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Abstract: In dearth of parameterization, various uncertain-ordinary theories like the theory of fuzzy
sets and the theory of probability, which failed to address the emergence of modern day sophisticated,
complex, and unpredictable problems of various disciplines such as economics and engineering. We
aim to provide an appropriate mathematical tool for resolving such complicated problems with the
initiation and conceptualization of the notion of double-framed soft sets in hemirings. In the structural
theory, h-ideals of hemirings play a key role, therefore, new types of /-ideals of a hemiring R known as
double-framed soft A-interior ideals and double-framed soft s-ideals are determined. It is shown that
every double-framed soft s-ideal of R is double-framed soft A-interior ideal but the converse is not true
which is verified through suitable examples. Further, the conditions under which both these concepts
coincide are provided. More precisely, if a hemiring R is h-hemiregular, (resp. h-intra-hemiregular,
h-semisimple), then every double-framed soft /-interior ideal of R will be double-framed soft s-ideal.
Several classes of hemirings such as h-hemiregular, A-intra-hemiregular, 4-simple and A-semisimple
are characterized by the notion of double-framed soft 4-interior ideals.
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1. Introduction

In contemporary globalized world, economic and technological advancement inevitably plays a
significant role in the development of a country. Unlike advanced developed countries, most of the
countries are left behind due to lack of the high-quality research in advanced fields: engineering,
computer science and data analysis, decision-making problems, error correcting codes, economics,
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forecasting, and robotics. Despite the fact advanced countries are spending a huge budget on these
domains, but these fields are facing some complicated problems involving uncertainties. These
obscured problems cannot be dealt with through classical methods of problems resolving mechanisms.
There are certain types of theories such as the theory of probability, the theory of fuzzy sets, and the
theory of rough sets, which could help resolve these modern-day complex problems. Nonetheless,
all of these theories have their significance and inherent limitations: incompatibility with the
parameterization tools is one of the main problems associated with these theories. In order to overcome
these implied challenges, Molodtsov [1] initiated the icebreaking concept of soft set theory. The soft
sets theory is a novel mathematical approach for dealing with the uncertainties. This contemporary
approach is free from the difficulties pointed out in the other theories of uncertainties, which usually
use membership function. From the last decade, the soft sets’ conception gained reputation for its
parameterization nature, which is free of membership function. Due to its dynamical nature, the soft
sets successfully made its place and now extensively used in various applied fields. For example, soft
sets are used in decision making problems [2,3], soft derivatives, soft integrals and soft numbers along
with their applications in [4]. In international trade, soft sets are used for forecasting the export and
import volumes [5]. Maji et al. [6] presented several operations of algebraic structures in terms of soft
sets which is further extended by Ali et al. [7,8].

Several fields like computer programming, coding theory, fuzzy automata, optimization, formal
languages, graph theory uses semirings [9] for many purposes. Semirings are algebraic structures
with two binary operation. Semirings with commutative addition and zero element are known as
hemirings. Among the above mentioned fields some of them like theory of automata, formal languages
and computer sciences uses these hemirings [10-12]. Further, ideals of hemirings play a key role in
structure theory for many purposes. Torre [13] determined h-ideals and k-ideals in hemirings with
several classification of hemirings are discussed in terms of these ideals. The A-hemiregularity are
investigated by Yin and Li [14]. They also determined A-intra hemiregular hemirings and presented
various characterization theorems of hemirings in terms of these notions. Droste and Kuich [15] discuss
hemirings in automata domain. Moreover, Ma and Zhan [16] characterized hemiregular hemirings by
the properties of new type of soft union sets. The concept of cubic -semisimple hemiring is presented
by Khan et al. [17].

Recently, Jun and Ahn [18] introduced the notion of double-framed soft sets and defined double-
framed soft subalgebra of a BCK/BCl-algebra. Beside this, Jun et al. [19] also determined double-
framed soft ideals of BCK/BCI-algebra. Khan et al. [20] applied the notion of double-framed
soft sets to AG-groupoids and investigated various results. Moreover, double-framed soft sets are
further elaborated in LA-semigroups [21]. Further, several researchers applied the notion of double-
framed soft sets in diverse fields of algebra. For instance, Asif et al. [22] discussed ideal theory in
ordered AG-groupoid based on double-framed soft sets. Also, Asif and coauthors [23] determined
fully prime double-framed soft ordered semigrouops. Iftikhar and Mahmood [24] investigated several
results on lattice ordered double-framed soft semirings, Bordar et al. [25] applied the said notion
to hyper BCK-algebra. In addition, Jayaraman et al. [26] developed double-framed soft lattices,
distributive double-framed soft lattice and double-framed soft chain. Khan and Mahmood [27]
initiated the notion of double-framed T-soft fuzzy set and applied the concept in BCK/BCl-algebra.
Park [28] introduced double-framed soft deductive system in subtraction algebra while Hussain [29]
discussed the application aspect of doubel-framed soft ideal in gamma near-rings. Also, Hussain and
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coauthors [30] developed double-framed fuzzy quotient lattices. For further study on double-famed
soft sets, the readers refer to [31-34].

In this paper, we define double-framed soft A-interior ideals and double-framed soft A-ideals of a
hemiring R. Further, these notions are elaborated through suitable examples. It is shown that every
double-framed soft s-ideal of a hemiring R is double-framed soft A-interior ideal of R but the converse
not hold in general. The converse statement will hold under some conditions. More precisely, if
a hemiring R is h-hemiregular, (resp. h-intra-hemiregular, s-semisimple), then every double-framed
soft A-interior ideal of R will be double-framed soft A-ideal of R. Finally, ordinary A-interior ideals
are linked with double-framed soft A-interior ideals and various classes like i#-hemiregular, A-intra-
hemiregular, h-simple and A-semisimple hemirings are characterized by the properties of these newly
developed double-framed soft A-interior ideals of R.

2. Double-framed soft sets (Basic operations)

Definition 2.1 [18] A double-framed soft set of A over U is a pair <( fasfa ) ;A>, such that f
and f; both are mappings from A to P(U) where P(U) is the set of all subsets of U. It is denoted by
DFS -set of A.

