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1. Introduction

The existence of some types of uncertainty in the problems of many fields such as economics, environmental
and health sciences, engineering prevents us from using classical methods to solve the problems successfully.
There are three well-known basic theories that we can consider 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, Molodtsov [1] introduced Soft Set Theory as mathematical tools to
overcome these uncertainties. Since then, this theory has been applied to many fields including information
systems, decision making, optimization theory, game theory, operations research, measurement theory and so
on. In [2,3], first contributions as regards soft set operations were made. After then, Ali et al. [4] introduced
and investigated several soft set operations such as restricted and extended soft set operations. in Sezgin and
Atagiin [5] discussed the basic properties of soft set operations and illustrated the interconnections of soft set
operations with each other. They also defined the notion of restricted symmetric difference of soft sets and
investigated its properties. Sezgin et al. [6] defined a new soft set operation called extended difference of soft
sets and Stojanovic [7] proposed the extended symmetric difference of soft sets and investigated its properties.
The two main categories into which the operations of soft set theory fall, according to the research, are
restricted soft set operations and extended soft set operations.

Cagman [8] proposed two conditional complements of sets as a new concept of set theory, i.e., inclusive
complement and exclusive complement and explored the relationships between them. By the inspiration of
this study, Sezgin et al. [9] defined some new binary operations on sets and investigated their basic properties
together with their interconnections. Aybek [10] transferred these complements to soft set theory and defined
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some new restricted soft set operations and extended soft set operations. Demirci [11], Sarialioglu [12], and
Akbulut [13] introduced 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, Eren [14] defined a new type of soft difference
operations and with the inspiration of this study, Yavuz [15] defined some new soft set operations called soft
binary piecewise operations and studied their basic properties. Also, by introducing a new type of soft binary
piecewise operation, studies on soft set operations were studied [16-21] by changing the form of soft binary
piecewise operation by using the complement at the first row of the soft binary piecewise operations.

Sezgin and Atagiin [16] and Sezgin and Aybek [17] defined complementary soft binary piecewise plus and
gamma operation, respectively. The algebraic properties of these new operations were investigated. Especially
the distributions of these operations over extended soft set operations, complementary extended soft set
operations, soft binary piecewise operations, complementary soft binary piecewise operations, and restricted
soft set operations were handled. In this study, we aim to contribute to the literature of soft set theory by
obtaining the distributions of soft binary piecewise operations over complementary soft binary piecewise plus
and gamma operations.

2. Preliminaries

Definition 2.1. [1] Let U be the universal set, E be the parameter set, P(U) be the power set of U and N € E.
A pair (K, N) is called a soft set over U where K is a set-valued function such that K: N — P(U).

The set of all the soft sets over U is designated by Sz (U), and throughout this paper, all the soft sets are the
elements of Sz (U). Cagman [8] defined two conditional complements of sets, for the ease of illustration, we
show these complements as + and @, respectively. These complements are defined as following: Let P and C
be two subsets of U. C-inclusive complement of P is defined by, P + C = P’ U C and C-exlusive complement
of P is defined by POC = P’ n C. Here, U refers to a universe, P’ is the complement of P over U. Sezgin et
al. [9] introduced such new three complements as binary operations of sets as following: Let P and C be two
subsets of U. Then, P« C = P'UC', PyC = P' nC, PAC = P U C' [9]. Aybek [10] conveyed these classical
sets to soft sets, and they defined restricted and extended soft set operations and investigated their properties.

As a summary for soft set operations, we can categorize all types of soft set operations as following: Let “V”
be used to represent the set operations (i.e., here V can be n, U, —, A, +, 8, *, 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 following:

Definition 2.2. [4,6,10] Let (K,P) and (G,C) be soft sets over U. The restricted operation V (restricted
intersection, union, difference, symmetric difference, plus, theta, star, gamma, and lambda) of (K, P) and
(G, C) is the soft set (Y,S), denoted by (K,P)Vxz(G,C) = (Y,S) where S=PnC # @ and for all v € S,
Y(v) = K(w)VGw).

Definition 2.3. [2,4,6,7,10] Let (K, P) and (G, C) be soft sets over U. The extended operation V (extended
union, intersection, difference, symmetric difference, plus, theta, gamma, lambda, and star) of (K, P) and
(G, C) is the soft set (Y, S), denoted by (K, P)V.(G,C) = (Y,S)whereS =P U Candforallv €S,

K@), vEP-C
Y(v) = G(v), veC—P
Kw)VG(v), vePnC

Definition 2.4. [11-13] Let (K, P) and (G, C) be soft sets over U. The complementary extended operation V
(complementary extended gamma, intersection, star, plus, union, theta, difference, and lambda) of (K, P) and

(G, C) is the soft set (Y, S), denoted by (K, P)V.(G,C) = (Y,S)where S =P U C andforallv € S,
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K'(v), vEP-C
Y(v) = G'(v), veC—-P
Kw)VG(v), vePnNnC

