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Abstract
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Additionally, we prove some of its basic properties.
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1. Introduction

Zadeh [6] invented the idea of a fuzzy set (FS) to deal with various kinds of uncertainties that arise in numerous
practical applications as well as complex systems including biological, behavioural and chemical, etc. In 1999,
Smarandache [2] developed the field of neutrosophic set which is the extension of a fuzzy set that involves the
degrees of truth, indeterminant and falsity to address the inconsistencies and ambiguities in knowledge that
frequently arise in practical situations. Later, Rama Mallick and Pramanick defined the concept of
pentapartitioned neutrosophic set (PNS) which divides the characteristics features into five components. The
indeterminacy is split into three parts signifying contradiction, ignorance and unknown respectively. S. S.
Surekha, J. Elekiah and G. Sindhu [4] introduced the notion of a neutrosophic binary set (NBS) in topological
space and discussed some of its properties in 2022. In this article, we define a new set named as Pentapartitioned
neutrosophic binary set (PNBS) by extending NBS and and procure some of its basic properties.

2. Preliminaries

Here we procure some basic definitions which is needed for our work.
Definition 2.1. A fuzzy set (FS) A on the universe of discourse X is defined as:
A ={<u,uz(u) >:u € X}where uz:X - [0,1] and 0 < pz(x) < 1.
Definition 2.2. A neutrosophic set (NS) 4 over X is defined as follows:

A ={<u,uz(w),o5(w),y;(u) >:u € X},Where uz(u), oz(w),y;(w) are the truth, indeterminant, and
falsity membership values of each u € X. So,

0<pz(uw)+oz(u) +yz <3.
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Definition 2.3. Assume that X be a fixed set. A Pentapartitioned neutrosophic set (PNS) A over X is
defined as follows:

A ={<u,pz(w),05(w),9z(w), ps(w), va(w) >:u € X},Where puz(w), 04(w), 9z(w), pa(w), ya(u) are the
truth, contradiction, ignorance, unknown, and falsity membership values of each u € X. So,

0 <uz(u) +oz(uw) +yz(u) + pz(w) +yz(u) < 5.

3. Pentapartitioned neutrosophic binary sets

Definition 3.1. Let U and V be two universes of discourse. The Pentapartitioned neutrosophic binary set
(4,,4,) = (U, V) is given by

(A, 4,) = <u,pz,(W),0z, W), 9z, (W), pz, (W), vz, (W) >:u €U,
V2T <o, up,(0), 05, (), 97,(0), b, (v),va,(v) >:vEV

Where uz, (W), 0z, (W), 9z, (W), dz, (W), vz, (w): U — [0,1] are the degrees of the membership of truth,
contradiction, ignorance, unknown, and falsity membership values of u € U and

pa, (W), 0z, (W), 9z, (W), bz, (W),vz, (w):V — [0,1] are the degrees of the membership of truth,
contradiction, ignorance, unknown, and falsity membership values of v € V such that 0 < uz, (u) + oz, (w) +
Uz, (W) + ¢z, (W) +yz,(w) <5and 0<pz, W) +oz, (W)+9z (v)+
¢z, W)ty (W) <5.

Definition 3.2. A PNBS is said to be absolute PNBS iff its truth membership, contradiction membership,
ignorance membership, unknown membership and falsity membership values are defined as follows: pz, (u) =

Loz (W) =1,9; 1) =0,¢z 1) =0,z w) =0and pa, ) =10z (v) =
1,9z, ) =0,¢z, (v) =0,yz, (v) =0.

