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Soft set. with uncertainty and it has many applications both as theoretically and in applications. Since the
Soft set operations, beginning, different types of soft set operations have been defined and used in different forms.
Conditional In this article, we define a new type of soft set operation called the complementary soft binary
Complements. piecewise star operation and examine its fundamental algebraic properties. Furthermore, by

examining the distribution of complementary soft binary piecewise star operations over other
type of soft set operations, we aim to identify the relationship between this new soft set operation
and others to contribute to the soft set literature. Since proposing a new soft set operation and
deriving its algebraic properties and implementations provide several new perspectives for
dealing with problems related to parametric data, with the inspiration by this new soft set
operation, researchers may be able to propose new cryptographic or decision methods based on
soft sets and they may systematically explore soft set algebraic structures associated with new
soft set operations.
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1. Introduction

Problems in many fields, such as economics, environmental sciences, health sciences, and engineering,
have certain uncertainties that prevent them from being successfully solved using classical methods. There are
three well-known basic theories that can be considered as mathematical tools for dealing with uncertainty as
probability theory, fuzzy set theory, and interval mathematics. However, since each of these theories has its
own drawbacks, Molodtsov [21] introduced soft set theory as a mathematical tool to overcome these
uncertainties. Since then, this theory has ben applied to many fields including information systems, decision
making [6-9,23,24], optimization theory, game theory, operations research, measurement theory, algebraic
structures [25] and so on. Soft sets and fuzzy soft sets, one of the first theories in which parameterization tools
are used to manage the decision process of uncertainty problems as accurately as possible were discussed in
detail by Dalkilig [10] and these sets were reevaluated and the concept of pure (fuzzy) soft sets was proposed
with its properties and examples. First contributions as regards soft set operations were made by Maji et. al
[20] and Pei and Miao [26]. After then, several soft set operations (restricted and extended soft set operations)
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were introduced and examined by Ali et. al [2]. Basic properties of soft set operations were discussed and the
interconnections of soft set operations with each other were illustrated by Sezgin and Atagiin [29]. They also
defined the notion of restricted symmetric difference of soft sets and investigated its properties. A new soft set
operation called extended difference of soft sets was defined by Sezgin et.al [37] and extended symmetric
difference of soft sets was defined and its properties were investigated by Stojanovic [42]. When the studies
are examined, we see that the operations in soft set theory proceed under two main headings, as restricted soft
set operations and extended soft set operations. For more about the studies regarding the operation of soft sets,
we refer to: [3,4,11-19,22,27-44]

Two conditional complements of sets, i.e. the inclusive complement and the exclusive complement, were
proposed as new concepts in set theory, and the relationships between them were studied by Cagman [5].
Inspired by this work, some new complements and then several new additions and to soft set theory as new
restricted and extended soft set operations were defined by Aybek [4]. Akbulut [1], Demirci [11], Sarialioglu
[28] defined a new type of extended operation by changing the form of extended soft set operations using the
complement at the first and second row of the piecewise function of extended soft set operations and studied
the basic properties of them in detail. Moreover, a new type of soft difference operations was defined in Eren
and Calisic1 [12] and by being inspired this study Yavuz [44] defined some new soft set operations, which ise
called soft binary piecewise operations and their basic properties were studied in detail. Also, Sezgin and
Sarialioglu [36], Sezgin and Atagiin [30], Sezgin and Aybek [31], Sezgin et. al [32,33], Sezgin and Cagman
[34] continued their work on soft set operations by defining a new type of soft binary piecewise operation.
They changed the form of soft binary piecewise operation by using the complement at the first row of the soft
binary piecewise operations.

The purpose of this work is to contribute to the soft set theory literature by describing a new soft set
operation called the “complementary soft binary piecewise star operation”. For this aim, the definition of the
operation and its examples are given, and algebraic properties such as closure, associativity, unity, inverse,
and abelian properties of this new operation are examined in detail. In particular, we aim to contribute to the
soft set literature by obtaining the distributions of complementary soft binary piecewise star operations over
other types of soft set operations. The concept of soft set operations is a core concept similar to basic number
operations in classical algebra and basic set operations in classical set theory. Proposing new soft set operations
and obtaining algebraic properties and their implementations offers new perspectives for solving problems
involving parametric data as regards decision-making methods and new cryptographic methods. Also, studying
the algebraic structure of soft sets from the perspective of new operations provides deep insight into the
algebraic structure of soft sets. This document is organized as follows: Section 2 reminds the basic definitions
regarding soft sets. Section 3 provides definitions and examples of the new soft set operation. This is followed
by a full analysis of the algebraic properties of this new soft set operation, including closure, associativity,
unity, inverse, and abelian properties. To enhance the knowledge of soft sets, Section 4 presents the distribution
of complementary soft binary piecewise star operation over extended soft set operations, complementary
extended soft set operations, soft binary piecewise operations, complementary soft binary piecewise operations
and restricted soft set operation. The conclusion section considers the significance of the research findings and
their possible impact on the subject.

2. Preliminaries

In this section, some basic concepts related to soft set theory are compiled and given.
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Definition 2.1. Let U be the universal set, E be the parameter set, P(U) be the power set of U and A € E.
A pair (F,A) is called a soft set over U where F is a set-valued function such that F: A - P(U) [21].

Here, note that Cagman and Enginoglu [6] redefined the definition of Molodstov’s soft sets; however in
this paper, we use the Molodtsov’s soft set definition by staying faithful to the original definition. Throughout
this paper, the set of all the soft sets over U (no matter what the parameter set is) is designated by Sg(U). Let
A be a fixed subset of E and S,(U) be the collection of all soft sets over U with the fixed parameters set A.
Clearly, S5 (U) is a subset of Sg(U) and, in fact, all the soft sets are the elements of Sg(U).

Definition 2.2. (D, X) is called a relative null soft set (with respect to the parameter set X), denoted by @y,
if D(t) = @ for all teX and (D, X) is called a relative whole soft set (with respect to the parameter set X),
denoted by Uy if D(t) = U for all teX. The relative whole soft set Ug with respect to the universe set of
parameters E is called the absolute soft set over U [2].

Definition 2.3. For two soft sets (D, X) and (J,R), we say that (D, X) is a soft subset of (J,R) and it is
denoted by (D,R) € (J,R), if X € Rand D(t) € J(t), vVt €X. Two soft sets (D,X) and (J, R) are said to be
soft equal if (D, X) is a soft subset of (J,R) and (J, R) is a soft subset of (D, X) [26].