Definition 2.5. [14,15] Let (K, P) and (G, C) be soft sets over U. The soft binary piecewise operation V (soft
binary piecewise difference, intersection, union, plus, gamma, theta, lambda, and star) of (K, P) and (G, C) is
the soft set (Y, P), denoted by (K, P)V(G, C) = (Y, P) where for all v € P,

_ K (), vVEP-C
Yw)= {K(U)VG(U), VEPNC

Definition 2.6. [16-21] Let (K, P) and (G, C) be soft sets over U. The complementary soft binary piecewise
operation V (complementary soft binary piecewise star, theta, plus, intersection, union, gamma, lambda, and

difference) of (K, P) and (G, C) is the soft set (Y, P), denoted by (K, P)V(G, C) = (Y, P) where forall v € P,

_ K'(v), VEP-C
Yo = {K(U)VG(U), vEPNC

Definition 2.7. [16] Let (K, P) and (G, C) be soft sets over U. The complementary soft binary piecewise plus

(+) operation of (K, P) and (G, C) is the soft set (Y, P), denoted by (K, P)¥ (G,C) = (Y, P) where forall v €
P,

(K@), vepP-cC
Y(v)_{K'(v)UG(v), VEPNC

Definition 2.8. [17] Let (K, P) and (G, C) be soft sets over U. The complementary soft binary piecewise

gamma (y) operation of (K, P) and (G, C) is the soft set (Y, P), denoted by (K, P)}i/ (G, C) = (Y, P) where for
all v e P,

_ K'(v), VEP-C
Ym = {K’(v) NGw), veEPNC
3. Distribution Rules
In this section, distributions of soft binary piecewise operations over complementary soft binary piecewise
plus and gamma operation are investigated in detail, and many interesting results are obtained.

Theorem 3.1. Let (K, P), (G, C), and (L, R) be soft sets over U. Then, we have the following distributions of

soft binary piecewise operations over complementary soft binary piecewise plus (+) operation:
L (,P) [ 6, OFWR)| = [k, PN 6,0 AL R (K,P)] where Pn C A R = 0
Proof.

Handle the left-hand side of the equality and let (G, C)¥(L,R) = (M, C) where forall I € C

G' (D), IEC—R
G'(DULU), T€CNR

Let (K,P) N (M,C) = (N,P) whereforall I € P

M) ={

B KW, IeP—-C
N = {K(I) UM(), TePncC

and thus
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K(D), lep—-cC
N() = K(OHuG'(), IEPN(C—R)=PNCNR' (3.1
KIDN[G'(DULM], IePn(CNR)=PNCNR

Handle the left-hand side of the equality: [(K, P) \ (G, C)] A [(L,R) A (K, P)]. Let (K,P)\ (G,C) = (V,P)
where forall I € P

K), IeEP-C

vin = {K(I) nG'(, 1EPNC
Suppose that (L, R) N (K, P) = (W, R) where forall I € R

3 L(D, IER-P
W = {L(I) NK({), IERNP

Let (V,P) n (W,R) = (T,P) where forall I € P

_ v(D), IEP—R
T = {V(I) NW(), 1eEPNR
and thus
K(D), IE(P—C)—R=PnNnC'NR'
KD nG'), IE(PNC)—R=PNCNR’
() = K nL{), IeP-C)Nn(R—-P)=0
- KD n[LD)nK(D], IE(P-C)N(RNP)=PNC'NR
[K(DNG' (D] n L), ITePNC)N(R—P)=0
[KIDNG'D]IN[LDNKWD)], 1e(PnC)n(RNP)=PNCNR
Therefore,
K(D), IE(P-C)—R=PNC'NR’
K nG'), ITIE(PNC)—R=PnNnCNR
_ K v L), Ie(P-C)NR-P)=0
T(I)_i KD, Ie(P-C)Nn(RNP)=PNC'NR (3.2)
[K(DNG' (DU LW, IeE(PNC)N(R-P)=¢

k[K(I) NG'DJVUILIDNKMD)], IT€ePnC)Nn(RNP)=PNCNR

Handle I € P — C in the first equation. Since P—C = PnC(C',ifIeC',thenl €L —-C orlI € (CUR)".
Hence,if e P —C,thenI € PNC'NnR orl € PN C' N R. Thus, it can be observed that (3.1)=(3.2). O

i (K,P)-%(G,c)] [ (LR =& PFLR| TG O LR
Proof.