Definition 3.3. . A PNBS is said to be null PNBS iff its truth membership, contradiction membership,
ignorance membership, unknown membership and falsity membership values are defined as follows:

pa, (W) = 0,04, (w) =0,9z,(w) =1,¢4 ) =1,yz ) =1and pa, (v) =
0, 04, (17) = 0'19121'2 (17) =1, ¢1‘IZ (17) =1, Yi, (17) =1

<u,pz, W), 0z W), 9z, W), ¢z, (W), vz, W) >:u €U,
<v,uz, W) o4, W), 9z, W), ¢z, W), vz, W) >:vEV
(U, V), the complement of the set (4,,4,)¢ is defined as:

<u, Ya, (u), ¢A1 (u), 1- 19/11 (u), 04, (u), Ha, (u) >uel, }
<v, Ya, (U), ¢A2 (U), 1- 1912 (U), 0, (U), Ha, (U) >vevV

Definition 3.4. Let (4, 4,) = { } be a PNBS on

(i’ =
Definition 3.5. Let (Al'AZ) = {< Ui, 04,04, 04, Va, > < Ui, 04, V4, D, Vi, >} and

(El, EZ) = {< ﬂgl,()'gl,ﬁgl,(ﬁgl,}/gl >,< Ug, 08, ,1932 ,(f)gz Y5, >} be two PNBS on (U, V). Then A4 is
contained in B, denoted by (4,,4,) < (B, B,) if and only if

pa, W) < pp, (W), 0z, (W) < o5, (W), 9z, (W) =95 W), pz, (W) = ¢, (W), vz, (W) =yz (w) forevery u €
Uand pug,(v) < pg,(v),04,(v) < 05,(v),9z,(v) = 95,(v),

$z,(w) = ¢pp,(),va,(v) =y, (v) foreveryv e V.

<pz, (W), 0z, (), 9z, (W), pg, (W), vz, (W) >, } d

Definition 3.6. Let (4, 4,) = {< i, )00 .95 Wb (W1, () >

(B, B,) _{ < ug,(0), 05, (0), 95, (), pg, (W), vz, (W) >,
vz < s, (v),05, (v),95, (v), Pz, (V),v5, (v) >
(4, 4,) U (By, B,) and intersection (4, 4,) n (By, B,) are defined as:

} be two PNBS on (U, V). Then their union

(4y,4,) U (B, B,) =
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{< pa, W) Vug, (W), 0z, W) Vog, (w), 9z, W) ANIg, (W), da, W) A dg, (W), vz, (W) Ays, (u) >:u € U,}
<pi, W) Vg, ), 05,@)Vos W), 9z,w) Ns,(v), da,w) Ads, (), vz,w) ANys,(v) >:vEV

(4,4,)n (B, B,) =
{< pa, (W) Apg (W), 0z, W) Aog, (W), 9z, (W) VIs W), pz, W)V ds (W), vz, (W) Vys W) >ue U.}
<pz, W) App,(v),0z,(v) Ao, (v),9z,(w) VIs,(), dz,(v) V ¢5,(v),vz,v) Vys,(v) v EV

Proposition: PNBS satisfy the following properties over the universe (U,V) under the aforementioned set
theoretic operations:

(1) Commutative law:

(@) (4,,4,) U (B, B,) = (B, By) U (4,,4),)

(b) (A1, 4,) n (By, By) = (B1, B,) n (A1, 45)

Proof:

(@ (4,4, U (B, B,) = (B, B,) U (4;,4,), we know that,

(4, 4) U (B, By)
B {< pa, W Vug, (W), 0z, W) Vog, (w), 9z, W) ANdg, (W), bz, W) Adg, W), vz, (W) Ays, (u) >:ue U.}
| <wua,W) Vs, (),05,W) Vo, (v),95,W) A9z, W), ¢s,(W) A ps, (v),va,) Ays,(v) >:vEV

B {< pa, (W), 04, (W), 9z, (W), pa, (W), va, W) >v< ug (W), 05, (w), 95, (W), p5, (W), vz W) >:u € U,}
< s, ), 04,),95,W), bz, 0),va, () >V< up,(v),05,v),95,), ¢z, (v),v5,W) >vEV

Let (p,q) € (U,V) be arbitrary such that (p, q) € (4,,4,) U (B, B,)

