)-bi-ideal of .

Proof: Suppose that & is an (o, 3)-bi-ideal of 33, and
RoaBPR CP.
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If u € RAPBR, then Yg(u) = (XxOaXposXa)(u) = 1.
Hence, (Xa®aXqo8Xa) (1) = Xa(u).

If u ¢ RaPPR then Yz(u) = 0.
(XaPaXposXa) (1) = Xg(u).

Therefore, Y is an IVF («, 3)-bi-ideal of 3.

Conversely, assume that y is an IVF («, 3)-bi-ideal
of P and u € RaPLR. Then (X gOaXqOsXa)(u) = 1. By
assumption, (Xq% X595Xg)(4) = Xg- Thus, u € K. Hence,
K is an (o, §)-bi-ideal of ‘P. [ |

Theorem 3.11. Intersection of any two IVF («, (3)-bi-ideal
of a T'-semigroup B is an IVF («, 5)-bi-ideal of .

Proof: Let w and T be interval valued fuzzy («
ideals of 3. Then

) 5)'b1'

(@M T)oaXy0p(@MN®) EWoaXpops® CWTE.
Thus, @M% is an IVF (o, B)-bi-ideal of B. [ |

Theorem 3.12. Let w be a IVF set of a I'-semigroup 3 and
wp = {n € P | wp(n) = p}. Then @ is an IVF (o, 3)-bi-
ideal of *B if and only if Wy is a non-empty set, and Wy is
an (o, B)-bi-ideal of B for all p € Q0, 1].

Proof: Suppose that w is an IVF («, 3)-bi-ideal of 3
and p € Q[0, 1], we have wz(uavfw) > wy(u) A Ws(w) for
all u,v,10 € P. Thus, Wy # 0. Let u,w € wy and v € P.
Then wp(u) > P and wp(tv) = Pp. Thus, Wp(uavfo) >
wp(u) A Wp(w) > p, so (uavfw) € wp. Hence, wy is an
(a, B)-bi-ideal of .

Conversely, assume that @y is an («, 3)-bi-ideal of B,
p € Q[0,1], and Wy # 0. Let u,v,10 € P and p = wp(u) A
wp(w). By assumption, Wz(u) A wx(to) = P, we have u, 1o €
wp. Thus, Wy # 0. Hence, Wy is an (o, )-bi-ideal of P.
Since u,tv € Wy and v € P, we have uavPro € wy. Thus,
wp(uavpro) > p = wr(u) A wp(w). Hence, wy is an IVF
(a, B)-bi-ideal of . [ |

Next, we define the interval valued fuzzy (a, [3)-quasi-
ideal and study its basic properties.

Definition 3.13. Let W be an IVF set of a I'-semigroup ‘B,
and o, € I'. Then w is called an IVF («, 3)-quasi-ideal of
B ifym@lw MwogXy Jw.

Theorem 3.14. If w and @ is an IVF left a-ideal and IVF

right a-ideal of a T'-semigroup B3, respectively, then w N
is an IVF «a-quasi-ideal of ‘.

Proof: Let w and @ be an IVF left a-ideal and IVF right
a-ideal of P, respectively. Then T o,w C xp0.w C w and
Wo,w C Woa Xy C . Thus, To,w J WM. So,

YmBQ (wl_lﬁ)l_l(wl—lﬁ)Baym C YmBQ (wl_lﬁ)Baym C whnwm.

Hence, w M@ is an IVF a-quasi-ideal of ‘. ]
Theorem 3.15. Every IVF («, B)-quasi-ideal of T'-semigroup
B is intersection of an IVF left a-ideal and an IVF right 3-
ideal of B

Proof: Let @ be an IVF (a, §)-quasi-ideal of B, & =
WM (Xqp%aw), and K = w1 (55[3)@3) Then

