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Abstract

The aim of this paper is to introduce the concept of Pentapartitioned Neutrosophic Pythagorean Set with
truth membership function T, contradiction membership function C, ignorance membership function U
and false membership function Fare dependent neutrosophic components and unknown membership
function 1 as an independent neutrosophic component. Pentapartitioned neutrosophic pythagorean set is
an extension of Quadripartitioned neutrosophic pythagorean set. By combining five value neutrosophic
logic with neutrosophic pythagorean set, we will obtain Pentapartitioned neutrosophic pythagorean
set.The complement, union and intersection of Pentapartitioned neutrosophic pythagorean sets are also
discussed in this paper. We establish some of its relative properties of Pentapartitioned neutrosophic

pythagorean set.
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1 Introduction

The fuzzy set was introduced by Zadeh [19] in
1965. The concept of Neutrosophic set was
introduced by F. Smarandache which is a
mathematical tool for handling problems involving
imprecise, indeterminancy and inconsistent data.
Smarandache[15] in proposed neutrosophic sets. In
neutrosophic sets, the indeterminacy membership
function walks along independently of the truth
membership or of the falsity membership.
Neutrosophic theory has been widely explored by
researchers for application purpose in handling
real life situations involving uncertainty. Although
the hesitation margin of neutrosophic theory is
independent of the truth or falsity membership,
looks more general than intuitionistic fuzzy sets
yet. Recently, in Atanassov et al. [3] studied the
relations between inconsistent intuitionistic fuzzy
sets, picture fuzzy sets, neutrosophic sets and
intuitionistic fuzzy sets; however, it remains in
doubt that whether the indeterminacy associated to
a particular element occurs due to the
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belongingness of the element or the non-
belongingness. This has been pointed out by
Chattejee et al. [4] while introducing a more
general structure of neutrosophic set viz.
quadripartitioned single valued neutrosophic set
(QSVNS). The idea of QSVNS is actually
stretched from Smarandache s four numerical-
valued neutrosophic logic and Belnap' s four
valued logic, where the indeterminacy is divided
into two parts, namely, “unknown” i.e., neither
true nor false and “contradiction” i.e., both true
and false. In the context of neutrosophic study
however, the QSVNS looks quite logical. Also, in
their study, Chatterjee [4] et al. analyzed a real-life
example for a better understanding of a QSVNS
environment and showed that such situations occur
very naturally. [1-6]

In 2018 Smarandache [17] generalized the Soft Set
to the Hyper Soft Set by transforming the classical
uni-argument function F into a multi-argument
function:
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In 2016, F. Smarandache [14] introduced for the
first time the degree of dependence between the
components of fuzzy set and neutrosophic sets.
The main idea of Neutrosophic sets is to
characterize each value statement in a 3D -
Neutrosophic space, where each dimension of the
space  represents  respectively the truth
membership, falsity membership and the
indeterminacy, when two components T and F are
dependent and I is independent then T+I+F< 2.
Rama Malik and Surpati Pramanik[12] introduced
Pentapartitioned  neutrosophic set and its
properties. Here indeterminacy is divided into
three parts as contradiction, ignorance and
unknown membership function.[7-10]

If T and F are dependent neutrosophic
pythagorean components then T 2 + F 2 < 1.
Similarly, for U and C as dependent neutrosophic
pythagorean components then C 2+ U < 1. When
combining both we get Quadripartitioned
pythagorean set with dependent components as
T2+F2+C%+U?<2

R. Radha and A. Stanis Arul Mary [10] introduced
Quadripartitioned neutrosophic pythagorean sets
with T, C, U, F as dependent neutrosophic
components.

In this we have to introduce the concept of
introduced the concept of Pentapartitioned
neutrosophic pythagorean set with T,C,U and F
are dependent neutrosophic components and | as
an independent neutrosophic components and
establish some of its properties.[11-18]

2. Preliminaries

2.1 Definition [15]

Let X be a universe. A Neutrosophic set A on X
can be defined as follows:

A= {<x,Ty(x),I,(x), Fy(x) >:x € X}
Where TA JIA;FA: U- [0,1] and0 < TA (X) +
L(x)+F(x)<3
Here, T, (x) is the degree of membership, I,(x) is
the degree of inderminancy and F,(x) is the
degree of non-membership.