< Ui VUs,0i Vop, 9z N, ba, ANdg, Vi, NVs, >

A
@ < Ui, VU, 04, V05,04, N5, da, NP3, Vi, NV, >

S )€ {< Mg, V Hi,, 05, V04,95 N4, b5, Nba, Ve, NVa, >,
< Uup, VUi, 05,V 04,05, NV, b5, NPa, V5, NVi, >
= (p,q) € (By, B,) U (41, 4)
= (4,,4,) U (B, By) € (B, By) U (Ay, Ay) ... (1)
Let (r,s) € (U,V) be arbitrary such that (r,s) € (B;, B,) U (4,,4,)

< WUp, VWi, o5 V0oi,95 NIz, b5 Nda, Ve NVa, >,}
< Us, VUi, 08,V 04, U, N9z, b5, NP, V5, NVa, >

= (r,5) E{

S (rs) e {< Wi, V Up,, 04, V0p, 05 Ng, s, N bs, Vi, NV, >,}
’ < Wi, VU, 04, V035,94, Ng,, i, Nbs, Vi, NV5, >
= (r,s) € (4,4,) U (B, B)...... )
Therefore, from (1) and (2) we get,
(/11,142) u (El' Ez) = (Epgz) u (Al’AZ)
(b)  Again by similar discussion, we can show that

(A1, 4;) N (By, By) = (By, B,) N (A, 4y)
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(2) Associative law:

(©) (A, 4x) v ((BipB:z) U (€1, 6)) = (A, A U (B:pl?z)) U (C1,G)
(d) (A1, 42) N ((By, Bz) N (Gy, G3)) = (A1, 42) N (B, B2)) N (€, )

Proof:
(c)  Now, to prove: (4;,4;) U ((By, By) U (€1, (3)) = ((A1, A3) U (B, By)) U (G, )

Let (p,q) € (U,V) be arbitrary such that (p, q) € (4,,4,) U ((B,By) U (C,,(,))

< g, Ve, 05 Voe, 05 ANe, b5, Nde, Ve, NV, >}

= (p,q) € (4,4 u{
.0 € (40, 42) <p, VU, 05,V 0c,, 95 N, b5, Ndc, V5, NVe, >

<V (ua,, uz, ke, )V (94,08, 06,)A (94, 95, 9e, )N (D4, $5, - e, IA (Vay v, ve,) >'} s a) €

= (p,q) € {
<V (ay Moy e, )V (04,08, 0¢,) N 94,95, 9,0 (D4, » b5, » P, WA Vap Vi, ve,) >
{< Wi,V Up,, 04, VOop, 95 N, ba, Nbg, Vi, NVE, >
< Ui, VU, 04, V05,05 N5, bz, Nds, Vi, NV, >

} U (€, C)
= (0,9) € (A, 42) U (By, By)) U (€1, C)
(A1, 43) U ((B1, B2) U (€1, 63)) € (A1, A2) U (B, B)) U (€1, y)....(3)
Take (r,s) € (U,V) be arbitrary such that (r,s) € ((4,,4,) U (B,,B,)) U (C,,C,)

< Wi, Vps,05, Vg, 0z ANOs,0a, N5, Vi, NVs, >,
< Ui, VU, 04, V05,05, N5, da, Nds, Vi, NV, >

= (r,s) € { }U (€1, C)

<v (”51' HE,» 'uf1)’v (0-1‘71' 0 0-(51)’/\ (19/11’ 1951’ 1951)’/\ (d)Al' ¢E1 ’ ¢€1 )’A (yfiﬂ VB, yf1) >'}

= (r,s) € {
<V (ua, Mz, te,)V (04,08, 0¢,) A 94,95, 9c)A (b4, » b5, » bc, A Va, Vs, Ve,) >