Definition 2.4. The relative complement of a soft set (D, X), denoted by (D, X)¥, is defined by (D, X)" =
(D", X), where D": X —» P(U) is a mapping given by (D,X)" = U\D(t) for all t € & [2]. From now on,
U\D(t)=[D(t)]" will be designated by D’(s) for the sake of designation.

Two conditional complements of sets as new concepts of set theory, that is, inclusive complement and
exclusive complement were defined by Cagman [5]. For the ease of illustration, we show these complements
as + and 0, respectively. These complements are binary operations and are defined as follows: Let Q and R be
two subsets of U. R-inclusive complement of Q is defined by, Q+R= Q’UR and R-Exlusive complement of Q
is defined by Q8 R = Q’NR’. Here, U refers to a universe, Q’ is the complement of Q over U. For more
information, we refer to [35].

The relations between these two complements were examined in detail by Sezgin et.al [35] and they also
introduced such new three complements as binary operations of sets as follows: Let Q and R be two subsets
of U. Then, Q*R=Q’UR’, QyR= Q’NR, QAR=QUR'. These set operations were also conveyed to soft sets by
Aybek [4] and restricted and extended soft set operations were defined and their properties were examined.

As a summary for soft set operations, we can categorize all types of soft set operations as follows: Let "V"
be used to represent the set operations (i.e., here V can be N, U\, A, +,0, *, A,y), then restricted soft set
operations, extended soft set operations, complementary extended soft set operations, soft binary piecewise
operations, complementary soft binary piecewise operations are defined in soft set theory as follows:

Definition 2.5. Let (D, X) and (], R) be soft sets over U. The restricted V operation of (D, &) and (J,R) is
the soft set (Y,S), denoted by (D,X)Vr(J,R) = (Y,S), where S=XNR =@ and Vt €S, Y(t) =D(S)V J(t)
[2,29].
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Definition 2.6. Let (D, X) and (], R) be soft sets over U. The extended V operation of (D, X) and (J,R) is the
soft set (Y,S) denoted by, (D, X)V:(J,R) = (Y,S), where S =X URand Vt € S,

D(t), t € N\R,
Y(s) =4 J(, t € R\X,
D(t)VJ(t), teXNR
[2,4,20,37,42]

Definition 2.7. Let (D, R) and (J,R) be soft sets over U. The complementary extended V operation of
*
(D, X) and (J, R) is the soft set (Y,S) denoted by, (D,X)  (J,R) = (Y,S), where S =X URand vt € 5,
€

D'(t), t € X\R
Y&) =94 J(O©, t € R\X,
D(H)V](t), teXNR.
[1,28].

Definition 2.8. Let (D, X) and (J, R) be soft sets over U. The soft binary piecewise V operation of (D, X) and
(J,R) is the soft set (Y, X), denoted by (D, N)V (J,R) = (Y, X), where VseR,
D(s), seR\R
Y(s)=
D(s) VJI(s), seXNR
[12,44].

Definition 2.9. Let (D,X) and (J,R) be soft sets over U. The complementary soft binary piecewise V

*
operation of (D, ®) and (J, R) is the soft set (Y, X) denoted by, (D,X) ~ (J,R) = (Y, X), where VseX;
\
D’(s), seX\R
Y(s)=
D(s) VJI(s), seXNR
[30-34,36].

3. Complementary Soft Binary Piecewise Star (*) Operation And Its Properties

Definition 3.1. Let (D, X) and (J, R) be soft sets over U. The complementary soft binary piecewise star
*

( *) operation of (D, X) and (J, R) is the soft set (Y, X) denoted by, (D, X) ~ (J,R) = (Y, X), where VseR,
sk

D’(s), seX\R
Y(s)=
D’(s) UJ(s), seXNR
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Example 3.2. Let E={e;,e;,e3,e4 5} be the parameter set X={e;, e3 es} and R={e,, e;, e,} be the subsets

of E and U={h;,h,,h3,hy,hs} be the initial universe set. Assume that (D,X) and (J,R) are the soft sets over U

defined as follows: (D,N):{( el, {hl,h3})1 (e3 v{hZ 1h4-})’ (eSa{hZah4! h5})}! (JvR):{( el!{h1!h4})v
*

(eZ'{hZ!h3})v(e4v{ h4' hS})} Let (D' N) ~ (J’R):(Y’N) Then,

k
D’(s), seX\R
Y(s)= D’(s) UJ’(s), seXNR
Since N:{el, e3'es} and N\R={e3’, es}, SO Y(63) = D'(e3):{ hl,h3,h5}, Y(es) = D’(es):{ hl,h3}. And Slnce
*
NNR={e;} soY(e;)=D’(e;)U)’(e;)={h;,hy, hs}u{h, hs,hs}={h,,h3,hy, hs}. Thus, (D,X)~ (J,R)={(e;.{
*
hy,hg, hy, hs),} (e3,{hy, hs,hs)), (es, {hy, hsH}-
Algebraic Properties of the Operation
*
1) The set Sg(U) is closed under the operation ~. That is, when (D,X) and (J,R) are two soft sets over U,
*
% %k
then so is (D, X) ~ (J,R). Hence, the set Sg(U) is closed under the operation ~.
* *
* * * *
2) [(D,X) ~ (ILR)] ~ (Y, %) # (D, X) ~ [(,X) ~ (Y, N)]
* * * *

*
Proof: Let (D, R) ~ (J,X)=(T,X), where VSeR;
*
D’(s), SeEX\N=0

T(s)=
D’(s) UJ’(s), SEXNN=N

Let (T.X) ~ (Y, X) =(M,X), where VseX;

%k
~T(s), SER\X=0
M(s)= |
T’(s) UY’(s), SeERNN=N
Thus,
- T(s), SER\R=0
M(s)=
| [DG6) NJ(s)] UY’(s), SERNR=X
%k

Let (J,X) ~ (Y,X)=(L,X), where VseX;
*
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I(s), SEX\N=0
L(s)=
I(s) UY’(s), SERNN=N
*
Let (D, R) ~ (L,X) =(N,N), where VseX;
*
D’(s), seER\N=0
N(s)=
D’(s) UL’(s), SEXNNN=N
Thus,
D’(s), seR\R=0
N(s)=

D’(s) U [J(s) NY(S)], SERNN=KR

It is seen that (M,X)=(N,X).
*

That is, for the soft sets whose parameter set are the same, the operation ~ does not have associativity property.
*

Moreover, we have the following:

