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I. INTRODUCTION

In the fields of theoretical computer science, automata, coding theory, and formal languages, as well as in the
solutions of graph theory and optimization theory, semigroups serve as the fundamental algebraic structure. ldeals
are crucial to the advanced study of algebraic structures and their applications. Further study of algebraic structures
requires the generalization of ideals in algebraic structures. Numerous mathematicians demonstrated significant
findings and characterized algebraic structures by introducing various extensions of the idea of ideals in algebraic
structures. The idea of almost left, right, and two-sided ideals of semigroups were first presented by Grosek and
Satko [1] in 1980. When there are no proper left, right, or two-sided ideals in a semigroup, they investigated how
these ideals are characterized. As an extension of bi-ideals, Bogdanovic [2] developed the idea of almost bi-ideals
in semigroups later in 1981. In 2018, Wattanatripop et al. [3] proposed the notion of almost quasi-ideals by utilizing
the notions of quasi-ideals of semigroups and almost ideals. Using the ideas of almost ideals and interior ideals of
semigroups, Kaopusek et al. [4], in 2020, proposed the notions of almost interior ideals and weakly almost interior
ideals of semigroups and examined their features. lampan et al. [5] in 2021; Chinram and Nakkhasen [6], in 2022;
Gaketem [7] in 2022; introduced the notion of almost subsemigroups of semigroups; almost bi-quasi interior ideals
of semigroups; almost bi-interior ideal of semigroups, respectively. Additionally, different types of almost ideals’

fuzzification were studied by many researchers in [3, 5-9].

Molodtsov [10], in 1999, proposed the idea of the soft set as a function from the parameter set E to the power set

of U to model uncertainty. Since then, soft set has attracted the attention of researchers in many fields. In [11-26],
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soft set operations, the basic concept of the theory, are studied. Cagman and Enginoglu [27] modified the definition
of soft set and soft set operations. Moreover, several soft algebraic structures were inspired by the notion of soft
intersection groups, introduced by Cagman et al. [28]. The usage of soft sets in semigroups came up with the notion
of soft intersection substructures of semigroups. Sezer et al. [29, 30] introduced and studied soft intersection
subsemigroups, left (right/two-sided ideals), (generalized) bi-ideals, interior ideals, and quasi-ideals of
semigroups. Sezgin and Orbay [31] characterized semisimple semigroups, duo semigroups, right (left) zero
semigroups, right (left) simple semigroups, semilattice of left (right) simple semigroups, semilattice of left (right)
groups and semilattice of groups in terms of soft intersection substructures of semigroups. Soft sets were studied
as as wide range of algebraic structures in [32-43]. Recently, Rao [44-47] introduced some new types of ideals of
semigroups such as bi-interior ideals, bi-quasi ideals, quasi-interior ideals, weak-interior ideals, and bi-quasi-

interior ideals, respectively. Baupradist [48] defined essential ideals of semigroups.

In this study, we introduced the notion of soft intersection almost left (resp. right) ideals, which is a generalization
of the nonnull soft intersection left (resp. right) ideals of a semigroup. Furthermore, we show that every idempotent
soft intersection almost (left/right) ideal is a soft intersection almost subsemigroup. We obtain that the collection
of soft intersection almost left (resp. right) ideals of a semigroup constructs a semigroup under the binary operation
of union for soft sets, but not under the binary of operation of intersection for soft sets. Furthermore, we
demonstrated the connection between almost left (resp. right) ideals and soft intersection almost left (resp. right)

ideals of a semigroup corresponding with minimality, primeness, semiprimeness, and strongly primeness.

Il. PRELIMINARY

In this section, we review several fundamental notions related to semigroups and soft sets.

Definition 2.1. Let U be the universal set, E be the parameter set, P(U) be the power set of U and K € E. A soft
set fx over U is a set-valued function such that f: E - P(U) such that for all x ¢ K, fx(x) = @. A soft set over U

can be represented by the set of ordered pairs
fie = {(x fx()): x € E, fie(x) € P(V)}
[10, 27]. Throughout this paper, the set of all the soft sets over U is designated by S (U).

Definition 2.2. Let f, € Sg(U). If f,(x) = @ for all x € E, then f, is called a null soft set and denoted by @. If
fa(x) = U forall x € E, then f, is called an absolute soft set and denoted by U [27].