X{paaa = XpCa (w r (Y‘poaw))
- (%136&@) M (Ymsa (%Biaw))
= (angaw) M ((YmGQY;B)Sa@)
= (Tp%a®) 1 (X30a)
C 0N (Xpdaw) =@

and

SGIGIS
|
B
o
@
<
i<
3l
Q
=
2

NN N

ol
€|
|
G)
O
™
=
|5
|
=

Thus, 7 and K is an IVF left a-ideal and an IVF right -
ideal of B3. Now,

WE (@M (XpoaW)) M@ (@ogXy)) =@ NK

and
TNK = @M (Xp%aw) M@ (@osXy)
= @0 (%) N @55%)
C wlhw=w.
Hence, w =@ N K. [ |

Theorem 3.16. Let 8 be a non-empty subset of I'-semigroup
PB. Then R is a («, B)-quasi-ideal of B if and only if the

characteristic function Xg is an IVF («, 5)-quasi-ideal of

L.
Proof: Suppose that £ is a («, 8)-quasi-ideal of B3, and
ueP.
If u € (PaR) M (KBP), then u € & Thus, Xg(u) = 1.

Hence, ((Xa%aXy) M (Xa08Xsyp)) (1) = Xg(W)-
If u ¢ P, then ((XaOaXgp) M (XaXyp)) (1) = 0.

Hence, ((X%aXyp) M (Xa®sXp)) (1) = Xg(1).
Therefore, Y is an IVF («, 5)-quasi-ideal of 3.
Conversely, assume that X4 is an IVF (o, §)-quasi-ideal

of B, and u € (PaK) N (ABP). Then (XyaXg) M

(Xa%Xg)(w) = 1. By assumption, (XzGaXgq) I
(Xa%sXq) (1) = Xa(u). Thus, u € & Hence, £ is an (o, ()-
quasi-ideal of 3. ]

IV. NEwW TYPES OF INTERVAL VALUED Fuzzy ALMOST
IDEALS

Before we conduct a study in this topic, we will define
the point of an interval valued fuzzy set.
For p € Q[0,1] and @, an IVF set of a I'-semigroup P is

defined by
- p

where £ is a non-empty subset of ‘L.

if peg
if p¢&

Definition 4.1. Let w be an IVF set of a I'-semigroup ‘B,

and o, B € T is said to be

(1) an IVF almost left a-ideal of B if (X, 0at) MW # 0 for
all p € P.

(2) an IVF almost right (B-ideal of B if (WSpX,) M@ # 0,
Sfor all p € *B.

(3) an IVF almost («, 8)-ideal of B if it is both an IVF
almost left a-ideal and an IVF almost right B-ideal of
B,

where X, is an IVF set of B mapping every element of P

to P.

Theorem 4.2. If W is an IVF almost left a-ideal (right (-

ideal, (o, B)-ideal) of a T'-semigroup B, and T is an IVF set

of B such that w C @, then @ is an IVF left almost a-ideal

(right B-ideal, (c, B)-ideal) of *B.
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Proof: Suppose that w is an IVF almost left a-ideal of
B, and = is an IVF fuzzy set of B such that @ C 7. Then
(XpBa@) M@ # 0. Thus, (X,0.w) Nw C (X,0.@) @ # 0.
Hence, @ is an IVF left almost a-ideal of ‘3. [ |

Theorem 4.3. Let R be a non-empty subset of I'-semigroup
B. Then R is an almost left a-ideal (right B-ideal, (o, B)-
ideal) of *B if and only if the characteristic function X4 is
an IVF almost left a-ideal (right [3-ideal, (o, B)-ideal) of B.

Proof: Suppose that £ is an almost left a-ideal of L.
Then uaf N K # () for all u € P. Thus, there exists v €
uaf and v € K So, (X,%aXgs)(v) = Xg(v) = 1. Hence,
(XpOaXga) MMXg # 0. Therefore, X is an IVF almost left
a-ideal of .

Conversely, assume that Y is an IVF almost left a-ideal
of P and u € P. Then (X,5aXs) M Xg # 0. Thus, there
exists v € ‘P such that (X,5.Xg) M Xa(v) # 0. Hence,
v € uaf N K implies uaR N K # (.

Therefore, R is an almost left a-ideal of 3. [ |

Next, we review the definition of supp(%), and we study
properties between supp(z) and IVF almost left a-ideal
(right B-ideal, («, 8)-ideal) of I'-semigroups.