Handle the left-hand side of the equality and let (K, P) ¥ (G,C) = (M, P) where forall I € P

_ K'(D, IeEP-C
M(1) = {K’(I) uG(), 1ePncC

Let (M,P) A (L,R) = (N,P) whereforall I € P

B M(D), IEP—-R
N(I)_{M(I)OL(I), IEPNR

Thus,
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K'(D), Ie(P-C)—R=PnNnC'NR’
_ K'(DuGU), IE(PNC)—R=PNCNR'
N(D) = K'(D n LD, Ie(P-C)NR=PNC'NR (3.3)

[K'(DuGcDInLU), 1e(PNnC)NR=PNCNR

Handle the left-hand side of the equality: [(K, P));(L,R)] UG,c)n (L, R)]. Let (K, P);;(L,R) = (V,P)
where forall ] € P

K'(D, IEP—-R
K'(OnL(), TeEPNR

Suppose that (G,C) A (L,R) = (W, C) where forall I € C

V(D) = {

3 G(D, IeC—R
Wi = {G(I) NL(), I€ECNR
Let (V,P) G (W,R) = (T, P) where forall I € P
B VD), IeEP—R
T = {V(I) uw(), [EPNR
Thus,
K'(D, le(P-R)—C=PnC'NR’
K'(I) n L(D), IE(PNR)—C=PnNnC'NR
T = K'(DuaG), Ie(P-R)N(C—R)=PNnCNR’ 3.4
(D = K'(Du[G(D)nLD], IE(P-R)N(CNR)=0 (34)
[K'(DNnL(D]uG), IePNR)N(C—R)=0
[K'(DnLDJu[cDNLD], TePnNnR)N(CNR)=PNCNR
It can be observed that (3.3)=(3.4). O
iii. (K,P) U|(G,0) Tr (L,R)] = [(K,P)A(G,O)] T [(L,R) T (K,P)]where PN C' NR = 9.
Proof.
Handle the left-hand side of the equality and let (G, C) -%— (L,R) = (M, C) where forall I € C
(6D, IeC-R
M) = {G’(I) UL(U), TeCnR
Let (K,P) U (M,C) = (N,P) where forall I € P
B KD, leP—-C
N = {K(I) uM(), 1ePnC
Thus,
K(D), leP-C
N() = KD uG'), lePn(C-R)=PNnCNR (3.5)
KDOU[G'(DULMD], 1ePn(CNR)=PNCNR

Handle the left-hand side of the equality: [(K,P)A(G,C)] TG [(L,R) U (K, P)]. Let (K,P)A(G,C) = (V,P)
where forall I € P

KD, IeEP-C

v = {K(I) UG'(), TEPNC
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Suppose that (L, R) U (K, P) = (W,R) where forall I € R

L), IER-P

w = {L(I) UK(), TERNP

Let (V,P) U(W,R) = (T,P). Then, forall I € P

B 140} I€P-R
T = {V(I) Uw(), Te€PNR
Thus,
KD, Ie(P-C)—R=PnC'NnR’
K(DHucG'), ITIeE(PNC)—R=PNnCNR’
() = K u L), IeE(P-C)N(R-P)=0 (3.6)
- KD UL UKD, Ie(P-C)Nn(RNP)=PnNnC'NR '
[K(DuG'(D]ULW, le(PNnC)N(R—P)=¢
[K(DUG'(DJUIL(DUKD)], TePnC)Nn(RNP)=PNCNR
It can be observed that (3.5)=(3.6). O
iv, [(K, P (G, C)] U(LR) = [(K, P) T (L,R)] U(G,C) T (L R)]
Proof.
Handle the left-hand side of the equality and let (K, P) l (G,C) = (M, P) whereforall I € P
B K'(D, lepP—-C
M = {K’(I) uG(), TePnC
Let (M,P) U (L,R) = (N,P) where forall I € P
B M(D, 1eP—R
N = {M(I) UL(), TeEPNR
Thus,
K'(D, IE(P-C)—R=PnC'NR’
_ K'(DuGU), IE(PNC)—R=PNCNR'
N = K'(D UL, Ie(P-C)NR=PNC'NR (3.7)

[K'(DUGD]ULU), Te(PNnC)NR=PNCNR

Handle the left-hand side of the equality: [(K, P)¥F (L,R)] U[(G,Cc)T(L,R)]. Let (K,P) ¥ (L,R) = (V,P)
where forall I € P

K'(D, [eP—R

vin = {K’(I) UL(), T€PNR
Suppose that (G,C) U (L,R) = (W, C) where forall I € C

G(D), IEC—-R
G(HUL(), ITeCNR

Let (V,P) U (W,R) = (T,P) where forall I € P

W) ={

VD), IeP—R

T = {V(I) UW({), T€PNR

and thus
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K'(D), IeE(P-R)—-C=PnC'nR’
K'() U L(D), Ie(PNR)—C=PnC'NR
() = K'(DuG(), IE(P-R)N(C—-R)=PnNnCNR (3.8)
- K'(Du[G) UL, le(P-R)N(CNR)=0 '
[K'(DuLD]uaG), IEPNR)N(C—R)=0
[K'(DULDJU[cGDULD], TePnNnR)N(CNR)=PNCNR

It can be observed that (3.7)=(3.8). O
v. (K, P)X [(G, OF WL R)] = [(K,P) 7 (G, C)] & [(L, R)F(K, P)] where PN C' N R = @
Proof.

