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Soft set theory, introduced by Molodtsov, is as an important mathematical tool to deal with uncertainty and

it has been applied to many fields both as theoretical and application aspects. Since 1999, different kinds of
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soft set operations has been defined and used in various types. In this paper, we define a new kind of soft set
operation called, complementary soft binary piecewise plus operation and investigate its basic algebraic
properties. Moreover, by examining the distribution rules, we contribute to the soft set literature by obtaining

the relationships between this new soft set operation and some other types of soft set operations such as soft
restrcited, extended, soft binary piecewise, and complementary soft binary piecewise operations. As
proposing new soft set operations and obtaining their algebraic properties and implementations opens up
new avenues for handling parametric data challenges in terms of decision-making methods and new
cryptography approaches, and analyzing the algebraic structure of soft sets from the standpoint of new soft
set operations offers a thorough understanding of the algebraic structure of soft sets, this paper can be
regarded as both theoretical and application study.

KEYWORDS

Soft sets, Soft Set Operations, Conditional Complements

1. INTRODUCTION

There are three well-known basic theories that we can consider as a
mathematical tool to deal with uncertainties in the problems of many
fields such as economics, environmental and health sciences, engineering,
which prevents us from using classical methods to solve the problems
successfully. These well-known theories are Probability Theory, Fuzzy Set
Theory and Interval Mathematics. But since all these theories have their
own shortcomings, Molodtsov (1999) introduced Soft Set Theory as a
mathematical tool to overcome these uncertainties. Since then, this theory
was applied to many fields including information systems, decision
making (Yang and Yao, 2020; Petchimuthu et al., 2020; Zorlutuna, 2021),
optimization theory, game theory, operations research, measurement
theory, soft equality relation (Alshami and Mohammed, 2020; Ali et al.,
2022) and so on. Studies on fuzzy modeling such as Linear Diophantine
Fuzzy Sets (Riaz and Hashimi, 2019; Ayub et al.,2021), Linear Diophantine
Fuzzy aggregation operators (Riaz et al, 2023), Spherical Linear
Diophantine Fuzzy Sets (Riaz et al.,, 2021) etc. are also some top recent
topics as novel mathematical approachs to model vagueness and
uncertainty in decision-making problems. First contributions as regards
soft set operations were made by Maji et al., 2003 and Pei and Miao, 2005.
After then, Ali et al. (2009) introduced and examined several soft set
operations such as restricted and extended soft set operations. Sezgin and
Atagiin (2011) discussed the basic properties of soft set operations and
illustrated all the interconnections of soft set operations with each others.
They also defined the notion of restricted symmetric difference of soft sets
and investigate its properties. Sezgin et al. (2019) defined new soft set
operation called extended difference of soft sets and Stojanovic (2021)
introduced extended symmetric difference of soft sets and investigated its
properties. When the studies are examined, we see that the operations in
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soft set theory proceed under two main headings, as restricted soft set
operations and extended soft set operations.

Cagman (2021) proposed inclusive complement and exclusive
complement and explored the relationships between them. By the
inspiration of this study, some new complements of sets were defined by
Sezgin et al. (2023c). They also transferred these complements to soft set
theory, and Aybek (2024) defined some new restricted soft set operations
and extended soft set operations. Demirci, 2024; Sarialioglu, 2024;
Akbulut, 2024 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 by Eren and Calisict (2019) and by
being inspired this study Yavuz (2024) defined some new soft set
opeations, which they call soft binary piecewise operations and they
studied their basic properties in detail, too. Also, Sezgin and Sarialioglu,
2023; Sezgin and Demirci, 2023; Sezgin and Yavuz, 2023; Sezgin and
Aybek, 2023; Sezgin et al. 20234, Sezgin et al. 2023b 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 aim of this study is to contribute to the literature of soft set theory by
describing a new soft set operation which we call “complementary soft
binary piecewise plus operation”. For this purpose, definiton of the
operation and its example are given, the algebraic properties, such as
closure, associativity, unit and inverse element and abelian property of
this new operation are examined in detail. Especially it is aimed to
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contribute to the soft set literature by obtaining the distributions of the
complementary soft binary piecewise plus operation over as extended and
soft binary piecewise intersection and union, complementary extended
and complementary soft binary piecewise theta and star and restricted
intersection, restricted union, restricted theta and restricted star.

2. PRELIMINARIES
In this section, some basic concepts as regard soft set theory are given.

Definition 2.1. Let U be the universal set, E be the parameter set, P(U) be
the power setof Uand L € E. A pair (X, L) is called a soft set over U where
X is a set-valued function such that X: L. - P(U). (Molodtsov, 1999)

Throughout this paper, the set of all the soft sets over U 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 parameter set A. Clearly S, (U) is a subset of Sg(U).

Definition 2.2. (X, L) is called a relative null soft set (with respect to the
parameter set L), denoted by @, if D(6) = @ forall 56€U and (D, U) is called
a relative whole soft set (with respect to the parameter set U), denoted by
Uy if D(6) = U for all 6€U. The relative whole soft set Ug with respect to
the universe set of parameters E is called the absolute soft set over U. We
shall denote by @4 the unique soft set over U with an empty parameter set,
which is called the empty soft set over U. Note that by @, and by @, are
different soft sets over U (Ali et.al,, 2009).

Definition 2.3. For two soft sets (X,L) and (G, U), we say that (X,L) isa
soft subset of (G,U) and it is denoted by (X,L) € (G,U), if L& U and
X(6) € G(06), V6 € L. Two soft sets (X, L) and (G, U) are said to be soft equal
if (X, L) is a soft subset of (G, U) and (G, U) is a soft subset of (X, L) (Pei and
Miao, 2005).

Definition 2.4. The relative complement of a soft set (X, L), denoted by
(X,L)", is defined by (X,L)" = (X",L), where X": L - P(U) is a mapping
given by (X,L)" = U —X(06) for all 6 € L (Ali et.al, 2009). From now on,
U — X(6)=[X(6)]" will be designated by X'(t) for the sake of designation.

Cagman (2021) defined two conditional complements of sets as a new
concept of set theory, that is, inclusive complement and exclusive
complement. For the ease of illustration, we show these complements as +
and 6, respectively. These complements are binary operations and are
defined as follows: Let P and R be two subsets of U. R-inclusive
complement of P is defined by, P+R=P'UR and J-Exlusive complement of P
is defined by P6 R = P'NR’. Here, U refers to a universe, P’ is the
complement of P over U. For more information, we refer to Cagman
(2021).

Sezgin et al. (2023c) examined the relations between these two
complements in detail and they also introduced such new three
complements as binary operations of sets as follows: Let P and R be two
subsets of U. Then, P*R=P'UR’, PyR= P'NR, PAR=UUR’ (Sezgin et al,
2023c). Aybek (2023) conveyed these set operations to soft sets and they
defined some new 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 as follows: Let "V" be used to represent the set operations (i.e.,
here V can be N, U\, 4, +,6, * Ay), 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:

Definition 2.5. Let (X, L) and (G, U) be soft sets over U. The restricted V
operation of (X,L) and (G V) is the soft set
(Y,S), denoted by (X,L)Vx(G,U) = (Y,S), where S=LNU.# @ and V6 €
S, Y(t) =X(6) V G(6). Here note that if KN T = @, then (W,K)Ox(S,T) = @y
[17]. (Ali et. al., 2009; Sezgin and Atagiin, 2011; Aybek, 2023)

Definition 2.6. Let (X,L) and (G, U) be soft sets over U. The extended V
operation of (X,L) and (G V) is the soft set
(Y,S), denoted by (X, L)V.(G,U) = (Y,S), where S = LU U and V6 € S,

X(8), beL-D,
Y©6)={ G@»B), 6€U-L,
X(8) VG(8), 8€LNU.

(Maji et.al., 2003; Ali et. al, 2009; Sezgin et. al., 2019; Stojanovic, 2021;
Aybek, 2024)

Definition 2.7. Let (X,L) and (G,U)be soft sets over U. The
complementary extended V opetation of (X,L) and (G, U)is the soft set

*
(Y,S), denoted by (X, L) v (G,U) = (Y,S),whereS=LUUand V6 €S,
€

X'(6), 0EL-TU
Y(6) = G'(0), 0€EU —1L,
X(6) VG(6), 6 €ELNTU.
(Sarialioglu, 2024; Demirci, 2024; Akbulut, 2024)

Definition 2.8. Let (X,L) and (G, U) be soft sets over U. The soft binary
piecewise V operation of (X,L) and (GU)is the soft set

(Y,S), denoted by, (X, L); (G,0) = (Y,L), where V6€L,
X(8), SEL-U
Y(t)=

X(8) VG(8), 5eLNG

(Eren and Calisicy, 2019; Yavuz, 2024)

Definition 2.9. Let (X,L) and (G, U)be soft sets over U.The
complementary soft binary piecewise V operation of (X, L) and (G, U)is the
*

soft set (Y,L), denoted by, (X,L) ~ (G,U) = (Y, L), where V6€L;
v

X'(8), 6eL-U
Y(6)-

X(6) VG(6), 8eLN

(Sezgin and Sarialioglu, 2024; Sezgin and Demirci, 2023; Sezgin and
Aybek, 2023; Sezgin et al., 2023a, Sezgin et al.,, 2023b; Sezgin and Yavuz,
2023; Sezgin and Cagman, 2024)