Let @@ be a IVF sets of a non-empty of &. Then the support
of = instead of supp(@) = {u € & | @w(u) # 0}.

Example 4.4. Let B = {a,b,¢,0,¢} be a I'-semigroup with
I’ = {«} defined by the following table:

ala b ¢ o e
ala b ¢ 0 e
b|b ¢ 2 ¢ a
c|lc o e a b
|0 e a b ¢
e |le a b ¢ D

Define a IVF set @ on P as follows : w(a) = 0.9, w(b) = 0.8
w(c) = 0, W(®) = 0.3 and w(e) = 0. Then supp(w) =
{a,b,0}

Theorem 4.5. Let @ be a IVF sets of a non-empty of a I'-
semigroup B. Then @ is an IVF almost left a-ideal (right
B-ideal, («, B)-ideal) of B if and only if supp(@) is an
almost left a-ideal (right B-ideal, (o, §)-ideal) of B.

Proof: Let @ be an IVF almost left a-ideal of 3 and
u € P. Then (X,0,@) M@ # 0. Thus, there exists v € S
such that ((X,5.%) M@)(tr) # 0. So, there exists £ € P
such that v = uat, () # 0 and () # 0. It implies
that v, ¢ € Psupp(F). Thus, (X,0aXsupp(z))(t) # 0 and
Ysupp(ﬁ) 7é @ HCHCC, (YpBOLYSupp(E)) M Ysupp(ﬁ) 7é (Z)
Therefore, X, pp(z) 15 an IVF almost left a-ideal of . This
shows that supp(7o) is an almost left a-ideal of B.
Conversely, let supp(z) be an almost left a-ideal of ‘.
Then, by Theorem 4.3, Xqupp(z) is an IVF almost left «-
ideal of PB. Thus, (X;8aXsupp(z)) N Xsupp(z) 7 ?- So, there
exists t € P such that (X, 5,@) M @(r) # 0. It implies
that (X,,04%)(t) # 0 and % (v) # 0. Thus, there exists ¢ €
P such that v = uak, w(r) # 0 and @ (k) # 0. Hence,
(Xpoa™) N # 0. Therefore, % is an IVF almost left a-
ideal of ‘3. ]

Definition 4.6. An ideal J of a I'-semigroup ‘B is called
(1) a minimal if for every ideal of J of B such that J C 7J,
we have J =7,

(2) a maximal if for every ideal of J of B such that T C 3,
we have J = 7.

Definition 4.7. An almost ideal J of a I'-semigroup ‘B is

called

(1) a minimal if for every almost ideal of J of B such that
JCTJ, we have 3 =17,

(2) a maximal if for every almost ideal of J of B such that
JCJ, we have 3 =17J.

Definition 4.8. An IVF almost left a-ideal (right S-ideal,

(a, B)-ideal) @ of a T-semigroup B is

(1) a minimal if for all IVF almost left a-ideal (right (-
ideal, («,B)-ideal) o of P such that ™ T w, then
supp (@) = supp(w),

(2) a maximal if for all IVF almost left «-ideal (right (-
ideal, («,B)-ideal) o of P such that W T 75, then
supp(@) = supp(@),

Theorem 4.9. Let R be a non-empty subset of a I'-semigroup

B Then the following statements holds

(1) Ris a minimal almost left a-ideal (right B-ideal, (o, B)-
ideal) if and only if X is a minimal IVF almost left
a-ideal (right B-ideal, («, 3)-ideal) of B.

(2) R is a maximal almost left a-ideal (right (-ideal, (o, B)-
ideal) if and only if X is a maximal IVF almost left
a-ideal (right B-ideal, («, 3)-ideal) of P.

Proof:

(1) Suppose that £ is a minimal almost left «a-ideal of
L. Then K is an almost left a-ideal of ‘3. Thus, by
Theorem 4.3, X is an IVF left a-ideal of ‘B. Let @™
be an IVF left a-ideal of ‘P such that @ T 4. Then,
by Theorem 4.5, supp(z5) is an almost left a-ideal of
B. Thus, supp(w) C supp(xg) = K. By assumption,
supp(w@) = K = supp(Xg). Thus X4 is a minimal IVF
fuzzy almost left a-ideal of .