* * * *
3) [(D,R)~ (JR)] ~(Y.S) # (D, X) ~[(J,R) ~(Y.S)]
* * * *
*
Proof: Let (D, X) ~ (J,R)=(T,X), where VSeX;
*
D’(s), seX\R 7
T(s)=
D’(s) UJ’(s), seXMNR
*
Let (T,X) ~(Y,S) =(M,X), where VSeR;
*
rT°(s), SEN\S
M(s)= _
T°(s) UY’(s), seXNS
Thus,
D(s), se(R\R)\S=RNR’NS’
M(s)= | D(s) N ](s), Se(NNR)\S=KRNRNS’
) D(s) UY’(s), se(R\R)NS=NXNR’NS
[ D(s) NI(S)] UY’(s), se(RNR) NS=RNRNS
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Let (J,R) t (Y,S)=(K,R), where VseR,;

*

I’(s), seR\S
K(s)=

I(s) UY’(s), seRNS

*
Let (D, X) ~ (K,R) =(S,X), wher VseN;

*

D’(s), seX\R
S(s)=

D’(s) UK’(s), seNNR
Thus,

D’(s), seX\R
S(s)= - D’(s) U]J(s), SeXRN(R\S)=XNRNS’

D’(s) U [I(s) NY(s)],  seRN(RNS)=RNRNS

30

Here let’s handle seX\R in the second equation of the first line. Since X\R= XNR’, if seR’, then seS\R or
se(RUS)’. Hence, if seX\R, then seXNR’NS’ or seXNR’NS. Thus, it is seen that (M,X)#(S,X), that is, for the

soft sets whose parameter set are not the same, the operation ~ does not have associativity property on the

set Sg(V).
* *

4) (D,®) ~ (JLR)#(,R) ~ (D,N).
* *

E 3
Proof: Let (D, R) ~ (J,R)=(Y,X). Then, VseX;
%
D’(s), seX\R
Y(s)=
D’(s) UJ’(s), seXNR
E 3
Let (J,R) ~ (D,X)=(T,R). Then, VseR;
%
J(s)s seR\X
T(s)=
J’(s) U D'(s), SERNN

Here, while the parameter set of the soft set of the left hand side is X; the parameter set of the soft set of the

right hand side is R. Thus, by the definition of soft equality
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* *
(D, ®) ~ (LR)#(,R) ~ (D, X).
* *
*
Hence, the operation ~ does not have commutative property in the set Sg(U), where the parameter sets of the
k

soft sets are different. However it is easy to see that

* *
(D, R) ~ (J,R)=(J.8) ~ (D, R).
* *
*
That is to say, the operation ~ does have commutative property where the parameter sets of the soft sets are
*
the same.
*
5) (D,X)~ (D,X)=(D,X)".
*
%
Proof: Let (D, R) ~ (D,X)=(Y,X). Then, VSeN;
*
D’(s), sEXWN =@
Y(s)=
D’(s) U D’ (s), SERNN =X
*
Here, VseX, Y(s)= D’(s) U D’(s)= D’(s), hence (Y,X)=(D,R)". That is, the operation ~ does not have
*
idempotency property on the set Sg(U).
* *
6) (D,X)~ @x=0x~ (D, X)=Uy.
* *
%
Proof: Let @x=(S,X). Hence, VSeX; S(s)=@. Let (D,X) ~ (S,X)=(Y,X). Then, VSeX,
*
D’(s), seEX\NX =0
Y(s)=
D’(s) US’(s), SERNN =X
Thus, VseR, Y(s)=D’(s) US’(s)= D’(s) UU= U. Hence (Y,X)= Ug.
* *
7) (D,X) ~ Pg=@g ~ (D, X)=Uy.
* *
*

Proof: Let @g =(S,E). Hence VseE; S(s)=0. Let (D,X)~ (S,E)=(Y,X). Thus, VseX,
*
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D’(s), seX-E =0
Y(s)=
D’(s) US’(s), SENNE=KR
Hence, VseX, Y(s)=D’(s) US’(s)=D’(s) UU=U, so (Y,N)= Uy

* *
8) (D,X)~ Uyg=Uyx ~ (D,X)=(D,R)".
* *
*
Proof: Let Ug=(T,X). Hence, VseX, T(s)=U. Let (D,X) ~ (T, X)=(Y,X). Hence, VSeR;
*
D’(s), SeX\X =0
Y(s)=
D’(s) U T’(s), SEXNN =N
Hence, VseR, Y(s)=D’(s)UT’(s)= D’(s) U @=D’(s), so (Y,X)= (D, X)".
* *
9) (D,P)~Ug=Ug ~ (D,X)=(D,X)".
* *
*
Proof: Let Ug =(T,E). Hence, VseE, T(s)=U. Let (D, X) ~ (T, E)=(Y,X), then VseX ;
*
D’(s), seX-E =0
Y(s)=
D’(s) UT(s), seXNE=KR
Hence, VseR, Y(s)=D’(s) UT’(s)=D’(s) U @ = D’(s), so (Y,X)= (D, RX)"
* *
10) (D, X)) ~ (D, X)'=(D, X)" ~ (D, X)= Uy.
* *
*
Proof: Let (D, X)"™=(Y,X), so VseR, Y(s)=D’(s). Let (D,P)~ (Y, R)=(T,X), so VSeR,
*
D’(s), SENX\N =0
T(s)=
D’(s) UY’(s), SENNN =N
Hence, VseX, T(s)=D’(s) UY’(s)= D’(s) UD(s)= U, so (T,N)= Uy.
*

11) [(D, R) ~ (J,R)]'=(D, ®) A(J,R).
*

32
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*
Proof: Let (D, X) ~(J,R)=(Y,X). Then, VSeR,
*
" D(s), seX\R

Y(s)=—
MD’(S) ul’(s), seXNR
Let (H, X)"'=(T,X), so VSeR,

" D(s), seX\R
T(s)= —

D(s) NI(s), seXMNR
Thus, (T,X) =(D, X) N (J,R).

