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Abstract

In 1999, Molodtsov introduced Soft Set Theory as a mathematical tool to
deal with uncertainty. It has been applied to many fields both as theoretical
and application aspects. Since 1999, different kinds of soft set operations
have been defined and used in various types. In this paper, we define a
new kind of soft set operation called, “complementary soft binary
piecewise lambda operation” and we handle its basic algebraic properties.
Also, it is intended to contribute to the literature of soft set by gaining the
relationships between this new soft set operation and some other types of
soft set operations via examining the distribution of complementary soft
binary piecewise lambda operation over extended soft set operations,
complementary extended soft set operations, soft binary piecewise
operations, complementary soft binary piecewise operations and restricted
soft set operations in order to inspire to obtain the algebaric structures of
soft sets and some new decision making methods.
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Oz

Molodtsov, 1999 yilinda Esnek Kiime Teoriyi belirsizlikle basa ¢ikmak
icin bir matematiksel arag olarak ortaya koymustur. Teori, hem teorik hem
de uygulama yoniiyle bir¢ok alana uygulanmistir. 1999 yilindan bu yana,
farkli gesitlerde esnek kiime islemleri tanimlanmis ve cgesitli tiirlerde
kullanilmistir. Bu ¢alismada, “tiimleyenli esnek ikili pargali lambda
islemi” adi verilen yeni bir esnek kiime islemi tanimlanmis ve temel
cebirsel ozellikleri arastirilmistir. Ayrica tiimleyenli esnek ikili parcali
lambda igleminin genisletilmis esnek kiime islemleri, tiimleyenli
genisletilmis esnek kiime islemleri, esnek ikili pargali islemler, tiimleyenli
esnek ikili parcali islemler ve kisitlanmig esnek kiime iglemleri tizerine
dagilmasi incelenerek bu yeni esnek kiime islemi ile diger esnek kiime
islemleri arasindaki iligkiler elde edilerek esnek kiimelerin cebirsel
yapilarmi ve bazi yeni karar verme yoOntemlerini elde etmek icin
okuyuculara ilham vermek adma esnek kiime literatiiriine katki
saglanmasi amag¢lanmaktadir.

Anahtar Kelimeler: Esnek kiimeler, esnek kiime islemleri, kosullu
tiimleyenler
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Introduction

Molodtsov [1] introduced Soft Set Theory as a mathematical tool to overcome some types of uncertainty
in many fields. There are three well-known basic theories that we can count as a mathematical tool to
deal with uncertainties, which are Probability Theory, Fuzzy Set Theory and Interval Mathematics. But
since all these theories have their own shortcomings, Soft Set Theory has seen many interest and it has
been applied to many fields both as theoretically and application. Maji et. al. [2] and Pei and Miao [3]
made first contributions as regards soft set operations. After then, several soft set operations (restricted
and extended soft set operations) were introduced and examined in Ali et. al. [4]. Basic properties of
soft set operations were discussed and the interconnections of soft set operations with each other were
illustrated in Sezgin and Atagiin [5]. 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 in Sezgin et al. [6] and extended symmetric difference of soft sets was defined and its
properties were investigated in Stojanovic [7]. When the studies are investigated, we see that the
operations in soft set theory can be categorized in two main headings, as restricted soft set operations
and extended soft set operations. Two conditional complements of sets as new concepts of set theory
were proposed and the relationships between them were examined by Cagman [8]. Via the inspiration
of this study, some new complements of sets were defined by Sezgin et al. [9]. They also transferred
these complements to soft set theory, and some new restricted soft set operations and extended soft set
operations were defined by Aybek [10]. Demirci [11], Sarialioglu [12], Akbulut [13] defined a new type
of extended operation by changing the form of extended soft set operations and studied the basic
properties of them in detail. Also, a new type of soft difference operation was defined in Eren [14] and
by being inspired this study, Yavuz [15] defined some new soft set operations, which is called soft binary
piecewise operations and they studied their basic properties in detail, too. Also, Sezgin and Sarialioglu
[16], Sezgin and Demirci [17], Sezgin and Atagiin [18], Sezgin and Cagman [19], Sezgin and Aybek
[20] and Sezgin et al. [21, 22] 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 study is to
contribute to the soft set theory literature by describing a new soft set operation which is called
“complementary soft binary piecewise lambda operation”. For this intend, the definition of the operation
and its example are given, the algebraic properties, such as closure, associative, unit and inverse element
and abelian property of this new operation are examined in detail. Especially it is intended to contribute
to the soft set literature by obtaining the distributions of the complementary soft binary piecewise
lambda operation over extended soft set operations, complementary extended soft set operations, soft
binary piecewise operations, complementary soft binary piecewise operations and restricted soft set

operations.
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Preliminaries

In this section, some basic concepts related to soft set theory are compiled.

Definition 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) [1].
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, S,(U) is a subset of Sg(U) and, in fact, all the soft sets are the
elements of Sg(U).

Definition 2. (Z, D) is called a relative null soft set (with respect to the parameter set D), denoted by @p,
if Z(t) = @ for all teD and (Z, D) is called a relative whole soft set (with respect to the parameter set
D), denoted by Uy, if Z(t) = U for all teD. The relative whole soft set Ug with respect to the universe
set of parameters E is called the absolute soft set over U [4]. We shall denote by @, the unique soft set
over U with an empty parameter set, which is called the empty soft set over U. Note that by @4 and by
@, are different soft sets over U [23].

Definition 3. For two soft sets (Z,D) and (R,]), we say that (Z, D) is a soft subset of (R,]) and it is
denoted by (Z,D) € (R,]), if DS Jand Z(t) € R(t), Vt € D. Two soft sets (Z,D) and (R,]) are said
to be soft equal if (Z, D) is a soft subset of (R,]) and (R, ]) is a soft subset of (Z, D) [3].