Here, T4(x) and F,(x)are dependent neutrosophic
components and I4(x) is an independent
component.

2.2 Definition [4]

Let X be a universe. A Quadripartitioned
neutrosophic set A with independent neutrosophic
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components on X is an object of the form
A= {<x,Ty(x),Ca(x),Ug(x), Fy(x) >:x € X}
and0 < Ty(x) + C4(x) + Uy(x) + F, (x) < 4
Here,T4(x) is the truth membership, C,(x) is
contradiction membership,U,(x) is ignorance
membership and F, (x) is the false membership.
2.3 Definition [12]
Let P be a non-empty set. A Pentapartitioned
neutrosophic set A over P characterizes each
element p in P a truth -membership
function T, , a contradiction membership function
C,, an ignorance membership function G,
unknown membership function U, and a false
membership function F, , such that for each p in P
TA+ CA+ GA+ UA+ FASS

2.4 Definition [10]
Let X be a universe. A Quadripartitioned
neutrosophic pythagorean set A with dependent
neutrosophic components A on X is an object of
the form
A= {<x,Ty(x),Ch(x),Us(x), F4(x) >:x € X}
Where TA + FA < 1, CA + UA <1land0 <
(Ta(x))? + (C4())* + (Ug (X)) + (Fy (x))* < 2
Here, T, (x) is the truth membership, C4(x) is
contradiction membership,Uy(x) is ignorance
membership and F4 (x) is the false membership.
2.5 Definition [10]
A Quadripartitioned neutrosophic pythagorean set
A is contained in another Quadripartitioned
neutrosophic pythagorean set B (i.e) A< B if
Ta(x) < Tp(x),Ca(x) < Cp(x), Uy (x) < Up(x)
and F,(x) < Fz(x)
2.6 Definition [10]
The complement of a Quadripartitioned
neutrosophic pythagorean set (K, A) on X Denoted
by(K, A)€ and is defined as
K (X)= {< x, Fy(x), Uy (), C4(x), Ty (x) >
1 x € X}

2.7 Definition [10]
Let X be a non-empty set,
A=<x, TA(X), CA(X), UA(X),FA(X) > and

B = <x,Tg(x),I5(x),F g(x) > are
Quadripartitioned neutrosophic pythagorean sets.
Then
AU B = <x, max(TA (%), Ty (x)),

max(CA (x),Cp (x)),
min(Uy (x), U p(x)), min(Fy(x), F p(x)) >
ANB=< x,min(TA (%), Ty (x)),
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min(Cy(x), Cg (x)), max(Uy (x), Ug (x)),
max(Fy(x), F p(x)) >

2.8 Definition [10]
A Quadripartitioned neutrosophic pythagorean set
(K, A) over the universe X is said to be empty
neutrosophic pythagorean set with respect to the
parameter A if

Tke) = 0,Cke) = 0,Uke) = 1, Fie)=1,

Vx € X,Ve € A. Itis denoted by 0y

2.9 Definition [10]
A Quadripartitioned neutrosophic pythagorean set
(K, A) over the universe X is said to be universe
neutrosophic pythagorean set with respect to the
parameterA if

Tee) = LCkee)y = 1 Uke) = 0, Fke)=0,

Vx € X,Ve € A. Itis denoted by 1y

3.Pentapartitioned Neutrosophic Pythagorean
Set (PNPS or PNP Set)
3.1 Definition

Let X be a wuniverse. A Pentapartitioned
neutrosophic pythagorean set A with T, F, C and U
as dependent neutrosophic components and | as
independent component for A on X is an object of
the form
A= {< X, TA! CA!IA! UA! FA > X € X}