In classical theory, RUR =@ © X = @ and R = @. Now, we have the following:

*
12) (D,®) ~(J,R)= @y <(D,X) = Uy and (J,R) = Ugngr-
*
*
Proof: Let (D,X) ~ (J,R) = (T,X). Hence, VSeX,
*
D’(s), seX\R

T(s)=
D’(s) UP(s),  seXNR

Since (T,X) = @g, VseR, T(s)= @. Hence, VseX\R, D’(s)= @, thus D(s)=U and VseXNR, T(s)= D’(s)
Ul’(s)=0 & Vs eXNR, D’(s)=0 and J’(s)= 0 & VseX, D(s)=U and for Vs € X N R, J(s)=U (D, R) = Uy
and (J,R) = Ugng-

*
13) (D,®) ~ (], ¥)= @y ©(D,R) = (J, X) = Uy.
*
*
Proof: Let (D,R)~ (J,X) = (T,X). Hence, VsSeX,
*
D’(s), SEN\R=0

T(s)=

D’(s) UJ’(s), seXNN =K
Since (T, X) = @x, VseR, T(s)= @. Hence, VseRX, T(s)=D’(S)UT’(s)=0 & Vs e X, D’(s)=@ and I’'(s)=0 &
vseX, D(s)=U and J(s)= U (D, X) = (J,X) = Uy.

In classical theory, for all X, @ < X. Now, we have the following:

% *
14) ¢4 € (D,X) ~(J,R) and 0 € (J,R) ~ (D, X).
* *
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In classical theory, for all X, X € U. Now, we have the following:

% *
15) (D,RX)~(J,R) &€ Ugand (J,R) ~(D,X) & Uy
b3 b3

In classical theory, X< X U R. Now, we have the following:

* *
16) (D.X)" € (D, R) ~ (J,R), however (J,R)" needs not to be a soft subset of (D, X) ~ (J,R).
* *
*
Proof: Let (D, X) ~(J,R)=(Y,X). First of all, X  X. Moreover, VSeR,
*
D’(s), seX\R

Y(s)=
D’(s) UJ’(s), seXNR
Since VseR\R, D’(s) € D’(s) and VSeXNR, D’(s) € D’(s) U J'(s), hence VseX, D’(s) € Y(s). Therefore, (D,X)"

*
€ (Y.X)=(D,R) ~(J,R),
*
* *
19) (D, X)" € (D, X) ~ (J,X), moreover (], X)" € (D, X) ~ (J,X).
* *
*
Proof: Let (D, X) ~(J,X)=(Y,X). First of all, X S X. Moreover, VSeR,
*
D’(s), SEX\R=0
Y(s)=
D’(s) UJ’(s),  seXNR=K
*
Since VseX,Y(s)=D’(s)S D’(s) UJ'(s), hence (D, X)' € (Y,R) = (D, R) ~ (J,X).
*

4. Distribution Rules

In this section, distributions of complementary soft binary piecewise star (*) operation over other soft set
operations such as extended soft set operations, complementary extended soft set operations, restricted soft set
operations, soft binary piecewise operations and complementary soft binary piecewise operation are examined
in detail and many interesting results are obtained.

Proposition 4.1. Let (D,X), (J,R) and (Y,S) be soft sets over U. Then, for the distributions of
complementary soft binary piecewise star (x) operation over extended soft set operations, we have the
followings:

* * *

) (D, %)~ [BRIN(Y,S)] = [(D,X)~ (R)] Uz [(D,R)~ (Y,9)].
E 3 E 3 %
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Proof: Let’s first handle the left hand side of the equality and let (J,R)N¢(Y,S)=(M,RUS), so VseRUS,

J(s), seR\S
M(s) = Y(s), seS\R
J(s)NY(s), seRNS
*
Let (D, X) ~ (M,RUS)=(N,X), VseR,
*
D’(s), seX\(RUS)
N(s)=
D’(s) UM’(s), seXN(RUS)
Hence
D(s), seR\(RUS) =XNR’NS’
NG)= | D(s) Ul(s), seRN(R\S)= RNRNS’
D) U Y’(s), seRN(S\R)= RNR’NS
D’(s)U [(J°(s) UY’(s)], seRNRNS=&NRNS
- * *
Now let’s handle the right hand side of the equality, that is, [(D,X) ~ (J,R)] U, [(D,X)~ (Y,S)]. Assume
§ * *
that (D, X) ~ (J,R)=(V,RX), then for VSeR,
*
D’(s), seX\R
V(s)=
D’(s) UJ (s), seNNR
*
Now let (D, X )~ (Y,S)=(W,X). Then, VSeR,
*
D’(s), seX\S
W(s)=
D’(s) UY’(s), seXNS

Assume that (V,X) U (W, X)=(T,X), then VSeR,

V(s), SER\R=0
T(s)= = W(s), SeEX\N=0
8 V(s) UW(s), SERNN=N
- D(s) UD'(s), se(R\R)N(X\S)
T(s)= | D(s)u [D’(s) UY’(s)], se(R\R)N(RNS)
7 [D(s) uT(s)] UD'(s), se(RNR)N(R\S)
[D’(s) Ul (s)] U [D’(s) UY’(s)],  SE(RNR)N(RNS)
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Thus,
i D’(s), seRNR’NS’
T(s)= | D’(s) UY’(s), seXNR’NS
| D’(s) UI'(s), seXNRNS’
| [D’(s) ur(s)] U [D(s) UY’(s)], SeXNRNS

It is seen that (N,X)= (T,X).

* * *
i) (D,X)~ [(J,R) U:(Y,9)] = [(D,X)~ (J,R)] U, [(D,R)~(Y,S)], where RNRNS =0.
* * *
* * *
iii) (D, X))~ [(J,R) 1 ¢(Y,S)] = [(D,X)~ (J,R)] A [(Y,S) ~ (D,X)], where RNR’NS=0.
* * A
* * %
iv) (D,X)~ [(J,R)\e(Y,S)] = [(D,®)~ (J,R)] T [(Y,S) ~ (D,X)] where RNR’NS =0.
% * A
* * *
v) [(D,X) U (J,R)] ~ (Y,9)= [(D,X)~ (Y,S)] n, [JR)~ (Y,S)]
* * *
Proof: Let’s first handle the left hand side of the equality and let (D, X) N.(J,R)=(M,XUR), so VSeXUR,
D(s), seX\R
M(s) = J(s), seR\X
D(s)uJ(s), seXNR
*
Let (M,XUR) ~ (Y,S)=(N,XUR), so VSeXUR,
*
M’(s), se(RUR)\S
N(s)=
M’(s) UY’(s), se(®RUR)NS
Thus,
- D’(s), se(R\R)\S=RNR’NS’
I(s), se(R\RN\S=X’NRNS’
N(s)= | D’(s) NJ’(s), se(RNR)\S=KXNRNS’
7 D’(s) UY(s), se(R\R)NS=RNR’NS
I(s) UY’(s), se(R\RX)NS=X’NRNS
[D’(s)NI(s) ] UY’(s), se(RNR)NS=RNRNS
- * *
Now let’s handle the right hand side of the equality: [(D,X)~ (Y,S)] ng [(J,R) ~ (Y,S). Let
%k %