.. < Up. Vg ,05 Vog,05 N9, Ndg Ve, NVe >,
=>(r,s)E(A1,A2)U{ Hp, VU, 0B ¢ VB, ¢ ®5, Nde, Ve, NV, }

< up, VU, 05,V 0c,, 95, AN¢,, d5, Nbec, V5, AVe, >
= (r,s) € (41, 4,) U ((Br, By) U (€1, C))
(A1, 4,) U (B, By)) U (C1,Cy) € (A, &) U ((Br, By) U (G, B))....(4)
From (3) and (4) we obtain that,
(Ay,4,) U ((By, By) U (€1, C,)) = ((Ay, Ay) U (By, By)) U (Cy, )
(d)Again By similar discussion, we can easily show that
(A1, &) 0 (B, By) 0 (Cr, C) = (A, Ay) N (B, By)) N (Cr Cy)
(3) Distributive law:
(e) (A1, 43) U ((By, B) N (€1, () = (A1, A2) U (By, B)) n (A1, A3) U (€1, 62))
(f) (A1, 42) N ((By, B2) U (€1, 63)) = (A1, A2) N (B, By)) U ((A1, 42) N (€1, G3))
Proof:
(e) Let (p, q) € (U, V) be arbitrary such that (p, q) € (4;, 4,) U ((B1, B,) n (C1, C))
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o < g Ape,05. Aoz, 95 Vs, b5 Vde Ve VYe >,
= (0, q) € (A, 4,) U{ Hp, NU¢,, 0B, ¢ VB ¢ 8, Ve, Ve, VYe }
< Ug, NU¢, 08, NO¢,, 5, V¢, b5, V be, Vs, VVYe, >
= (P, q) €
{< pa, V (us, Auc,) o4, V (05, Nog,), 94, A (95, V¢ ) da, A(bs, Ve )va, Avs, Vre) >.}
< pa, V(up, ANug,) 04,V (05, N0¢,), 94, N[O, VI¢,) bz, N(Ps, Vbe, )va, N(¥Vs, VYe,) >

< Wi, Vis,0x Vs, 0z NOs,,0a, N5, Vi, NV, >,}
< Ui, Vs, 04, V05,05 N5, bz, Nds, Vi, NVs, >
{< #Al V.uflio-ﬁl \% 0-(51'1951 Aﬁflv d)ﬁl A ¢f1 !Y/T1 AYC'l >!}
< Wi, Ve, 04,V 0¢, 05, N, Gz, Nbe, Vi, NYe, >

=>(p,q)6{

= (p,q) € (A1, 4) U (By, B)) N ((A, 4) U (€, ()

(41,4;) U ((B1,B,) n (G, &) € (A1, A) U (B1, By)) n (A1, Ax) U (€1, B))...... (5)

Let (r,s) € (U, V) be arbitrary such that (r,s) € ((4,,4,) U (By,B,)) n ((4;,4,) U (Cy, C)
< Ui, VUs,04 V05,94 Ng, 04, N b5, Vi, NV, >,}

< Ui, VUs,0i, V03,05, ANUs,, ba, NP5, Vi, NV, >

{< Wi, V ey 0a, vV 0¢, 94, Ne, b4, Nbe, Vi, NYe, >,}
< Wi, VUe,0i,V0¢, 05, N, bz, Nde, Vi, NVe, >

= (r,s) E{

= (p,q) €

{< pa, vV (us, Auc, ) oa, V (05, Aog,), 94, A (95, V¢, ) da, A bz, Ve )va, Avs, Vre) >,}
< g,V (s, A, 04,V (05, N0g,), 94, NP5, VIe,) ba, N(Ps, Vde, )va, AN¥s, VYe) >

< g, Nbe,y 05, NOc, 95, Ve, b5, Ve, Ve VYe >'}
< g, N¢, 05, N0¢,, U5,V I¢,, b5, Ve, Vs, VVe, >

= (r,s) € (A1, 4y) u{
= (1,s) € (41, 4,) U ((By, B,) n (Cy, )