Where Ty +F,<1,C +Uy<1land

(TA)?* + (Ca)* + Ua)* + (Up)* + (Fg)* <3
Here, T, (x) is the truth membership,
C,4(x) is contradiction membership,
Uy (x) is ignorance membership,
F,4(x) is the false membership and
Ia (x) is an unknown membership.
3.2 Definition
A Pentapartitioned neutrosophic pythagorean set A
is contained in another Pentapartitioned
neutrosophic pythagorean soft set B (i.e) AC B if
TA < TBrCA < CB'IA = IBJUA = UB and FA = FB
3.3 Definition
The complement of a  Pentapartitioned
neutrosophic pythagorean set (F, A) on X denoted
by(K, A)€ and is defined as
KC(X): {< X, FA, UA ,1 — IA! CA!TA > X € X}
3.4 Definition
Let X be a non-empty set,
A=<x, TA, CA,IA, UAJFA > and
B = <X,TB,CB, IBJUBJFB > are two
Pentapartitioned neutrosophic pythagorean sets.
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Then
AUB =< X, max(Ty, Tg), max(C,, Cgp),
min([A, IB), min(UA, UB)' min(FA, FB)>
ANB =<x, min(TA, TB)! min(CA, CB)'
max(ly, Iz), max(Uy, Ug), max(F,, Fg)>
3.5 Definition
A Pentapartitioned neutrosophic pythagorean set
(K, A) over the universe X is said to be empty
Pentapartitioned neutrosophic pythagorean set @
with respect to the parameter A if

TK(e) = 0, CK(e) = 0, IK(e) = 1,
Uke) = 1,Fxe)=1,Vx € X,Ve € A. Itis denoted
by @
3.6 Definition
A Pentapartitioned neutrosophic pythagorean set
(K, A) over the universe X is said to be A universe
Pentapartitioned neutrosophic pythagorean set
with respect to the parameter A if

Txe)y = 1LCkee) = Llke) = 0,
UK(e) = O,FK(e):O
Vx € X,Ve € A. It is denoted by A
3.7 Definition
Let A and B be two Pentapartitioned neutrosophic
pythagorean sets on X then A\B may be defined as
A\B = < x, min(Ty, Fg), min(Cy, Up),

max(ly, 1 — Ig),max(Uy, Cg), max(F, T 5) >

3.8 Definition
Kk is called absolute Pentapartitioned neutrosophic
pythagorean set over X if K(e) =Afor any
e € E. We denote it by Xy
3.9 Definition
K is called relative null Pentapartitioned
neutrosophic pythagorean set over X if
K(e) = ¢ for any e € E. We denote it by @
Obviously @;= Xg and X = 0%
3.10 Definition
The complement of a  Pentapartitioned
neutrosophic pythagorean set (K, A) over X can
also be defined as (K, A)¢ = X;\K(e) for all
e € A.
Note: We denote Xz by X in the proofs of
proposition.[19-23]
3.11 Definition
If (K, A) and (L, B) be two Pentapartitioned
neutrosophic pythagorean set then “(K, A) AND
(L, B)” is a denoted by (K, A) A(L, B)
and is defined by (K, A)A (L, B) = (H, A xB)
where H (a, b) = K(a) nL(b) Va € A and Vb € B,
where N is the operation intersection of
Pentapartitioned neutrosophic pythagorean set.

64



www.rspsciencehub.com

3.12 Definition

If (K, A) and (L, B) be two Pentapartitioned
neutrosophic pythagorean set then “(K, A) OR (L,
B)” is a denoted by (K, A) v(L, B) and is defined
by (K, A)v (L, B) = (K, A xB)
where K (a, b) = K(a) u L(b) Va € A and Vb € B,
where U is the operation union of Pentapartitioned
neutrosophic pythagorean set.
3.13 Theorem
Let (K, A) and (L, A) be Pentapartitioned
neutrosophic pythagorean set over the universe X.
Then the following are true.
(1) (K, A)c (L, A) iff (K, A)n (L, A) = (K, A)
(i) (K, A (L, A) iff (K, A) U (L, A) = (L, A)
Proof:
(i)Suppose that (K, A)< (L, A),
then K(e) €L (e) for all e€ A.
Let (K, A) n (L, A) =(H, A).
Since H(e) = K(e) nL(e) =K(e) for all e€ A,
by definition (H, A) = (K, A).
Suppose that (K, A) N (L A) = (K, A).
Let (K, A) n (L, A) =(H, A).
Since H(e) = K(e) nL(e) =K(e) for all e€ A,
we know that K(e)<SL(e) for all e€ A.
Hence (K, A)C (L, A).
(ii) The proof is similar to (i).
3.14 Theorem
Let (F, A), (G, A), (H, A), and (S, A) are
Pentapartitioned neutrosophic pythagorean set
over the universe X. Then the following are true.
M) If (F, A)n (G, A) =0, , then (F, A)c (G, A)*
(i) If (F, A)< (G, A) and (G, A)< (H, A) then
(F, A) (H, A)
(iii) If (F, A)< (G, A) and (H, A)< (S, A) then
(F,AN(H A) S (G AN A)
@iv) (F, A)c (G, A) iff (G, A)¢ c (F, A
Proof:
(i)Suppose that (F, A) N (G, A) =0,.
Then F(e)n G(e) =
So, F(e)<c U\G(e)= G"(e) for all ee A. Therefore,
we have(F A)c (G, A)¢
Proof of (ii) and (iii) are obvious.
(iv) suppose that(F, A)< (G, A)
< F(e)< G(e) for all ee A.
< (G(e))¢ < (F(e)) foralle € A.
< G°(e) € FC(e) foralle € A.