E 3
(D, ®) ~ (Y,S)=(V,X), so VseX,
3



A. Sezgin etal. /IKIM/ 5(2) (2023) 24-52 37

D’(s), seX\S
V(s)=
D’(s) UY’(s), seXNS
*
Let (J,R) ~ (Y,S)=(W,R), so VseR,
*
(T(s), seR\S
W(s)= -
_J,(S) uY’(s), seRNS

Assume that (V,X) Nz (W,R)=(T,XUR), so VSeXUR,
V(s), seX\R
T(s)= J WC(s), seR\X

V(s)NW(s), seXMNR

Thus,
T D(s), S€(R\S)\R=RNR’NS’
D’(s) UY(s), s€(RNS)\R=XNR’NS
1(s), se(R\S)\R=X"NRNS’
T(s)= I(s) UY(s), s€(RNS)\R=X’NRNS
| ps)nres), se(R\S)N(R\S)=XNRNS’
D’(s) N [I(s) UY’(s)], se(R\S)N(RNS)=0
[ D’(s) UY’(s)] NI’(s), se(XNS)N(R\S)= @
L [D’s)UY’(s)] N [I(s)UY’(s)],  se(RNS)N(RNS)=RNRNS

It is seen that (N,XUR)=(T,NUR).

% * *
vi) [(D,®) N, (,R)] ~ (Y,8)= [(D,X)~ (Y,S)] Us [(J,R) ~ (Y.9)]
* * *
% * %k
Vi) [(D,X) 1 . (J,R)] ~ (Y,S)=[(D,X) ~ (Y,S)] n: [(J,R) ~ (Y,S)], where RNRNS’= X’NRNS =@.
* * A
%k * k
viii) [(D, ®)\¢ (J,R)]~ (Y,S)=[(D,®) ~ (Y,S)] Us [(J,R) ~ (Y,S)], where RNRNS’=X’NRNS =@.
%k * A

Proposition 4.2. Let (D, X), (J,R) and (Y,S) be soft sets over U. Then, for the distributions of complementary
soft binary piecewise star (x) operation over complementary extended soft set operations, we have the
followings:

* " * *
i) (D,X) ~ [(J,R) es(Y,S)] = [(D,®) ~ (J,R)] U, [(D,R)~ (Y,S)], where RNRNS=0

* + +
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*
Proof: Let’s first handle the left hand side of the equality. Assume (J, R) 0 (Y,S)=(M,RUS), so VseRUS,
£

I’(s), seR\S
M(s)= 1 Y’(s), seS\R
P(s)NY’(s), seRNS
Let (D, X) j (M,RUS)=(N,X), then VseX,
*
D’(s), seX\(RUS)
N(s)=
D’(s) UM’(s), seXN(RUS)
Hence,
[ D’(s), seX\(RUS) =RNR’NS’
D’(s) UJ(s), SeRN(R\S)= RNRNS’
N(s)= | D’(s) UY(s), seXN(S\R)= RNR’NS
D’(s) U [(J(s) UY(S)], SeXNRNS=XNRNS
* * *
Now let’s handle the right hand side of the equality: [(D,RX) ~ (J,R)] U, [(D,X)~ (Y,S)]. Let (D,R)~
(J,R)=(V,X), so VseR, " " ’
D’(s), seX\R
V(s)=
D’(s) UJ (s), seXNR
Let (D, R) t (Y,S)=(W,X), hence VSeX,
+
[ D(s), seX\S
W(s)=
| D’(s) UY(s),, seXNS
Assume that (V,X) Ug(W,X)=(T,X), hence VSeX,
V(s), SER\R=0
T(s)=J W(s), SeX\N=@
V(s) UW(s), SERNN=X
Hence,
" D’(s) UD’(s), se(R\R)N(R\S)
Ts)= | D’(s) U[D’(s) UY(S)], se(R\R)N(XNR)
1 D) vIE)T UD(s), Se(RNR)N(R\S)
[D’(s) UJ(s)] U [D’(s) UY(S)], se(RNR)N(RNS)
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Thus,
" D(s), SERNR’NS’
T(s)= | D’(s) UY(s), SEXNR’NS
b D’(s) UJ(s), SEXNRNS’
L [D’(s) ud(s)] U [D’(s) UY(s)], seXNRNS

It is seen that (N,X)=(T,X).
%k * k %k
i) O,®)~ [UR) 4 (Y.9)]= [(D,X)~ (LR)] U [(D,R)~(Y.S)] where RNRNS=0.
* ¢ + +
%k * k %k
iii)(D,X)~ [(J,R) + (Y,9)] = [(D,®)~ (JR)] N [(Y,S) ~ (D,X)] where RNR’NS=0.
0 € + *
%k * * *
iv) (D,X)~ [(,R) v (Y,S)]=[(D,®) ~ (J,R)] T[(Y,S) ~ (D,X)] where RNR’NS= 0.
* c + *
* * ~ ~
v) [(D,R) , QORI ~ (Y.8)= [(D,RAY,S)] ng [URAY,S)].
£ *

*
Proof: Let’s first handle the left hand side of the equality. Assume (D,X) , (J,R)=(M,XUR) and VseXUR,
€

D’(s), seX\R
M(s)= 4 J(s), SeR\X
D’(s)ul’(s), seXNR
k
Let (M,RUR) ~ (Y,S)=(N,XUR) and VSeXUR,
*
M’(s), s€(RUR)\S
N(s)=
M’(s) UY’(s),  s€(RUR)NS
Thus,
" D(s), se(R\R)\S=RNR’NS’
J(s), se(RWX)\S=X’NRNS’
N(s)=| D(s)NI(s), s€(RNR)\S=XNRNS’
| D)UY (s), se(R\R)NS=RNR’NS
J(S) UY’(s), s€(R\WK)NS=R"NRNS
[D(s)NJ(s) ] UY’(s), s€(RNR)NS=RNRNS
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Now let’s handle the right hand side of the equality: [(D,R)A(Y,S)] n. [(J,R) A(Y,S)]. Let (D,R)A
(Y,S)=(V,X) and VseX

" D(s), seX\S

V(s)=_
D(s) UY’(s), seXNS
Let (J,R) A (Y,S)=(W,R) and VseR,
" 36), seR\S

W(s)=_

J(S) UY’(s), seRNS
Assume that (V,X)N, (W,R)=(T,XUR) and VseXUR,

V(s), SeXIR
T(s)= — W(s), seR\X
V(s)NW(s), seXNR
Hence,
D), SE(R\S)\R=RNR’NS’
D(s) UY’(s) se(RNS)R=KRNR’NS
16), s€(R\S)\R=X’NRNS’
T(s)= | () UY’(s), se(RNS)\R=K'NRNS
1 D)), s€(R\S)N(R\S)=RNRNS’
D(s) N[I(s) UY*(s)], S€(R\S)N(RNS)=0
[ D(s) UY’(s)]NJ(s), se(RNS)N(R\S)=0
[D(s) UY’()]NIE) UY' ()], SE(RNS)N(RNS)=RNRNS

It is seen that (N,RUR)=(T,XRUR).