Definition 2.3. Let £, fz € Sg(U). Ifforall x € E, f,(x) S fz(x), then f, is a soft subset of f; and denoted by
fa € fp. If f4(x) = fz(x) forall x € E, then f, is called soft equal to f and denoted by £, = f5 [27].

Definition 2.4. Let f,, fz € Sg(U). The union of f, and f5 is the soft set f, U f, where (f, U f3)(x) = f,(x) U
fs(x) for all x € E. The intersection of f, and f is the soft set £, N f5, where (f, N fg)(x) = f,(x) N fz(x) for
all x € E [27].

Definition 2.5. For a soft set f,, the support of f, is defined by
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supp(fa) = {x € A+ f4(x) # 0} [15]

It is obvious that a soft set with an empty support is a null soft set, otherwise the soft set is nonnull.

Note 2.6. If f, € f5, then supp(f,) S supp(f3) [49].

A semigroup S is a nonempty set with an associative binary operation and throughout this paper, S stands for a

semigroup and all the soft sets are the elements of Sg(U) unless otherwise specified.
Definition 2.7. A nonempty subset A of S is called,

(1) asubsemigroup of S if AA € A,

(2) arightideal of S if AS < A; and a left ideal of S if SA € A; and an ideal of S when is both a left ideal of
S and a right ideal of S,

(3) analmost subsemigroup of S if AAN A + @,

(4) analmost leftideal of SifsAN A+ @ forall s € S; and an almost right ideal of Sif Asn A = @ forall

s € §; and an almost ideal of S when is both an almost left ideal of S and an almost right ideal of S.
Definition 2.8. An almost left (resp. right) ideal A of S is called minimal almost left (resp. right) ideal of S if for
any almost left (resp. right) ideal B of S if whenever B < A, then A = B.

Definition 2.9. Let P be an almost left (resp. right) ideal of S. Then P is called,

(1) aprime almost left (resp. right) ideal of S if for any almost left (resp. right) ideals A and B of S such that
AB < P impliesthat A€ PorB c P,

(2) asemiprime almost left (resp. right) ideal of S if for any almost left (resp. right) ideal A of S such that
AA < Pimpliesthat A € P,

(3) astrongly prime almost left (resp. right) ideal of S if for any almost left (resp. right) ideals A and B of S
such that AB N BA < P impliesthat A € P or B < P.

Definition 2.10. Let f; and g be soft sets over the common universe U. Then, soft intersection product fs ° gs is

defined by [29]

{fsO) Nngs(2)}, if 3y,z € Ssuchthatx = yz
(fs °gs)(x) = x=yz

o, otherwise

Theorem 2.11. Let f;, gs, hs € Sg(U). Then,
) (fs°gs)°hs = fs° (gs ° hs).
i) fs°9s % gs° fs,generally.
i) fs°(gs Uhs) = (fs° gs) U (fs ° hs) and (fs U gs) © hs = (fs ° hs) U (gs ° hs).
V) fs°(gs Nhs) = (fs° gs) N (fs ° hs) and (fs A gs) © hs = (fs ° hs) N (gs ° hs).

v) If f5 € g, then fs°hg € g5 ° hgand hg° fs € hg ° gs.
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vi) If tg, ks € Sg(U) such that tg € f; and kg € gg, then ts ° kg € f5 ° g [29].

Lemma 2.12. Let f; and g be soft sets over U. Then, fs°gs = 05 & fs = Og0r gs = Os.
Definition 2.13. Let A be a subset of S. We denote by S, the soft characteristic function of A and define as

_ (U, ifx€eA
SA(")_{@, if x € S\A

The soft characteristic function of A is a soft set over U, thatis, S;: S — P(U) [29].

Corollary 2.14. supp(S,) = A [49].

Theorem 2.15. Let X and Y be nonempty subsets of S. Then, the following properties hold [29]:
i) If XcvyifandonlyifSy € S,
i) Sy NSy =Sy and Sy USy = Syuy
iii) Sy °Sy = Sxy

Proof: In [29], (i) is given as if X € Y, then if Sy € S,. In [49], it was also shown that if Sy € Sy, thenX C Y.
Let Sy € S, and x € X. Then, Sy(x) = U and this implies that S, (x) = U since Sy € Sy, Hence, x € Y and so
X €Y. Now let x & Y. Then, Sy (x) = @, and this implies that Sy(x) = @ since Sy € S,. Hence, x & X and so
Y' € X', implyingthat X C Y.