Definition 4. The relative complement of a soft set (Z, D), denoted by (Z, D)", is defined by (Z,D)" =
(Z,D), where Z": D — P(U) is a mapping given by (Z, D) = U\Z(t) for all t € D [4]. From now on,
U\Z(t)=[Z(t)]" will be designated by Z’(t) for the sake of designation.

Two conditional complements of sets as a new concept of set theory were defined in [8]. For the sake
of illustration, we show these complements as + and @, respectively. These complements are binary
operations and are defined as follows: Let D and J be two subsets of U. J-inclusive complement of D is
defined by, D+J=D’UJ and J-Exlusive complement of D is defined by D& J = D’NJ’. Here, U refers to
a universe, D’ is the complement of D over U. For more information, we refer to [8]. The relations
between these two complements were examined in detail by Sezgin et. al [9] and they also introduced
such new three complements as binary operations of sets as follows: Let D and J be two subsets of U.
Then, D*J=D’UJ’, DyJ= D’NJ, DAJ=DUJ’ [9]. These set operations were also conveyed to soft sets in
[10] and they defined restricted and extended soft set operations and examined their properties. As a
summary for soft set operations, we can categorize all types of soft set operations: Let "V" be used to
represent the set operations (i.e., here V can be N, U\, +,0, *, A,y), then restricted operations, extended
operations, complementary extended operations, soft binary piecewise operations, complementary soft

binary piecewise operations are defined in soft set theory as follows:
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Definition 5. [4, 5, 10] Let (Z, D) and (R, ]) be soft sets over U. The restricted V operation of (Z, D) and

(R,]) is the soft set (S,T), denoted by, (Z,D)VR(R,]) = (S5, T), where T=DNnJ#@ and VteT,
S(t) =Z(t) VR(t). Here note that if D N ] = @, then (Z, D)Vr(R,]) = By [23].

Definition 6. [2, 4, 6, 7, 10] Let (Z, D) and (R, ]) be soft sets over U. The extended V operation of (Z, D)
and (R,]) is the soft set (S,T), denoted by, (Z, D)V:(R,]) = (5,T) ,where T=DU]Jand Vt € T,

Z(v), t € D\J,
S = R, t€J\D,
Z(H)VR(), teDnN].

Definition 7. [11-13] Let (Z, D) and (R, ]) be soft sets over U. The complementary extended V operation
*
of (Z,D) and (R,]) is the soft set (S,T), denoted by, (Z, D) v (R =(T),where T=DU]J and
€
VteT
Z'(v), t e D\J,
sm=4 R, t€J\D,
Z(H)VR(t), teDn].
Definition 8. [14, 15] Let (Z, D) and (R, ]) be soft sets over U. The soft binary piecewise V operation of

(Z,D) and (R,]) is the soft set (S,D), denoted by (Z, D); (R,]) = (S,D), where VteD,

Z(v), teD\J
S(t)=
Z(t) VR(t) , teDNJ

Definition 9. [16-22] Let (Z, D) and (R, ]) be soft sets over U. The complementary soft binary piecewise

*
V operation of (Z,D) and (R, ]) is the soft set (S,D), denoted by (Z,D) ~ (R,]) = (S, D), where VteD;
\%
7(t), teD\J
S(H)=
Z(t) VR(t), teDNJ

Let (S,*) be a groupoid. An element e€S is called a left identity element if ess=s for all s€S. Similarly,
e is a right identity element is see=x for all e€S. An element which is both a left and a right identity is
an identity element. A groupoid may have more than one left identify element: in fact the operation
defined by x*y=y for all x, yeS defines a groupoid (in fact, a semigroup) on any set S, and every element
is a left identity. But as soon as a groupoid has both a left and a right identity, they are necessarily unique
and equal. For if e is a left identity and f is a right identity, then f=e+f=e [24].

Let (S,*) be a groupoid. An absorbing (annihilating/zero) element is an element z such that for all s in
S, zes=s*z=z. This notion can be refined to the notions of left absorbing, where one requires only that

z+s=z, and right absorbing, where s*z=z. As a similar case for identity element, if a groupoid has both a
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left absorbing element z and a right absorbing element z', then it has an absorbing element, since

z=z7' =7' [25].

Complementary soft binary piecewise lambda () operation and its properties

Definition 10. Let (F,Y) and (Z,L) be soft sets over U. The complementary soft binary lambda ()

%
operation of (F,Y) and (Z, L) is the soft set (H,Y), denoted by, (F,Y)~ (Z, L) = (H,Y), where VIeY,
A
F(1), leY\L
H(l)=
F() uz’ (1), leYNL

Example 1. Let E={e;,e,,e3,e,} be the parameter set Y={e,, es} and L={e,, e3 , 4} be the subsets of
E and U={h;,h;,h3,h,,hs} be the initial universe set. Assume that (F,Y) and (Z,L) are the soft sets over

U defined as follows:
(F,Y):{( el, {hZ,hS})! (93,{h1,h2,h5})}

(Z,L):{( e21{h1 !h4!h5})1 (93,{h2,h3,h4}),(84,{ h3 ’hS})}

*
Let (F,Y)~ (Z,L)=(H,Y). Then,
A
F(l), leY\L
H(l)=
F(1) vz’ (1), leYNnL

Since Y={e,, es} and Y\L={e,}, so H(e;) =F’(e;)={ hy,h3,h,}. And since YNL={e3} so H(e3)=F(e3)
UZ’(e3)={hy, hy,hs}U{hy,hs}={hy, hy, hs}.