Conversely, suppose that Xz is a minimal IVF almost
left a-ideal of 3. Then by Theorem 4.3, R is an almost
left a-ideal of B. Let J be an almost left a-ideal of
B such that J C K. Then, by Theorem 4.3, X3 is an
IVF left a-ideal of B such that X5 E Xa- Thus, J =
supp(X;) = supp(Xg) = R Hence, £ is a minimal
almost left o-ideal of 3.
(2) Similar to (1).
|

Corollary 4.10. Let P be a T'-semigroup *B3. Then P has
no proper almost left a-ideal (right B-ideal, (v, 8)-ideal) if
and only if for any IVF almost left a-ideal (right S-ideal,
(a, B)-ideal) T of B, supp(w@) = P.

Next, we define the interval valued fuzzy almost (a, §)-
quasi-ideal and we study its properties.

Definition 4.11. Let w be an IVF set of a I'-semigroup B3,
and o, B € I is said to be IVF almost (o, B)-quasi-ideal of
‘43 if (maYp) M (Ypaﬁw) nw 7é 0.

Theorem 4.12. If @ is an IVF almost («, §)-quasi-ideal of a

T'-semigroup B, and T is an IVF set of Y such that w C 7,
then @ is an IVF («, 8)-quasi-ideal of B.

Proof: Suppose that @ is an IVF almost («, 3)-quasi-
ideal of *13, and 75 is an IVF set of 3 such that v C 5. Then
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(@WBaXy)(X,0pw)Mw # 0. Thus, (WS4 X,)1(X,0pw)Mw C
(T%aXp) M (X,05%@) M@ # . Hence, T is an IVF (o, ()-
quasi-ideal of 3.

Theorem 4.13. Let R be a non-empty subset of I'-semigroup
B. Then R is an almost («, §)-quasi-ideal of B if and only
if the characteristic function Y is an IVF almost («, f3)-
quasi-ideal of 3.

Proof: Suppose that £ is an almost (o, 3)-quasi-ideal
of B. Then (Rau) N (uBKR) N K # O for all u € PB. Thus,
there exists v € (Rau) N (uBR) N R and u € K.

S0, ((XsBaXy) M (Xy557s))(v) # 0 and Y(v) = T. Hence,
(Xg%aXp) M (Xp98Xs) M Xg # 0. Therefore, Xg is an IVF
almost («, 8)-quasi-ideal of B.
Conversely, assume that Y ¢ is an IVF almost («, 8)-quasi-
ideal of P and u € P. Then [(Xz0aX,) M (Xy05X )]
# 0. Thus, there exists v € ‘B such that ((Xg%aX,) I
(Xpo8Xp))(t) # 0. Hence, v € (Rau) N (uBK) N K implies
(Rau) N (uBR) N R # 0. Therefore, K is an almost («, 3)-
quasi-ideal of ‘3. ]
Next, we study properties between supp(7w) and IVF fuzzy
almost («, 8)-quasi-ideal of I'-semigroups.

Theorem 4.14. Let @ be a IVF sets of a non-empty of a
D-semigroup B. Then T is an IVF almost («, §)-quasi-ideal
of B if and only if supp(@) is an almost («, §)-quasi-ideal
of B.

Proof: Let T be an IVF almost («, 8)-quasi-ideal of
P and u € P. Then, (ToaX,) M (Xy0p@) NT # 0.
Thus, there exists v € P such that ((ToaX,) M (X,05%) M
w)(t) # 0. So there exists 1,82 € P such that v =
tlou = uBty, w(r) # 0, (k) # 0 and (k) # 0. It
implies that v, €, € € supp(@). Thus, ((Xsupp(z)%aXp) M
(Y‘Baﬁysupp(ﬁ)))(t) 7é 0 and Xsupp(ﬁ) (t) 7& 0; Hence,
[(ysupp(ﬁ)BQYp) n (ypaﬁYsupp(E))] n ysupp(ﬁ) 7é 0.
Therefore, Xqupp(z) 18 an IVF almost («, 5)-quasi-ideal of
B. This shows that supp(zo) is an almost («, 3)-quasi-ideal
of L.