Definition 2.16. Let x be an element in S. We denote by S, the soft characteristic function of x and define as

_(U, if y=x
Sx(J’)—{Q)' lf y#:x

The soft characteristic function of x is a soft set over U, thatis, S,:S — P(U) [49].

Corollary 2.17. Let x € S, fs and S, be soft sets over U. Then,

[s°5x=0s © fs =05 (Sx°fs =05 © fs=0s).

Proof: By Lemma2.12, f;°S, = 05 & fs = @gor S, = @s. By Definition 2.16, S, # @g; hence the rest of the

proof is obvious.

Definition 2.18. A soft set f; over U is called a soft intersection subsemigroup of S over U if fg(xy) 2 fs(x) n
fs(y) for all x,y €S; and is called a soft intersection left (resp. right) ideal of S over U if fs(xy) 2
fs) (fs(xy) 2 fs(x)) for all x,y € S. A soft set f; over U is called a soft intersection ideal of S if it is both a

soft intersection left ideal of S over U and a soft intersection right ideal of S over U [29].

It is easy to see that if fs(x) = U for all x € S, then f; is a soft intersection (left/right) ideal. We denote such a
kind of soft intersection (left/right) ideal by S. It is obvious that S = S, that is, S(x) = U for all x € S [29].
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Theorem 2.19. Let f; be a soft set over U. Then, f; is a soft intersection subsemigroup of S over U if and only if

fs° fs € fs; and f is a soft intersection left (resp. right) ideal of S over U ifand only if S° £ € fs (fs°S € f5)
[29].

Definition 2.20. Let f; be a soft set over U. Then, fs is a soft intersection almost subsemigroup of S over U if

(fs° fs) O fs € fs [49].

Inspired by the divisibility of determinants, we refer to [50] for the considerations of graph applications and
network analysis.

I11. RESULTS ON SOFT INTERSECTION ALMOST IDEALS OF SEMIGROUPS
Definition 3.1. Let f; be a soft set over U. f; is called a soft intersection almost left ideal of S if for all x € S,
(Sx°fs) N fs # Bs
Definition 3.2. Let f; be a soft set over U. f; is called a soft intersection almost right ideal of S if for all x € S,
(fs°S) 0 fs # Bs
Definition 3.3. Let f; be a soft set over U. f; is called a soft intersection almost ideal of S if for all x € S,
(Sx°f) B fs # Bs and (fs ° Sy) N fs # Bs

Hereafter, for brevity, soft intersection almost left ideal and soft intersection almost right ideal of S are denoted by
Sl-almost L-ideal and Sl-almost R-ideal, respectively. The similar arguments and abbreviations are valid for

almost left and right ideals and soft intersection left and right ideals of S.

Example 3.4. Let S = {#, g, n} be the semigroup with the following Cayley Table.

Let fs and hg be soft sets over U = {[8 2] |a € 24} as follows:

et (1 PR 1) LG e e RO PR e )
= {(efly ollo W-elly ollo WD (+ {5 ol o 21D}
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and let gg be softsetover U = D; = {< x,y >: x3 =y% = ¢, xy = yx?} = {e,x,x2,y, yx, yx*} as follows:

gs ={{.{e}), (g, {x, x*}), (n, {y, yx, yx*}}

Here, fs and hg are both Sl-almost ideals. Let’s first show that f; is an Sl-almost L-ideal, that is, for all x € S,
(Sx°f) D fs # Os:

Let’s start with S,:

[(Se° f) A fs1C) = (Se IO N fs(8) = [(Se (&) 0 fs(0)) U (Se(@) 1 fs(n)) U (Se(m) 0 fs(@))] 0
rs@=r@={ 3.5 3

[5:° ) P AI@) = 22 @) 0 fs(@) = [(5:0) 1 £5(@) U (S:(e) 0 £5(®) U (Se) 1 fsm))]
r@ =@ =2 [ 3