((A,4) U (B, B) N ((A, A) U (€1, C) € (A, A) U (B, B) n (€, G))........ 6)

From (5) and (6), we get

(41, 43) U ((By, B2) n (G, 6)) = ((Ay, A3) U (B, By)) 0 (A4, 43) U (G, ()

(f) Similarly, it is easy to show that

(A1, 4;) N ((By, By) U (1, C,)) = (A1, 4,) n (By, By)) U (A1, 4z) n (€1, Gy))

(4) Idempotent law:
@) (A1, 4) N (A, A) = (A1, 4y)
(h) (A1, 42) U (A, A2) = (A1, A7)
Proof:
(9) Take (p,q) € (U,V) be arbitrary such that (p, q) € (4,,4,) n (4,,4,)
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< pa, Nua,, 04, Nog, 9, V4,04 V i va, VVa, >,}

> O, e{
®.0 < Ui, NUi, 04, NO4, Vi, VU4, da, Vi, Vi,V Vi, >

< Uz, 04,05, P4, V4, >,}
= (p,q) €
@) {< Uiy Ody Vi, Pa, Vi, >
= (p,q) € (A, 4,)....(7)
Take (r,s) € (U,V) be arbitrary such that (r,s) € (4,,4,)

< Ui, 04,94, Pi, Vi, >,}
< Ui, 04, V4, Pi, Vi, >

= (r,5) E{

< Wi, ANi,, 04, Nog,, 05, Vi, da, vV da, Vi, VVa, >,}
< Ui, Na,, 04, N0g,, 05, VIa,, bz, Vb, Vi,V Vi, >

= () € |
= (r,s) € (A, 4,) N (4, 4,)....(8)
From (7) and (8), we get
(A, 4y) N (A, A) = (AL, 4y)
(h) Similarly, we can show that,
(A, A) U (A, A;) = (AL, 4y)
(5) Absorption law:
(i) (A1, 45) U (A1, 43) 0 (By, By)) = (A1, 4y)
() (A1, 45) 0 (A1, 43) U (By, By)) = (A1, 4y)
Proof:
(i) Let (p, @) € (U,V) be arbitrary such that (p, q) € (4;,4,) U ((A1,4;) n (B, By))

< Wi, NUs,, 04, NOg,, 094, VI3, 04, V b5, V4, VVa, >,}

= (p,q) € (4,4 u{
) € (41, 42) < Ua, NMp, 04, N0, 94,V Ip, bz, V 5, V4, V5, >

=@ q) €

{< wa, V (i, Aus,), 04,V (07, A5, ), 94, A (92, V 95,), ba, A (02, V b5, ) va, A(va, Vvs,) >'}
< pa, V(ua, Aug,) 04,V (0z,N05,), 94, A (91, V95,), ¢, N(Pa, Vs, )va, A(va, Vvs,) >

< Ui, 04,94, P4, Vi, >'}

= (p,q) €
@) {< Wiy Odyr Viy Payr Vi, >

= (p,q) € (A1, 43)......9)
Let (1, s) € (U, V) be arbitrary such that (r,s) € (4,,4,)

< Wi, 04,9, Pa, Vi, >'}
< Ui, Oiy V4, Gi, Vi, >

= (r,s) E{

= (r,s) €
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{< ua, v (ua, Aug,) 0, V (04, Aos,), 9z, A (94, V 95,), ¢, A (b, V 05, ) va, A(va, Vvs,) >'}
<pa, vV (ua, Nug,) 0z, V (04, Nog,), 9z, N9z, V 95,), bz, A(ba, Vb5, ).va, A(va,Vys,) >

R T SN MR
= (r,s) € (4, 4,) U (44, 4,) n (B, B,))....(10)
From (9) and (10), we conclude that
(A1, A3) U (A1, Ay) 0 (By, By)) = (A1, 4y)
(j) Again by similar discussion,we can show that