The set of all DFS -set of A over U is denoted by DF'S (U).

v-inclusive set: If <( f fa ) ;A> is a DFS-set of A and vy is a subset of U, then the y-inclusive set is
denoted by i(f,;y) and is defined as

i(fiy)={x €Al fi(x) 2y}

o-exclusive set: If <( i fa ) ;A> isa DFS-set of A and ¢ is a subset of U, then the ¢-exclusive set is
denoted by es(f,;0) and is defined as

ea(f3:0) = (x €A | fy(0) C5).
Note that a double-framed soft including set is of the form
DFs(fi, f)we = {x €A fi(x) 2y, fi (x) € 6}
clearly, DEA(fy . )0 = ia(fy37) N ea(fy;0).

In the following, the double-framed soft sum briefly 4#-sum and soft product (s-product) for two
double-framed soft sets of hemirings are introduced.

Definition 2.2 Let f = <( i ) ;A> and g4 = <(gz,g/§) ;A> be two double-framed soft sets
of a hemiring R over U. Then the h-sum f3&g4 is a double-framed soft set of R over U denoted by
f1®ga = <<f;{ ®g), f, B g;) ;A> . Where f ® g} and f, 8 g, are called soft mappings from R to P(U)
which are defined as follows

U (@) N fi(@) N gi(br) N gh(by))

+ + x+a1+b1+z:a2+b2+z
JA®gy x> if xisexpressedasx+a; +b; +z=a, + b, +z
0 if x does not expressed as x +a; + by +z=a, + b, + z.
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U (f5 (@) U fy(a2) U g;(b1) U g5 (b))}

_ _ x+ay+b1+z=a+br+z
JaBgy X if xis expressedas x+a, +b; +z=a, + b, + 2
U if x does not expressed as x + a; + by +z=a, + b, + z.

Definition 2.3 Let fy = <( f ) ;A) and g4 = <(gz, g;) ;A> be two double-framed soft sets of a
hemiring R over U. If f7 ® g} and f, ® g, are called soft mappings from R to P(U) defined as follows

" x+a1b1+z arbr+z
JAi®gh: if x is expressed as x + a1by + z = a,b, + 2

if x does not expressed as x + a;by + z = axb, + z.
{fi(a) VU fi(a2) U g, (b)) U g, (b))}

if x is expressed as x + a1by + 7 = a,b, + 2
if x does not expressed as x + a;by + z = axb, + z.

x+a1b1+z a2b2+Z

| (i (a) N fi(a) N gh(b) N gk (b))
fa®g,: |

Then the h-product of f4 and g4 is denoted by fiogs which is defined as (fyog4)(x) =
{(( i ®gj;) (x),( i g;) (x)) tX € R}. Note that f4ogs will also be double-framed soft sets of a
hemiring R.
Definition 2.4 Let fy = <( i fy ) ;A> and gp = <(g;;, gl‘g) ;B> be two double-framed soft sets over
U. Then, f, = <( i fA‘) ;A> is called a double-framed soft subset of gz = <(g;;, gg,) ; B> denoted by
fa = <(f/;r, fA‘) ;A> Cgp = <(g;,g§) ;B> if A is the subset of B, f, (x) C g;(x) and f, (x) 2 g5(x) for all
x € A. Also two double-framed soft sets f = <( i fA‘) ;A> and g = <(g;;, gg) ;B> are equal denoted by
(£ £7):A) = ((g5-85): B) - if fa = ((£1. f+):A)Egs = ((s5-85): B) and fu = ((f+. f7):A) Tgs =
<(g;;, 81_;) ; B> both hold.
Definition 2.5 Let fy = <( i fA‘) ;A> and g4 = <(g2, g;) ;A> be two double-framed soft sets of a
hemiring R over U. Then the DFS int-uni set of fy = <(fA+,fA‘) ;A> and g4 = <(gj§,g/}) ;A> is defined
as a DFS set <( f;ﬁgg, N Ggg) ;A> where f ﬁgz and f, UgAT are mappings from A to P(U) such that
(fiNg}) (0) = £i(x) N g} (x) and (f;Ug,) (x) = f;(x) U g; (). It is denoted by

((fj,f,;) ;A> M ((gz,g;) ;A> = <(f§ﬂg2,fgug;) ;A> :
Lemma 2.6 [34] Suppose that fy = <(f;,fA‘) ;A>, gp = <(gl§,gl;) ; B> and h¢ = <(hg, hg) ; C> are
double-framed soft sets in a hemiring R, then the following hold.

(1) Ja®(gsNhc) = ( fa®gp) (fa®he).

(2) Jao(gsMhc) = ( faogr) (faohc).
Definition 2.7 Suppose that A is a non-empty subset of a hemiring R, then the characteristic
double-framed soft mapping of A is a double-framed soft set denoted by C4 = <(CX, Cg) ;A> where
C3,C; are soft mappings from R to P(U) and are defined as follows

U ifxeA
+ . >
CA"CH{@ ifx ¢ A.

and
ifxeA,

- 0
CA"“_’{ U ifxgA.
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It is important to note that the identity double-framed soft mapping is denoted by Cy = <(ng, CI‘Q) ;R>
where Cj, : x = U and C; : x — @ for all x € R.

Theorem 2.8 [34] Suppose that A and B are two non-empty subsets of a hemiring R, then the
following axioms for characteristic double-framed soft mapping are holds:
(1) A C Bif and only if C4£Cp, ie., A C B & C} (x) C Cy(x)
and C; (x) 2 Cy(x) for all x € A.
(2)  CalCp = Carp. i€, (CEACH, CUCE) = (Chp Cing) -
(3)  Ca®Cp =Cyp i, (CLOCE CrmCy) = (Ch_ Co_).
(4)  C43Cp=Cgpie., (C;8CHCRC,) = (ChC).

3. Double-framed soft /-interior ideals

Since from the last decade, soft sets gain reputation due to the diverse applications in multi
disciplines. The h-ideals of a hemirings play a central role in structural theory. Therefore, the concept
of double-framed soft A-interior ideals of R is introduced and hemirings are characterized by the
properties of these double-framed soft i-interior ideals.