3. COMPLEMENTARY SOFT BINARY PIECEWISE PLUS (+)
OPERATION AND ITS PROPERTIES

Definition 3.1. Let (X, L) and (G, U) be soft sets over U. The complemetary
soft binary piecewise plus (+) operation of (X, L) and (G, U) is the soft set
*

(H,L), denoted by, (X,L)~ (G,U) = (H,L), where VoeL,
+
X'(6), 6eL-U

H(6)=

X' (6)UG(5), 6eLNT

Example 3.2. Let E={e,,e;es,e,} be the parameter set L={e;, e;} and
P={e,, e; , 4} be the subsets of E and U={h,h;,h;h,h:} be the initial
universe set. Assume that (X,L) and (G,U) are the soft sets over U defined
as follows:

(X.L) ={(ey, {hz hs}), (e3,thyhzhs})}
(GU)={( ez{hy ,hyhs}), (es{hyhzh,}) (s {hs hs}) }

Let (X, L) ; (G,U)=(H,L). Then,

X'(6), 5eL-U
H(6)=

X'(6) UG(6), 6eLNT

Since L={e,, e5} and L-U={e,}, so H(e;) = X'(e;)={h; ,h3h,}. And since
LNU={e;} so H(e;)=X'(e3) UG(e3)={hs,h,}u{h,,hsh,}={h,, hyh,}. Thus,

*

(X, L) ~ (GU)={( ey, {hy )h3,h,), (e5,{hz, h3h, 1)}
+

3.1. Algebraic Properties

*
1) The set Sg(U) is closed under the operation ~. Thatis, when (X,L) and
+
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* *
(G,U) are two soft sets over U, thensois (X,.L) ~ (G,U). Proof: Let (X,L) ~ (G,U)=(T,L), where Vo€L;
+ +
* X, e e L U
Proof: It is clear that ~ is a binary operation in Sg(U). Hence, the set Sg(U) (6), 0L~
+ .
* T(6)=
is closed under the operation ~. The set Sa(U), where A is a fixed subset
+ X’(6) UG(5) . 5eLN0
*
of E, is closed under the operation ~, too. *
+ Let (T,L) ~ (H,C) =(M,L), where VoeL;
* * * * +
2) [X,L) ~ (GL)] ~ (HL) # (X,L) ~[(GL) ~(HL)]
+ + + + T°(6), vel-C
* Ly
Proof: Let (X,L) ~ (G,L)=(T,L), where Vo6€L; M(s)=
¥ T’(6) UH(6) , 8eLNC
X°(6), 6el-L=0
Thus,
T(5)=
X(a), de(L-U)-C=LNU"'NC’
X’(8) UG(8), 6eLNL=L
M(s)=- X(8) NG’(3), 6e(LNU)-C=LNTNC’
*
Let (T,L) ~ (H,L) =(M,L), where Vé€L; X*(6) UH(0), de(L-U)NC=LNV’NC
+
X(6) NG’(6)] UH(6), o=(LNT) NC=LNONC
- sl 10 [X(®) NG'(§)] UHE), 6<(LND)
N *
M(o)= Let (GU) ~ (H,C)=(K.U), where V6eU;
T'(6) UH(6) , seLNL=L *
G’(6), 6€0-C
Thus,
K(6)=
(&), seL-L—¢
G’(6) UH(d 6e0NC
M- (6) UH®),  ®
" Iy " " _- *
[F (6) NG*(8)]UH(8), 8LNL=L Let (X, L) ~ (KU) =(S,L), where VéeL;
* +
Let (G,L) : (H,L)=(R,L), where Vo€eL; X’(ﬁ), 6€L-0
G'(6), 6eL-L=0 S(8)=
R(5)- X'(6) UK(), 6eLNT
G’(6) UH(9) , 6elL.NL=L Thus,
* X(6 5eL-U
Let (X,L) ~ (R,L) =(N,L), where VoeL; (), oeL-
* S(6)= 4 X(8) UG’(6), 6eLN(V-C)=LNBNC’
OeL-L= (6) U [G'(6) UH(G)], e -
X(8) oeL-L=p X°(6) U [G'(6) UH LOGNC)=LABNC
N(6)=
Here let’s handle 6€L-U in the second equation of the first line. Since L-U=
X’ (6)UR(0) , geLNL=L LN, if 6€V’, then 6€C-U or 6€(UUC)". Hence, if 6€L-U, then §6eLNU'NC’ or
*
Thus 0eLNU’NC. Thus, it is seen that M#S. That is, the operation ~ is not
+
iati h .
X(6), SelI—p associative on the set Sg(U)
* *
N(s)= 4) (XL) ~ (GU)£(GV) ~ (XL).
+ +
X’(6) U [G(6)NH (6)] ,6eLNL=L %
) Proof: Let (X,L) ~ (GU)=(H,L) . Then, VoeL;
Itis seen that M#N. +
'l:khat is, for the soft sets whose parameter set are the same, the operation X’((’i) , 8el-0
; is not associative. Moreover, we have the following: H(é)=
* * * * X'(8) UG(8), 6eLNT

3) [X L) ~ (GU)] ~(HO) # (X L) ~[(GV) ~ (HO]

+ + + +
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*
Let (G,U) ~ (X,L) =(T,0). Then, V6€U;

+

G’(9), 6€0-L
T(6)=

G’(8) UX(6), 6e0NL

Here, while the parameter set of the soft set of the left hand side is L; the
parameter set of the soft set of the right hand side is U. Thus, by the
definition of soft equality

* *
X,L) ~ (GU)#(GU) ~(X,L).
+ +
*
Hence, the operation ~ is not commutative in the set Sg(U),.
+
*
5) X,L) ~(XL) =Uy.
+
*
Proof: Let (X,L) ~ (X,L) =(H,L) . Then, V6eL;
+

X’(6), seL-L =0
H(o)=
X’(8) UX(6) , 5eLNL =L

Here, V6€L, H(6)= X'(6) UX(6)=U, hence (H,L)= U,.

%
That is, the operation ~ does not have idempotency property on the set
+
Sg(U).
*
6) (X,L) ~ Uy=10,
+
*
Proof: Let U =(TL). Hence, VoeL, T(6)=U. Let (X,L) ~(T,L)=(H,L).
+
Hence, Vo6€eL;
X(8), 6eL-L =0

H(6)=
X'(8) UT(0), 6eLNL =L
Hence, VoeL H(6)=X'(6) UT(6)=X'(6) uU=U, so (H,L)= Uy.

Note that, for the soft sets whose parameter set is L, U, is the right-

*
absorbing element for the operation ~.
+
%
7) Uy ~ (XL) = (X L).
+
*
Proof: Let Up=(T,L). Hence, V6€L, T(6)=U. Let (T,L) ~ (X,L) =(H,L) , so
+
VoeL,
T°(6), gel-L =0
H(6)=
T'(6) UX(8), 6eLNL =L

Hence Vo6€eL, H(6)= T'(6) UX(6)= @ UX(6)=X(0), so (H,L)= (X,L).
Note that, for the soft sets whose parameter set is L, Uy, is the left-identity
*

element for the operation ~ .
+

*
8) (X.L)~ Ug=U,.
+

*
Proof: Let Ug =(T,E). Hence, Vo€E, T(6)=U. Let (X,L) ~ (T,E)=(H,L), then

+
VO€eL;

X(6), 8eL-E =0
H(s)=
X’(6) UT(6), 6eLNE=L
Since, X'(6) UT(6)= X'(6) uU=U,
X'(6), 6€L-E =0
H(6)=
U, 6eLNE=L

H(6)=U for all 6€L. Thus, (H,L)=U,.

%
9) Ug ~ (XL) = (X L).
+

%
Proof: Let Ug=(T,E) .Thus, Vo6€E, T(6)=U. Let (T,E)~ (X,L) =(H,E), so
+
VoeE,
T°(8), 6eE-L
H(s)=

T'(8) UX(3), SEENL

Hence,

o, 6eE-L=L’
H(6)=

X(6), 6eENL

Thus, VoeL, H(6)=X(0), so (H,L)= (X, L).

*
Note that, Ug is the left-identity element for the operation ~ in the set
+
Se(U).
*
10) (X,L) ~ o,=(X, L)".
+
%
Proof: Let®,=(S,L). Hence, V6€L; S(6)= @. Let (X,L) ~ (S,L)=(H,L). Then,
+
VoeL,
X(0), 6el-L =0
H(o)=
X(8) US(8), 6elLNL =L

Thus, V€L, H(6)= X'(8) US(8)= X'(8) UP=X'(6) . Hence (H,L)= (X, L)".

*
11) ¢, ~ (XL)= U
+
*
Proof: Let ®;=(S,L) . Hence, V6€L, S(6)=0. Let (S,L) ~ (X,L) =(H,L). Then,
+

VoO€eL,
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XOR oeL-L =¢
H(6)=
S'(6) UX(6),  6eLNL=L

Hence, VoeL H(6)= S’(6) UX(6)= UuUX(6)=U, so (H,L)=U;.