. * * ~ -
vi) [(D,R) 0 J,R)] ~ (Y,S)= [(D,X)A(Y,S)] us [(J,R) A(Y,S)]
& *
* * ~ ~
vii) [(D, X) v J,R)]~ (Y,S)=[(D, Xy (Y.S)IUe [U,R) 4 (Y.S)] where XNRNS’= &’NRNS =@.
g *
* * ~ ~
viii)[(D, R) n J,R)] ~ (Y,9)=[(D, Xy (Y9l [(J,R) 5 (Y.S)], where RNRNS’= RNRNS =0.
& *
Proposition 4.3. Let (D, X), (J,R) and (Y,S) be soft sets over U. Then, for the distributions of complementary
soft binary piecewise star (*) operation over soft binary piecewise operations, we have the followings:
* * *
i) (D,X)~ [J,R) T(Y,9)] = [(D,X)~ (J,R)] N [(Y,S)~ (D, N)].
* * *

Proof: Let’s first handle the left hand side of the equality and let (J,R) U (Y,S)=(M,R), so VseRUS,
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J(s), seR\S
M(s)=
J(S) UY(s), seRNS
*
(D, ®) ~ (M,R)=(N,X), where VseN;
*
D’(s), seX\R
N(s)=
D’(s) UM’(s), seXNR
Thus,
D’(s), seX\R
N(s)=— D’(s) UJ’(s), seXN(R\S)= RNRNS’

D’(s) U [I’(s)NY’(s)], SeRNRNS=RNRNS

*

41

Now let’s handle the right hand side of the equality: [(D,X)~ (J,R)] A [(Y,S)~ (D,X)]. Assume that

*

(D,X) t (J,R)=(V,X), then for VSeX,
*
D’(s), seX\R
V(s)=
D’(s) UJ’(s), seXNR
*
Now let (Y,S)~ (D, X)=(W,S). Then, VseS,
*
Y’(s), seS\N
W(s)=
Y’(s) U D'(s), seSNN
Assume that (V,X) N(W,S)=(T,X), then VSeN,
V(s), SeX\S
T(s)= {V(s) NW(s), SeXNS
Thus,
D),

T(s)= D’(s) UJ’(s)

D’(s) NY’(s),

] D) Ny uDE),
[D’(s) UF($)] NY(s)

[D°(s) UIP(s)] N [Y’(s) U D’(s)],

se(R\R)\S= RNR’NS’
se(RNR)\S=RNR’NS
se(R\R)N(S\X)= 0
Se(R\R)N(SNK) = RNR’NS
se(RNR)N(S\X) =@
se(RNR)N(SNR)=RNRNS



A. Sezgin etal. /IKIM/ 5(2) (2023) 24-52

Thus,
[ D(s), se(R\R)\S= XNR’NS’
D’(s) UT’(s) se(RXNR)\S= XNRNS’
D’(s) NY’(s), se(X\R)N(S\R)=0
T(s)2 D’(s) se(P\R)N(SNX)= RNR’NS
[D’(s) UT(s)] NY(s) Se(RNR)N(S\X)= @
[D’(s) UT(s)] N [Y’(s) U D'(5)], se(RNR)N(SNX)= RNRNS

42

Since X\R= RNR’, if seR’, then seS\R or se(RUS)’. Hence, if seX\R, SeXNR’NS’ or seXNR’NS. Thus, it is

seen that (N,X)=(T,X).

3 3
i) (D, X)~ [(J,R) A (Y,9)] = [(D,X)~ (JR)] A
3 k
%k 3
i) (D, X)~ [(J,R) 1 (Y.9)] = [(D,®)~ (R A
% %
3 k
iv) (D, )~ [GLR)N(Y.9)] = [(D,R) ~ @RI A [(Y.S) ~(D,X)].
3 3
k 3

V) [OR)AER)I] ~ (Y.S)= [(D,®)~ (Y.5] T [(R) ~ (YV.5)]

* *

Proof: Let’s first handle the left hand side of the equality. Suppose (D, X) N (J,R)=(M,R), so VseX igin,

D(s), SEXIR
M(s)=
D(s)NJ(s), seXNR
"
Let (M,R) ~ (Y,S)=(N,R), 50 VSeX,
E 3
M’(s), SeX\S
N(s)=
M’(s) UY(s),  seXNS
Thus,
[ D(s), se(R\R)\S=RNR’NS’
NGE)= | D'(s)UT(s), se(RNR)\S=XNRNS’
| Ds) uY(9), s€(R\R)NS=RNR’NS
[D’(s)UJ(s)] UY’(s),  s&(RNR)NS=XNRNS

[(Y,S)~ (D, X)] where R"NRNS=0

[(Y,S) ~ (D,N)].
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Now let’s handle the right hand side of the equality: [(D, N)t (Y,S)] U [(,R) t (Y,S)]. Let (D, N)t
(Y,S)=(V,X), so VseR, ) ) "
D’(s), seX\S
V(s)=
D’(s) UY’(s), seXNS
Let (J,R) t (Y,S)=(W,R), so VseR,
*
I(s), seR\S
W(s)=
P(s) UY’(s), seRNS
Assume that (V,X)U (W,R)=(T,X), so VSeR,
V(s), seX\R
T(s)=
V(S)UW(s), seXNR
Hence,
[ D(s), se(X\S)\R=KNR’NS’
D’(s) UY’(s), se(RNS)\R=RNR’NS
TGs)=| D'(s5)Ur(s), s€(R\S)N(R\S)=XNRNS’
1 D)u ) uYs), Se(R\S)N(RNS)=0
[D’(s) UY’(s)] UT'(s), se(RNS)N(R\S)=0
| [DEUYE] U FEUYE] se®NS)NRNS)=RNRNS

Itis seen that (N,X)=(T,RX).