Definition 3.1 A DFS-set <( i ) ;A> of a hemiring R is said to be a double-framed soft left
(resp. right) h-ideal of R if for all a, b € R, the following conditions hold.

(la)  fi(a+b)2 fi(a) N fi ()

(Ib)  fyla+b) < fi(@Uf, (D)

(2a)  fi (ab) 2 ff (b)(resp. f} (ab) 2 £ (a))

(2b)  f5 (ab) C f; (b)(resp. f; (ab) € f; (@)

Ba)  (abxzeR)(x+a+z=b+z— f{ ()2 f (@ N f} b))

(3b)  (abxzeR)(x+a+z=b+z— f; (X)C fi (@U f; (b))
Definition 3.2 A DFS-set <( N ) ;A> of a hemiring R is said to be a double-framed soft interior
ideal of R if for all a, b, ¢ € R, the following conditions hold.

(4a)  fi(a+b)2 fi(a)N fi (D)

(4b)  fyla+b) < fi(@Uf, (D)

(Sa) [y (ab) 2 fy (@) N fi (D)

(5b)  fy(ab) € fy (@ U fi (D)

(6a)  fy (abc) 2 fy (b)

(6b)  fy (abe) < fy (D)
Example 3.3 Suppose that R = {0, x, y, z} is a set with addition and multiplication defined in the
following tables:

N w of +
AR =]
N R ==
N e e <=
2 IS BN B AN B | PN
N <= = O

= NoN ool =
o O O O|x
% © O o«
= % O o
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Define a double-framed soft <( s fa ) ;A> in R over U = Z~as follows:

R ‘ 0 X y Z

fi@ | {-1,-2,..,-10} {-1,-3,-5,-7,-9} {-3,-5,-7} {-3,-5}

fi (@ | {6} {-2,-4,-6,-10} {—2,-6} {-2,-4,-6,-8,-10}

where a € R, using Definition 3.2, <( I fa ) ;A> is a double-framed soft h-interior ideal of R over Z~.

Definition 3.4 A double-framed soft interior ideal of R is called a double-framed soft /-interior
ideal of R if the following conditions hold.

(Ta)  (a,b,x,ze€R)(x+a+z=b+z— f{(x)2 £ (@ N f} (b))

(7b)  (a,bxzeR)(x+a+z=b+z— f; () C f; (@U f; b))

Note that a Double-framed soft left s-ideal (( i fA‘) ;A> (resp. DFS h-interior ideal) of a semiring
R with zero element satisfies the inequalities f, (0) 2 f, (a), f; (0) C f, (a) for all a € R.

Example 3.5 Let Ny be the set of all non-negative integers, then N, is a hemiring with usual
addition and multiplication. Define a double-framed soft set f; = <( iy ) ;A> of Ny as follows

Ny [xe@ x€(2)—(4)  otherwise

fix) | {=1,-2,..,-10} {-2,-4,-6,-8} {-2,-4)

[ (0 | (=4} {—4,-8} {=2,-4,-8}

Then f; is a double-framed soft A-interior ideal of Ny.

Lemma 3.6 Every double-framed soft /-ideal of a hemiring R is a double-framed soft A-interior
ideal of R.

Proof. Suppose fx = ((ff.f7):A) is a double-framed soft h-ideal R, If a,b,c € R, then f; (ab) 2
i) 2 f (@n f (b) (f4 being DFS left h-ideal). Also, f, (ab) C f, (b) C f; (@)U f, (b). Similarly,
fi(abc) = fi(a(bc) 2 fi(bc) 2 f(b) and f, (abc) = f; (a(bc) C f, (bc) € f, (b). All other
conditions of DFS h-ideal and DFS h-interior ideal of R are same. Hence, f; is DFS h-interior ideal of
R. i

The following example shows that the converse of Lemma 3.6 is not true in general.
Example 3.7 Consider R = {0, x, y, z} with addition and multiplication defined as in Example 3.3,
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for all a € R, define a double-framed soft f; = <( i fa ) ;A> in R as follows:

R |0 x y z

fi@ | {-1,-2,..,-10} {-1,-3,-5,-7} {-3,-5,-7} {-3,-5}

fi (@ | {-6} {—2,—-4, -6} {—2, -6} {-2,—-4,-6,-10}

then <( o ) ;A> is a double-framed soft A-interior ideal of R over Z~ but not a double-framed soft
h-ideal of R because f, (zy) = f, (x) = {-2,-4,-6} € f, (y) = {-2,—6}. Hence f, is not a double-
framed soft left 4-ideal of R.

In the following propositions, double-framed soft including sets and characteristic double-framed
soft functions are used to connect ordinary A-interior ideals with DFS h-interior ideals of hemiring R.
Proposition 3.8 For a hemiring R with A C R, the following conditions are equivalent:

L. fa={(fi.f;):A) is double-framed soft h-interior ideal of R.

2. A non-empty double-framed soft including set DF s(f,’, f, )iy, 1S h-interior ideal of R.

Proof. (1)=(2). Assume that f, = <( fafa ) ;A> is double-framed soft h-interior ideal of R, Consider

a.b € DFA(f}. [0, then £{(@) 2 . £ (b) 2 y and f(a) € 6, f;(b) C 6. Since ((f. f1):A) is
DFS h-interior ideal of R, so fi (a+b) 2 f(a) N fy (b) 2 y Ny = vy implies that f, (a+b) 2 ¥
and f,y (a+b) C fy (@ VU fy(b) S UGS =6, hence f, (a+b) C 6. Thus a+ b € DFs(f), f)iy.0)-
Similarly, for a,b € DFA(f), [ )0, fi (@b) 2 fi(@n fib) 2 yny =, fi(ab) C f,; (@)U
fa () C6UG6 =6 leads to ab € DFA(f, f1).5)- Also, for x € DF(f, fi).s) and a,b € R, implies
that f{(x) 2 y and f,(x) C ¢ then f; (axb) 2 f; (x) 2 v, f, (axb) C f; (x) C ¢ leads to axb €
DFA(f), fx).0)-Finally, assume a,b € DF4(f, f;)¢.0)> X, 2 € R with the expression x +a+z=b +z,
then f; (x) 2 f; (@ N fi (b) 2 yand f, (x) C f, (@)U f, (b) C 6 means that f; (x) 2y and f, (x) C 9,
hence x € DF(f,, f1)y.6)- Therefore, DF4(f, f1 )5 1 an h-interior ideal of R.