Handle the left-hand side of the equality and let (G, C) ¥ (L,R) = (M, C) where forall I € C

B G'(D), 1eC—R
M0 = {G’(I) UL(), T€CNR
Let (K, P)\(M, C) = (N, P) where forall I € P

K, Iep-¢C

ND = {K(I) AM'(I), TEPNC

Thus,

K(D), leP-C
N() = K nG(), IEPN(C—R)=PNCNR (3.9
KDn[c(HuL(M], TePn(CNR)=PNCNR

Handle the left-hand side of the equality: [(K,P) 1 (G,C)] 0 [(L,R) 7(K, P)]. Let (K,P) 1 (G,C) = (V,P)
where forall I € P

KD, ITep-¢C

v = {K(I) NG, TePNC
Suppose that (L, R)y(K,P) = (W,R) where forall I € R

L(D), IER-P

wn) = {L’(I) NK({), TERNP
Let (V,P)n (W,R) = (T,P). Then, forall I € P

_ v (D), IEP—-R
T = {V(I) NW({), IEPNR

Thus,
K(D), Ie(P-C)—R=PnC'NnR’
KD NG, Ie(PNC)—R=PNCNR
_ K1) n L), IEP-C)N(R-P)=0
TW=Y  kWn[OnKD], 1eP-C)nRAP)=PNAC NR (3.10)
[K(DNGDH]n LD, Ie(PNC)N(R—-P)=9
[K(IDNGDH]In[L'DNnKD)], 1TePnC)n(RNP)=PNCNR

It can be observed that (3.9)=(3.10). O
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Vi [(K, P) Tr (G, C)] \(L,R) = [(K, P)d (L,R)] U [(G, O\, R)]
Proof.

Handle the left-hand side of the equality and let (K, P) ¥(G,C) = (M, P) where forall I € P

B K'(D, IeP-C
M = {K’(I) uG(), TePncC
Let (M, P)\(L,R) = (N, P) where forall I € P
_ M), IEP—-R
N = {M(I) NnL'(), TEPNR
Thus,
K'(D), IE(P-C)—R=PnC'NR’
B K'(DUG), Ie(PNC)—R=PNCNR’
N = K'(DnL(D), Ie(P-C)NR=PNnC'NR (3.11)

[K'(DUGD]InL'{), TePn(CNR)=PnNnCNR

Handle the left-hand side of the equality: [(K, P)6(L, R)] U [(G, O\, R)]. Let (K, P)A(L,R) = (V, P) where
foralll € P

K'(D, IeP—R

v = {K’(I) NL'(), T€EPNR

Suppose that (G, O)\(L,R) = (W, C) where forall I € C

3 G, IeEC—-R
w = {G(I) NnL'(), TeECNR
Let (V,P) U (W,R) = (T,P) where forall I € P
B VD), IEP—R
T = {V(I) uw(), TePNR
Thus,
K'(D, Ie(P-R)—C=PnC'NR’
K'(DnL), Ie(PNR)—C=PnC'NR
_ K'(DuGW), IE(P-R)N(C—-R)=PnNnCnNR
TM=Y\" kwueo nrm] I€e(P-R)N({CNR) =0 (3.12)
[K'(DNnL(D]uG), Ie(PARN(C—-R) =09

[K'(DnLDO]ulc(HOnL'{D)], Te(PNnR)N(CNR)=PNnCNR
It can be observed that (3.11)=(3.12). O
vii. (K, PYI| G, C)J*?(L,R)] = [(K,P) T (G, )] U [(L, R)F(K, P)] where PN C' N R = 0
Proof.

Handle the left-hand side of the equality and let (G, C)+(L,R) = (M, C) where forall I € C

G'(D, IeEC-R

M) = {G’(I) UL(I), 1€CNR
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Let (K,P)A(M,C) = (N, P) where forall I € P

K(), leP-C

N = {K(I) uM'(), TEPNC

Thus,

K(), IeP—C
N() = KD uaG(), IeEPN(C—R)=PNnCNR (3.13)
K(Dulc(hulM], IePn(CNR)=PNnCNR

Handle the left-hand side of the equality: [(K,P) U (G,C)] U [(L, R)F¥ (K, P)]. Let (K,P) U (G,C) = (V,P)
where forall I € P