<=(G, A c (F, A)F
3.15 Definition
Let I be an arbitrary index {(Fi, A)}ie/be a
subfamily of Pentapartitioned neutrosophic
pythagorean set over the universe X.
()The union of these Pentapartitioned
neutrosophic pythagorean set is the
Pentapartitioned neutrosophic pythagorean set

(H, A) where H(e) = U,¢; F; (e) for each e€ A.
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We write U;¢(F;,A)=(H, A)
(i)The intersection of these Pentapartitioned
neutrosophic pythagorean set is the
Pentapartitioned neutrosophic pythagorean set
(M, A) where M(e) = N;¢; F;(e) for each e€ A.
We write N;e (F;, A)= (M, A)
3.16 Theorem
Let I be an arbitrary index set and {(Fi, A)} ¢ be a
subfamily of Pentapartitioned neutrosophic
pythagorean set over the universe X. Then
(i) (User(Fi, A)E = Niey (F, A
(i) (Nier (F;, A)C = User(F;, A
Proof:
() Uies(Fi, A)° = (H, A
By definition H(e) =Xg\H(e) =Xg\U;¢; F; ()
:niEI (XE\FL(Q)) forall e € A.
On the other hand, (N;¢; (F;, A))¢ = (K, A).
By definition, K(e)=N;¢; FE (e)=N;e; (X — Fi(e))
for all e € A.
(ii) It is obvious.
Note: We denote @; by @ and X by X.
3.17 Theorem
Let (K, A) be Pentapartitioned neutrosophic

pythagorean set over the universe X. Then the
following are true.

N @A =(XA
(i) (X, A)F=(0A4)

Proof:

(i) Let (@, A) = (K, A)

Then Ve€ A,

K(e) = {< x, Tk (e), CK(e)rIK)%e Uk ey Fr ey >
L

={(x,0,0,1,1,1): x € X}
Thus (9,A)¢ = (K,A)¢
Then Ve€ A,
(K(e))c = {< X, TK(e)' CK(e)(g IK(e)r UK(e); FK(e) >
tx € X}©
={<x,Fg@ey Ukey 1 = Ike) Criey Th(e) >
1 X € X}
={(x1,1,0,0,0): x e X} =X
Thus (9,A)¢ = (X, A)
(ii) Proof is similar to (i)
3.18 Theorem
Let (K, A) be Pentapartitioned neutrosophic
pythagorean set over the universe X. Then the
following are true.
() (K, AU (@, A) = (K, A)
(i) (K, A)U (X ,A) = (X, A)
Proof:
(I) (K, A) :{e’(x' TK(e)’ CK(e)(x)J IK(e):
UF(e)'FF(e)): X € X}Vee A
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(@, A) ={e, (x,0,0,1,1,1): x € X} Vee A
(K, A)U ((Z),A)={e,(x, max (T (e), 0),
max(Cg ey, 0), min(Ix ey, 1), min(Uk ey, 1)
min(FK(e), 1))}Ve€ A
={e, (%, Tk ey C(e) Ik ey Uk (e Fr(e))}
vee A
= (K, A)
(ii) Proof is similar to (i).
3.19 Theorem
Let (K, A) be Pentapartitioned neutrosophic
pythagorean set over the universe X. Then the
following are true.
() (K, A)n (2, A) = (2, A)
(i) (K, A)n (X, A) = (K, A)
Proof:
Let (K, A) ={e, (x, Tk(ey Ck e Uk ey Fr(e))}

and (9, A) ={e, (x,0,0,1,1,1): x € X} vee A
(K,A)N(D,A={e,(x, min(Tk (), 0), min(Cx (), 0),
max (g, 1), max(Ug ), 1)max(Fg(), 1))}
Vee A
={e,,(x,0,0,1,1,1)}vee A
=(9,A)
So,(K, A)n (@, A) = (2, A).