*

ThUS, (F’Y) ~ (Zvl—):{( el’{hl ’h3’h4})’ (83, {hl!hZ'hS})}
A

Theorem 1. (Algebraic properties of the operation)

%
1) The set Sg(U) is closed under the operation ~. That is, when (F,Y) and (Z,L) are two soft sets over
A
%
U, thensois (F,Y)~ (Z,L).
A
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*
Proof. It is clear that ~ is a binary operation in Sg(U). Hence, the set Sg(U) is closed under the
A
*
operation ~
A
* * * *
2) [(FY)~ (ZY)] ~(HY)# (FY)~[(ZY)~ (H.Y)]
A A A A
*
Proof. Let (F,Y)~ (Z,Y)=(T,Y), where VIeY;
A
F (D), leY\Y=0
T()=
F(yuz (), leyny=y
*
Let (T,Y)~ (H,Y)=(M,Y), where VIeY;
A
(1), leY\Y=0
M(l)=
T() UH’ (1), leYNY=Y
Thus,
(1), leY\Y=0
M(l)=
[F() uZ’(H] UH’(1), leYNY=Y
*
Let (Z,Y)~ (H,Y)=(L,Y), where VIeY;
A
(D), leY\Y=0
L(=
Z(l) uH (1), leyny=y
%
Let (F,Y) ~ (L,Y)=(N,Y), where VIeY;
A
F (D), leY\Y=0
N(l)=
F() uL’ (1), leyny=y
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Thus,

F(l), leY\Y=0
N(1)=
F(I) U [2()nH(1)] , leYNY=Y

Itis seen that (M,Y) = (N,Y).

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

property. Moreover, we have the following:

* * * *
3 [(F.Y)~ (ZL)] ~HR) # (FY)~[(ZL) ~(HR)]
A A A A
*
Proof. Let (F,Y) ~ (Z,L)=(T,Y), where VIeY;
A
F (1), leY\L
T(l)=
F(I) uz’ (), leYNL
*
Let (T,Y)~ (H,R) =(M,Y), where VIeY;
A
(D), leY\R
M(l)=
T(l) UH (1), leYNR
[ F(1), le(Y\L)\R=YNL’NR’
M= | F°(1) nZ()), le(YNL)\R=YNLNR’
F’(1) UH’(1), le(Y\L)NR=YNL’NR
| [F() uz> ()] UH(1), 1&(YNL) NR=YNLNR
*
Let (Z,L) ~ (H,R)=(K,L), where VIeL;
A
Z(1), leL\R
K()=
Z(l) UH’ (1), leLNR
*
Let (F,Y) ~ (K,L) =(S,Y), where VIeY;
A
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F (D), leY\L
S(h)=
F(l) UK’(1) , leYNL
Thus,
F (D), leY\L
S(h)= F() uz(l), leYN(L\R)=YNLNR’

F() u [Z’() NH()],  1eYN(LNR)=YNLNR

Here let’s handle le Y\L in the second equation of the first line. Since Y\L= YNL’, if leL’, then 1eR\L
or le(LUR)’. Hence, if 1eY\L, then leYNL’NR’ or leYNL’NR. Thus, it is seen that (M,Y) # (S,Y). That

*
is, for the soft sets whose parameter sets are not the same, the operation ~ has not associativety property
A
in the set Sg(U).
% %
4 (FY)~ ZL=# ZL) ~ (FY)
A A

Proof. Here, while the parameter set of the soft set of the left hand side is Y; the parameter set of the

soft set of the right hand side is L. Thus, by the definition of soft equality

* *
(F,Y)~(ZL)YAZL) ~(FY).
A A

%
Hence, the operation ~ has not commutative property in the set Sg(U),
A

*
5) (F,Y)~ (F,Y)=Uy
A

%
Proof. Let (F,Y) ~ (F,Y)=(H,Y), where VIeY;
A
F(1), leY\Y=0
H(D)=
F() UE (), leyny=y
Here VIeY; H(I)= F(l) U F’(1)=U, thus (H,Y)= Uy.
*

That is, the operation ~ does not have idempotency property in the set Sg(U) .
A
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*
6) (F.Y) ~ @y=Uy
A
%
Proof. Let @y=(S,Y). Then, vleY; S(D=@. Let (F,Y)~(S,Y)=(H,Y), where VIeY,
A
FQ1), leY\Y =0
H(I)=
F() u s’ (), leyny=y

Hence, VleY; H(D)= F(l) u S’(1) = F(1) uU= U. Thus, (H,Y)= Uy

*
7) @y ~ (F,Y)= (F, Y)".
A
*
Let @y=(S,Y). Then, vleY; S()= 8. Let (S,Y) ~ (F,Y)=(H,Y), where VleY;
A
S'(), leY\Y =0
H(1)=
s(l) U F(1), leYNy=Y

Thus, VIeY; H(1)= S(I) U F>(1)= @UF’(1)= F’(1), hence (H,Y)= (F, Y)'.

%
8) (F,Y) ~ @g=Uy.
A
*
Proof. Let @g =(S,E) . Hence VIeE; S()=@. Let (F,Y)~ (S,E)=(H,Y). Thus, VIeY,
A
F(1), leY\E =0

H(1)=
Flyus'(), leYNE=Y

Hence, VleY, H(l)= F(l) u S’(1)= F(1) uU=U, so (H,Y)= Uy.

*
9) (F,Y)~ Uy=(F,Y).
A
*
Proof. Let Uy = (T,Y). Then, vleY; T(I)=U. Let (F,Y) ~ (T,Y)=(H,Y), where VYIeY;
A
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(), leY\Y =0
H(l)=
F(I) U T(), leYny=Y

Thus, vleY; H(D=F(l) u T°(1)= F(1) ug=F(l), hence (H,Y)=(F,Y).

Note that, for the soft sets whose parameter set is Y, Uy is the right-identity element for the operation
%

~

A
*
10) UY ~ (F, Y) = Uy.
A
*
Proof. Let Uy = (T,Y). Then, VleY; T(I)=U. Assume that (T,Y) ~ (F,Y)=(H,Y), where VIeY;
A
(1) leY\Y =0
H(l)=
T() U F (1) leYNny =Yy

Hence, VIeY; H()=T(l) U F’()=U U F’(1)= U. Thus, (T,Y)= Uy

Note that for the soft sets whose parameter set is Y, Uy is the left-absorbing element for the operation
%

~ .