*
12) (X,L) ~ 0c=(X,L)".
+
*
Proof: Let @:=(S,C) . Hence, V6€C, S(6)=0. Let (X,L) ~ (S5,C)=(H,L). Thus,
+
VoeL
X(0), 6€L-C
H(o)=
X’(6) US(8), 6eL.NC
Hence,
X'(8), oel.-C
H(6)=
X'(6), 5eLNC
Thus, V6€L-C, H(6)=X'(6) and thus (H,L)= (X,L)".
*
13) B¢ ~ (XL) =U.
+
*
Proof: Let @:=(S,C) . Hence, V6€C, S(6)=0. Let (S,C) ~ (X,L) =(H,C) . Thus,
+
voeC
S°(6), 6eC-L
H(8)=
S'(6) UX(8),  6eCNL
Hence,
U, veC-L
H(6)=
U, 5eCNL
Thus, V6€C, H(6)= U and thus (H,L)= Uc.
*
14) (X,L) ~0=(X,L)".
+
*
Proof: Let @ =(S,E) . Hence Vo€E; S(6)=0. Let (X,L) ~ (S,E)=(H,L).Thus,
+
VoeL,
X(6), 6eL-E =0
H(s)=

X'(6) US(6),  6eLNE=L

Hence, VéeL H(8)= X' (8) US(6)= X'(8) UD= X'(6), so (H,L)= (X, L)".
*

15) @ ~(XL) = Uy
+

Proof: Let @z =(S,E) . Hence V6€E; S(6)=0. Let (S,E) j (X,.L) =(H,E) .
Thus, VO€E, *
- §(8). oeE-L=L"
H(s)= _‘
5°(6) UX(s). oeLMNE=L

Hence, V6€E, H(6)= S’(6) UX(6)= UU X(06) =U, so (H,L)= Ug.

*
16) (X,.L) ~ (X,L)=(X,L)
+
*
Proof: Let (X,L) r=(H,L), so Vo€L, H(6)=X'(8). Let (X,L )~ (H,L)=(T,L), so
+
VoO€eL,
X(8), seL-L =0
T(o)=

X'(6) UH(3), 5eLNL =L

Hence, VoeL, T(6)= X'(6) UH(6)= X'(6) UX'(6)=X(6), so (T,L)=(X,L) *

Note that, relative complement of a soft set is the right-absorbing element

*
of its own soft set for the operation ~ in the set Sg(U). Moreover, every soft
+ *
set is the left identity for its own complement under the operation ~ in the
+
set Sg(U).
*
17) (XL)r~ (XL) =(X,L).
+
*
Proof: Let (X,L) =(H,L). Hence V6€L, H(6)=X'(6). Let (H,L) ~ (X,L) =(T,L)
+
, S0 VOEL,
H’(0), gel-L =0
T(6)=

H'(6) UX(6), seLNL =L

Hence, V6€L, T(6)= H’(6) UX(6)= X(6) UX(6)=X(6), so (T,L)=(X,L) .

Note that, relative complement of a soft set is the left identity element of

its own soft set for the operation rin the set Sg(U).
. ~ +
18) [(X,L) ~(GU)]=(X,L) \ (GV).
* *
Proof: Let (X,L) ~ (G,U)=(H,L). Then, VéeL,
+
X(6), 6eL-U
H(6)=
X(8) UG(s), LN
Let (H,L)"=(T,L), so V&eL,
X(8), eL-U
T(6)=
X(8) NG’(0), 6eLN0O

Thus, (T,L) =(X,L) \ (G,0).
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In classical theory, AUB=0 © A=0 and B = @. Now, we have the
following:

*
19) (X,L) ~(G,L)=0, ©(X,A) =U, and (GL)=0,.
+
*
Proof: Let (X,L) ~(G,L) = (T,L). Hence, V6€L,
+
X'(8), §eL-L=0

T(6)=

X’(8) UG(6), 6eLNL =L

Since (T,L)=@,, VO€L, T(6)= @. Hence, V€L, T(6)= X'(0) UG(0)=0e Vo €
L, X'(6)= 0 and G(6)= 0 & VoeL, X(6)=U and G(6)= @ <(X,L) = U, and
(G,L) = @;.

* *
20) ¢, € (X,L) ~(GV) and @p E(G,U) ~(XL).
+ +
* *
21) (X,L) ~(G,U) € U, and (GU) ~(X,L) € Uy
+ +
*
22) (X,L)r € (X,L) ~(G,U) however neither (G,U)" nor (G,U) needs not

+
*

to be a soft subset of (X,L) ~(G,0).
+

*
Proof: Let (X,L) ~(G,U)=(H,L). First of all, L€ L. Moreover, V6€L,
+

X’(a), 6eL-O
H(s)=

X(8) UG(0), 6eLNU
Since Vo€eL, X'(6) € X'(6) and V6€LNT, )3:(6) € X'(6) U G(6), hence Vo€L,

X’(8) € H(8). Therefore, (X,L)*E (X,L) ~(G,U) =(H,L).

+
* *
23) (X,L)r €(X,L) ~(G,L), moreover (GL) € (X,L) ~(GL)
+ +
*
Proof: Let (X,L) ~(G,L)=(H,L). First ofall, LS L. Moreover, Vo€L,
+
X(6), 6el-L=0
H(d)=
X*(8) UG(8), 6eLNL=L
*
Since VoeL, X'(6) € X'(6) UG(6)= H(8), hence (X,L) r € (X,L) ~(GL).
" +
Moreover, since V6€L, G(8) SX’'(6) UG(6), hence (GL)E (X, L) ~ (G,L).
+

4.. DISTRIBUTION RULES

In this section, distribution of complemetary soft binary piecewise plus
(4+) operation with complement over other soft set operations such as
extended and soft binary piecewise intersection and union,
complementary extended and complementary soft binary piecewise theta
and star and restricted intersection, union, theta and star are examined in
detail and many interesting results are obtained.

4.1 Distribution of Soft Binary Piecewise Plus (+) Operation With
Complement Over Extended Soft Set Operations:

* * *
1) (X,L) ~ [(G'U)nS(HIC)] = [(X,L) ~ (GIU)] Ue [(X,L) ~ (H,C)],
where LnU?\-C=® ’ ’

Proof: Let first handle the left hand side of the equality and let
(G,U)N¢(H,C)=(M,0UC), so YV6€UUC,

G(5), 5€0-C
M(5)= - H(), 6eC-0
G(6)NH(5), Be0NC
%
Let (X,L) ~ (M,UUC)=(N,L), VéeL,
+
[X0(8), HeL-(DUC)

NGO

| X'(5) UM(6), 5eLN(TUC)

[ %.(@n (a@uH@)T 2eTUQUC=TUQUC

%.(9) NH(2) eI U(C-Q)=TUQ.UC

o= | x.(2 naley e U(Q-C)=TUQUC.

| %.(o) 2er-(QNC) =TuQ.uUcC.
*
Now let’s handle the right hand side of the equality: [(X,L) ~ (G,U)] U, [
" +
(XL) ~ (HQ)].
+
*
Assume that (X,L) ~ (G,U)=(V,L), then for Vo€L,
+
X(0), 6eL-O
V(a)=
X*(6) UG(5), 6eLN0
*
Now let (F,A)~ (H,C)=(W,L). Then, V€L,
+
X(6), 6eL-C
W(s)y=
=X’(6) UH(0), geLNC

Assume that (V,L) U.(W,L)=(T,L), then V6€L,

V() GeL-1L.=0
T - W(6), seL-L=0
| V(8) UW(3), 6eLNL=L

X7 (6) UXT(6), 3e(L-U)N(L-C)

T(B)= — X'(8) U [X(8) UH(B)], Se(L-NNILNC)

[X°(6) UG(B)] UX(®), 6e(LNO)N(L-C)

[X’(6) UG(®)] U [X’(8) UH(®)], 6e(LND)NLNC)
Thus,

X*(0), seLNONC’
T(6)=— X’(6) UH(5), 6eLNT’NC

X’(8) UG(6), seLNONC’

[X°(6) UG(®)] N [X’(6) UH®®)], 6€LNTNC

It is seen that N=T.
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* * *
2) [X,L) n:(GU)] ~ (HO)= [(X,L) ~ (HO] v, [(GV) ~ (HO)]
+ + +

Proof: Let first handle the left hand side of the equality. Let (XL)
N¢(G,U)=(M,LUDU), then V6€LUD,

X(0), 6eL-O
M(s) = G(9), §e0-L
X(6)NG(6), 6eLNO
*
Let (M,LUT) ~ (H,C)=(N,LUD), so V6€LUT,
+
M’(8), 6€(LU0) -C
N(8)=
M’(6) UH(6), 6€(LUT)NC
Thus,
(X (5), 6e(L-0)-C=LN’NC’
G’(6), 6e(0-L)-C=L’'Nonc’
N(o)=— X'(6)UG’(6), 6e(LNU)-C=LNoNC’
X’(6) UH(8), 6g(L-U)NC=LNU’'NC
G’(6) UH(8), 6e(U-L)NC=L"NTNC
| [X°(8)UG(8) ] UH(), 6e(LNTY)NC=LNTNC
*
Now let’s handle the right hand side of the equality: (X,L) ~ (H,C)] U, [
* * *
(G,U) ~ (H,C). Assume that (X,L) ~ (H,C)=(V,L), so Vo€L,
+ +
X’(6), 8eL-C
V()=
X’(6) UH(D), 6elLNC
*
Let (G,U) ~ (H,C)=(W,U), then V04€U,
+
G'(6), 8€0-C
Wi(6)=
G’(6) UH(8), 8e0NC
Assume that (V,A) U, (W,0)=(T,LUD), then V6€LUU,
V(8), 6eL-U
T(8)= - W(5), 6€0-L
V(6)UW(5), 8eLN0
Hence,
M X(8), 6&(L-C)-U=LNU’NC’

X°(6) UH(6), 6€(LNC)-U=LNB’NC
G(), 6€(U-C)-L=L°NONC’
T(e)= - G(6) UH(5), 6€(UNC)-L=L"NTBNC
X'(6)UG(8), 6e(L-C)N(U-C)=LNTNC’
X(6) U [G’(6) UH(8)], 8e(L-C)NBNC)=H

[ X(6) UH(8)] UG’ (5), 8e(LNC)N(T-C)=0

| [X'(6) UH®) ] U [G'(6) UH©)],  8€(LNC)NBNC)-LNTNC

Itis seen that N=T..