B KD, IEP-C
V(I)_{K(I)UG(I), IEPNC

Suppose that (L, R)¥(K,P) = (W,R) where forall I € R

L(D, IER-P
L'(HUK(), I€ERNP

Let (V,P) G (W,R) = (T,P). Then, forall I € P

3 VD), IeP—-R
T = {V(I) uw(), [EPNR

W) = {

Thus,
( KD, Ie(P-C)—R=PnC'NR’
K(OHuG), 1e(PNC)—R=PNnCNR
_ K() uL(D), Ie(P-C)Nn(R-P)=¢
T = KO u[LD UKD, Ile(P-C)Nn(RNP)=PNC'NR (3.14)
[K(DuG(DH]uL, lePnNnC)N(R—-P)=0¢
[K(IODUGDJU[L(DUKD], IePnc)n(RNP)=PNnCNR
It can be observed that (3.13)=(3.14). O
viii. [(K, PTG, c)] AW R) = [k, P) % LR)| TG, O R)]
Proof.
Handle the left-hand side of the equality and let (K, P)-%—(G, C) = (M,P) whereforall] € P
(KD, IeP-cC
M) = {K’(I) uGl), IePncC
Let (M, P)A(L,R) = (N, P) where forall € P
_ M), IEP—-R
N = {M(I) uL'(l), TEPNR
Thus,
K'(I), lIe(P-C)—R=PnNnC'NR’
_ K'(DuGU), Ie(PNC)—R=PNnCNR
N(D_{ K'(DuLl D), Ie(P-C)NR=PNC'NR (3.15)
[K'(DUGD]uL'(), TePNnC)NR=PNCNR
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Handle the left-hand side of the equality: [(K,P) % (L, R)| T [(G,C)A(L, R)]. Let (K,P) % (L,R) = (V. P)
where forall I € P

B K'(D, IeP—R
vin = {K’(I) uL'(l), IePNR
Suppose that (G, C)A(L,R) = (W, C) where forall I € C

G(D), IEC—R

W = {G(I) uL'(l), 1ECNR

Let (V,P) G (W,R) = (T, P) where forall I € P

B 140} IeP—-R
T = {V(I) uw(), [EPNR
Thus,
K'(D, Ie(P-R)—-C=PnC' NR
K'(DulL(), IE(PNR)—C=PNnC'NR
3 K'(DUG), Ie(P-R)N({C—-R)=PNCNR’
T = K'(D U [GD) U LD, I€E(P-R)N(CNAR) =0 (3.16)
[K'(huLlM]uc), IE(PNR)N(C—R)=0

[K'(huLlMlulc(hul )], Te®PnNnR)N(CNR)=PNCNR

It can be observed that (3.15)=(3.16). O

Theorem 3.2. Let (K, P), (G, C), and (L, R) be soft sets over U. Then, we have the following distributions of
soft binary piecewise operations over complementary soft binary piecewise gamma (y) operation:

i. (K, P) (G, 0L, R)| = [(K, PIN(G, C)] T [(L, R) A (K, P)] where PN C N R = @

Proof.

Let first handle the left-hand side of the equality and let (G, C)y(L,R) = (M, C) where forall I € C

G' (), IeC—R
G()nL(), 1eCnNnR

Let (K,P) N (M,C) = (N,P) where forall I € P

M) ={

K, Iep—¢C

N = {K(I) AM(), I€PNC

Thus,

K'(D), IeP-C
N({) = K(D)nG'), IEPN(C—R)=PNCNR (3.17)
KDNn[G'(DNnL], TePn(CNR)=PNCNR

Handle the left-hand side of the equality: [(K, P)\(G,C)] T [(L,R) A (K, P)]. Let (K,P)\(G,C) = (V,P)
where forall I € P

K(), leP-C

v = {K(I) nG'(N, TePNC

Suppose that (L, R) N (K, P) = (W,R) where forall I € R
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L(D), IER-P
LOONnK({), TERNP

Let (V,P) G (W,R) = (T,P). Then, forall I € P

B VD), IEP—R
T = {V(I) uw(), TePNR

W) = {

Thus,
K(D), Ie(P-C)—R=PnC'NnR’
KHnG'(), Ie(PNC)—R=PNCNR
T = KD UL, IEP-CONR-P)=0
- K(DU[LD)nK(D], ITeE(P-C)N(RNP)=PNC' NR
[K(DNG'(D]ULD, Ie®PNCO)N(R—P)=0
[KIDNG'(DJUILDNKMD)], TePnC)Nn(RNnP)=PNnCNR
Therefore,
K(D), IeE(P-C)—R=PnC'NnR’
KD nG' (), IE(PNC)—R=PNCNR’
_ KD uL(D), Ie(P-CON(R-P)=0
T = K(), Ie(P-C)n(RNP)=PNC NR (3.18)
[K(DnG'(D]ULD, IePNnC)N(R-P)=0¢

[KIODNnG' (DJVILIDNKWD)], Te(PnC)N(RNP)=PNnCNR

Handle I € P — C in the first equation. Since P—C = PnC',ifIeC',then I €eR—-Corl € (CUR)".
Hence,ifIe P —C,thenI € PNC'NnR' orl € PN C' nR. Thus, it can be observed that (3.17)=(3.18). O

i. (6, P)Y(G, O] A (L B) = (K, PYY(L B A LG, 0) A (L R)]
Proof.