A
%
11) (F,Y) ~ Ug=(F,Y).
A
*
Proof. Let Ug =(T,E). Hence, VIeE, T(I)=U. Let (F,Y) ~ (T,E)=(H,Y), then VIeY ,
A
F(1), le Y\E =0
H(l)=
F() u T(1), leYNE=Y

Hence, vieY, H()= F(l) U T°(= F(I) u® = F(I), so (H,Y)= (F,Y).

Note that, for the soft sets (no matter what the parameter set is), Ug is the right-identity element for the

*
operation ~ in the set Sg(U) .
A
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*
12) (F,Y) ~ (F,Y)'=(F,Y).
A
%
Proof. Let (F,Y)=(H,Y). Hence, VleY; H()=F’(l). Let (F,Y) ~ (H,Y)=(T,Y), where VIeY,
A
F(1), leY\Y=0
T()=
F(l) u H (1), leyny=y

Hence, VleY; T(D= F(l) UH’(1)=F() UF(D)= F(l), thus (T,Y)=(F,Y).

%
Note that, relative complement of every soft set is its own right-identity element for the operation ~
A

in the set Sg(U).

*
13) (F,Y) ~(F,Y)=(F,Y)".
A
*
Proof. Let (F,Y)'=(H,Y). Hence, VleY; H()=F’(1). Let (H,Y)~ (F,Y)=(T,Y), where VIeY;
A
H’(1), leY\Y =0
T()=
HNOUF (), leyYny =y

Hence, VleY; T(1)= H(l) u F’()= F’(1) U F>()= F(1) , thus (T,Y)= (F, Y)".

Note that, relative complement of a soft set is the left-absorbing element of its own soft set for the

%
operation ~ in the set Sg(U).
A

£
14) [(F,Y)~ (Z,L)I=(F.Y)¥(ZL).
A

*
Proof. Let (F,Y) ~ (Z,L)=(H,Y). Then, VIeY,
A
F’(1), leY\L
H(l)=
F(hu z (1), leYNL
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Let (H,Y)=(T,Y), so VleY,

F(1), leY\L
T(N)=
F () nZ(), leYNL

Thus, (T,Y)=(F,Y)y (ZL).

In classical theory, AUB =0 © A =@ and B = @. Now, we have the following:

%
15) (F,Y)~(Z,Y)= 0y ©(F,Y) =@y and (ZY) = Uy.
A
*
Proof. Let (F,Y) ~(Z,Y) = (T,Y). Hence, VIeY,
A
F(1), leY\Y=0

T(N=
F(huz(), leYNY=Y

Since (T,Y) = @y, VIeY, T(I)= @. Hence, VleY, T()=F (I) UZ’()=g< V1 € Y, F(I)= @ and Z’(1)= @
& VieY, F()=¢ and Z(I)=U <(F,Y) = @y and (Z,Y) = Uy.

In classical theory, for all A, ® € A. Now, we have the following:

* *
16) @y E(F,Y) ~ (Z,L) and @, € (Z,L) ~ (F,Y).
A A

In classical theory, for all A, A € U. Now, we have the following:

* *
17) (FY)~(ZL) € Uyand (ZL) ~(FY)E U,.
A A

In classical theory, A € AUBand AC A U B. Now, we have the following analogy:

% £3
18) (F,Y)E (F,Y) ~(ZY) and (Z,Y)" E(F,Y)~(ZY).
A A

%
Proof. Let (F,Y)~ (Z,Y)=(H,Y). First of all, YS Y. Moreover, VIeY,
A
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(), leY\Y=0
H(l)=
Flyuz (), leYNny=Y

Since VleY, H(D=F() < F(I) u Z’(1) and Z’(1) < F(I) U Z’(1), the rest of the proof is obvious.
Distribution Rules

In this section, distribution of complementary soft binary piecewise lambda (1) operation over other 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 are examined in detail and many interesting results are obtained.

Distribution of complementary soft binary piecewise lambda (A) operation over extended

soft set operations:

i) Left-distribution of complementary soft binary piecewise lambda (1) operation over extended

soft set operations

* * *
1) (F,Y) ~[(Z L) ng(H,R)=[(F,Y)~ (Z L)] G[(HR) ~(FY)],whereYNL'NnR =0
A A +

Proof. Let’s first handle the left hand side of the equality and let (Z,L) n¢( (H,R)=(M,LUR) where
VIeLUR;

Loz, leL\R
M(I)= | H(), leR\L

Z() NH(I), 1eLNR

%
Assume that (F,Y) ~ ( M,LUR)=(N,Y), where VIeY;
A
F’(1), leY\ (LUR)
N(D)=
FOuM’(l), 1eYN(LUR)
Hence
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T F(D), leY\ (LUR) =YNL’NR’
N()= | F(l)uz(), leYN(L\R)= YNLNR’
1 Foyur), leYN(R\L)= YNL’NR
F)u [z’ () uH ()], leYNLNR=YNLNR

* *
Now let’s handle the right hand side of the equality [(F,Y)~ (Z,L)] T[(H,R) ~ (F,Y)]. Assume that
A +
*
(F,Y)~ (Z,L)=(V,Y), where VIeY;
A

F’(1), le Y\L
V()=

F() u Z° (D), le YNL

%
Let (HR) ~ (F,Y)=(W,Y), where VIeR;
+

H’(1), leR\Y
W(l)=

H’(1) U F(I), leRNY
Let (V,Y)U (W,R)=(T,Y), where VIeY;

V(), leY\R
T= [V uW(), leYNR
Thus,

E (), le(Y\L)\R=YNL’NR’

F(l) u 2°(D), le(YNL)\R=YNLNR’

F’(1) UH’(1), le (Y\L)N(R\Y)=0
TM=| PO u [H ) UFD)], le(Y\L)N(RNY)=YNL’NR

[F()u zZ’ ()] ulr’(D), le(YNL)N(R\Y)=0

[FOuz®m] u [H1) UFD], eYNL)NRNY)=YNLNR
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It is seen that (N,Y)=(T,Y).