* * *
3) XL) ~ [(GU) u, (HO)] = [XKL) ~ (GU)] u, [(XL) ~(HQ)]
where Lnl-;nc =Q. " "

Proof: Let first handle the left hand side of the equality. Let (G,0) U,
(H,C)=(M,0uC), so Y6eUUC,

G(0), 6e0-C
M(5) = 4 H(5), 6eC-0U
G(6) UH(8), 6€0NC
*
Assume that (X, L) ~ (M,0uC)=(N,L), so VO€L,
+
X(8), §eL-(DUC)
N(6)=
X’(6) UM(8), BeLN(DUC)
Thus,

j_ X (8). seL(DUC) =LNT'NC*
N@)= — X'(5) UG(S). seLN(0-C)= LNONC"
X(8) UH(5), 5eLN(C-U)=LNUNC

_ X3V [(Gs) UH(®)]. seLNUNC=LNONC

%
Now let’s handle the right hand side of the equality, thatis, [(X,L) ~ (GU)
* * +
1 n. [(X,L) ~ (H,0)]. Let (X,L) ~ (G,0)=(V,L), so V6€L,
+ +
X’(9), 6eL-0O
V(6)=
X'(6) UG(o) , 6eLNU
*
Let (X, L) ~ (H,C)=(W,L), so V6eL,
+
[X(6), 6€L-C
W(6)=-
| X’(8) UH(8), 6eLLNC

Assume that (V,L) U;(W,L)=(T,L). Hence, V6€L,

V(). SeL-L-¢
T(6)= - W(5), 6el-L=0
L V(8) UW(5), 6eLNL=L

So,
~ X(6) UX(6), 6e(L-U)N(L-C)
T(6)=— X(6)u [X(6) UH(8)]. 6e(L-U)NLNTV)

X°(8) UG(8)] UX’(5), 5e(LNT)N(L-C)

L [X°(6) UG(®)] U [X°(8) UH(8)], 6e(LNT)NILNC)
Hence

mX(), seLNT’NC’
T(6)- 4 X’(8) UH(5), SeLNT'NC

X'(6) UG(6), SeLNONC’

L[X(8) uG(8)] v [X'(6) UH(8)], 8eLNTNC

It is seen that N=T.
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* * *
4) [(X,L) U, (GD)] ~ (HO)= [X L) ~ (HOI n, [(GU)~ (HO)]
+ + +

Proof: Let first handle the left hand side of the equality and let (X,L)
N¢(G,0)=(M,LUD), so V6eLUU,

X(6), 6eL-U
M(6)=— G(), 6€U-L
X(6)UG(6), 6eLNT
*
Let (M,LUU) ~ (H,C)=(N,LUU), so V6eLUU,
+
M(6), 6e(LUT)-C
N(8)=
M’(6) UH(8), 6e(LUT)NC
[ xX(8), 6e(L-0)-C=LNT’NC’
G'(6), 8€(0-L)-C=L’NONC’

N@©B)=— X'(8) NG'(8), 6e(LNT)-C=LNTBNC’

X(6) UH(6), 6e(L-U)NC=LNT’NC

G’(5) UH(5), 5e(0-L)NC=L"NVNC

L[X(8) NG'(8) JUH(®S),  8€(LNT)NC=LNTBNC

Now let’s handle the right hand side of the equality: [(X, L) t HQ] n. [
* * +
(GU) ~ (HC). Let (X, L) ~ (H,C)=(V,L), so V5eL,
+ +
X'(5)., 5eL-C
V(6)=
X°(8) UH(6) , 6eLNC
*
Let (GU) ~ (H,C)=(W,0), so V6€U,
+
G'(8), 5E0-C
W)=
G'(6) UH(G),  6€0NC
Assume that (V,L) N, (W,U0)=(T,LUDU), so V6€LUT,
V(). 8eL-0
T(6)=— W(8), 6eU-L
L VENWE),  6eLNo
T X(6), 6e(L-C)-0=LNL’NC’
X°(6) UH(5), 5€(LNC)-O-LNT'NC
G(6)., 5&(0-C)-L-L°NBNC’

T(6)= < G'(6) UH(), 65(ONC)-L=L"NBNC

X(8)NG(6), 5e(L-C)N(O-C)=LNTBNC’
X'(8) N [G'(6) UH()], 6e(L-C)N(BNC)=0

[ X*(8) UHB)] NG(6), 8e(LNC)N(D-C)=p

L X@®UH@E) ] N [6'6) UHE)L, 8<(LNC)NDNC)=LNBNC

Itis seen that N=T.

4.2 Distribution of Soft Binary Piecewise Plus (+) Operation With

Complement Over Extended Soft Set Operations With Complement:

* " * *

1) XL ~ [(GU) 4 (HO] = [XL) ~ (GU)] v, [XL) ~ (HC)L
+ £ * *

where LNUNC=0

*
Proof: Let first handle the left hand side of the equality. Assume (G,U) 0
€
(H,C)=(M,0uC), so Y6€UUC,

G(6), 5€0-C
M(6) =< H'(6), 6eC-U
G’(6)NH(8), 6e0NC
*
Let (X,L) ~ (M,UUC)=(N,L), then VdeL,
+
X(6), 5€L-(BUC)
N(6)=
X'(8) UM(8),  6eLN(BUC)
Hence,
X(6), 6eL-(BUC) =LNT°NC’

N(8)= 4 X(8) UG(¢), 8eLN(U-C)= LNONC’