* * *
vi) [(D,®) TR ~ (Y.5)= [(D,R)~ (Y,5)] A [JR) ~ (Y,9)]
* * *

D

* *

vii) [(D, ) \Q.R)] ~ (Y,8)= [(D,®)~ (Y,9)] T [R)A(Y.9)]
* *

C

* *
viii) [(D, X) TUR)] ~ (Y.9)= [(D,X)~ (Y,S)] A [(,R)R (Y.9)].

* *
Proposition 4.4. Let (D, X), (J,R) and (Y,S) be soft sets over U. Then, for the distributions of complementary
soft binary piecewise star (*) operation over complementary soft binary piecewise operations we have the
followings:

b3 b3 b3 3
DD, %) ~[(J,R) ~ (Y.9)=[(D,X) ~ (,R)] A [(D,X)~ (Y,S)] where RNRNS’=@
* * + +
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Proof: Let’s first handle the left hand side of the equality, suppose (], R) t (Y,S)=(M,R), so VseR,
*
I(s), seR\S
M(s)=
F(s) UY’(s), seRNS
*
Let (D, R) ~ (M,R)=(N,X), so VSeERN,
*
D’(s), seX\R
N(s)=
D’(s) UM’(s), se(XNR
Thus,
D’(s), seX\R
NG)=) D’(s) ud(s), seXN(R\S)= XNRNS’
D’(s)U [(JS) NH ()],  seRNRNS=RNRNS
* *
Now let’s handle the right hand side of the equality:(D,X)~(J,R)] N [(D,X)~ (Y,S)]. Let
+ +

(J,R)=(V,X), s0 VseX,

’(s), seX\R
V(s)=
D’(s) UJ(s), seXRNR
*

Let (D, &) ~ (Y,S)=(W,X), so VseX,

+
D’(s), seX\S
W(s)=
D’(s) UY(S), seXNS
Assume that (V,R)N(W,R)=(T,X), so VseX,
V(s), SEX\N=0
T(s)=
V(s) NW(s), SE(RNN=N
Thus,
[ D’(s) se(R\R)N(R\S)= RNR’NS’
D’(s) N [D’(s) UY(s)], se(X\R)N(XNS)= XNR’NS
T(s)= |[D’(s) UIES)] N D’(s), se(RNR)N(X\S)= XNRNS’
[D’(s) U(S)] N [D’(D) U Y(D)], se(RNR)N(RNS)= RNRNS

44

%k
(D, N) ~
+
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Thus,
(D’(s) se(R\R)N(R\S)= XNR’NS’
D’(s), se(R\R)N(XNS)= XNR’NS
TGs)y= | D(s), se(RNR)N(X\S)= XNRNS’
[D’(s) UJ(s)] N [D’(D) UY(D)], se(RNR)N(RNS)= XNRNS

45

Since X\R= XNR’, if seR’, then seS\R or se(RUS)’. Hence, if seR\R, SeXNR’NS’ or seXNR’NS. Thus, it is

seen that (N,X)=(T,X).

%k * * *
i) (D, X)~[(J,R) ~ (Y,9)]=[(D,®) ~ (J,R)] T [(D,X)~ (Y,S)], where XNR’NS=0
* 0 + +
%k * %k %k
iii) (D,X)~ [(J,R) ~(Y,9)] = [(D,®)~ (J,R)] T [(Y,S) ~ (D,X)], where RNR’NS=0
* Y + *
%k %k * *
iv) (D, X))~ [(J,R) ~ (Y,9)] = [(D,®)~ (J,R)] A [(Y,S) ~ (D,N)]
* + + *
%k %k *
v) (D,R) ~[(J,R) ~ (Y,9)]=[(D,R) ~ (J,R)IT[(Y,S) ~ (D,X)], where RNRNS’=@ and RNR’NS=0.
%k N *
%k %k

vi) [(D,X) ~ J,R)] ~ (Y,S)= [(D,®)A(Y,S)] T [(,R)X (Y,S)]

0 *

Proof: Let’s first handle the left hand side of the equality. Let (D, X) ~ (J,R)=(M,X), so VSeR,

D’(s), seX\R
M(s)=
D’(s)NI(s), SERNR
*
Let (M,X) ~ (Y,S)=(N,RX), so VSeN,
*
M’(s), SeX\S
N(s)=
M’(s)UY’(s), seXNS
Thus,
" D(s), se(R\R)\S =RNR’NS’

N(S)3  D(s)ud(s), SE(RNR\S= RNRNS’
| D) uY's), se(R\R) NS = XNR’NS
[DUIS)] UY'(s),  seRNRNS=RNRNS

*

0
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Now let’s handle the right hand side of the equality: [(D,R)A(Y,S)] U [(J,RA(Y,S)]. Let
(D, R)A(Y,S)=(V,R), so VseR,

D(s), SeX\S
V(s)=

D(s) UY’(s), seXNS
Let (J,R) A (Y,S)=(W,R), so VseR,

J(s), seR\S

W(s)=

J(s) UY’(s), seRNS

Let (V,X) U (W,R)=(T,R), so VseX,

V(s), SER\R
T(s)=
V(s)UW(s), seRNR
Thus,
" D(s), se((P\S)\R=RNR’NS’
D(s) UY’(s), s€(RNS)\R=RNR’NS
T(s)= | D(s)ud(s), se(R\S)N(R\S)=KNRNS’
D(s)U [3(s) UY’(s)], se(R\S)N(RNS)=0
[ D(s) UY’()]Ud(s), se(RNS)N(R\S)=¢
[D(s) UY’(s)]UJ([s) UY’(s)], SE(RNS)N(RNS)=RNRNS

It is seen that (N,X)=(T,X).

%k %k

vii) (D,P) ~ (J,R)] ~ (Y,S)= [(D,R)A(Y,S)] A [(,R)A(Y,S)]
%k %k
* % N N

viii)[ (D, P) ~ QR)] ~ (Y.S)= [(D,®); (Y.9)] T [(U,R) 4 (Y,S)], where RNRNS’ =@
y %
* * - *

) [(D,P) ~ QR)] ~ (Y.S)= [(D,X); (Y.)] A LJ,R) ~ (Y,S)], where RNRNS=0
+ * A

Proposition 4.5. Let (D, X), (J,R) and (Y,S) be soft sets over U. Then, for the distributions of complementary
soft binary piecewise star (*) operation over restricted soft set operations, we have the followings:

% % E 3
)(D,X) ~[(,R) Nr(Y,9)]= [(D,R) ~ (,R)]Ng L[(D,R)~ (Y,S)], where RNRNS=0.
b3 % E 3