Handle the left-hand side of the equality and let (K, P);((G, C) = (M,P) whereforall] € P

K'(D, IeP-C
K'(DNnGWU), 1ePNC

Let (M,P) A (L,R) = (N,P) whereforall I e P

M(I) = {

B M(D), IEP-R
N = {M(I) NnL(), IEPNR
Thus,
K'(D), IE(P-C)—R=PnC'NR’
_ K'(H)naGU), Ie(PNC)—R=PNnCNR
N = K'(Dn LD, Ie(P-C)NR=PNC'NR (3.19)

[K'(DNnGD]InLU), TePn(CNR)=PNCNR

Handle the left-hand side of the equality: [(K, P)\i( (L,R)] N[G,C)N(L,R)]. Let (K, P)\i((L,R) =(V,P)
where forall I € P

K'(D, IEP—-R
K'(DNL({), IT€EPNR

Suppose that (G,C) N (L,R) = (W, C) where forall I € C

V(D) = {
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G(D), leC—R

w = {G(I) NL(), T€CNR
Let (V,P)n (W,R) = (T,P) where forall [ e P

B VD), IEP—R
T = {V(I) NwW(), TePNR

Thus,
K'(D), Ie(P-R)—-C=PnC'NnR’
K'(D)n LD, IE(PNR)—-C=PNnC'NR
_ K'(DHDnGU), IE(P-R)N(C—R)=PNCNR
MW=y kw6 nLm)], Ie(P-R)N(CNR) =0 (3.20)
[K'(DNLD]nGD), Ie(PNR)N(C—R)=0
[K'(DNnLD]n[cDNLD)], TePnNnR)N(CNR)=PNCNR
It can be observed that (3.19)=(3.20). O
iii. (K, P) U [(G, OW(L, R)] = [k, P)A(G, C)] A [(L,R) T (K, P)]
Proof.
Handle the left-hand side of the equality and let (G, C)}t/(L, R) = (M, C) where forall I € C
_ G'(D), IEC—-R
M) = {G’(I) NL(U), T€CNR
Let (K,P) U (M,C) = (N,P) where forall ] € P
B KD, IeP-cC
N = {K(I) uM(), IePnC
Thus,
K(D), IeEP-C
N() = K(DHuG'), IEPN(C—R)=PNCNR' (3.21)
KDulc'(DnL], TePn(CNR)=PNCNR

Handle the left-hand side of the equality: [(K, P)A(G,C)] A [(L,R) U (K, P)]. Let (K,P)A(G,C) = (V,P)
where forall I € P

KD, leP—C

vin = {K(I) uG'(, IEPNC
Suppose that (L,R) U (K,P) = (W,R) where forall I € R

L), IER-P

W = {L(I) UK(), TERNP
Let (V,P)n (W,R) = (T,P). Then, forall ] € P

VD), IeP—R

T = {V(I) AW({), T€PNR

Thus,
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K(D), IeE(P-C)—R=PnC'NnR’
K(HuG'(), Ie(PNC)—R=PNCNR
() = K()n L), IeE(P-C)N((R-P)=0
- KD n[LD) UKD, IE(P-C)N(RNP)=PNC'NR
[K(DuG'(D]In LD, IePNC)N(R—P)=0
[K(DUG'(DIN[LADUKD)], TePnC)Nn(RNnP)=PNCNR
Therefore,
K(D), IeE(P-C)—R=PnC'NnR’
K uG'(), IE(PNC)—R=PNCNR’
B KD n L), leP-COnN(R-P)=0
T = K(), Ie(P-C)n(RNP)=PNC NR (3.22)
[K(HDuG'(D]In LD, IePNnC)N(R—-P)=¢
[K(ODuG' DIN[L(DUKWD)], Te(PnC)N(RNP)=PNnCNR
It can be observed that (3.21)=(3.22). O
v. [0, P36, 0] T 1B =[5, )T B FIG,0 T R
Proof.
Handle the left-hand side of the equality and let (K, P)%(G, C) = (M,P)whereforall] € P
(KD, Iep-cC
MU)‘&%DnGU) IEPNC
Let (M,P) U (L,R) = (N,P) whereforall ] e P
o MD, IeP-R
NU)_{MU)ULUL IEPNR
Thus,
K'(D), 1e(P-C)—R=PnC'NR’
B K'(DNGW), Ie(PNC)—R=PNCNR
NU)_{ K'(D UL, Ie(P-C)NR=PnNnC'NR (3.23)
[K'(DnGD]ULU), TePNn(CNR)=PNnCNR