(2)=>(1). Suppose O # DFa(f}, fi)y.s € R be an h-interior ideal, if there exist a,b € R such
that f (a+b) C fi (@ N f[(b) = yiand f;(a+b) DO f; (@)U f; (b) = 6, for some y;,0; are
subsets of U. Then a,b € DFs(f}, {00 buta +b & DFA(f, f1)o..6,) Which is contradiction to the
fact that DFA(f,", f )iy, 1S an h-interior ideal. Hence f," (a +b) 2 f (a) N f, (b) and f, (a+b) C
fi (@ U f; (b) hold for all a,b € R. Let a, b € R, assume that

fi@)cfi@nfi® =yc { ;ﬁ EZ;
and
o @) > fr@u £ (6) =06, 2 { ;’}; EZ;T

Thena, b € DF(fy, fi) .6, butab & DFa(f, f1 )., Whichis contradiction, thus f; (ab) 2 f, (a)N
fi (D) and f, (ab) C f, (a) U f, () is true for all a,b € R. Further, Let a,b,c € R, be such that
fi (abe) C fi (b) =y and f, (abc) D f; (b) = 6. Then b € DF(f, fi).s) but abc & DFAs(f), f)iy.0)
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which is contradiction, thus £, (abc) 2 f; (b) and f, (abc) C f, (b) is true for all a, b, ¢ € R. Lastly, if
there exist x, a, b, z € R with the expression x + a + z = b + z such that

(@,

frwcs@nio=nel f0

and

fi (@),

fi®).

Then, a,b € DF4(f, f1)4s.0, but x € DFA(fY, f1 )56, leads to contradiction again. Thus, f; (x) 2

fi(a)n fF(b) and 7 (x) € f5 (@) U f; (b) hold for all x,a, b,z € R. Consequently, f; = (( i, fA‘) ;A>
is double-framed soft A-interior ideal of R. O

f;(x)Df;(a)Uf;(b)=532{

Proposition 3.9 For a hemiring R with A C R, the following conditions are equivalent:
I. A is left (resp. right, interior) h-ideal of R.
2. C4=((C}.C;):A) is DFS left (resp. right, interior) h-ideal of R.

Proof. Follows from Proposition 3.8. O

Theorem 3.10 £, = ((f{.f;):A) is a double-framed soft /-interior ideal of R if and only if:
() fi®HES
2) Jaofalfas
(3) Cro f40CRrC fa,
4  (Va,b,x.zeR(x+a+z=b+z— ff (x)2 ff (@) N f{ (b) and

fr S fi @V fy (D).

Proof. Let fy = <( i ) ;A> be a double-framed soft A-interior ideal of R. Then Condition (4) directly
follows from definition. Now for Condition (1) let x € R be such that it can not be expressed in the
form x + (a; + by) + 2 = (a3 + by) +z, then (f; @ f1) (x) = 0. C £{(x) and (f; B f7) (x) = U 2 f (x).
So fAéfAEf. Now if x can be expressed in the form x + (a; + by) + z = (a; + by) + z, then

U @ n i@ n e 0 fe)

x+(a1 +b1 )+Z=(az +b2)+Z

{fi (a1 + ax) N £ (b + by)} by (4a)

x+(a1 +b1 )+z:(a2 +b2)+Z

fi () by (7a)

x+(ay+by)+z=(ax+br)+z

= fi),

(fi ®f)(x)

N

N

also,

(fa 8 /2) (%) {fal@) U fy(ax) U fy(b1) U f(b2)}

C

F

x+(a1+b1)+z=(ax+b2)+z

U
Cl

{fa(a1 +a)) U f; (b1 + by)} by (4b)

x+(ay+b1)+z=(ar+by)+z
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]

Ja (x) by (7b)

x+(ay+b1)+z=(ar+b2)+z

Ja ().

Hence, f1@fiCfa.
Now, for Condition (2), if x € R is not expressed as in the form x + (a;b;) + z = (ab;) + z, then

(frefi)@) =0c fix)and (f;f 8 f;)(x) = U 2 f;(x). So fi3fiCfs. If x is expressed as in the
form x + (a1b1) + 7 = (ab,) + z, then

(fA ® fi) (%) {fia) 0 fi(a) N fLB) N f (b))

x+(a1by)+z=(azby)+z

{fi(@1a2) N f (b1by)} by (S5a)

x+(aiby)+z=(azba)+z

N

) fiw

x+(a1by)+z=(azba)+z

= fi(x),

N

also,

{fa(@) U fy(ax) U fy (b1) U f4 (b))}

x+(a1by)+z=(azbr)+z

(fa ®f) (%)

) Ufi@a) U £ (Biby)) by (5b)

x+(a1b1 )+z:(a2bz)+z

]

= GG

x+(a1by)+z=(azb2)+z

= fa ().

Thus fAXfAE fa. For the proof of Condition (3), since CRXfAE fa and fAXCRE fa, then by from (2)
Cro faoCgrE fa.

Conversely, assume that conditions (1)-(4) hold. First to show that £, (0) 2 £, (x) and f, (0) C
fi (x) forall x € R.

A0 2 (fyef)0)
= L m@nfi@n fie)n o)
O+(a1+b1)+z=(ax+b2)+z
2 {1 N fyx) N fr 0N fx}
= fi(x) asO0+x+x+z=x+x+7
also
) < (fy8f)0)

= U {fi@@) U fi(@) U fr (b)) U fr (b))

0+(ay+b1)+z=(ar+by)+z
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C AU MU (U f (0}
= fa (0.