[(5:° ) A f100) = (S2° o) 0 f() = [(S20) 1 fs(0m)) U (1) 1 f5(@)) U (o) 1 ()]
s = ={; 1 I}

Thus,

seman=(eld 0L DB DL Wefd LB D=o

Let’s continue with S,:

[(5,° £) A1) = (S5.° £5)(0) 0 £5(8) = [(8,00) 0 £5(8)) U (S, () 1 fs(m)) U (S, () 0 ()]
i@ =@ ={; I}

[(5,° f5) A Al @) = (S,° £5)@) 0 £s(@) = [(5,0) 0 f5(@)) U (S,(@) 0 £5) U (S,(0) 0 fs())|
@ =f@nf@={

[(5,°£) T A1) = (S, ° £5) ) 0 fs(n) = |(S40) 0 £5()) U (Sy(@) 1 f5(@) ) U (S,0m) 0 £5(O) )| 0
fin) = i@ o fmy = {3 9]}

| s MR W D)o

Let’s continue with S,,:

(S, ° f5) FA10) = (S, ° f)(8) 0 f5() = [(S4(0) 0 £(0) U (S (@) N fs(m)) U (S,,(m) 0 fi()] 0
K@ =f@ns@={Z I}
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[(5,° ) B AI@) = (S0 ° F)@ 0 fs(@) = [(5208) 0 £5(@)) U (54(@) 0 £6(D) U (S40) 0 fs(m))]
@ =rmnf@={3 9

[(S,° f) D fsl(n) = (S, ° fs)(m) N fs(n) = [(Sn(f) n fs(’n)) U (Sn(g’) n fs(g))) u (Sn(’n) n fs(f))] n

fsn) = £ 0 fsy = {29}

Consequently,

L (7 4 M [ M A P

Therefore, forall x € S, (S, ° fs) O fs # Bg, SO fs is an Sl-almost L-ideal. Now let’s show that f5 is an SI-almost
R-ideal, that is, forall x € S, (fs °S,) D f5 # Bs.

Let’s start with S,:

[(fs°S) A F1(8) = (fs°S)E) N fs(£) = [(fs(£) NS, () U (fs(g) NS, (n)) U (fs(n) N S,(g))] n
s =50 ={1 UL 2]

[(fs° S A fsl(@) = (fs° (@) n f£5(g) = [(£s(8) N Se()) U (fs(9) N Se(D)) U (fs(n) N Se(m))]
r@ =@ =2 [ 3

[(f° SO A A1) = (5 ° S 0 fs() = [(£s0) 0 Se(m)) U (@) 0 So(@)) U (fs(m) 0 $,(0)] 0
i = ={ L 3

Thus,

Gesonss={(efy Nl D@ 2l B (el 1 aD=os

Let’s continue with S,:

[(F5°S) A£1@) = (f5°5,)(0) n £5(8) = [(£:(8) 0 $,(0)) U (fs(9) 0 S,(m)) U (Fs(m) 1 5,(9)]
@ =@ ={; I}

[(F5°S) A £l @) = (f5°5,)@) 0 £s@) = [(£:(0) 0 S,(@)) U (£s9) 0 $,(®)) U (fs(m) n S, ()]
i@ =f@nf@={

[(fs°$,) A fsl ) = (s° $,)(m) 0 fm) = [(£5() 1 5,(n)) U (fs@) 1 5,@)) U (fs(m) n5,(0))]
A = i@ =3 9}

Hence,
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Gesamn= (el -2 Wl =0

Let’s continue with S,,:

[((fs°S) D fs]1(8) = (fs°S )W) N f5(£) = [(fs(f) n Sn(f)) u (fs(gJ) n Sn(’n)) u (fs(’n) n Sn(g’))] n
@ =f@nf@={ J}=o

[(fs° S0 P f1@) = (s °S.)@) 0 f(@) = [(fs(8) 1 5,@) U (fs(@) 0 Su(®) U (fs(m) 0 S, ()]
i@ =frmnf@={ J+o0

[(fs°S) D fsl(n) = (fs°S)(n) N fs(n) = [(fs(f) n Sn(’n)) u (fs(gJ) n S/n(g')) u (fs(’n) n Sn(f))] n

iy =@ nfso ={[; ]} =0

Consequently,

Giesonfs={(e{lg S1)-(ellg SD-(nlls JD}=os

Therefore, forall x € S, (f5°S,) N fs # B, SO f is an Sl-almost R-ideal, thus f; is an Sl-almost ideal.