Conversely, let supp(7) be an almost («, §)-quasi-ideal
of 9B. Then, by Theorem 4.13, X ,,pm) is an IVF al-
most (o, 3)-quasi-ideal of P. Thus, [(Xsupp(z)2aXp) M
(X8 Xsupp(@))] M Xsupp(z) 7 0- So, there exists v € P such
that [(Ysupp(ﬁ)saYp) n (YpsﬁgYsupp(E))} M ysupp(ﬁ) (t) 7é 07‘
It 1mplles that [(ngpp(ﬁ)BaYp) N (Ypaﬁysupp(ﬁ))](t) 7& 0
and Xgupp(z)(t) # 0. Thus, there exist £, €2 € P such that
vt = tou = upBty, w(r) # 0, w(¢) # 0 and w(k2) # 0.
Hence, (o Xgp) M (Xg3©s%) M@ # 0. Therefore, 7 is an
IVF almost («, §)-quasi-ideal of 3. [ |

Definition 4.15. An almost quasi-ideal J of a I'-semigroup

B is called

(1) a minimal if for every almost quasi-ideal of J of P such
that J C J, we have J =7,

(2) a maximal if for every almost quasi-ideal of J of P such
that 3 C J, we have J = 7.

Definition 4.16. An IVF almost («, 3)-quasi-ideal @ of a

T'-semigroup ‘P is

(1) a minimal if for all IVF almost («, 3)-quasi-ideal @ of
B such that 7o C @, then supp(%) = supp(w),

(2) a maximal if for all IVF almost (o, 3)-quasi-ideal T of
B such that w C 75, then supp(w) = supp(w),

Theorem 4.17. Let & be a non-empty subset of a I'-

semigroup *B. Then the following statements holds

(1) R is a minimal almost («, 8)-quasi-ideal if and only if
Xg is a minimal IVF almost (o, §)-quasi-ideal of P.

(2) R is a maximal almost («, 8)-quasi-ideal if and only if

X5 is a maximal IVF almost («, 5)-quasi-ideal of *B.

Proof:

Suppose that £ is a minimal almost («, 3)-quasi-ideal
of %B3. Then R is an almost left a-ideal of 3. Thus, by
Theorem 4.13, 4 is an IVF (a, 3)-quasi-ideal of ‘P. Let
77 be an IVF (o, B)-quasi-ideal of B such that 7o C Y.
Then, by Theorem 4.14, supp(z0) is an almost («, 5)-
quasi-ideal of . Thus, supp(w@) C supp(xz) = R By
assumption, supp(@) = K = supp(Xg). Thus, X is a
minimal IVF fuzzy almost («, 8)-quasi-ideal of B.
Conversely, suppose that Xz is a minimal IVF almost
(a, B)-quasi-ideal of B. Then, by Theorem 4.13, R is
an almost («, 3)-quasi-ideal of B. Let J be an almost
(a, B)-quasi-ideal of P such that J C K. Then, by
Theorem 4.13, X5 is an IVF (a, 3)-quasi-ideal of P such
that X3 C Xg- Thus, J = supp(Xy) = supp(Xs) = &
Hence, R is a minimal almost (o, 8)-quasi-ideal of 3.
(2) Similar to (1).

(1)

Corollary 4.18. Let 33 be a I'-semigroup 3. Then *B has no
proper almost («, B)-quasi-ideal if and only if for any IVF
almost («, B)-quasi-ideal T of P, supp(zo) = P.

Next, we define IVF almost («, 8)-bi-ideal, and we study
its properties.

Definition 4.19. Let w be an IVF set of a I'-semigroup B3,
and «, 8 € T is said to be IVF almost («, 3)-bi-ideal of B
if (W34 X,0pw) Mw # 0.

Theorem 4.20. If w is an IVF almost («, 3)-bi-ideal of a

T'-semigroup B, and T is an IVF set of °Y such that w C 7,
then T is an IVF («, 8)-bi-ideal of ‘B.