* * ES

2) (F,Y) ~ [(Z, L) Us(H,R)=[(F.Y) ~ (Z,L)] A[(H,R) ~(F.Y)], whereYnL'NnR =@
A A +
* * *x

3) (FY)~ [(ZLAMHR)] = [(FY)~ (ZL)] A [(HR) ~ (F,Y)], where YNL’NR=0.
A A U
* * *x

HFEY)~ [ZL\HR] = [(FY)~ ZL)] U [(HR) ~ (FY)] where YNL’NR =0.
A A U

ii) Right-distribution of complementary soft binary piecewise lambda (A) operation over extended

soft set operations

ES ES ES
1) [(FY)u: (ZL)] ~HR)= [(FY)~(H,R)] U, [(ZL) ~(HR)], where YNLNR’=@.
A A A
£ 3 ES £3
Moreover, [(F,Y)u. (Z,L)] ~(H,R)= [(F,Y)~H,R)] n. [(ZL) ~(H,R)], where YNLNR=0.
A A A

Proof. Let’s first handle the left hand side of the equality and let (F,Y)U¢(Z,L)=(M,YUL), where
vieYUL;

F(), leY\L
M) = = Z(l), leL\Y

F(huz(l), leynL

*
Suppose that (M,YUL) ~ (H,R)=(N,YUL), where VleYUL,;
A
M(D), le(YUL) \R
N(l)=
M) U H’(1),  1e(YUL)NR
Thus,
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N()= |

(1),
YA
F°(1) NZ(),
F(l) u H*(1),

Z(l) u H°(),

[ F() uz()] U H’(1),

le(Y\L)\R=YNL’NR’
le(L\Y)\R=Y’NLNR’

le(YNL)\R=YNLNR’
le(Y\L)NR=YNL’NR

le(L\Y)NR=Y’NLNR
le(YNL)NR=YNLNR

%

Now let’s handle the right hand side of the equality: [(F,Y) ~

*
(F,Y)~ (H,R)=(V,Y), where VIeY;
A
E (),
V(=
F(I) u H’(1),
*
Let (ZL) ~
A
(1),
W(l)=
Z(h v H (D),

le Y\R

le YNR

(H,R)=(W,L), where VIeL;

leL\R

leLNR

A

Assume that (V,Y)U, (W,L)=(T, YUL), where VleYUL,;

T()= -

V().

w(),

Hence,

V(1) uW(I),

leY\L

leL\Y

leYNL
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T, le(Y\R)\L=YNL’NR’
F(I) U H(1), le(YNR)\L=YNL’NR
Z’(D), le(L\R)\Y=Y’NLNR’
Z() U H (1), le(LNR)\Y=Y’NLNR
T()=" F Q) uz’(1), 1e(Y\R)N(L\R)=YNLNR’
F’Ayu [z() uH(1)] le(Y\R)N(LNR)=0
[F() u H’()] vz’ (), le(YNR)N(L\R)=0
C[FOuE@®] v [ZOuE O], 1e(YNR)NLNR)=YNLNR

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

* £ *x
[(F,Y)U: (ZL)] ~(H,R)= [(FY)~(HR)] n. [(ZL) ~(H,R)], where YNLNR=@ can be shown
A A A

similarly.
% % %

2) [F.Y)n: (ZL)] ~(HR)= [(FY)~(H,R)] n. [(ZL) ~(H,R)], where YNLNR’=0.
A A A

* * *
Moreover, [(F,Y)n, (Z,L)] ~(H,R)= [(F,Y)~(H,R)] U, [(ZL) ~(H,R)], where YNLNR=0 .
A A A

* & &
3) [(F,Y)\: (ZL)] ~ (HR)= [(F,Y)~ (HR)] n. [(ZL) ~ (H,R)], where YNLNR’=Y’NLNR=@.
A A *

* % %
4) [(F,Y)Ae (ZL)] ~ (HR)=[(F,Y)~ (HR)] U: [(ZL) ~ (HR)], where YNLNR’=Y’NLNR =0.
A A %
Distribution of complementary soft binary piecewise lambda (A) operation over

complementary extended soft set operations:
i) Left-distribution of complementary soft binary piecewise lambda (A) operation over
complementary extended soft set operations

sk £ 3 £3
1) (F,Y)~ [(zZL) >g(H,R)] = [(F,Y)~ (zZL)] T [(HR) ~ (F,Y)], whereYNL’NR=@
A & U U
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%
Proof. Let’s first handle the left hand side of the equality. Assume (Z,L) 0 (H,R)=(M,LUR), so
€

VIELUR,
WAL leL\R
M) = | H(), leR\L
Z’(h)NH’(1), leLNR
*
Let (F,Y)~ (M,LUR)=(N,Y), then VleY,
A
F (1), leY\(LUR)
N()=
F(huM’(l), 1eYN(LUR)
Hence,
TP, leY\ (LUR) =YNL’NR’
F(I) uz(l), leYN(L\R)= YNLNR’
N()=— F(l) UH(l), leYN(R\L)= YNL’NR
F()u [(z(I) uH®D], leYNLNR=YNLNR
- * * *
Now let’s handle the right hand side of the equality [(F,Y)~ (Z,L)] U [(H,R) ~ (F,Y)]. Let (F,Y)~
U U U

(Z,L)=(V,Y), so VleY,

F’(1), leY\L
V()=
F(huz(l), leYNL
*
Let (H,R) ~ (F,Y)=(W,R), hence VIeR,
v
H’(D), leY\R
W(l)=
H(I) UF(1), leRNY

Assume that (V,Y)U(W,R)=(T,Y), hence VleY,
T()= | vQ), leY\R

V) uw(l),  leYNR
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Hence,
TF(D), 1le(Y\L)\R=YNL’NR’
F(1) u Z(1), le(YNL)\R=YNLNR’
F>(1)UH’(1), 1le(Y\L)N(R\Y)=0
T(h)=— F(Hu [H(I) uFQ)], le(Y\AL)N(RNY)=YNL’NR
[F@I) u z()] uH (), le(YNL)N(R\Y)=¢
[F)uz(M] u [H{) UFD], le(YNL)NRNY)=YNLNR