Similarly, hg is an Sl-almost ideal. In fact;

seronn={e S5 W@l IL WL DL M=o
somnn= {2 D)0 Il J)=os
seemnne= {3 D@0 -0 P)o

Hence, hg is an Sl-almost L-ideal. And,

O (1 R A
s ins= (00 o3 (03 I)=os
oo samns= {3 DS )-8 D)o

Thus, hg is an Sl-almost R-ideal, thus hg is an Sl-almost ideal.

One can also show that g is neither an Sl-almost L-ideal nor an Sl-almost R-ideal. In fact;

[(5;°95) B gs](®) = (S, ° 95)(®) 1 g5(®) = [(5,(8) 0 g5 () U (S, (@) N gs(m)) U (S, () 0 gs(@))|

9s(g) = gs(n) N gs(£) = @
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[(5,°95) A gs1(@) = (S, ° 95)(@) 0 g5(@) = |(S,(0) 1 g5(@)) U (5,(9) 0 gs(&)) U (S,(m) 0 gs(m))|
9s(@) = gs(®) ngs(g) =0

[(5;° 95) i gs](m) = (85 95) () 0 gs(m) = [(S,(8) 1 g5 (1)) U (S,(9) N g5(@)) U (S, () 1 gs())]
gs(n) = gs(@) N gs(n) =0

Hence, for g € S; (S, ° gs) A gs = {(£,0), (g, 0), (n, )} = B, thus g is not an Sl-almost L-ideal. Similarly,
forn € S; (gs°S,) Ngs ={(#,0),(g 0),(n0)} =@, thus, g5 is not an Sl-almost R-ideal. It is obvious that

Js is not an Sl-almost ideal.

From now on, the proofs are given for only Sl-almost L-ideal, since the proofs for Sl-almost R-ideal can be shown

similarly.
Proposition 3.5. If f is an SI-L (resp. R)-ideal such that fs # @, then f is an Sl-almost L (resp. R)-ideal.

Proof: Let f; # @5 be an SlI-L-ideal, thus S ° f; € f;. Since fs # @, by Corollary 2.17 it follows that S, ° f; #
@s. We need to show that for all x € S,

(Sx °f) O\ fs # Bs.
Since S, °fs € S°f; € f, itfollowsthat S, ° fs € f. Thus,
(Sx°fs) A fs = Sx° fs # O
implying that fs is an Sl-almost L-ideal.

Here it is obvious that @5 is an Sl-L-ideal as S ° @5 € @; but it is not Sl-almost L-ideal since (S, ° @s) A @5 =
@5 ﬁ @5 = @5-

Here note that if f5 is an Sl-almost L (resp. R)-ideal, then f; needs not to be an SI-L (resp. R)-ideal as shown in

the following example:

Example 3.6. In Example 3.4, it is shown that f; and hg are Sl-almost L (resp. R)-ideals; however f; and hg are

not SI-L (resp. R)-ideals. In fact,

B £)@ =[5 n @) u (S@) n fs(m) u (St 0 £ )|
=fs(®) U fs(n) U fs(g) € fs(£)

thus, fs is not an Sl-L-ideal. Similarly,

(£°8)® = (6@ nS®) U (fs(@) NS u (£ N S())]
=fs(O) U fs(@) U fs(n) € f5(£)

thus, fs is not an SI-R-ideal. It is obvious that f is not an Sl-ideal.
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Similarly,
(§°hs)(® = [(S(&) n hs(®)) U (S(9) N hs(m)) U (S(1) N hs())]
= hs(£) U hg(n) U hs(g) € hs(¥)
thus, hg is not an SlI-L-ideal. Similarly,
(hs°8)(®) = |(hs(0) nS(0)) U (s(g) NS(m)) U (hs(n) n §(g))]
= hs(€) U hs(g) U hs(n) € hs (£)
thus, hg is not an SI-R-ideal. It is clear that hg is not an Sl-ideal.