Proof: Let’s first handle the left hand side of the equality, suppose (J, R) Nr(Y,S)=(M,RNS) and so VYseRNS,
*

M(s)=J(s) NY(s). Let (D, X) ~ (M,RNS)=(N,N), so VSeR,
*
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D'(s), seX\(RNS)
N(s)=
D’(s) UM’(s), seXN(RNS)
Thus,
D(s), SEX\(RNS)
N(s)=
D'(s)U [’(s)U Y'(s)], seNN(RNS)
* * *
Now let’s handle the right hand side of the equality: [(D,X) ~ (J,R)] ng [(D,X)~ (Y,S)]. Let (D,X)~
* * *

(JLR)=(V,X), so VseR,

D’(s), seX\R
V(s)=
D’(s) UJ’(s), seXNR
*
Let (D,R)~ (Y,S)=(W,X), so VSeR,
*
D’(s), seX\S
W(s)=

D’(s) UY’(s), seXNS
Assume that (V,X) Ng (W,X)=(T,X), and so VseR, T(s) =V(s) N W(s),

[ D’(s) N D'(s), se(P\R)N(X\S)
T(s)= | D’(s) N[D’(s) UY’(s)], se(R\R)N(RNS)
1 D(s) U (8)1N D'(8), SE(RNR)N(R\S)
[D’(s) U (s)]N[D’(s) UY’(S)], se(RNR)N(RNS)
Hence,—
[ D(s), SERNR’NS’
T(s)=| D’(s), SERNR’NS
| D’(s), seXNRNS’
| [D’(s) NP(]U[D(s) NY*(s)],  seXNRNS

Considering the parameter set of the first equation of the first row, that is, X\(RNS); since XR\(RNS) =XN(RNS)',
an element in (RNS)"' may be in R\S, in S\R or (RUS). Then, XR\(RNS) is equivalent to the following 3 states:
NN(RNSY), RA(R'NS) and RN(R'NS"). Hence, (N,X)=(T,X).

* * *

iN(D,X)~ [(J,R) Ug(Y,S)] = [(D,X)~ (J,R)] ng [(D,R)~ (Y,9)].
%k * %k
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% k k
iii) (D,X)~ [(,R) *g (Y,5)] = [(D,X)~ (R ng [(D,R)~ (Y.S)].
* - +
% %k %
iv) (D, X) ~ [(J, R) 8 (Y,S)]=[(D, ®) ~ (,R)]NR[(D, ®) ~ (Y.S)], where RN\RNS=0.
* + +
%k % %
v) O,X)~ [O,R)\r (Y,9)I=[D, %) ~ Q,R)] ng [(D, &)~ (Y. S)].
% E3 +
% % k
vi) D, X))~ [(,R) +r(Y.S)] = [(D,X)~ (JR)] ng [(D,X)~ (Y,9)].
* + *
% % b3
vi) (D,®)~ [(,R)Yr(Y.S)] =[(D,R)~ (,R)]Ug [(D,R) ~ (Y,S)], where RNRNS =@.
% Y 0
* % %
viii) [(D,X) Ur GR)T ~ (Y,9)= [(D,X)~ (Y.9)] ng [(,R) ~ (Y.9)].
* % *

Proof: Let’s first handle the left hand side of the equality, suppose (D, X) Ur(J,R)=(M,XNR) so, VSeXNR,

M(s)=D(s)UJ(s). Let (M,RNR) : (Y,S) =(N,8NR), s0 VseXNR,
*
M’(s), s€(RNR)\S
N(s)=
M’(5) UY’(s),  se(RNR)NS
Hence,
D’(s)NJ*(s), se(RNR)\S= RNRNS’
N(s)=
[D’(s)NI’(s)] UY’(s), se(RNR)NS
* * *
Now let’s handle the right hand side of the equality: [(D,X)~ (Y,S)] ng [(J,R) ~ (Y,S)]. Let (D,R) ~
* * *

(Y,S)=(V,X), so VSeR,

D’(s), seN\S
V(s)=
D’(s) UY’(s), seXNS
*
Let (J,R) ~ (Y,S)=(W,R), so VseR,
*
I’(s), seR\S
W(s)=

P(s) UY'(s), seRNS
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Suppose that (V,X)Ng (W,R)=(T,XNR), so VSeRNR, T(s)=V(s)NW(s). Thus,

T D (s)NI(s), S€(R\S)N(R\S)=XNRNS’
Ts)= | D'(s) N [I’(s) UY’ ()], se(R\S)N(RNS)=0
| D(s) UY ()] NI(s), se(RNS)N(R\S)=0
[D’(s) UY’(9)]ND°() UY’ (5)],  SE(RNS)N(RNS)=RNRNS

It is seen that (N,XNR)= (T,XNR),

k 3 3
iX)[(D,®) Nng J,R)] ~ (Y.S)= [(D,X)~ (Y.S)] ug [U,R) ~ (Y.S)].
b3 3 3
%
X) [(D,R) * g B,R)] ~ (Y,S)= [(D,®A(Y,S)] ng [J,R)A(Y,9)].
%
%
xi) [(D, R)0r(,R)] ~ (Y.,S)= [(D,®)\(Y,9)] ur [0, R\ (Y.9)]
%

5. Conclusion

The concept of soft set operations is an essential concept similar to fundamental operations on numbers and
basic operations on sets. Proposing new soft operations and deriving their algebraic properties and
implementations provide new perspectives for dealing with problems related to parametric data. The operations
in soft set theory have proceed under two main headings up to now, as restricted soft set operations and
extended soft set operations. In this paper, we contribute to the soft set literature by defining a new kind of soft
set operation. Inspired by these ideas, in this paper we have defined a new soft set operation which we call
complementary soft binary piecewise star operation. The basic algebraic properties of the operations have been
investigated. Moreoverby examining the distribution rules, we have obtained the relationships between this
new soft set operation and other types of soft set operations such as extended soft set operations,
complementary extended soft set operations, soft binary piecewise operations, complementary soft binary
piecewise operations and restricted soft set operations. This paper can be regarded as a theoretical study for
soft sets and some future studies may continue by examining the distribution of other soft set operations over
complementary soft binary piecewise star operation. Furthermore, since soft sets are a powerful mathematical
tool for detecting insecure objects, researchers may be able to propose new cryptographic or decision methods
based on soft sets with the help of this new soft set operation. Also, the study of soft algebraic structures can
be handled again in terms of algebraic properties by the operations defined in this article and thus studying the
algebraic structure of soft sets from the perspective of this new operation provides deep insight into the
algebraic structure of soft sets.
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