Hence f; (0) 2 f; (x) and f, (0) C f; (x) hold for all x € R. Now,

fiGx+y) 2 (fiefi)(x+y)

{fi (@) N fi(a2) N fi (b)) N fi (b))

x+y+(a1 +b1 )+Z=(az +b2)+Z

2 {f1O)N 7O N fr )N fLO)
nowasx+y+0+0+z = x+y+z5s0
fix+y) 2 i) N i)
also,
filx+y) © (fiBf)x+y)
= | (fr(@) VU (@) U fr(b) U f(bo)}
x+y+(ay+by)+z=(axr+ba)+z
C OV OV fr(x)U frOn}
= LU fr).
Further,
L 2 (e fi)x
= U U@ n fi@)n £ n o)
X+(ay+by)+z=(ay+br)+z
Ifx+a+z = b+z, thenx+a+0+z=>b+0+ z therefore,
i 2 {fi@nfy0)n fd)n fi0)}
= {fi(@ N fi (D))
similarly,
A < (fiBfy)®

{fa(@) U fy(ax) U fy (b)) U f4 (b))}

x+(a1+by)+z=(ax+b2)+z
1@V f, 0V fr D)V f,(0)}
fa @V f, (D).

From condition (3), Cgo f4oCgCf, implies that CgofuCfs. Now for any x,z € R, x + (a1by) + z =
(axby) + z, then

N

fiGy) 2 (Cpe f1) (xy)
- ) (CHannCi@) 0 £ ) 0 £ b))

xy+(a1by)+z=(ax2b2)+z
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D fiNfi: (asxy+0x+0=xy+0)
and
fa ) € (Crmfy)(xy)
= U {Crla1) U Crlax) U fy (b)) U fy (D2)}
xy+(ayby)+z=(ax2br)+z
C f2(0)U L.

The rest of the conditions can be proved in a similar manner. Hence, fy = <( i fa ) ;A> is a double-
framed soft A-interior ideal of R. m]

4. Double-framed soft 7-hemiregular hemirings

In this section, we introduce the concept of double-framed soft #-hemiregular hemirings. Various
conditions are provided under which each double-framed soft A-interior ideal is a double-framed soft
h-ideal of R.

Definition 4.1 [35] A hemiring R is said to be h-hemiregular if for all x € R, there exist a, b,z € R
such that x + xax + z = xbx + z.

Example 4.2 Suppose that R is a non-negative integers with co > x € Ny. Define a + b = max{a, b}
and a - b = min{a, b}, then (R, +, ) is a h-hemiregular hemring. Define f; and f, in R over Z by

R ‘ x€{2n|ne Ny} otherwise

fi@ | {-4,-6,-8,-10} {-4,-8,-10}

fi (@) | (-4} {—4,-8}.

Then f = <( i fa ) ;A> is a double-framed soft set of A-hemiregular hemirings over Z~.

Lemma 4.3 [35] A hemiring R is h-hemiregular if and only if for any right h-ideal M and left
h-ideal N of R, MN = M N N.

Proposition 4.4 Every double-framed soft h-interior ideal of an h-hemiregular hemiring R is a
double-framed soft A-ideal of R.

Proof. Let f, = <( fafa ) ;A> be a double-framed soft A-interior ideal of an A-hemiregular hemiring R
and x € R, then there exist a, b, z € R such that x+xax+z = xbx+z. Therefore, yx+yxax+yz = yxbx+yz.
Thus,

fa )

(]

Ja (vxax) N fy (yxbx)

Ja (x)ax) N fi (v(x)bx)

fA(x) N fi(x) : (fa being DFS h-interior ideal)
fa (0,

U
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and
fiOx) € fi(xax)U f, (yxbx)
= fa(v(0)ax) U f (y(x)bx)
C f1(x)U fy(x) : (fa being DFS h-interior ideal)
= fi.
Hence, f4 is DFS left h-ideal of R. The case for right ideal can be proved in a similar way. Thus, f; is
DFS h-ideal of R. O
Corollary 4.5 In h-hemiregular hemiring the concept of double-framed soft 4-ideal and double-
framed soft A-interior ideals are coincide.
Definition 4.6 A hemiring R is said to be h-intra-hemiregular if for all x € R, there exist
m n
aibj,a, b'j,z € Rsuchthatx+ Y ax’aq,+z= Y bszb'j +z.
i=1 j=1
Theorem 4.7 Every double-framed soft s-interior ideal of an A-intra-hemiregular hemiring R is a

double-framed soft /-ideal of R.

Proof. Let fy = <( I fa ) ;A> be a double-framed soft A-interior ideal of an A-intra-hemiregular if for

m n m
X, ai,bj,a;,b’j,zeRsuch that x + i a,-x2a;.+zz i bszb'j+z. Then yx + i ya,-xza;.+yz:
i=1 j=1 i=1
n
> ybix*h itz
j=1
m n
o0 2 £ X yaxa|nfi] 3 ybszb;.
m n
= fi| T OanGa)|nfi| X Ob)xb)
i=1 j=1
2 fy ((yai)x(xa;')) ((yb )x(xb ))
2 [N fi(x)
= fi(),
and
m n
fion < fi| I vaxXa|Ufi| X ybib
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m n
= fi| X Oaxa)|ufi| I Ob)x(xb)
i=1 Jj=1

¢ fi (Gax(xa)) U fy (0b)x(xb))

C iU

= fa),
Hence, f4 is DFS left h-ideal of R. The case for right ideal can be proved in a similar way. Therefore,
fa 1s DFES h-ideal of R. |
Corollary 4.8 In h-intra-hemiregular hemiring the concept of double-framed soft i-ideal and

double-framed soft s-interior ideals are coincide.
If {f4, : i € Q} be the indexed family of double-framed soft sets in a hemiring R, then ﬁg fa, setis
1€

denoted by T1f,, = <(ﬁ;2f; ) f/;);A> where 71 /7 (1) = N{f; (0 1 i € Q,x € Rjand T /5 (1) =
U{f, (x) 1 i € Q,x € R}

Theorem 4.9 Suppose that {f4, : i € Q}is an indexed family of double-framed soft A-interior ideals
of a hemiring R. Then, Fl‘l; fa, 1s a double-framed soft A-interior ideal of R if E fa, 0.