(A1, 4;) 0 (A1, Ay) U (B, By)) = (A1, 4))
(6) Involution law:

(k) ( (AI'AZ)C)C = (AI'AZ)
Proof:
(k) Take (p,q) € (U,V) be arbitrary such that (p, q) € ( (4,,4,)6)¢

Cc
<VYiy Pa,1—V4,04, 1, >,}

= (p,q) €
®,q) {< Vi, Pa, » 1 — V4,04, i, >

< Hia,» 04, ﬁﬁlt (bﬁl' Vi, >'}
= (p,q) €
(v, q) {< Uiy Ody Viy Ba, Vi, >
= (p,q) € (A, 4,)....... (11)
Take (r,s) € (U,V) be arbitrary such that (r,s) € (4,,4,)

< Hﬁlﬂaﬁllﬁﬁll ¢Alﬂ Vi, >'}
< Ui, 04, Vi, Pa, Vi, >

= (r,5) E{

Cc
< Y, ¢A'1! 1- 19/1'1' 04, Ha, >'}

= (r,s) €
(r,s) {< Yiy, Pi, » 1 — Vi, 04, Hi, >
= (r,5) € ((A,4,)9)C....(12)

From (11) and (12), we get

((Al,AZ)C)C = (ALAZ)

(7) De Morgan’s law:
() (A1, 42) U (By, By))E = (A1, 42)° N (By, By)©
(m) (A1, 43) 0 (B, B2))C = (A1, 4)° U (B, By)©

Proof:
(1) Take (p,q) € (U,V) be arbitrary such that (p,q) € ( (Ay, A;) U (By, By))C
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C
< Hi, VHp,04 V05,95 Np, 0z, Nbs, V4, N5, >,}

= (p,q) €
@ {< Ki, V Uy 04, V 05,94, N3s,, i, Nbs, Vi, NV5, >

<Ya, N5, $a, N5, 1 — (92, N95,), 04, V 05, a, V s, >,}
< Vi, NV8p $i, ANbs, 1 — (94, AN93,), 04,V 05, 14, V g, >

ﬁ(p.q)E{

<Ya, N5 $a, N5, ,(1—9z,) V(1 —95,),04, Vos, 1z Vs, >,}

= (. q) E{
< Vi, NV i, Nbs, (1 —94,) V(1 —93,),04,V 0z, 1z, Vus, >

= (p,q) € (A3, 4,)° N (By, By)C.....(13)
Take (r,s) € (U,V) be arbitrary such that (r,s) € (4;,4,)¢ n (B,, B,)°¢

)€ {< Ya, ANVa, i, A5, (1 —94,) V(1 —95),0z Vos,ua Vs, >,}
) <Yi,NYs, $a, Nbs, (1 —94,)V(1—195,),04, V05, 1s, Vs, >
= (r,s) € {< Vi, NV @4, A b5, 1 — (94, A95,), 04,V 05, 1z, V 1, >,}

<Vi, AVg, b4, Nbs, 1 — (94, ND3,), 04,V 03, 14, V U, >
c

< Ui, Vipg,05 Vg, 04 N5, 0a, Nds, ,YVa, NVs, >,}

< Ui, VUs,0i, V05,05 NV, bz, Nds, Vi, NVs, >

= (r,s) E{

= (r,s) € ((4,,4,) U (B, By))C....(14)
From (13) and (14),we get

(A, Ay) U (By, B))E = (A1, 4)° n (By, By)C
(m) Similarly, by the above discussion, we can prove that

((A1,A,) N (By, By)C = (A1, 4,)€ U (B, By)©

4, Conclusion

In this paper, we have developed pentapartitioned neutrosophic binary set and it is an extension of NBS. The
concept of commutative law, associative law, absorption law, idempotent law, etc. have been defined on
pentapartitioned neutrosophic binary sets. In the future, the proposed set can be applied in different algebraic
structures.
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