3.20 Theorem
Let (K, A) and (L, B) arePentapartitioned
neutrosophic pythagorean set over the universe X.
Then the following are true.
(i) (K, A)u (@, B) = (K, A) iff BEA
(i) (K, A)U (X, B) = (X, A) iff Ac B
Proof:
We have for (K, A),
K(E) = {(x, TK' CK' IK! UK! FK): X € X}Ve €A
Also let (@, B) = (L, B), then
L(e) ={(x,0,0,1,1,1): x € X} Vee B
Let (K, A)U (@, B) = (K, A)uU (L, B) = (H, C)
whereC=A UBandforalle € C
H(e) may be defined as
H(e) = K(e) ife € A — B,
=L(e)ifee B—A
=K(e) UL(e)ifee ANB
Here,K(e) U L(e) = K(e). Then
H(e) = K(e) ife € A— B},
=L(e)ifee B—A
=K(e) ifee ANB
Let BSA
ThenH (e) = K(e)ife e A— B
=K(e)ifee ANB
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Hence H(e) = K(e) YeeA
Conversely Let (K,4A) U (@,B) = (K, A)
ThenA=AUB=BC A
(ii) Proof is similar to (i)
3.21 Theorem
Let (K, A) and (L, B) are two
Pentapartitionedneutrosophic pythagorean set over
the universe X. Then the following are true.
() (K, A)n (@, B) = (@, ANB)
(i) (K, A)n (X, B) = (F, AnB)
Proof:
(i) We have for (K, A)
K(e) = {(x Tk(eyr Ck ey Ik ey Uk ey Fr(e)): X €
X} vee A
Also let (@, B) = (L, B) then
L(e) ={(x,0,0,1,1,1): x €X} Vee B
Let (K, A) n (9,B) = (K, A) n(L, B)=(H, C)
where C=A NB and vee C
H(e) = {Cx, min(Tk ey, Ti(e)), Min(Ci ey Ciie)),

max(Ix ey L)), max(Uk ey, Upce)), max (Fx ey, Fi(e)))

1x € X}
= {(x, min(Tk(e), 0), min(Cx(e), 0), max(Ig (), 1),
max(Ug ey, 1), max(Fgy, 1)): x € X}
={(x,0,0,1,1,1): x € X}
=(L,B)=(2,B)

Thus (K, A)n (@, B) = (@, B) =(9, AnB)

(i1) Proof is similar to (i).

3.22 Theorem

Let (K, A) and (L, B) be Pentapartitioned

neutrosophic pythagorean set over the universe X.

Then the following are true.

() (K, AU (L, B) °S (K, A) “U(L, B) ©

(i) (K, A) © n(L, B) “<((K, A)n (L, B)) ©

3.23 Theorem

Let (K, A) and (G, A) are two Pentapartitioned

neutrosophic pythagorean sets over the same

universe X. We have the following

(i) (K, AU (6, A) © = (K, A) “n(G, A) ©

(i) (K, AN(G, A)) © = (K, A) “U(G, A) ©

Proof:

(i) Let(K,A) U (G,A)=(H,A)Vee A

H(e) = K(e)uG(e)

={(x, max(Tk(e), Tg(e)), max(Ck (e, Coe))
min(Ixcey. lo)) min(Ugey, Us(e)),
min(Fy ey, Fge))}