Proof. Assume that a, b € R, then
@ fa(a+b) 2 _@{ fa(@) N fi(b) : i € Q}: by Condition (4a)
1€ 1€

(B @)n (G w).

and

U fna+b) € Ulfy(@U f5(b):i€Q): by Condition (4b)

(500)0 (520
also fora,b € R,

sz fi(ab) 2 _ng’}{ fi(@ N fib):i € Q}: by Condition (5a)

(G @) (3fi @),
and

U i (@b) € U{fi@U fy(b) : i € Q) by Condition (S5b)

(G @)n (G @)
Now leta, b, c € R,

~F@2f1:i (abc) 2 @{f;j(b) : i € Q}: by Condition (6a)
1€ 1€
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N o+
iQQfAi (b) )
and

ig} fa. (abc)

N

U {f3,(b) : i € Q}: by Condition (6b)
= Ga®.
Lastly, let a, b, x,z € R such that x + a + z = b + z, then,

ﬁgf/; (x) 2 ﬁg{ff;(a) N f4,(b) : i € Q}: by Condition (7a)

(3o (320)

and
GQ fax) c _D;{ fala) U fi(b) : i € Q}: by Condition (7b)
1€ 1€
Hence, ﬁ; fa, = <(ﬁg fh UQ fi ) ;A> is double-framed soft A-interior ideal of R. m
i€ i€ tie !

5. Double-framed soft /-simple hemirings

In this section, the concept of double-framed soft A-simple hemirings is determined. Further,
double-framed soft i-interior ideal of R are used to classify double-framed soft 4-simple hemirings.
Definition 5.1 A double-framed soft set f; = <( N ) ;A> of a hemiring R is a constant function
ifforall x,y € R, f (x) = f, () and f, (x) = f; ().

Definition 5.2 A hemiring R is double-framed soft left (right) 4-simple if every double-framed soft
left (right) h-ideal of R is a constant function. A hemiring R is double-framed soft A-simple if it is both
DFS left and DFS right A-simple.

Example 5.3 Let R = {0,a,1} be a set with two binary opertions “+” and *“-” defined by the
following tables

1|1 a 1 110 a 1

then the only A-ideal of R is R itself. Any double-framed soft A-ideal is constant function. Therefore,
R is double-framed soft A-simple.
For a hemiring R, a subset I, where a € R is define by

I,={xeR: f (x) 2 fi (@) and f; (x) C f, (a)}.
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Theorem 5.4 If fy = ((f{.f;):A) is a double-framed soft left i-ideal of a hemiring R, then , is
a double-framed soft left 4-ideal of R.

Proof. Suppose f4 = <( s fA‘) ;A> is a double-framed soft left 4-ideal of a hemiring R. Since for
any a € R, f,(a) 2 f, (a) and f, (a) € f, (a). Therefore, a € I, so I, # 0. Let x,y € I,, then
i )2 fi(a), fy (0) € fy (@ and £ () 2 fy (@), fy (") € fy (@) . Thus

filx+y) 2 LN fiQ): by (1a)
2 fi@nf(a=f()
and
fax+y) € fiUfi): by (1b)
C fi@Ufy(@=fy(a).

Hence x +y € I,. Now if x € R,y € I, then f; (y) 2 f, (a), f; () € f; (a) so by hypothesis, f, (xy) 2
fr 2 ff (@) and f; (xy) € f; () € f; (a) implies that xy € I,. Finally, let x € R, a,, b, € I, be such
that x + @, + 2 = by + 2 for some z € R. Then [ (a1) 2 fi (@), [y (1) € fy (@) and £ (b1) 2 f{ (@),
fy (by) C f; (@), therefore,

L) 2 fi(@)n fyb): by (3a)
2 fil@nfia)=fi(
and
fa ) © fyanV fy (by): by (3b)
C fi @V fy(a)=fy(a).
Implies that x € I1,. Thus [, is a double-framed soft left 4-ideal of R. O

Theorem 5.5 If fo = <( i fa ) ;A> is a double-framed soft right /-ideal of a hemiring R, then 7, is
a double-framed soft right /-ideal of R.

Proof. Follows from Theorem 5.4. O

From Theorem 5.4 and Theorem 5.5, the following corollary is obtained.
Corollary 5.6 If f4 = <( i fa ) ;A> is a double-framed soft A-ideal of a hemiring R, then [, is a
double-framed soft s-ideal of R.

The relationship between h-simple and double-framed soft 4-simple hemirings is constructed in the
following theorem.

Theorem 5.7 For a hemiring R, the following conditions are equivalent:
(1) R is h-simple hemiring.
(i1) R is double-framed soft 4-simple hemiring.
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Proof. (i)==(ii). Let R is h-simple hemiring, fu = ((f{.f;):A) is a double-framed soft /-ideal of
R and a,b € R. As f, is DFS h-ideal of R, so by Corollary 5.6, I, is an h-ideal of R. By assumption
I, = Rso b € I,. Therefore, f; (b) 2 f, (a), f, (b) C f, (a). Also, I, = R so a € I,. Therefore,
fi (@ 2 £ (D), fy (@) € f, (b). Hence, f, (b) = f) (a), f; (b) = f; (a). Thus, every DFS left (resp.
right) h-ideal is constant function so R is double-framed soft 4-simple.

(i1))==(1). Suppose that R is not a double-framed soft s#-simple. That is R contains proper h-ideal
I of R such that I # R. As [ is an h-ideal of R so by Proposition 3.9, the characteristic DFS function
C, of I is DFS h-ideal of R. Let x € R, then by assumption, we have fg{ (x) = fg{ (b), f(CT[ (x) = f(E, b)
for all b € R. Since I is proper h-ideal of R so non-empty. Let a € [, then fz (x) = fZ (a) = U,
fé{ (x) = f(gl (a) = 0. Thus x € I, so R c I which is a contradiction. Therefore, I = R implies that R is
h-simple hemiring. O

6. Double-framed soft /-semisimple hemirings

In the aforementioned section, it is shown that every double-framed soft A-ideal of a hemiring is
double-framed soft A-interior ideal of R but the converse is not true in general. The aim of the present
section is to provide the conditions under which the converse of the said statement hold. More precisely,
if a hemiring R is an h-semisimple, then every DFS A-interior ideal of R will be DFS h-ideal. Also,
the notions of double-framed soft transformation and inverse double-framed soft transformation in
hemiring R are introduced and hemirings are characterized by the properties of these newly developed
notions.