X’(6) UH'(8), 8eLN(C-U)=LNG'NC
X'(6)U [(G(&)NH(B)], 6eLNBNC=LNONC

*

Now let’s handle the right hand side of the equality: [(X,L) ~ (G,U)] U, [
*

£ 3 *
X L) ~ (H,C). Let (X, L) ~ (G,U)=(V.L), so VoeL,

X'(9),
V(o)=
X’(8) UG’(0),

0elL-0O

5eLNO

Let [X,L) (H,0)=(W,L), hence Vo6€L,
*
X'(6), 6eL-C
W(6)=
X’(6) UH’(0), , 6eLNC

Assume that (V,L) U;(W,L)=(T,L), hence V6€L,

V(), 6eL-L=0
T(6)= {W(ﬁ), 6eL-L=0
V(8) UW(), 8eLNL-L
Hence,
X(6) UX(8) 8(L-U)N(L-C)
T(6)=— X(6)uU [X(8) UH(8)], 6e(L-U)N(LND)
[X'(8) UG'(8)] UX’(6), Se(LNU)N(IL-C)
[(X'(6) UG (8)] U [X(B)UH(8)], 6€(LNV)N(LNC)
Thus,
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X'(6), seLNU’NC’ Itis seen that N=T.
Sy arsm 3 ¢ae L. N * % *
T(8)= 7 X(6) UH'(9), eLnvne 3) K1) ~ [(GU) 5 (HOJ= [(XD) ~ (G U, [KL) ~(HO).
X(8) UG’(8), 6eLNTNC’ + * *
[X(8) UG'(8)] U [X°(6) UH'(8)], seL.NUNC Proof: Let first handle the left hand side of the equality, assume (G,U) :
(H,C)=(M,0UC)
Itis seen that N=T. S0 V6eUUC,
*
2) (K1) o (GO ~ (HO)= [(XL) U(HOD U, [(GU) T (HO)) @) 6ev-C
) + M(©) =+ H(), 65C-U
Proof: Let first handle the left hand side of the equality, suppose (X, L) ; G’ (8)UH’(6), 6=0NC
(G,0)=(M,LUU), so Y6eLUT, *
Let (X,L) ~ (M,0UC)=(N,L) and V€L,
X(6), 6€eL-U et(.L) " (MOUC)=(NL) and Vo<
M(8)= 4 G’(8), 6€0-L X'(6), 6eL-(DUC)
X(6)NG'(6), 6eLNT N(&)=
" X'(8) UM(6),  6eLN(BUC)
Let (M,LUU) ~ (H,C)=(N,LUU), then V6€LUT,
+ Thus,
N(6)= { M’(6), 6e(LUD)-C X'(6), 6eL-(BUC) =LNT’NC’
M'(5) UH(8),  6e(LUT)NC N(8)= < X(8) UG'(8), SELN(D-C)= LNBNC’
Thus X'(6) UH’(6), 6eLN(C-U)= LNB'NC
_ X©u (G@EUI©)], 8eLNUNC=LNUNC
X(5), oe( L-U)-C=LNT’NC’ .
G(6), 6e(0-L)-C=L’NONC’ Now let’s handle the right hand side of the equality: [(X,L) ~ (G,0)] U,
*
N(8)=—) X(8)UG(0) , se(LNT)-C-LNTNC [(X,L) ~ (HC)].Let (X,L) ~ (GU)=(V,L), so VéeL,
X(8) UH(0), 8€(L-U)NC-LNG'NC * *
(5 5105
G(5) UH(6), 6e(U-L)NC=L"NTNC (©), oc
V(5)=
[X(6)UG(6)] UH(S),  6e(LNT)NC=LNTNC
- X'(6)UG'(8),  6eLNT
Now let’s handle the right hand side of the equality [(X,L) U (H,C)] u, [ "
(GU) T (H,0)] . Let (X,L) U(H,C)=(V,L) so 6€L, Let (X,L) ~ (H,C)=(W,L), so VoeL;
— *
X(8), BeL-C
. X(6), oeL-C
V(6)= L_X(o) UH(8), 6eL.NC W(o)-
Let (G,U0)T(H,C)=(W,U), so VoeL, X°(8) UH'(8), 5eLNC
" G(8), 6€0-C Assume that (V,L) U,(W,L)=(T,L) and V&€L,
W(s)- | G(6) UH(5), 5€0NC Vi) oeL-L=0
T(B)= < W(s) 8el-L=0
Assume that (V,L)U, (W,0)=(T,LUU) and V6€LUU,
V(5) UW(5) 8eLNL-L
V(5), HeL-T
TG — W(©), SEV-L Hence,
V(8)UW(5), 6eLNT X(8) UX'(0) 6&(L-O)N(L-C)
Thus, T(e)=< X'(6)U [X(6) UH’(8)], Se(L-G)NLNT)
(X(6) 6e(L-C)-O=LNBNC [X() UG’ (8)) UX(6), 8e(LNB)N(L-C)
X(6) UH(3), 8e(LNC)-U=LN’NC [X(6) UG’ (6)] U [X(6) UH(8)], o6<(LNTINLNC)
G(5), 6e(U-C)-L=L"NBNC’ Thus,
T(6)==< G(5) UH(&), §e(ONC)-L=L"NoNC X'(6), LN NC
X(6)UG(B), 8e(L-C)N(B-C)=LNBNC’ ) B . .
T)==< X'(6) UH(5), geLNu’NC
X(©)u [G(6) UH(5)] 6e(L-C)N(BNC)=p
X(6) UG(5), 5eLNONC?
X(8) UH(6)] UG(5), 6e(LNC)N(O-C)=0
[(X*(8) UG’ (6)] U [X’(6) UH(8)], seLNTNC
| [X(8) UH(s) ] u [G(8) UH(8)], 6€(LNC)N(BNC)=LNTNC
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Itis een that N=T.

sk
4) [(XL) : (GU)] ~ (HO)= [(XL)THO] n. [(GU)T(H,C)]
£ +

*
Proof: Let firsthandle the left hand side of the equality, assume (X,L)
€
(G,0)=(M,LUU) and V6€LUD,

X(6), 5eL-0
M(5) = = G'(6), 6e0-L
X'(6)UG(8), GELNT
*
Let (M,LUD) ~ (H,C)=(N,LUU) and VéeLUU,
+
M’(5), 5e(LUT) -C
N(6)=
M’(6) UH(8),  6e(LUD)NC
Thus,
(X(5), oe( L-U9)-C=LNT°NC’
G(5), 8€(0-L)-C=L'NoNC’

N(8)== X(6)NG(5), 3e(LNT)-C=LNTNC’

X(5) UH(8), 5e(L-0)NC=LNT’NC

G(6) UH(0), 6e(0-L)NC=L"NONC

[X(6)NG(B) ] UH(®), 5e(LNV)NC=LNTNC

Now let’s handle the right hand side of the equality: [(X,L) U (H,C)] n, [
(GU) T (H,0)]

Let (X,L) U (H,C)=(V,L) and VéeL,

X(0), 6eL-C
V(a){

X(6) UH(), 6eLNC
Let (G,U) U (H,C)=(W,) and V5€U,

G(0),
W(6)=
G(5) UH(5),

Assume that (V,L)n; (W,0)=(T,LUU) and V6€LUU,

6€0-C

6€0NC

6el-0O

4.3 Distribution of Soft Binary Piecewise Plus (+) Operation With
Complement Over Soft Binary Piecewise Operations:

% * %

1) (XL) ~ [(GU)AHC] = [(XL) ~ (GU)] A [(XL) ~ (H,C)] where
+ + +

LNUNC'=0

Proof: Let first handle the left hand side of the equality and let (G,U) A
(H,C)=(M,0), so V6eUU C,

G(6), 8et-C
M(5)=
G(6)NH(B), 6eBNC
*
(X,L) ~ (M,U)=(N,L), where VaeA;
+
M X(3), S€eL-U
N(8)=~
LX°(6) UM(6), 6eLNT
(X(65), 8eL-U

N(o)== X'(8) UG(8), 6eLN(U-C)= LNONC’

X'(6) U [G(BNH(B)], 6eLNTNC=LNBNC

%
Now let’s handle the right hand side of the equality:[(X,L) ~ (GU)] A [
* * +
(X,L) ~ (H,Q)]. Assume that (X,L) ~ (G,U)=(V,L), then for VoeL,
+ +
X'(6), ae L-UO
V(5)=
X’(8) UG(8), ae LNU
*
Now let (F,A)~ (H,C)=(W,L). Then, V6€L,
+
X'(6), 8eL-C
W(a)=
X’(6) VH(B), 6eLNC

Assume that (V,L) A(W,L)=(T,L), then V6€L,

V(6),
T(E)= < W(5), 5€0-1.
V(8)NW(5), 5eLNG

Hence,
(X(6), 5e(L-C)-O-LNT'NC’
X(6) UH(6) 6e(LNC)-U=LNTUNC
G(6). 8e(0-C)-L=L’NoNC’
T(6)= G(6) UH(8), 6€(UNC)-L=L’NTNC
X(8)NG(d), 6e(L-C)N(U-C)=LNBNC’
X(8) N [G(6) UH(8)], 8€(L-C)N(BNC)=0
[ X(8) UH(®)] NG(®), 6e(LNC)N(U-C)=@

Itis seen that N=T.

V(6), 6eL-L=0
T(c‘i)={ V(6)NW(5), 6eLNL=L
Thus,
X (6)NX(6), 6€(L-U)N(L-C)
T(6)= | X'(6)N [X(6) UH(8)], 8e(L-U)N(LNC)
) [X’(8) UG(8)] NX’(8), e(LNV)N(L-C)
X (©uGE)] N [X@)UHE)],  6s(LND)NELNC)
M X(8), GeLNT’NC’
T(B5)=— X(8), 6eLNT’NC
X'(8) 8eLNTNC’
| [X*(8) UG(B)] N [X'(6) UH(6)],  BLNBNC

Here let’s handle 6€L-U in the first equation. Since L-U= LNV, if 6€U’, then
0€C-U or 6€(VUC)". Hence, if 6€L-U, 6eLNU’'NC’" or 6eLNV’NC. Thus, it is
seen that N=T.
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* * *
2) [XL) A (GU)] ~ (HO)= [(X,L) ~ (HO] U [(GV) ~ (H,0)]
+ + +

Proof: Let first handle the left hand side of the equality. Suppose (X,L) 1
(G,0)=(M,L), so Vo€L igin,

X(5), 6eL-U
M(6)=
X(O)NGE),  6eLNT
*
Let (ML) ~ (H,C)=(N,L), so VéeL,
+
M(6), el -C
N(6)-
M'(6) UH(5),  6ELNC
Thus,
X7(6), 8e(L-0)-C=LNU"NC’
N(©)=— X'(6)UG'(5), 6€(LNT)-C=LNBNC’
X°(6) UH(8), 5e(L-0)NC=LNTG’NC
X (8)UG’(8)] UH(®), os(LND)NC=LNTNC
*
Now let’s handle the right hand side of the equality: [(X,L) ~ (H,C)] T [
* * *
(GU) ~ (H,0)]. Let (X,L) ~ (H,C)=(V,L), so VéeL,
+ +
X'(6), 5eL-C
V(6=
X°(8) UH(8), 6eLNC
*
Let (GU) ~ (H,C)=(W,0), so V6€U,
+
G'(5), 6e0-C
W(o)-
G'(6) UH(5), $eUNC
Assume that (V,L)U (W,0)=(T,L), so V6€L,
V(©), 5eL-U
T(a)=
V(6)UW(d), GeLNT
Hence,
M x(9), 85(L-C)-O=LNT’NC’

X°(6) UH(6), 8€(LNC)-V=LNB"NC

TEF— X (6)UG'(6), 8e(L-C)N(G-C)=LNBNC"
X(6) U [G'(8) UH(©)], 6e(L-C)N(BNC)=0

[ X'(6) UH(8)] UG'(5), 5€(LNC)N(T-C)=0

| [X'(8) UH(®) ] u [G(6) UH(5)] 8e(LNC)NGNC)=LATBNC (2

Itis seen that N=T.