Proof: Suppose that @ is an IVF almost (c,
ideal of B, and @ is an IVF set of P such that w
Then (@WoaX, ow) Mw # 0. Thus, (WoX,08w
(ToaXyos™) M # 0. Hence, T is an IVF (a, ()-bi-ideal
of L. ]

8)-bi-

3

~—

Theorem 4.21. Let 8 be a non-empty subset of I'-semigroup
PB. Then K is an almost («, B)-bi-ideal of B if and only if the
characteristic function X4 is an IVF almost (o, 3)-bi-ideal

of *B.

Proof: Suppose that £ is an almost («, 3)-bi-ideal
of B. Then KapBRNAK # O for all p € P. Thus, there exists

v € RapBR and v € K. So, (Xz%aX05Xs)(0) = Xg(b) =
1. Hence, (Xa%aX,05Xa) M Xg # 0. Therefore, Y is an
IVF almost («, §)-bi-ideal of B.

Conversely, assume that x4 is an IVF almost («, 5)-bi-

Xg)(t) # 0. Hence, v € RaufBRN K implies that KauBRN
R # (). Therefore, £ is an almost («, 3)-bi-ideal of B. W

Next, we study properties between supp(zo) and IVF
almost («, 3)-bi-ideal of T'-semigroups.
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Theorem 4.22. Let @™ be an IVF sets of a non-empty of a
D-semigroup P. Then 75 is an IVF almost («, 3)-bi-ideal of
B if and only if supp() is an almost («, 8)-bi-ideal of *B.

Proof: Let w be an IVF almost («, §8)-bi-ideal of 3 and
p € P. Then (To, X, 05@) 1@ # 0. Thus, there exists v € P
such that (6, X,05%)(r) # 0. So, there exists 1,¢ € P
such that v = ¢;a8t, w(r) #0, (&) # 0 and
w(k2) # 0. It implies that v, €;,€2 € supp(w). Thus,
(Ysupp(ﬁ)BaYPSBXSupp(E))(t) 7& 0 and Ysupp(ﬁ)&t) 7é 0.
Hence [(Ysupp(ﬁ)aaYp6/3Ysupp(E))] n YSupp(E) 7é 0. There-
fore, Xupp(z) 18 an IVF almost («, 8)-bi-ideal of . This
shows that supp(7) is an almost («, 3)-bi-ideal of B.
Conversely, let supp(z) be an almost («, /3)-bi-ideal of
B. Then, by Theorem 4.21, X ,ppw) is an IVF almost
(a,B)—bi—ideal (lf g’B Thus, [(Ysupp(ﬁ)aaYpaﬂysupp(ﬁ))] M
there exists v € ‘P such that

Ysupp(w) # 0. So,
([(Xsupp(w) OaXp05X§upp(w))] |_|Xsupp )( ) 7é 0.1t lmphes

that [(Xsupp( ) axmoﬁXsupp( )]( ) 7£ 0 and XP( ) 7£ 0.
Thus, there exist 1,5 € B such that v = ¢ aufty, w(t) #

0,75(¢1) # 0 and T (¢2) # 0. Hence, (W0 Xop0pw0) 1w # 0.
Therefore, w is an IVF almost («, §)-bi-ideal of ‘. [ |

Definition 4.23. An almost bi-ideal J of a I'-semigroup R

is called

(1) a minimal if for every almost bi-ideal of J of B such
that 3 C J, we have J =17,

(2) a maximal if for every almost bi-ideal of J of B such
that 3 C J, we have J =

Definition 4.24. An IVF almost (o

semigroup ‘P is

(1) a minimal if for all IVF almost («, B)-bi-ideal T of B
such that 7o C @, then supp(w) C supp(@),

(2) a maximal if for all IVF almost («, 8)-bi-ideal T of B
such that @ C 75, then supp(w) C supp(@),

, B)-bi-ideal @ of a T-

Theorem 4.25. Let R be a non-empty subset of a T'-

semigroup *P. Then the following statements holds

(1) R is a minimal almost («, B)-bi-ideal if and only if X &
is a minimal IVF almost («, 8)-bi-ideal of ‘B.