Definition 6.1 A double-framed soft h-ideal fy = <( i fA‘) ;A> of a hemiring R is idempotent in
Rt fi3fy = fuie. f{® ff = f; and f; & f7 = f;.

Example 6.2 Let R = {0, x, 1} be the set with multiplication and addition as define in the following
tables,

+ 0 x 1 0 x 1
00 x 1 010 0 O
X |x x x x|0 x x
11 x 1 10 x 1

Then, (R, +, ) is a commutative hemiring with identity. The set {0, x} is the only proper ideal which
is not h-ideal. The only h-ideal of R is R itself. This ideal is an idempotent. Note that 0 = Ox =
x0 = 01 = 10, now for any double-framed soft ideal fu = ((f{.f;):A) of R, £ (0) 2 f; (x),
fr ) 2 £ (1) and ff (x) = fy (1x) 2 f(1). Hence, f; (0) 2 f; (x) 2 f(1).If f4 is doubel-
framed soft h-ideal, then 1 + 0 + 1 = 0 + 1 which implies that £, (1) 2 £, (0) N £, (0) = £, (0) shows
that doubel-framed soft A-ideal of R is constant function. So f; ® fi = f,;. Now f,(0) € f (x),
fi 0 € fi()and f; (x) = f; (Ix) € f;(1). Thus, f70) € fr(x) € fi(D),1+0+1=0+1
implies that f, (1) C f, (0) N f; (0) = £, (0). It means that f; (0) = f; (x) = f; (1). Consequently,
fi ® fi = fi. Hence, faofa = fa so fy is idempotent.

Definition 6.3 A hemiring R is h-semisimple, if every double-framed soft 4-ideal is idempotent.
Proposition 6.4 If R is an h-semisimple hemiring, then every double-framed soft A-interior ideal
of R is double-framed soft s-ideal of R.

Proof. Follows from Theorem 4.7. m|
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Lemma 6.5 [36] A hemiring R is h-semisimple if and only if it satisfy one of the following
condition:
m
(1) There exist ¢, d; e, fcjdjej fiz € R such that x + 3 cuxdiexfi + 7 =
i=1

n

> cjxdje;xf;+zforall x € R.
j=1

2) x € RxRxR for all x € R.
3) A C RARAR forall A CR.
Lemma 6.6 [36] If R is a hemiring, then the following conditions are equivalent.
(1) R is h-semisimple.
(2) AN B=ABforall h-ideals A and B of R.
3) A = A2 for every h-ideals A of R.
(3)  A(a) = A(a)* forevery a of R.
Theorem 6.7 If R is a hemiring, then the following conditions are equivalent:
(1) R is h-semisimple.
(2) For any double-framed soft A-interior ideals f; = <( i ) ;A> and fp = <( 3. 15 ) ; B> of
R, fAﬁfBEngfB hold.

Proof. (1)==>(2). Let R be h-semisimple and f, = <(f;,fA‘) ;A>, fz = <(fg,f1;) ; B> be double-framed
soft h-interior ideals of R. Suppose x € R, then there exist ¢;, d;, e;, fi,cj,dj, e;, fj,z € R such that

m n
X+ i cixdiexfi+z = z cjxdje;jxf; + z. Therefore, we have
i=1 j=1
(S f) ) = U (£ @) 0 £ @) 0 f5(0) 0 £ (B
m n
x+ i aibi+z= i ajbj+z
i=1 j=1
D {fa(cixdy) N fi (cixdy) N fg(exf) N fp(e;xfi)}

> (N f = (F0f) .,

and
fa B f) () = g Ua@) U fi(a) U fr () U f5B))
m n
X+ i aibi+z= i ajbj+z
i=1 i=1
C {faleixd) U fy(cjxdj) U fg(eixfi) U fg(ejxfi}

N

(Fr @)U £ = (£0f3) ().

AIMS Mathematics Volume 5, Issue 6, 6817-6840.



6834

Hence, faMf5Cf45f3.

(2)=(1). Suppose Condition (2) hold, let M and N be any double-framed soft A-interior ideals of
R, then the characteristic double-framed soft functions C4 and Cp of A and B respectively are double-
framed soft A-interior ideals of R. So, using Condition (2) and Theorem 2.8, C4np = CAMCEEC,oCp =
C4p. implies that AN B C AB,but ABCANB (always). Thus AB = A N B, therefore, by Lemma 6.6,
R is h-semisimple. O

Theorem 6.8 A hemiring R is h-semisimple if and only if every double-framed soft h-ideal fy =
<(f/;“, fA_) ;A> of R is idempotent.

Proof. The Proof follows from Theorem 6.7. m|

Theorem 6.9 If R is a hemiring, then the following conditions are equivalent:

(1) R is h-semisimple.

(2) Every double-framed soft A-interior ideal of R is idempotent.

3) For any double-framed soft A-interior ideals f; = <( i fa ) ;A> and fp = <( 3. 15 ) ; B> of
R, fififs = fx3fs.

Suppose Q (X) be the family of all double-framed soft sets in X. Assume that X and Y be any given
classical sets. Two mappings are induces by f : X — Yie., Qf : Q(X) — Q(Y) where A — Q/(A)
and Q}l 1 Q1Y) — Q(X) where B — Q;I(B). Q/(A) is defined as

) O fi it/ o) #0
QD0 =

otherwise,

_ U fi) if [~ #0
Qi(fy) ) =4 »=r® '
U otherwise,
forall y € Y and Q;I(B) is defined by Q;l(fg) (x) = f4 (f(x)) and Q;l(fl;) (x) = fz (f(x) forall x € X.
The mappings Q; and ijl are called double-framed soft transformation and inverse double-framed soft
transformation induced by f.
Note that a double-framed soft A-interior ideal f;, = <( N ) ;A> of X has double-framed soft

property if for any P of X there exists p € P such that £ (p) = U f,(p) and f; (p) = U f, (p).
peP peP

Example 6.10 Let R = {0, x, 1} be the set with multiplication and addition as define in Example
6.2, then (R, +,-) is a commutative hemiring with identity. Since every h-ideal is A-interior ideal of
R. Therefore, using Lemma 3.6 and Example 6.2, every double-framed soft A-interior ideal of R is
idempotent i.e., 4o f4 = f1. Moreover, fiT1fACfy = f4%f4 and on the other hand by Theorem 3.10 (2),
fiofAC fy implies that (f45.£4) 11 (f45 f4) Cf4Mfy which shows that f4T1fy = f43 fa.
Theorem 6.11 If f: X — Y is a homomorphism of a hemiring R with Q; : Q(X) — Q(Y)
and Q}l : Q(Y) — Q(X) be the double-framed soft transformation and inverse double-framed soft
transformation induced by f respectively, then

(1) I fa = (£ £):A) € Q(X) is a double-framed soft h-interior ideal of X with double-
framed soft property, then Q( (A) is a double-framed soft /-interior ideal of Y.