Handle the left-hand side of the equality: [(K, P)¥ (L, R)] N [(G,C) T (L,R)]. Let (K,P)¥(L,R) = (V,P)
where forall I € P

K'(D, IEP—R
K'(HDUL(), TePNR

Suppose that (G,C) U (L,R) = (W, C) where forall I € C

G(D), IEC—-R
G(DUL(), TeECNR

Let (V,P) n (W,R) = (T,P) where forall ] € P

V(D) = {

W) ={

v(), IeP—-R

HD:&KDOWU}IGPnR

Thus,
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K'(D), Ie(P-R)—-C=PnC'NnR’
K'(D UL, IeE(PNR)—C=PNnC'NR
T() = K'(DnGW), IeE(P-R)N(C—-R)=PnNnCNR’
K'(Dn[G(D) UL, IE(P-R)N(CNR)=0
[K'(DuULD]nG(), IEPNR)N(C—-R)=0
[K'(DULD]n[GDHULD)], TePnNnR)N(CNR)=PNCNR

It can be observed that (3.23)=(3.24). O
v. (K, P)\ [(G, C)\i/(L,R)] = [(K,P) & (G,C)] U [(L, R)J(K,P)] where PACNR = @
Proof.

Handle the left-hand side of the equality and let (G, C)y(L,R) = (M, C) where forall I € C

3 G'(D, 1eC—R
M) = {G’(I) NL(U), T€CNR

Let (K, P)\(M, C) = (N, P) where forall I € P

K, IepPp-¢C

ND = {K(I) AM'(I), TEPNC

Thus,

K(D), IEP-C
N() = K nG(D), IEPN(C—R)=PNCNR'
KIDn[G(HuLlM], IePn(CNnR)=PNnCNR

14

(3.24)

(3.25)

Handle the left-hand side of the equality: [(K,P) 1 (G,C)] U [(L,R)V(K, P)]. Let (K,P) 0 (G,C) = (V,P)

where forall I € P

KD, Iep-¢C

v = {K(I) NG, TEPNC
Suppose that (L, R)Y(K,P) = (W,R) where forall I € R

L(D), IER—-P

wn) = {L’(I) NK(), TERNP
Let (V,P) G (W,R) = (T,P). Then, forall I € P

_ VD), [eEP—-R
T _{V(I)UW(I), IEPNR
Thus,

K(D), Ie(P-C)—R=PnC'NnR'

KD NG, Ie(PNC)—R=PNCNR

T _1 KD u L), Ile(P-C)nNn(R-P)=9
) =
[

K(DulL'(H)nKWD], IE(P-C)N(RNP)=PNC'NR

[K(D)nGD]u L), lePnNnC)N(R—-P)=9

KIDnGcDHJV[LDnKD)], 1e(PNnC)n(RNP)=PNCNR
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Therefore,
KD, IeE(P-C)—R=PnC'NR’
K nG(D), IE(PNC)—R=PNCNR'
_ K u L), ITeE(P-C)Nn(R—-P)=9
T = K(D), IE(P-C)N(RNP)=PNC'NR (3.26)
[K(DNnGH]u LD, Ile(PNnC)N(R—-P)=0
[K(IDNGDHIV[LDNKD], 1ePnC)Nn(RNP)=PNCNR
It can be observed that (3.25)=(3.26). O
vi. (K, P)%(G,c)] (L, R) = [(K, P)é(L,R)] A (6, OV, R)]
Proof.
Let first handle the left-hand side of the equality and let (K, P)\i/(G, C) = (M,P) whereforall ] € P
_ K'(D, leP-C
M = {K’(I) NG{I), 1ePnC
Let (M, P)\(L,R) = (N, P) where forall [ € P
B M), 1eP—R
N = {M(I) NL(), 1€PNR
Thus,
K'(D), IE(P-C)—R=PNC'NR’
_ K'(H)naG), Ie(PNC)—R=PnNnCNR
N(I)_{ K'(DnLD), Ie(P-C)NR=PnNnC'NR (3.27)
[K'(DnGD]InL'{I), TePNnC)NR=PNCNR

Handle the left-hand side of the equality: [(K, PYA(L, R)] A [(G, N, R)]. Let (K, PYB(L, R) = (V, P) where
forall[ e P

_ K'(D, IEP—R
v = {K’(I) nNL'({), TEPNR
Suppose that (G, O)\(L,R) = (W, C) where forall I € C
B G(), IeEC—R
W) = {G(I) nL'(), TeCNR
Let (V,P)n (W,R) = (T,P) where forall [ e P
_ v (D), IEP—R
T = {V(I) NW(), 1ePNR
Thus,
K'(D), IE(P—-R)—C=PnNnC'NnR’
K'(DnL), Ie(PNR)—C=PnC'NR
_ K'(DNnGW), IE(P-R)N(C—-R)=PnNnCnNR
TW=1" kwnewnro, Ie(P-R)N(CNR) =0 (3.28)
[K'(DnL D] nGD), IE(PNR)N(C—R)=0

k[K’(I) NLMNDn[cDNLMD)], ITePnNnR)N(CNR)=PNCNR
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It can be observed that (3.27)=(3.28). O
vii. (K, P)Z (G, OV(L, R)| = [(K,P) T (G, C)] A [(L, R)F(K,P)] where PN C N R = @
Proof.