(2) R is a maximal almost (o, B)-bi-ideal if and only if X 4

is a maximal IVF almost (o, B)-bi-ideal of B.

Proof:

Suppose that £ is a minimal almost («, 3)-bi-ideal of B.
Then R is an almost left a-ideal of B3. Thus, by Theorem
4.21, X is an IVF (a, B)-bi-ideal of B. Let T be an
IVF (a, )-bi-ideal of B such that @ C X 4. Then, by
Theorem 4.22, supp(7) is an almost («, 3)-bi-ideal of
B. Thus, supp(@) C supp(xgz) = K. By assumption,
supp(w) = & = supp(Xg)- Thus, Y is a minimal IVF
fuzzy almost («, 3)-bi-ideal of 3.

Conversely, suppose that Xz is a minimal IVF almost
(a, B)-bi-ideal of B. Then, by Theorem 4.21, £ is an
almost («, §)-bi-ideal of 9. Let J be an almost («, 5)-
bi-ideal of P such that J C K. Then, by Theorem 4.21,
X5 is an IVF (a, 3)-bi-ideal of P such that 5 C Y.
Thus, J = supp(X5) = supp(xz) = & Hence, R is a
minimal almost (¢, §)-bi-ideal of 3.

(2) Similar to (1).

(1)

Corollary 4.26. Let B be a I'-semigroup. Then B has no
proper almost («, 8)-bi-ideal if and only if for any IVF
almost («, 3)-bi-ideal T of *B, supp(w@) = P.

Next, we define IVF almost («
study its properties.

, B)-interior ideal, and we

Definition 4.27. Let W be an IVF set of a I'-semigroup ‘B,
and o, 8 € T is said to be IVF almost («, 8)-interior ideal
of B if (X 0aW0psX,) MW # 0.

Theorem 4.28. If W is an IVF almost («, 3)-interior ideal

of a T-semigroup B, and @ is an IVF set of B such that
w C %, then T is an IVF («, 8)-interior ideal of B.

Proof: Suppose that @ is an IVF almost («, 3)-interior
ideal of B, and @ is an IVF set of P such that w C .
Then (Xop S 0pXs) MW # 0. Thus, (Xy 5al osXsp) MW E
(Xsp 0o 05Xsy) @ # 0. Hence, T is an IVF (a, 3)-interior
ideal of ‘3. ]

Theorem 4.29. Let 8 be a non-empty subset of I'-semigroup
B. Then R is an almost («, (§)-interior ideal of B if and only
if the characteristic function Y g is an IVF almost (a, f3)-
interior ideal of *B3.

Proof: Suppose that £ is an almost (o, 3)-interior ideal
of PB. Then uafBun K # O for all u € P. Thus, there exists
=Xa(v) =1L
Hence, (X, 9aXg O,BXp) MNXg ;é 0. Therefore Xg is an IVF
almost («, 8)-interior ideal of B.

To prove the converse, assume that Yz is an IVF
almost (a B)- interior ideal of P and u € PB. Then

that ((Xp SaXs O/ﬁXp) M XR)( ) # O Hence, v € uaRBun K
implies that uafpu N & # (. Therefore, £ is an almost
(o, B)-interior ideal of B. [ |

Next, we study properties between supp(zw) and IVF
almost («, 8)-interior ideal of I'-semigroups.

Theorem 4.30. Let @ be an IVF sets of a non-empty of a I'-
semigroup P. Then T is an IVF almost («, B)-interior ideal
of P if and only if supp(w) is an almost («, B)-interior ideal
of °B.