Proposition 3.7. Let f; be an idempotent soft set. If f; is an Sl-almost (L/R)-ideal, then f; is an Sl-almost

subsemigroup.

Proof: Assume that fs is an idempotent Sl-almost L-ideal, then f5 ° fs = fs and (S, ° fo) N fs # @ forall x €
S. We need to show that f; is an Sl-almost subsemigroup, that is (fs ° f5) N fs # @s.

(Sx°fs) n fs =1(Sx° fs) n fs A fs
= [(Sx ° fs) n (fs ° fs)] n fs
S f)Nfs

Since (S, ° fo) N fs # Bg, itis obvious that (fs ° fs) N fs # Bs. Thus, f5 is an Sl-almost subsemigroup.
Theorem 3.8. Let £ € hg such that f5 is an Sl-almost L (resp. R)-ideal, then hg is an Sl-almost L (resp. R)-ideal.

Proof: Assume that f; is an Sl-almost L-ideal. Hence, for all x € S, (S, ° f5) N fs # @5. We need to show that
(S, °hs) A hg # @. In fact,

(Sx ofS) ﬁ fS g (Sx ° hS) ﬁ hS'
Since (S, ° fs) N fs # @, it is obvious that (S, ° hg) N hg #+ Bg. This completes the proof.
Theorem 3.9. Let f5 and hg be Sl-almost L (resp. R)-ideals. Then, fs U hg is an Sl-almost L (resp. R)-ideal.

Proof: Since f5 is an Sl-almost L-ideal by assumption and f5 € f; U hg, f; U hg is an Sl-almost L-ideal by
Theorem 3.8.

Corollary 3.10. The finite union of Sl-almost L (resp. R)-ideals is an Sl-almost L (resp. R)-ideal.
Corollary 3.11. Let f; or hg be Sl-almost L (resp. R)-ideal. Then, f; U hg is an Sl-almost L (resp. R) ideal.

Here note that if f; and hg are Sl-almost L (resp. R)-ideals, then f; A hs needs not to be an Sl-almost L (resp. R)-

ideal.

Example 3.12. Consider the Sl-almost L (resp. R)-ideals f; and hg in Example 3.4. Since,
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fS ﬁ hS = {(f' Q)' (g" @), (/n" Q)} = Q)S
fs N hg is not an Sl-almost L (resp. R)-ideal.

Now, we give the relationship between almost L (resp. R)-ideal and Sl-almost L (resp. R)-ideal of S. But first of

all, we give the following lemma to use it in Theorem 3.14.
Lemma 3.13. Let x € S and Y be nonempty subset of S. Then, S, °Sy = S,y.

Proof: Let s € S such that s € xY. Then, s = xn forsomen € Y and x € S. Thus,

5 °50) = | 6500 050

s=xq
25.(x)NnSy,(n)
=UnU

=U

S0 (S, °Sy)(s) = U . Since s = xn € xY, it follows that S, (s) = U. Hence, S, ° Sy = S,y.

In another case, let s € S such that s € xY. Then, if s = mn for some m,n € S, we have thatm = xorn ¢ Y.

Consider the following equations:

5250 = | 6.0 05,003

s=mn

Case 1: Let m # xand n € Y. Then,

U smnssan= | Jonuy=o

s=mn s=mn

Case2: Letm =xandn € Y. Then,

U somnsson=|Jwno =0

s=mn s=xn

Case 3: Letm #= xandn € Y, Then,

U smnssan=|Jena=o

s=mn s=mn
In all cases, (S, ° Sy)(s) = @when s ¢ xY. Since s & xY, it follows that S, (s) = @. Hence S, ° Sy = S,y.

When X is a nonempty subset of S and y € S, then it is obvious that Sy ° S, = Sy,

Theorem 3.14. Let A be asubset of S. Then, A isan almost L (resp. R)-ideal if and only if S,, the soft characteristic
function of 4, is an Sl-almost L (resp. R)-ideal, where @ = A C S.
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Proof: Assume that @ # A is an almost L-ideal. Then, xA N A # @ forall x € S, and so there exist k € S such that
k € xAnNn A. Since,

(S °SD) AS)U) = (Sxa NSK) = (Seana) (k) =U # 0
it follows that (S, °S,) 0 S, # @;. Thus, S, is an Sl-almost L-ideal.