@ I fz={(f;.f5): B) € Q) is a double-framed soft /-interior ideal of ¥, then Q' (B) is a
double-framed soft s-interior ideal of X.
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Proof. To prove (1), let f(x), f(y) € f(X), p € £~ (f(x)) and g € f~' (f(y)) be such that

fim= ) fl@nm= ) fi@

aef~1(f(x))

o= | foefo= ] mo.

acf~L(f(x)
and ~
bef~1(f(x))
Then
Qi(f) (f(x) + fy) =

Qs (fa) (f(x) + f(n)

Also for f(x), f(y) € f(X),

Qr(f) FD)f )

Qi (f4) (F)f ()

AIMS Mathematics

v}

V]

N

bef~(f(x)

—_—

U f@

&N+
Ap+9 2 fi(p)n fi (@

U-ﬂﬂ“{U‘mﬂ
aef~1(f(x)) bef~1(f(x))
QD) N QLSO

U Ja@

Ef 1)+ ()
falp+q) S fa(pV fi (@)

U.mﬁu{ulmﬂ
aef~1(f(x) bef~1(f(x)
QDS U QNG

| re

&1 f)
fipa) 2 fi(p) N fi (@)

(U.mﬁm[ukmﬂ
acfL(f(x) befL(f(x)

Q () N QDS

) fH@

&1 f)
falp+q@ C APV f (@

[O~ﬂﬂu{0-ﬂﬂ

aef~1(f(x)) bef~1(f(x)
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= QUDF@) U UD).

Now let f(x) € f(X), a,b € R and p € f~'(f(x)) such that filp) = O fi@), fi(p) =
acf~1(f(x))
U f;(a) then,
acf~1(f(x))
QfHaf@b) = | ) fe

zef~Naf(x)b)

> fiaph)2fip= | fi@
agf~(f(x)
= QD).
Qi(f7) (af(0b) = /i@
zef~N(af(x)b)
c fiaph <= | fi@

acf1(f(x)
= QL) ().

Further, if x + a + z = b + z, then f(x) + f(a) + f(z) = f(b) + f(2). Therefore,

QUHU@ = | £
zef ()
2 filp)
z{ U‘mﬁm[LJﬁ@]
acf~1(f(x) befL(f(x)
> QUN@) N QB
QDU = | fHe
z€f71(f(x)
< falp)
g[ Uymﬂu[LJﬁ®]
aef~1(f(x)) bef~1(f(x))

S Qu(f)(f(@) U Q(f)(f (D).

Thus, Q (A) is a double-framed soft i-interior ideal of Y.
To prove (2), if x,y € X, then

Q7 (i) (x+)

f5 (fGx+y) = fz (f(0) + f()
Tz (F) N f5(fO))

V]
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QDN Q) B

and

Q7 (fp) (x+) Jo Fx+y) = fg (f() + f()
Js SOV f(F»)

QN MUQ () (),

by similar way all other conditions of a DFS h-interior ideal are hold. Consequently, Q}l (B) is a
double-framed soft A-interior ideal of X. ]

N

Example 6.12 Assume that Ny and N,/ (10) denote the hemirings of non-negative integers and the
hemiring of non-negative integers module 10, respectively. Define a mapping Q : Ny — N,/ (10)
by Q(x) = [x]. Then Q is homomorphism from N, Onto N,/ (10) define a double-framed soft set

fa = (£ £7):A) of No by

No | x=1[010)] otherwise

fila) | Z~ (2,-4,...,-10}

fi@ | {-1,-3,...,-9} Z~

then by Theorem 6.11, €f (A) is a double-framed soft -interior ideal of Ny/ (10).
Theorem 6.13 If f: X — Y is a homomorphism of a hemiring R with Q; : Q(X) — Q(Y)
and Q}l : Q(Y) — Q(X) be the double-framed soft transformation and inverse double-framed soft
transformation induced by f respectively, then

1 Iffy = (( £ 1) ;A> € Q(X) is a double-framed soft left (resp. right ) h-ideal of X with
double-framed soft property, then Q( (A) is a double-framed soft left (resp. right ) h-ideal of Y.

@ I f5 = {(f§.f5): B) € Q(¥) is a double-framed soft left (resp. right ) i-ideal of ¥, then
ijl (B) 1s a double-framed soft left (resp. right ) s-ideal of X.

Proof. Follow from Theorem 6.11. m|
7. Conclusion

In this research, we developed a new type of soft h-ideal theory known as double-framed soft /-
interior ideals and double-framed soft /-ideals of a hemiring R. Further, several classes of hemirings
like, h-hemiregular, A-simple and h-semisimple hemirings are characterized by the properties of
double-framed soft s-interior ideals and double-framed soft s-ideals of R. Moreover, ordinary A-interior
ideals are linked with double-framed soft A-interior ideals. Keeping in view the vitality and potential
of the present work, the notion of double-framed soft sets can be applied to semigroups and ordered
semigroups to investigate various type of double-framed soft ideals in the said algebraic structures.
Since, gamma hemirings are the generalization of classical hemirings, therefore, the notion of double-
framed soft sets can also be applied to gamma hemirings where different type of #-gamma-ideals can be
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studied using double-framed soft sets. In addition, gamma semirings, gamma semigroups and gamma
ordered semigroups can also be characterized by the properties of double-framed soft sets with diverse
applications in various applied fields of science.
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