* %k %k
3)XL) ~ [(GD)TMHO] = [(XL) ~ (GU)] A [(XL) ~ (H,C)], where
LnUnC':?zs ’

Proof: Let first handle the left hand side of the equality and let (G,U)
U(H,C)=(M,0), so V6eUU C,

G(©), 5€0-C
M(6)=
G(8) UH(8), 8€0NC
%
(X, L) ~ (M,U0)=(N,L), where Va€A;
+
X’(0), 6eL-U
N(8)=
X'(6)NM(8), 6€LNO
X'(6), 6eL-U

N(5)= - X'(5) UG(a), &eLN(U-C)= LNGNC

X'(8) U [G(6) UH®B)],  6eLNONC=LNTNC

*
Now let’s handle the right hand side of the equality: [(X,L) ~ (GU)] A [

+
* *

(X,L) ~ (H,Q)]. Assume that (X,L) ~ (G,U)=(V,L), then for VoeL,
+ +

X(6),
V(6)=
X'(8) UG(8),

Now let (F, A) (H,C)=(W,L) . Then, V6€L,

X(0),
W(o)=
X°(6) UH(5),

Assume that (V,L) A(W,L)=(T,L), then V6€L,

V(©), SeL-L=0
T(5)= ‘[ V(6) NW(8),

Thus,

X'(6) NX(6),
T(6)= X (8) N [X(8) UH(8)],
[X*(8) UG(8)] NX’(6),

ae L-O

ae LNO

6elL-C

seLNC

6eLNL=L

5e(L-0)N(L-C)
8e(L-U)N(LNC)

3e(LNTHN(L-C)

[X°(6) UG(6)] N [X’(B) UH®)],  8=(LNT)NLNC)
Thus,
(6), oeLNG NC’
T(B=~ X(6), 6eLNT°NC
X'(8), seLNONC
[X°(6) UG(8)] N [X°(8) UH(8)], 6eLNONC

Here let’s handle 6€L-U in the first equation. Since L-U= LNV, if 6€U’, then
0€C-U or 6€(VUUC)". Hence, if 6€L-U, 6eLNU’'NC’" or 6eLNV’NC. Thus, it is
seen that N=T.

* * *
4) [XL) T(GU] ~ HO= [XL) ~ HO] A [(GU) (H,0)]
+ +

Proof: Let first handle the left hand side of the equality. Suppose (X,L) U
(G,U0)=(M,L), so V€L,

X(9), SeL-U
M(5)=

X(6)UG(s), 6eLNT
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* i G*(6), 6€0-C
Let (M,L) ~ (H,C)=(N,L), so VoeL,
+ M(6)=
M’(6), del-C G'(8) UH'(8), 8€0NC
N(9)= *
M’(8) UH@B),  6eLNC Let (X, L) N (M0)=(N.L), so VoeL,
Thus, X'(6), oeL-B
X'(6), 8e(L-0)-C=LNT’NC’ N(5)=

N(6)=— X" (6)NG(6), 6e(LNU)-C=LNBNC X(8) UM(6),  8eLNT

X(6) UH(6), 8e(L-U)NC=LNT*NC Thus,

[X(6)NG(6)] UH(5), 8e(LNT)NC=LNTNC

X'(5), 6el-0

* o Y Vi " _ ,
Now let’s handle the right hand side of the equality: [(X,L) ~ (H,C)] A [ N(©)=~ X(8) UG(5), eLN(O-C)=LNonc
" + X'(6) U [(G°(8) UH’(6)], 6eLNTNC=LNTNC
(GU) ~ (HO)]. "
+ Now let’s handle the right hand side of the equality: [(X,L) ~(G,U0)] U [
* *
Let (X,L) ~ (H,C)=(V,L), so V6€L, *
+ (HC) ~ (XL) 1.
*
X'(8), 6eL-C *
Let (XL) ~ (G,U)=(V,L), so Vo€L,
V(8)= *
X(6) UH(6), 6eL.NC X’(6), 6eL-0
" V(6)=
Let (G,U) ~ (H,C)=(W,U), so V6€U, X(6) UG™(8), 6eLNTG
+
*
G'(6), $e0-C Let (H,C) ~ (X,L) =(W,C), so V6eC,
*
W(o= _
H(5), 6eC-L
G’(8) UH(5), 6e0NC
W(8)=
Assume that (V,L) A (W,0)=(T,L), so V€L | H(8) UX'(8), 6eCNL
V(o), 6eL-0 Assume that (V,L)J (W,C)=(T,L), so V€L,
T(s)= V(o) 6elL-C
V(6)NW(5), 6eLNU T(8)=—
Thus, | V(8) UW(5), seLNC
(xX(s), 6&(L-C)-0=LNU'NC’ Thus,
X°(6) UH(6), 6e(LNC)-V=LNT'NC ~X(6), 5e(L-0)-C
TE)= < X' (G)NG'(6), 8e(L-C)N(U-C)=LNTNC’ X'(6) UG'(8), Se(LNT)-C
X'(6) N LG’(6) UH(0)], oe(L-C)N(ONC)=
N LG @ uHE) oeL-ONEN=0 X*(8) UH'(6), Se(L-D)N(C-L)
[ X'(6) UH(8)] NG’(8), 5e(LNC)N(U-C)=0
T(6)=— X' (8)U [H(8) UX’(6)], 6e(L-U)N(CNL)
L [X°(8) UH(®) ] N [G'(6) UH(B)],  4e(LNC)YNDNC)-LNDNC
[X°(6) UG (8)] UH'(8), 6e(LNU)N(C-L)
Itis seen that N=T.
[X(8) UG (8)] U [H(®B)UX(8)], 6€(LNV)N(CNL)
4.4 Distribution of Soft Binary Piecewise Plus (+) Operation With -
Complement Over Soft Binary Piecewise Operations With Hence
Complement: ’
* " " " MX(9), oeLNu NC’
1) XL~ (G~ HOA] = [XL)~ (GU] T [(HC ~ (XL) X'(6) UG’(5) 8eLNTNC
0 * * ’

+
],where LNU’'NC =0 X°(6) UH'(6), 6e(L-U)N(C-L)=
*

Proof: Let first handle the left hand side of the equality, suppose (G,U) ~ T(6)== X'(8) UR'(8), 6eLNUNC
0

(H,C):(M,U), so VHeU, X’(O) UG’(ﬁ), oE(LﬂU)ﬂ(C-L)=®

seLNONC

[X(8) UG*(6)] U [H'(8) UX(8)],
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Here let’s handle 6€L-U in the first equation. Since L-U= LNU’, if 6€U’, then
0€C-U or 6€(UUC)". Hence, if 6€L-U, 6eLNU’NC’ or 6eLNV’NC. Thus, it is
seen that N=T.

* *
2) [(F,A) ~ (GV)] ~ (HO)= [(XL) THOAI T [(GV)T (HO)]
6 +

*
Proof: Let first handle the left hand side of the equality. Let (X,L) ~
0

(G,0)=(M,L), so Vo€eL,

X(8), GeL-0
M(5)
X (8)NG(6), 6eLNT
*
Let (M,L) ~ (H,C)=(N,L), so V€L,
+
M’(6), 6eL-C
N(6)=
M’(6) UH(8), 6eLNC
Thus,
(o), 6e(L-0)-C =LNT'NC’

N(8)= X(6)UG(8) , 6e(LNU)-C=LNUNC?

X(8) UH(8) , 6&(L-U0) NC =LNT'NC
[ X(6)UG(6)] UH(8), 6eL.NBNC=LNBNC

Now let’s handle the right hand side of the equality: [(X,L) U (H,C)] T [
(GU) U (H,C). Let (X,L) A (H,C)=(V,L), so VoeL,

X(6), 8€L-C
V(©)= {

X(6) UH(®), 8eLNC
Let (G,U) & (H,C)=(W,U), so V6eU,

G(6).
we= {

G(8) UH(6),

Let (V,L) U ( W,0)=(T,L), so V6€L,

V(0),
T(6)=
V(8)UW(5),

Thus,

6€0-C

6e0NC

6eL-O

6ecLNU

M X(6), 6e(L-C)-U=LNB’NC’

X(6) UH(®), 6e(LNC)-U-LNT’NC
T(6)=— X(8)UG(0), &e(L-C)N(T-C)-LNUNC’
X(6)U [G(6) UH(®)], 6e(L-C)N(ONCY=0

[ X(8) UH(8)] UG(5), 8e(LNC)N(V-C)=a

L[ X(®) UH®)] U [G(6) UH()], 6€(LNC)NDNC-LNTNC

Itis seen that N=T.