Conversely assume that S, is an Sl-almost L-ideal. Hence, we have (S, °S,) NS, # @5 forall x € S. To show
that A is an almost L-ideal, we should prove that A = @andxANA = @ for all x € S. A # @ is obvious from

assumption. Now,

Bs# (Sx°SONSy = 3L €ES; ((5°S)NS,)(R) =0
= ARES; (SaNSHR) %0
= AR ES; (Sxana)R) # 0
= IR ES; (Spana)(B) =U
> REXANA

Hence, xA N A # @. Consequently, A is an almost L-ideal.
Lemma 3.15. Let f; be a soft set over U. Then, fs € Sqpp(rs) [49]-
Theorem 3.16. If f is an Sl-almost L (resp. R)-ideal, then supp(fs) is an almost L (resp. R)-ideal.

Proof: Assume that f5 is an Sl-almost L-ideal. Thus, (S, ° fs) N fs # @ for all x € S. To show that supp(fs) is

an almost L-ideal, by Theorem 3.14, it is enough to show that Sg,;, (s, is an Sl-almost L-ideal. By Lemma 3.15,

(Sx ° fs) B fs € (Sx ° Ssupprs)) N Ssupp(rs)

and (S, ° fs) 0 fs # @s, itimplies that (S, ° Ssupp(rs)) N Ssupp(rs) * Ds- Consequently, Se,pp ) is an Sl-almost

L-ideal and by Theorem 3.14, supp(fs) is an almost L-ideal.
Here note that the converse of Theorem 3.16 is not true in general as shown in the following example.

Example 3.17. We know that g is not an Sl-almost L-ideal in Example 3.4. and it is obvious that supp(gs) =
{¢,¢,n} =S. Since,

[{£}supp(gs)] N supp(gs) = (EHE, g n3n{t, g, n} ={{,g,n} # 0
[{g}supp(gs)] N supp(gs) = {g}{f, g, n}n{t, g, n}={f, g, n} 0
[{/n}supp(gs)] N Supp(gS) = {’I/L}{f, g’l /n’} n {f' g" ’I’L} = {f, g’l /I’L} * @

It is seen that [{x}supp(gs)] N supp(gs) # @ for all x € S. That is to say, supp(gs) is an almost L-ideal;

although g5 is not an Sl-almost L-ideal.
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Definition 3.18. Let f5 and hg be Sl-almost L (resp. R)-ideals such that hg € fs. If supp (hg) = supp(fs), then f;

is called a minimal Sl-almost L (resp. R)-ideal.

Theorem 3.19. A is a minimal almost L (resp. R)-ideal if and only if S,, the soft characteristic function of A, isa

minimal Sl-almost L (resp. R)-ideal, where @ = A € S.

Proof: Assume that A is a minimal almost L-ideal. Thus, A4 is an almost L-ideal, and so S, is an Sl-almost L-ideal
by Theorem 3.14. Let f5 be an Sl-almost L-ideal such that f; € S,. By Theorem 3.15, supp(fs) is an almost L-
ideal, and by Note 2.6 and Corollary 2.14,

supp(fs) < supp(Sy) = A.

Since A is a minimal almost L-ideal, supp(fs) = supp(S,) = A. Thus, S, is a minimal Sl-almost L-ideal by
Definition 3.18.

Conversely, let S, be a minimal Sl-almost L-ideal. Thus, S, is an Sl-almost L-ideal, and A4 is an almost L-ideal by
Theorem 3.14. Let B be an almost L-ideal such that B < A. By Theorem 3.14, Sy is an Sl-almost L-ideal, and by

Theorem 2.15 (i), Sz € S,. Since S, is a minimal Sl-almost L-ideal,

B = supp(Sg) = supp(Sa) = A
by Corollary 2.14. Thus, A is a minimal almost L-ideal.

Definition 3.20. Let f5, gs and hg be any Sl-almost L (resp. R)-ideals. If hg ° g5 € f5 implies that hg € f5 or

gs € fs, then fs is called an Sl-prime almost L (resp. R)-ideal.