Proof: Let T be an IVF almost («, 3)-interior ideal of
B and u € P. Then (X,0.%0sX,) @ # 0. Thus, there
exists v € P such that (X,5,@05X,)(t) # 0. So, there exists
t1,€ € P such that v = ¢;a88,, ZU( ) # 0, 5(31) 0
and % (ky) # 0. It implies that v, €, € € supp(z). Thus,
(YpaaYsupp(E)aﬂXP)(t) 7é 0 and Ysupp(ﬁ) (t) 7é 0. Hence,
[(Ypaaysupp(ﬁ)65Yp)] M YSupp(ﬁ) 7é 0. Therefore, YSupp(ﬁ)
is an IVF almost («, 8)-interior ideal of 3. This shows that
supp(w) is an almost («, 3)-interior ideal of .
Conversely, let supp(z5) be an almost («, 3)-interior ideal
of *B. Then, by Theorem 4.29, X,,p(z) is an IVF almost
(v, B)-interior ideal of P. Thus, [(XOaXsuppz)°sXp)] M
Xsupp(m) 7 0. So, there exists v € P such that
([(YpSQYSupp(ﬁ)Sﬁyp)] M Ysgpp(ﬁ))(t) 7é 0. Et 1mp11es that
(YpBaYsupp(ﬁ)aﬁypxt) 75 0 and Xﬁ(t) 7é 0. Thus, there
exist 1,82 € P such that v = & aufts, ww(r) # 0,
T (¢1) # 0 and T(¢2) # 0. Hence, (X,0a@0sX,) M@ # 0.
Therefore, 70 is an IVF almost («, 3)-interior ideal of 3. W
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Definition 4.31. An almost interior ideal J of a I'-semigroup
B is called

(1) a minimal if for every almost interior ideal of J of B
such that J C J, we have J =17,

(2) a maximal if for every almost interior ideal of J of ‘B
such that J C J, we have J = 7.

Definition 4.32. An IVF almost («, 3)-interior ideal @ of a

T'-semigroup B is

(1) a minimal if for all IVF almost («, 8)-interior ideal T
of P such that @ C @, then supp(w) = supp(w),

(2) @ maximal if for all IVF almost («, 3)-interior ideal T
of P such that W C T, then supp(@) = supp(w).

Theorem 4.33. Let R be a non-empty subset of a I'-
semigroup *P. Then the following statements holds

(1) R is a minimal almost (o, B)-interior ideal if and only
if X is a minimal IVF almost («, B)-interior ideal of
L.

(2) R is a maximal almost («, 8)-interior ideal if and only
if Xg is a maximal IVF almost («, §)-interior ideal of
L.

Proof:

(1) Suppose that £ is a minimal almost («, 3)-interior ideal
of B. Then K is an almost left a-ideal of 3. Thus,
by Theorem 4.29, Y is an IVF (a, 8)-interior ideal
of P. Let @ be an IVF (a,3)-bi-ideal of P such
that =@ C Y. Then, by Theorem 4.22, supp(%) is
an almost (o, B)interior ideal of 9B. Thus, supp(w) C
supp(Xz) = K. By assumption, supp(w) = R =
supp(Xz)- Thus, Y& is a minimal IVF fuzzy almost
(a, B)-interior ideal of 3.

Conversely, suppose that Xz is a minimal IVF almost
(o, B)-interior ideal of B. Then, by Theorem 4.29, 8 is
an almost (v, B)-interior ideal of 3. Let J be an almost
(o, B)-interior ideal of B such that J C K. Then, by
Theorem 4.21, X5 is an IVF (a, 3)-interior ideal of 8
such that Yy C Xg. Thus, J = supp(Xy) = supp(Xg) =
£. Hence, R is a minimal almost («, 3)-interior ideal of
PB.
(2) Similar to (1).
|

Corollary 4.34. Let B3 be a I'-semigroup. Then Y3 has no
proper almost («, B8)-interior ideal if and only if for any IVF
almost («, 3)-interior ideal T of P, supp(zo) = P.

V. CONCLUSION

In this article, we propose the concept of new interval valued
fuzzy ideals and interval valued fuzzy almost ideals in a I'-
semigroups. We study properites of new interval valued fuzzy
ideals and an interval valued fuzzy almost ideals. The relation
between interval valued fuzzy almost ideals and almost ideals
are proved. In the further, we extend the new typer bipolar
fuzzy ideals and bipolar fuzzy almost ideals in a I'-semigroup
or algebraic system.
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