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

* * *k

2)(F,Y)~ [(ZL) **(H,R)] = [(F,Y)~ ZL)] A [(HR) ~ (F,Y)], whereYNL’NR=0
A & U U]
* % * ES

3) (F,Y)~ [(zL) N HR)] = [(F,Y)~ (ZzL] A [(HR) ~ (F,Y)], where YNL’NR=0.
A & U +
£ 3 " £ &

4) (F,Y)~ [(ZL) v HR)] = [(FY)~ zZL)] T [(HR) ~ (F,Y)], where YNL’NR=0.
A & U +

ii) Right-distribution of complementary soft binary piecewise lambda (A) operation over
complementary extended soft set operations
%

DIEY) T @D] ~ HR)= [EY) 5 HR)] U, [ZL) 3 (HR)], where YALAR=0
; A

%
Proof. Let’s first handle the left hand side of the equality, let (F,Y) _ (Z,L)=(M,YUL), where VleYUL;
€

F(l), leY\L
M) =z, leL\Y
FOuz’ (1), leYnL
*

Let (M, YUL) ~ (H,R)=(N,YUL), where VleYUL;
A
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M’(D),
N(l)=
M(I) U H’(1),
Thus,
CF(),
Z(1),

N()= | F)NZ(),
F(1) u (D),

() U H(1),

ISSN: 2536-4383

le(YUL)\R

le(YUL)NR

[EMuze® Ju H D),

le( Y\L)\R=YNL’NR’
le(L\Y)\R=Y’NLNR’
le(YNL)\R=YNLNR’
le(Y\L)NR=YNL’NR
le(L\Y)NR=Y’NLNR

le(YNL)NR=YNLNR

Now let’s handle the right hand side of the equality: [(F,Y) & (HR)] U [(Z.L) 4 (H.R)]. Assume

that (F,Y) & (H,R)=(V,Y), where VleY;

F(0),
V()=
Fd) v H D),

leY\R

leYNR

Let (ZL) 5 (H.R)=(W,L), where VleL;

leL\R

leLNR

Assume that (V,Y)U, (W,L)=(T,YUL), where VleYUL;

Z(I),

W(l)=
() U H(),
V(),

T(H= 7 w(),
V(I)uw(l),

Thus,

leY\L

leL\Y

leYNL
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(), le(Y\R)\L=YNL’NR’
F’(1) U H*(1), le(YNR)\L=YNL’NR

Z(), le(L\R\Y=Y NLNR’

Z’() u B (D), le(LNR\Y=Y’NLNR

T(h= < F(uz(), le(Y\R)N(L\R)=YNLNR’

F()u [z’(yu H ()], le(Y\R)N(LNR)=0

[ E°(1) UH’ ()] uz(l), le(YNR)N(L\R)=@

[P UH D] u [Z20)uH ()], le(YNR)N(LNR)=YNLNR

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

*
2) [(F,\():;< zL)] ~ (HR)= [FY), (HR)] n, [(ZL) 4 (HR)], where YNLNR'=0
; A

¥

3) [(F,Y)? (ZL] ~ (HR)= [(FY) ¢ (HR)] n, [ZL); (HR)], where YNLNR’= Y’NLNR =¢
e A
% * ~ ~
HIFY) . @V] ~ HR=[FY) 4 HR)] Ue [ZL), (HR)], where YALNR’= Y’NLNR =.
e A

Distribution of complementary soft binary piecewise lambda (A) operation over soft

binary piecewise operations:

i) Left-distribution of complementary soft binary piecewise lambda (A) operation over soft binary

piecewise operations
The followings are held when YNL’NR =@ .
% % *

1) F,Y)~ [(ZL)THR)] = [(FY)~ (zL)] A [(HR) ~(F,Y)].
A A +

Proof. Let’s first handle the left hand side of the equality, let (Z,L) U (H,R)=(M,L), where VI€L;

z(), leL\R
M(l)=
Z(HUH(D),  leLNR
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*
Let (F,Y)~ (M,L)=(N,Y), where VIeY;
A
F’(1), leY\L
N(D)=
Fh)uM’(), leYNL
Thus,
TF(), leY\L
N()= _J F(l)u 2z, leYN(L\R)= YNLNR’

F)u[Z) NnH 1] leYNLNR=YNLNR

*

ISSN: 2536-4383

* *

Now let’s handle the right hand side of the equality: [(F,Y)~(Z,L)] & [(H,R)~(F,Y)]. Let (F,Y)~

A
(Z,L)=(V,Y), where VIeY;

F(1), leY\L
V()=
Fl)uz'(), leYNL
%
Let (H,R) ~(F,Y)=(W,R), where VIeR;
+
H (1), leR\Y
W(l)=

HOUF(), leRNY
Suppose (V,Y)N (W,R)=(T,Y), where VIeY;

V(l), leY\R
T()=
V() NW(1), leYNR

Therefore,
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Sezgin and Yavuz

), 1e(Y\)R =YNL'NR’
Fi)yu Z°(), le(YNL)R= YNLNR’
B (1) NH’(1), 1e(Y\L)N(R\Y)=0

T()= |FQ) N[0 U F 1], le(Y\L)N(RNY)= YNL’NR

[F() U Z°(1)] NE’(1), le(YNL)N(R\Y)=0

[F(I) U Z° ()] N [H(1) U F()], le(YNL)NRNY)=YNLNR

Here let’s handle leY\L in the first equation of the first line. Since Y\L= YNL’, if 1€L’, then leR\L or
le(LUR)’. Hence, if IeY\L, then leYNL’NR’ or leYNL’NR. Thus, it is seen that (N,Y)=(T,Y).