Definition 3.21. Let f5 and hg be any Sl-almost L (resp. R)-ideals. If hg ° hg € f5 implies that hg € f, then f5 is

called an Sl-semiprime almost L (resp. R)-ideal.

Definition 3.22. Let f;, gs, and hg be any Sl-almost L (resp. R)-ideals. If (hg ° gs) A (gs ° hs) € fs implies that

hg € fsor gs € fs, then f is called an Sl-strongly prime almost L (resp. R)-ideal.

It is obvious that every Sl-strongly prime almost L (resp. R)-ideal is an SI-prime almost L (resp. R)-ideal and every

Sl-prime almost L (resp. R)-ideal is an SI-semiprime almost L (resp. R)-ideal.

Theorem 3.23. If Sp, the soft characteristic function of P, is an SI-prime almost L (resp. R)-ideal, then P is a prime

almost L (resp. R)-ideal, where @ = P C S.

Proof: Assume that S, is an SI-prime almost L-ideal. Thus, Sp is an Sl-almost L-ideal and thus, P is an almost L-
ideal by Theorem 3.14. Let A and B be almost L-ideals such that AB < P. Thus, by Theorem 3.14, S, and Sy are
Sl-almost L-ideals, and by Theorem 2.15 (i) and (iii), S, ° Sg = S, € Sp. Since Sp is an Sl-prime almost L-ideal
and S, °Sz € Sp, it follows that S, € S, or Sy € Sp. Therefore, by Theorem 2.15 (i), AS P or B S P.

Consequently, P is a prime almost L-ideal.

Theorem 3.24. If Sp, the soft characteristic function of P, is an SI-semiprime almost L (resp. R)-ideal, then P is a

semiprime almost L (resp. R)-ideal, where @ = P C S.
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Proof: Assume that S, is an SI-semiprime almost L-ideal. Thus, S, is an Sl-almost L-ideal and thus, P is an almost
L-ideal by Theorem 3.14. Let A be an almost L-ideal such that AA < P. Thus, by Theorem 3.14, S, is an Sl-almost
L-ideal, and by Theorem 2.15 (i) and (iii), S, ° S, = Sy € Sp. Since S is an Sl-semiprime almost L-ideal and
S,°58, € Sp, it follows that S, € Sp. Therefore, by Theorem 2.15 (i), A € P. Consequently, P is a semiprime

almost L-ideal.

Theorem 3.25. If Sp, the soft characteristic function of P, is an Sl-strongly prime almost L (resp. R)-ideal, then P

is a strongly prime almost L (resp. R)-ideal, where @ = P C S.

Proof: Assume that S, is an Sl-strongly prime almost L-ideal. Thus, Sp is an Sl-almost L-ideal and thus, P is an
almost L-ideal by Theorem 3.14. Let A and B be almost L-ideals such that AB n BA < P. Thus, by Theorem 3.14,
S, and Sy are Sl-almost L-ideal, and by Theorem 2.15, (S °Sg) 1 (Sg °Sy) = Sag N Sga = Sapnpa S Sp. Since
Sp isan Sl-strongly prime almost L-ideal and (S, ° Sg) A (Sg °S,) € Sp, it followsthatS, € S, or Sz € Sp. Thus,

by Theorem 2.15 (i), A € P or B < P. Therefore, P is a strongly prime almost L-ideal.

IV. CONCLUSIONS

In this study, as a generalization of the nonnull soft intersection left (resp. right) ideal of a semigroup, we
introduced the idea of the soft intersection almost left (resp. right) ideal of a semigroup. We showed that every
idempotent soft intersection almost (left/right) ideal of a semigroup is a soft intersection almost subsemigroup. We
obtained that a semigroup can be constructed under the binary operation of union, but not under the binary of
operation intersection for soft sets, given the collection of almost (left/right) ideals of a semigroup. Moreover, we
showed the relation between soft intersection almost left (resp. right) ideals of a semigroup and almost left (resp.
right) ideals of a semigroup in accordance with minimality, primeness, semiprimeness, and strongly primeness. In
future studies, many types of soft intersection almost ideals, including quasi-ideal, interior ideal, bi-ideal, bi-

interior ideal, bi-quasi-ideal, quasi-interior ideal, and bi-quasi-interior ideal of semigroups can be examined.
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