* * * *
3) XL~ [(GU) ~ HO] = [XL) ~ (GU)] U [(HC) ~ (XL) ],
* * *

+
whereLNU’'NC=0

*
Proof: Let first handle the left hand side of the equality, suppose (G,U) ~

*
(H,0)=(M,0), so V6€U,

G'(6), 6€0-C
M(6)=
G'(6)UH’(8), 6€DNC
*
Let (X,L) ~ (M,U)=(N,L), so V$€L,
+
X'(0), 6eL-B
N(8)=
X'(6) UM(8), 6eLNT
Thus,
X'(0), 6eL-U

N(6)= < X(8) UG’(6), 6eLN(D-C)= LNTNC’

X'(6) U [(G'(6)UH(8)], 6eLNTNC=LNVNC

*
Now let’s handle the right hand side of the equality: [(X,L) ~(G,U0)] U [
*

*
(HCO) ~ XL) 1
*
*
Let (XL) ~ (G,U)=(V,L), so V€L,
*

X'(6), 5eL-0
V(6)=
X'(5) UG (), 5eLNT
X
Let (H,C) ~ (X,L) =(W,C), so Yo€eC,
*
(H'(5). 6eC-L
W(6)-—
| H(6) UX(6), 5eCNL

Assume that (V,L)U (W,C)=(T,L), so V6€L,

V(o) oeL-C
T(6)=—
_ V(6)UW(®), 6eLNC
Thus,
[ X(), 6e(L-0)-C

X'(6) UG (6), 5e(LNT)-C

X’(8)UH’(8), 65e(L-U)N(C-L)
T(6)=— X'(8)U [II'(6) UX*(8)], 8e(L-0)N(CNL)

[X’(6) UG'(8)] UH’(), 8e(LNV)N(C-L)

| [(X(®) UG (®)] U ') UX(8)],  se(LNTB)N(CNL)

Hence,
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[ X(8), 6eLNT'NC’

X(6) UG'(6), 6eLNTNC’
X (6)UH'(6), 6&(L-U)N(C-L)=0
T~ X'(8) UH'(5) 6eLNT’NC
[ X°(6) UG’(6)] UH’(6), 6=(LNU)N(C-L)=¢

8eLNUNC

L [X(®) uG(®)] v [H(5) UX'(8)],

Here let’s handle 6€L-U in the first equation. Since L-U= LNV, if 6€V’, then
0€C-U or 6€(UUC)’. Hence, if 6€L-U, 6eLNU’NC’ or 6eLNV’NC. Thus, it is
seen that N=T.

* *
4) (FA) ~ (GU] ~ (HO)= [XKL) TMO] A [(GU)T (HO)]
* +
*
Proof: Let first handle the left hand side of the equality, let (X,L) ~
*

(G,U)=(M,L), so VoeL,

X’(9), 6eL-U
M(a)=
X' (6)UG’(0), 6eLNU
*
Let (M,L) ~ (H,C)=(N,L), so Vo€eL,
+
M’(8), sel-C
N(&6)=
M*(8) UH(8), 6eL.NC
Thus,
X(6), 6e(L-0)-C) =LNu’NC’

N(©)=— X(6)NG(5), 6e(LNU)-C=LNBNC’

X(6) UH(), 8e(L-U)NC=LNU’NC
[X(6)NG(8)] UH(), 6eLNUNC=LNUNC

Now let’s handle the right hand side of the equality: [(X,L) U (H,C)] A
[(GU)U (H,0)]. Let (X, L) & (H,C)=(V.L), so VéeL,

X(6), oeL-C
V()=

X(6) UH(8), 5eLNC
Let (G,U) i (H,C)=(W,), so V6€U ,
[G(o), 6€0-C
Wi(6)=—
| G(6) UH() , 6eUNC

Assume that (V,L) N (W,0)=(T,L), so Vo€L,

V), 6eL-U
T(6)= —
L V(8)NW(a), S6eLNT
[ X(5). 8e(L-C)-U-LNB'NC’
X(6) UH(9), 6e(LNC)-U=LNT’NC

T-— X(©)NG(), 65(L-C)N(O-C)=LNBNC’

XN [G(6) UH(B)], 5e(L-C)N(TBNC)=0

[ X(5) UH(8)] NG(®), 8e(LNC)N(TG-C)=0

| [X(®) UH©)] N [G(6) UHE)], 6<(LNCINBNC)-LNBNC

Hence, it is seen that N=T.

4.5 Distribution of Soft Binary Piecewise Plus (4+) Operation With
Complement Over Restricted Soft Set Operations:

* * *
1) (X, L) ~ [(GU)Ng(HQ)] = [X L) ~ (GU)] ng [(X,L) ~ (HC)].
+ + +

Proof: Let first handle the left hand side of the equality, suppose (G,U)
*

NRr(H,C)=(M, UNC) and so ¥6eUNC, M(8)=G(6) NH(5). Let (X,L) ~ (M,

UNC)=(N,L), so V€L, *
X'(6), 6eL-(UNC)
N(6)=
X'(8) UM(8),  6ELN(BNC)
Thus
X'(8), 6eL-(TNC)
N(6)=
X(8) U [G(6) NH(8)], 8cLN(ONC)
*
Now let’s handle the right hand side of the equality: [(X,L) ~ (GU)] ng
* * *
[(X,L) ~ (HQ)]. Let (X,L) ~ (GU)=(V,L), so VéeL,
+ +
X'(6), 6eL-O
V(ﬁ)«{
X'(6) UG(0), 6eLN0
*
Let (X,L) ~ (H,C)=(W,L), so V6€eL,
+
X'(6), 5eL-C
W(b)y=
X(6) UH(5), 6eLNC

Assume that (V,L) Ng (W,L)=(T,L), and so V&€L, T(8) =V(6) N W(5),

X°(8) NX(6), 8e( L-U)N(L-C)
T(6)y= | X*(6) N [ X’(8) UH(6)], se(L-U)NLNC)
[ X'(8) UG(8)] NX’(&), 8e(LNT)N(L-C)

[X(6)UGB)] n [ X(8) UH(8)], 6=(LNTB)NILNC)

Hence,
X(0), SeLNT’NC’
T()= | X(8), 6eLNU'NC
X(9), seLNONC’
[ X’ (6) UG(6)] N [ X*(6) UH(B)], 6eLNONC

Considering the parameter set of the first equation of the first row, that is,
L-(UNC); since L-(UNC) =LN(UNC)’, an element in (UNC)" may be in U-C, in
C-U or (UUC). Then, L-(UNC) is equivalent to the following 3 states:
LN(UNC"), LN(U'NC) and LN(V'NC").Hence, N=T.

* * *
2) [(XL) Nk (GU)] ~ (HO)= [(XL) ~ (HC)] ug [(GV) ~ (HO)].
+ + +

Proof: Let first handle the left hand side of the equality. Let
*

(X, L) Nr(G,U)=(M,LNU), so V8eLNU, M(8)=X(8)NG(8). Let (M, LNT) ~
+
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(H,0)=(N,LN0V), so V6eLNU,
M(8), 8e(LNV)- C
N(6)=3—
IM*(8) UH(8),  8€(LNT)NC
Thus,
[ X(6)UG(5), 8e(LNW)-C= LNONC’

N(8)= —

[ X'(6)UG(8)] UH®),  6e(LNT)NC

*
Now let’s handle the right hand side of the equality: [(X,L) ~ (H,C)] Uy

+
* *

[(GU) ~ (H,0)]. Let (X, L) ~ (H,C)=(V,L), so V€L,
+ +

X'(6), 6eL-C
V(6)=
X'(6) UH(6), seLNC

*
Let (G,U) ~ (H,C)=(W,U), so V6€U,
+

G'(8), 6€0-C
W(6)=

G’(6) UH(6), 5€BNC

Assume that(V,L)Ug (W,0)=(T,LND), so YEELNT, T(8)=V(6)UW(8),

X (6)UG(6), 5e(L-C)N(B-C)=LNBNC’
TG X'(6)U [G(6) UH(S)], 5e(L-O)NONC)=0
[ X'(6) UH(8)] UG’(8), 8(LNC)N(B-C)=p
[X’(6) UH®) ] U [G'(6) UH(®)].  6e(LNC)NUNC)=LNTNC

Itis seen that N=T.

* * *
3) X L) ~ [(GU) Ur(HO)] = [XL) ~ (GU)] Ug [XL)~ (HO)]
+ Y Y

whereLNUNC=0
Proof: Let first handle the left hand side of the equality, suppose (G,U)
*

Ugr(H,C)=(M, UNC) and so Y6€UNC, M(6)=G(6)UH(8). Let (X,L) ~ (M,

UNC)=(N,L), so VHeL, ¥
X'(8), 6eL-(ONC)
N(6)=
X(6) UM(6),  6el.NONC
X'(8), 6eL-(BNC)
N(&)=
X'(8) U [G(8)UH(8)], 6€LN(BNC)
*
Now let’s handle the right hand side of the equality [(X,L) ~ (G,U)] Ug [
* * v
(X,L) ~ (HQ)] Let (X,L) ~ (GU)=(V,L), so VoeL,
Y Y

X(8), 6el-U
V(6)=
X’(6) NG(6), 6eL.NU
*
Let (X,L) ~ (H,C)=(W,L), so Vo€eL,
Y
X*(6), 6el-C
W(5)=
X(6) NH(3), 5eLNC

Assume that (V,L) Ug (W,L)=(T,L), and so V6€L, T(6) =V(6) U W(9),

[X(6) UX'(8), 8e(L-U)N(L-C)
T(e)= X'(@)U [ X'(3) NH()], 8e(L-T)N(LNC)

[ X°(8) NG(8)] UX’(6), Se(LNO)N(L-C)

L LX(6) nG(o)] U [X'(8) NH(8)], 6(LNT)NLNC)
Hence,

(X(6), 8eLNT'NC’
T(8)=— X(6), SeLNT’NC

X(8), 8eLNDNC’

[X®NGE)] v [X(@ENHG)], 6eLNONC

Since L-(UNC) is equal to the following 3 cases: LN(UNC’), LN(U’NC) and
LN(U’NC’), itis seen that N=T.