* £ *k
2)FY)~ [(ZLAMHR)I = [(FY)~ (zZL)] T [(HR) ~ (FY)].
A A +
* & &

3) F.Y)~ [(ZL\(H.R] = [FY)~ zZL)] T [(HR) ~ (FY)].
A A U
%) %k %k
4HFY)~ [ZLAXHR]I = [(FY)~ (ZL] A [(HR) ~ (F,Y)].
A A U

ii)Right-distribution of complementary soft binary piecewise lambda (A) operation over soft
binary piecewise operations
% %

1) [(F,A)N (ZL)] ~ (HR)= [(FY)~ (HR)] A
A A

*
[(zL) ~ (HR)]
A

Proof. Let’s first handle the left hand side of the equality. Suppose (F,Y)n (Z,L)=(M,Y), where VIeY,

F(I), leY\L
M(l)=
F(HNZ(), leYNL
*
Let (M,Y)~ (H,R)=(N,Y), where VIeY,
A
M’(D), leY\R
N()=
M(l) u H(1), leYNR
Thus,
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P, le(Y\L)R =YNL’NR’
Fuz’(l), le(YNL)\R= YNLNR’
N(l)="| F()uH (1), le(Y\L)NR= YNL’NR

[FHNZM]uH’(1),  1le(YNL)NR=YNLNR

*

A

ISSN: 2536-4383

*
Now let’s handle the right hand side of the equality: [(F,Y)~ (H,R)] A [(Z,L) ~ (H,R)]. Let
A
*
(F.Y)~ (H,R)=(V,Y), where VIeY;
A
F(), leY\R
V()=
F() U H*(1), leYNR
*
Let (Z,L) ~ (H,R)=(W,L), where VIeL,;
A
Z°(1), leL\R
W(l)=
Z() U H (1), leLNR
Suppose that (V,Y)N (W,L)=(T,Y), where VIeY;
V(l), leY\L
T(l)=
V(IHNW(1), leYNL
Hence,
TP, le (Y\R)\L=YNL’NR’
F(I) u H(), le(YNR)\L=YNL’NR
F()NZ(1), 1e(Y\R)N(L\R)=YNLNR’
TH=" FPON [Z()u )], 1e(Y\R)N(LNR)=0
[F() uH (D] NZ°(), le(YNR)N(L\R)=@
[FOuBM] N [ZHhuB @], 1le(YNR)N(LNR)=YNLNR
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It is seen that (N,Y)=(T,Y).

* * *

2) ((F,AT(@ZL)] ~HR=L(FY)~ (HR)] U [(ZL)~ (HR)]
A A A
* * *

3) [(F, AAZL)] ~ (HR)= [(F,Y)~ HR)] T [(zZL) ~ (HR)]
A A *
* * *

4) [F, A\ZL)] ~ HR)= [FY)~ HR)] A [(ZL) ~ (HR)]
A A *

Distribution of complementary soft binary piecewise lambda (A) operation over

complementary soft binary piecewise operations:

i) Left-distribution of complementarysoft binary piecewise lambda (A) operation over

complementary soft binary piecewise operations

The followings are held where YNL’NR =0@.

% % % %
1) FY)~ [(ZL) ~ (HR)] = [(F,Y)~ (ZL)] & [(HR) ~ (F.Y)].
A * V] U
%
Proof. Let’s first handle the left hand side of the equality, let (Z,L) ~ (H,R)=(M,L), where VeeL,;
%
Z(), leL\R
M(l)=
Z’(HUH’(),  1eLNR
*
Let (F,Y)~ (M,L)=(N,Y), where VIeY;
A
F(1), leY\L
N(l)=
F(I) uM’(l), leYNL
Therefore,
F(1), leY\L
N()=— F(I) uz(), leYN(L\R)= YNLNR’

F(1) U [(Z(I) "H()], 1eYNLN R= YNLNR
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% %
Now let’s handle the right hand side of the equality: [(F,Y)~ (zZ,L)] A [(H,R)~ (F,Y)] Let
U u
%
(F,Y)~ (Z,L)=(V,Y), where VIeY;
U
F (), leY\L
V()=
F(I) uz(l), leYNL
%
Suppose that (H,R) ~ (F,Y)=(W,R), where VIeR;
U
H(1), le R\Y
W(l)=
H(l) UF(l), leRNY
Let (V,Y)N(W,R)=(T,Y), where VIeY;
V(l), leY\R
T()=
V(1) NW(D), leYNR
Hence,
TR, le(Y\L)\R =YNL’NR’
F(l) uz(I), le(YNL)\R= YNLNR’
F’(1) NH’(1), 1e(Y\L)N(R\Y)=0
T)=] FA) N [HQ) uF@D], le(Y\L)N(RNY)= YNL’NR
[F() uz(h] NH’ (1), le(YNL)N(R\Y)=0
() uz()] N [H() UFD)], le (YNL)N(RNY)=YNLNR

Take care that since Y\L= YNL’, if leL’, then 1€eR\L or le(LUR)’. Hence, if 1eY\L, leYNL’NR’ or
leYNL’NR. Thus, it is seen that (N,Y)=(T,Y).
* * * *

2) (FY)~ [(ZL) ~ HR)] = [(FY)~ ZL] T [(HR) ~ (FY)]
A 0 U U
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* * * *

3) (F,Y)~ [(ZL) ~H,R)] = [(F,Y)~ (zL)] T [(HR) ~ (F,Y)]
A Y U +
* * * *

4) (FY)~ [(zL) ~ HR)] = [(FY)~ (zL)] A [(HR) ~ (F,Y)]
A + U +

ii) Right-distribution of complementary soft binary piecewise lambda (A) operation over

complementary soft binary piecewise operations

The followings are held when YNLNR' =@.