Thus (K, A) U (G, A)° = (H, A)°V ee A

(H(e)) © = (K(e)uG(e)) ©

={(x, max(Tk(e), Tg(e)), max(Ck (e, Coe)),

min(Ix ), loce)) min(Uk ey, Usce) )
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min(Fg e, FG(e))}C
={(x, min(Fg(e), Fs(e)), min(Uxk(e), Ug(e))
max(l - IK(e): 1-— Ig(e)),max(CK(e), CG(e))’
max(Tk ey, Tg(e))}
Again (K, A) °n (G, A) © = (I, A) whereV e € 4
I(e) = (K(e)) “n (G(e))
={(x, min(Fg ), Fg(e)), min(Ug ey, Ug(e)),
max(l - IK(e): 1-— IG(e)): maX(CK(e), CG(e))’
max (T e), Tee))}
Thus ((K, A)U (G, A) ¢ = (K, A) (G, A) ©
(ii) Let (K, A) N (G, A) = (H, A) V e€ A
H(e) = F(e)nG(e)
={(x, min(Tk ey, Tg(e)), Min(Cx ey, Cie))
max (I ey, o)) max(Uk ), Ug(e) ),
max(Fg ) Fge))}V €€ A
Thus (K, A) n (G, A)) = (H, A) ©
(H(e)) © = (K(e)nG(e))
={(x, min(Tk ey, T (e)), Min(Cxe)s Cie))
max(Ix ey, g (e)), max(Uk ey, Us(e) ),
max (Fi(ey Foe))
= {(x, min(Tx(e), T (e)), Min(Ug (o), Ug ()

max (IK(e)(x)r Ic;(e)(x)) ymax(Cy(ey Coe))

max (FK(e)(x)' FG(e)(x)) 3
={(x, max(F(e), Fo(e)), max(Uk(e), Us(e))
min(l - Ip(e), 1 - Ig(e)),min(CK(e),CG(e)),
min(TK(e), TG(e))}V ee A
Again (K, A) U (G, A) © = (I, A) whereV e € 4
I(e) = (K(€)) “u (G(e)) ©
={(x, max(F(e), Fse)), max(Uk(e), Us(e))
min(1 = Igce) 1 = lge)) min(Ceer Coe)),
min(TF(e), T(;(e))}‘v’ ee A
Thus (K, A)n (G, A) © = (K, A) “U(G, A) ©
3.24 Theorem
Let (K, A) and (L, A) are two Pentapartitioned
neutrosophic pythagorean sets over the same
universe X. We have the following
(i) (K, AA (L, A) €= (K, A) C V(L A) ©
(ii) (K, A)V (L, A)) © = (K, A) AL, A) ©
Proof:
Let (K, A) A (L, B) = (H, A xB) where
H(a b)=K@) nL(b)Vae AandV b € B where
Nis the operation intersection of PNPS.
Thus H (a, b) = K(a) n L(b)
={(x, min(Tk @), To ), Min(Cx @y, CLep))s
max (g ) ) max(Ugay Unn)):
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max(Fy ), FL))}
(K, A)A (L, B)) = (H, A xB) ©
V(a,b) € AXB
Thus (H (a, b)) “={(x, min(Tx(a), Tr))s

min(Cx(a) CLv)) max(Ixay L)), .
max(Ugqy, Up ), max(Fay, Fri))}

:{(X, max(FK(a)' FL(b))' max(UK(a)r UL(b))'
min(l - IK(a)’l — IL(b)),min(CK(a),CL(b)),
min(Txcay TrLp))}
Let (K, A) © V(L, A) © = (R, A xB) where
R (a, b) =(K(@)) U (L(b)) *V a € A4 and
V b € B where Uis the operation union of PNPS.
R (a, b) ={(x, max(Fx(a), FL(v))
max(Uk(a), Up)) min(l — Ix@), 1 — Ip)),
min(Cx ), Crep)) Min(Tx ), To))}
Hence (K, A)A (L, A) € = (K, A) CV(L, A) €
Similarly, we can prove (ii)
Conclusions
In this paper, we have introduced Pentapartitioned
neutrosophic pythagorean set with T, C, U and F
as dependent neutrosophic components and | as an
independent  neutrosophic ~ component.  The
Pentapartitioned neutrosophic pythagorean set is
an extension of Quadripartitioned neutrosophic
pythagorean set with dependent neutrosophic
components and Pentapartitioned neutrosophic set.
We discussed some of its properties of
Pentapartitioned neutrosophic pythagorean set.
Future works may compromise of the study of
different types of operators on Pentapartitioned
neutrosophic pythagorean set dealing with actual
problems and implementing them in decision
making problems.
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