Handle the left-hand side of the equality and let (G, C)}t/(L, R) = (M,C) whereforalll € C

_ G'(D, IeC—R
M) = {G’(I) NL(), 1eECNR
Let (K,P)A(M,C) = (N, P) where forall I € P

KD, [eP-C

N = {K(I) uM'(I), TEPNC

Thus,

K(D), leP—C
N = K(DuaG(D), IEPN(C—R)=PNCNR’ (3.29)
K(Dulc(HhulM], IePn(CNnR)=PNnCNR

Handle the left-hand side of the equality: [(K,P) U (G,C)] A [(L,R)F¥ (K, P)]. Let (K,P) U (G,C) = (V,P)
where forall I € P

K), IepP-¢C

v = {K(I) UG, TEPNC

Suppose that (L, R)¥(K,P) = (W,R) where forall I € R

_ L(D), IER-P
wn) = {L’(I) UK(), TERNP
Let (V,P)n (W,R) = (T,P). Then, forall ] € P
_ v, IeP—-R
T(I)_{V(I)OW(I), IEPNR
Thus,
K(D), IE(P-C)—R=PnC'NnR’
K(HuG((D), IE(PNC)—R=PNCNR'
T = KD n LD, IEP-CONR-P)=0
- KD n[L'(DUKD], IE(P-C)N((RNP)=PNC'NR
[K(DuGDH]nLD, IEPNCOON(R-P)=0¢
[K(DuGDIn[L'(DUKM)], Te(PnC)Nn(RNP)=PNnCNR
Therefore,
K(D), Ie(P-C)—R=PnC'NnR’
K uGc(D), IE(PNC)—R=PNCNR'
_ K n L), Ie(P-C)N(R-P)=0
T = KD, Ie(P-C)n(RNP)=PNC NR (3.30)
[K(DuGD]n LD, Ie(PNC)N(R-P)=0

[K(DuGDINn[L'(DUKWMD)], Te(PnC)N(RNP)=PNnCNR
It can be observed that (3.29)=(3.30). O

viii. | (K, PG, O], R) = |k, P) 3 (L, R)| A (G, VAL, R)]
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Proof.

Handle the left-hand side of the equality and let(K, P)\i/(G, C) = (M, P) where forall I € P

_ K'(D), IeEP-C
M) = {K'(I) NG({), TePncC
Let (M, P)A(L,R) = (N, P) where forall I € P
_ M(D), I€EP—-R
N = {M(I) uL'(l), TEPNR
Thus,
K'(I), Ie(P-C)—R=PnNnC'NR’
_ K'(H)naGU), ITIE(PNC)—R=PnNnCNR
N = K'(DuL ), IE(P-C)NR=PNC'NR (3.31)

[K'(DnGDJulL'(), TePNnC)NR=PNCNR

Handle the left-hand side of the equality: [k, P) ¥ (L, R)|  [(6, O)A(L, R)]. Let (K,P) % (L,R) = (V, P)
where forall I € P

K'(D, IeP—R

v = {K’(I) uL'(l), TEPNR

Suppose that (G, C)A(L,R) = (W, C) where forall I € C

~ G(D, I€EC—R
W = {G(I) ul'(), TeCNR
Let (V,P) n (W,R) = (T,P) where forall [ e P
B VD), IeEP—R
T = {V(I) Nw({), TEPNR
Thus,
( K'(D, Ie(P-R)—C=PnC'NR
K'(DUL D, Ie(PNR)—-C=PNnC'NR
_ K'(H)nGU), Ie(P-R)N(C—R)=PNCNFR
T = K'(D) 0 [GMD) U LD, Ie(P—R)N({CNR) =@ (3.32)
[K'(hDuLlM]naG(), Ie(PNR)N(C—R)=0

[K'(DuLD]n[cDHuLl'(D], TePNR)N({CNR)=PNCNR
It can be observed that (3.31)=(3.32). O
4. Conclusion

In this paper, we explore more about complementary soft binary piecewise plus and gamma operation by
investigating the relationships between these soft set operations and soft binary piecewise operations. In this
paper, it is aimed to contribute to the soft set literature by obtaining the distributions of soft binary piecewise
operations over complementary soft binary piecewise plus and gamma operations. This is a theoretical study
for soft sets and some future studies may continue by investigating the distributions of soft binary piecewise
operations over other complementary soft piecewise operations.
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