% %
) [F.A) ~ ZLD] ~HR)= [FY)g HR] A [ZL) 4 (HR).
0 A
%
Proof. Let’s first handle the left hand side of the equality, let (F,Y) ~ (Z,L)=(M,Y), where VIeY ,
0
F(D), leY\L
M(l)=
F*(HNZ’(D), leYNL
%
Let (M,Y) ~ (H,R)=(N,Y), where leY,
A
M’(D), leY\R
N()=
M(l) U H’(1), leYNR
Hence,
TR, le(Y\L)\R =YNL’NR’
N(D= F(huz(l) le(YNL)\R=YNLNR’
] F’(1) U H’'(1) le(Y\L) NL= YNL’NR
[FPONZ’ (D] U H (1) 1e(YNL)NR=YNLNR

Now let’s handle the right hand side of the equality: [(F,Y), (HR)] A [(ZL) 4 (H.R)]. Let
(FY) 5 (HR)=(V.Y), where vleY;

F() leY\R
V()=
F(l) U H'(l), leYNR
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Assume that (Z,L) ; (H,R)=(W,L), where VleL,;

Z(I), leL\R
W(l)=
ZO)UH(D),  leLNR

Let (V,Y)N (W,L)=(T,Y), where VleY;

v(l) leY\L
T()=
VIHNW(1) leYNL
Therefore,
RO, le (Y\R\L=YNL’NR’
F(1) U H’()), le(YNR)\L=YNL’NR
T()= | F)NZ(), 1e(Y\R)N(L\R)=YNLNR’
= FHN[Z’() u B’ ()], 1e(Y\R)N(LNR)=0
[F°)uH D] NZ®), le(YNR)N(L\R)=0
(PO UHE®D] N [2°0) uH®O)], le(YNR)N(LNR)=YNLNR

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

C

~

.l

[(@ZL)  (HR)]

[(ZL) ) (HR)]

ES *
2 [F A ~ ZL] ~HR)= [(FY) g (HR)] T [(ZL) & HR]
* A
% * -
I[(F.A) ~ ZL)] ~ HR)= [(FY) 4 (HR)]
+ A
* £'3 -
HLF.A) ~ ZD] ~ HR)= [FY) 4 HR)]
Y A

ISSN: 2536-4383

Distribution of complementary soft binary piecewise lambda (A) operation over restricted

soft set operations:

The followings are held when YNLNR =@.
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£ *k *k
1) (F,Y)~ [(ZL)ng(H,R)] = [(F,Y)~ (ZL)] ng [(F.Y)~ (HR)].
A % %

Proof. Let’s first handle the left hand side of the equality, suppose (Z,L) Ng(H,R)=(M,LNR) and so

*
vIeLNR, M(1)=Z(1) NH(l). Let (F,Y) ~ (M,LNR)=(N,Y), so VIeY,
A

(), leY\(LNR)

N()= _
Fl)uM’ (1), 1eYN(LNR)

Thus,
F(), leY\(LNR)
N(I)=

FI) v [Z()uH (D], leYN(LNR)

* *
Now let’s handle the right hand side of the equality: [(F,Y)~ (Z,L)] ng [(F,Y)~ (H,R)], Let
* *
*
(F.Y)~ (ZL)=(V,Y), and VIeY ,
*

(), le Y\L

V(l)= —
F () uz’(l), le YNL

- %
Let (F,Y)~ (H,R)=(W,Y)and VIeY,
*

—

(), le Y\R
w(l)= _
F*(1) UH’(), leYNR

Assume that (V,Y)Ng (W,Y)=(T,Y), so VIeT(l) =V(I) U W(l),

129



Sezgin and Yavuz Sinop Uni J Nat Sci 8(2): 101-133 (2023)
ISSN: 2536-4383

PO N P, le( Y\L)N(Y\R)
T)= | PN [FQ) uH D), le(Y\L)N(YNR)

| LF () uz’ ()] NE ), le(YNL)N(Y\R)

L uz’(y] n [P uR’ D], le(YNL)N(YNR)

Thus,
P, le YNL’NR’
TM=| F@), leYNL’NR
] F (1), leYNLNR’
PO uzm] n [PQUE@D],  leYNLAR

Considering the parameter set of the first equation of the first row, that is, Y\(LNR); since Y\(LNR)
=YN(LNR)', an element in (LNR)"' may be in L\R, in R\L or (LUR). Then, Y\(LNR) is equivalent to the
following 3 states: YN(LNR"), YN(L'NR) and YN(L'NR"). Hence, (N,Y)=(T,Y).

£ 3 ES *k

2) (F’Y)~ |:(Z!I—) UR(H’R): [(F,Y)~ (Z’L)] nR [(F,Y)N (H,R)]
A * *
£ 3 ES %

3) (F,Y)~ [(ZL)6g (HR)] =(F,Y)~ (zL)] ug L(FY)~ (HR)].
A ' Y
£ 3 ES X

4) (FY)~ [(ZL) *xHR)] = [(FY)~ (ZL)] ng L(FY)~ (HR)].
A + +
S %k ES

5 (F.Y)~ [ZL)yr(HR)] = [(FY)~ (ZL)] ng [(FY)~ (HR)I.
A * +
* k S

6) (F,Y)~ [(ZL)Ax(HR)] =[(F.Y)~ (z,L)] u [(F.Y)~ (HR)].
A 0 '
*k % Xk

NIFY)~ [(ZL)\r HRI=[FY)~ (ZL)] nr [(FY)~ (HR)].
A y 0
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k ES ES
8) (F.Y)~ [(ZL)+r(HR)] =[(F.Y)~ (ZL)] ng [(FY)~ (HR)].
A + *
Conclusion

In this paper, we have contributed to the soft set literature by defining a new kind of soft set operation
which we call complementary soft binary piecewise lambda operation. The basic algebraic properties of
the operations have been investigated. Moreover by examining the distribution rules, we have obtained
the relationships between this new soft set operation and other types of soft set operations such 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 defining some new
decision making methods by using this new operation and algebraic structures of soft sets can be handled

again with the help o this new operation.
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