* * *
4) [(X,L) Ug (GU)] ~ (HO)= [(X,L) ~ (HOI ng [(GV) ~ (HC)]
+ + +

Proof: Let first handle the left hand side of the equality, suppose
*

(X, L) UR(G,U0)=(M,LNU) so, V6eLNU, M(8)=X(6)UG(5). Let (M,LNU) ~

(H,C) )=(N,LNDV), so VB€LNT, "
M’(5), 8e(LNTV)- C
()=
M’(8) UH(8), 6€(LNO)NC
Hence,
X' (6)NG(8), 8=(LNT)-C=LNBNC’
N(6)=
[X(6)NG(8)] UH®B), 6e(LNU)NC
*
Now let’s handle the right hand side of the equality, [(X,L) ~ (H,C)] ng
* * *
[(GU) ~ (H,C)]. Let (X, L) ~ (H,C)=(V,L), so V6eL,
+ +
X(8), SeL-C
V(5)=
X'(6) UH(3) 5eLNC
*
Let (G,U) ~ (H,C)=(W,0), so V6€U,
+
G*(0), 6e0-C
W(o)=
G*(6) UH(0), 6e0NC
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Suppose that (V,L)ng (W,U0)=(T,LND), so Y6€LNTU, T(6)=V(6)NW(6),

X (8)NG(8), 8e(L-C)N(U-C)=LNBNC’
T(@®)=— X'(8)N [G’(8) UH(B)], 6e(L-C)N(ONC)=0
[ X°(8) UH(8)] NG’(8), 6e(LNC)N(T-C)=0

[X'(6) UH(5) ] N [G(6) VH(®)]),  6e(LNC)NTNC)-LNTNC

Itis seen that N=T.

* * *
5) (X,L) ~ [(GU) 6 (HC)] = [(X,L) ~ (GU)] ng [(XL) ~ (HQ)]I.
+ * *

Proof: Let first handle the left hand side of the equality, suppose (G,U)
*

g (H,0)=(M, UNC) and so V6€UNC, M(8)=G'(6) NH(8). Let (X,L) ~ (M,

+

0UNC)=(N,L), so VO€eL,

[ X(a), 6eL-(UNC)
N(6)= —

| X'(8) UM(8),  8eLN(DNC)
Thus,

M xX(8), 6eL-(BNC)
N(6)= —

L X@®U [GE)NH(@B),  6eLN©NC)

*
Now let’s handle the right hand side of the equality, [(X,L) ~ (G,U)] ng [
*

* *
(X,L) ~ (HQ)]. Let (X, L) ~ (G,U)=(V,L), so V6eL,
* *
X’(6), 6eL-U
V(6)=
X’(6) UG (0), 6eLNO
*
Let (X,L) ~ (H,C)=(W,L), so Vo€L,
*
X(0), 6eL-C
W(o)=
X’(6) UH(8), 6eLNC

Assume that (V,L) Ng (W,L)=(T,L), and so V6€L, T(6) =V(8) N W(5),

X'(6) NX(), oe( L-U)N(L-C)
T(6)=— X'(6) N [ X’(8) UH(8)], Se(L-U)N(LNC)
[ X°(8) UG(8)] NX’(8), 6e(LNT)N(L-C)

[ X&) UG(®)] n [X(6) UH(8)], &=(LNT)N(LNC)

Hence
X(8), seLNU'NC’
T()=— X’'(8), 6eLNU’NC
X(8), geLNoNC’

[X(6) UG (®)] N [X(6) UH(8)], oeLNONC

Since the case L-(BNC) is equal to the following 3 cases: Ln(UNC’),
LN(P’NC) and LN(P’'NC"), it is seen that N=T.

*
6) (X,L) 0 (GU)] ~ (HO)= [(X,L) T(HC)] U [(GU)T (HC)].
+

Proof: Let first handle the left hand side of the equality. Let
*

(X, L) 6x(G,U)=(M,LND), so ¥6eLNU, M(6)=X ()NG’(5). Let (M,A NU) ~

(H,C)=(N,LND), so V6eLNT, "
M’(5), 6e(LNV)- C

N(&)=
M’(6) UH(®), 8€(LNT)NC

Hence,
X(8)UG(8), 8e(LN0V)- C=LNUNC’

N(&)=

[ X(8) UG(8)] UH(), 6e(LNT)NC

Now let’s handle the right hand side of the equality: (X,L) U (H,C)] ug [
(GU) T (HO)].

Let (X,L) U (H,C)=(V,L), so Vo€L,
X(6), Sel-C
V(5)=
X6 UH®B),  6eLNC
LeSt (G,0) U (H,C)=(W,V), so V€U,
G(5), 5e0-C
W(6)-

G(8) UH(5), 5eDNC

Assume that (V,L)Ug (W,0)=(T,LNDV), so V6eLNU, T(6)=V(6)uW(o).
Hence,

X(6)UG(8), 5&(L-C)N(U-C)-LNTNC’
T(6)=— X(6) U [G(6) UH(6)], 6e(L-C)N(ONC)=0
[ X(6) UH(6)] UG(5), 5e(LNC)N(I-C)=0

[X(8) UH(5) ] U [G(8) UH(5)], 6e(LNC)N(TNC)-LNBNC

It is seen that N=T.

* * *
7) XL) ~ [(GU) *z(HC)] = [X,L) ~ (GU)] ur [(XL) ~ (HC),
6 0

where Lngr\c:(z).

Proof: Let first handle the left hand side of the equality, suppose*(G,U)
* r(H,C)=(M, UNC) and V6€UNC, M(6)=G'(6)UH’(6) . Let (X,L) ~ (M,
UNC)=(N,L) and Vo€eL, "
X(5). 8eL-(ONC)

N(s)= -

X°(8) UM(s),  eLN(ONC)

X (&) GeL-(UNC)

N@)= —

| X'6)u [G'@UH (). 5eLNONC)

*
Now let’s handle the right hand side of the equality: [(X,L) ~ (G,U)] ug
0

* *
[(X,L) ~ (H,C)]. Let (X,L) ~ (G,U)=(V,L), and VéeL,
] 8
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6eL-U

6eLND

X'(8),
V(d)=
X (6)NG*(6),

Let (X, L) ~ (H,0)=(W,L) and Vo6€eL,

6eL-C
W)=
X' (8)NH’(8), selL.NC

Assume that (V,L) Ug (W,L)=(T,L), so Y6€T(8) =V(6) U W(6),
X(®)u X(0), de( L-U)N(L-C)
T(e)=< X(6) U [ X (6)NH ()], 6e(L-O)N(LNC)

[X'(6)NG(6)] UX’(6), 8e(LNV)N(L-C)

[XG)NG(@®)] U [X@NH(B)], 6=LNV)NLNC)
Thus,
X'(8), 6eLNT’NC’
T(6)=— X(5), 8eLNT’NC
X(8), 6eLNTNC’
[X(&NG(6)] U [ X @)NH(®)], 6LNDNC

Since the case L-(BNC) is equal to the following 3 cases: Ln(UNC’),
LN(P’NC) and LN(P’'NC’), itis seen that N=T.

*
8) X,L) *z (GU)] ~ (HO= [XL)THOI ng [(GV)T (HC)].
+

Proof: Let first handle the left hand side of the equality, suppose
*

(X,L) *r(G,0)=(M,LNU), so V6eLNU, M(8)=X'(6)UG'(6). Let (M,LNT) ~

(H,C)=(N,LNV) and Y6€LNT, *
M’(8), 6e(LNU)- C

N(6)=
M’(6) UH(8), 6e(LNV)NC
X(8)NG(B), 6e(LND)- C=LNBNC’

N(8)~

[ X(6)NG(8)] UH(6), ose(LNU)NC

Now let’s handle the right hand side of the equality [(X,L) T (H,C)] ng
[(GV) T (H,Q)].

Let (X,L) U (H,Q)=(V,L), so VéeL,

X(0),
V(6)=
X(6) UH(0),

Let (G,0) U (H,C)=(W,0), so V6€U,

G(9),
W(8)=
G(8) UH(8),

Assume that (V,L)ng (W,0)=(T, LNV), and V6€LNTU, T(6)=V(6)NW(0),

6eL-C

8eLNC

6e0-C

6e0ONC

X(6)NG(o) , 8e(L-C)N(U-C)-LNBNC’

T)-— X(6) N [G(5) UHE)], 8e(L-C)N(BNC)-0

[ X(6) UH(8)] NG(5), 6e(LNC)N(T-C)=0

[X(®) UH(®) ] N [G(s) UH(8)], Ge(LNC)N(BNC)=LNTNC

It is seen that N=T.

5) CONCLUSION

In this paper, we aim to contribute to the soft set literature by defining a
new Kkind of soft set operation which we call complementary soft binary
piecewise plus operation. The basic algebraic properties of the operations
are investigated. Moreover by examing the distribution rules, we obtain
the relationships between this new soft set operation and other types of
soft set operations such as extended and soft binary piecewise intersection
and union, complementary extended and complementary soft binary
piecewise theta and star and restricted intersection, union, theta and
star.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 plus
operation and some new types of soft set operations can be defined in the
following studies. Also, since soft sets are a strong mathematical tool for
decision making, researchers may be able to propose novel soft set-based
cryptography or decision making procedures using this new soft set
operation.
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