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Abstract - The Pythagorean Neutrosophic Cubic Sets (PNCS) are a hybrid approach that is of the Interval Valued Pythagorean
Neutrosophic Set (IVPNS) and the Pythagorean Neutrosophic Set (PNS). To induce the Multi-Criteria Decision-Making
(MCDM) in high unreliability, a unique PNCS Correlation measure & (Hpycs, Zpncs) has been introduced. Robust and
adaptable decision-making methods are required due to the rising growth of mobile devices, more complicated feature sets, and
subjective user preferences. The conventional Multi-Criteria Decision-Making (MCDM) methodologies often fail to adequately
reflect the inherent unpredictability, indefiniteness, and overlapping perceptions encountered in real-world evaluation
procedures. To bridge this gap, this research proposes an experimental integrated MCDM mechanism based on PNCS. The
findings demonstrate that this sophisticated correlation-based method offers a more solid and trustworthy ranking, providing a
potent instrument for collective decision-making in the consumer electronics industry and other extremely unpredictable fields.

Keywords - Correlation measure, Multi-Criteria Decision-Making, Pythagorean Neutrosophic Cubic set.

1. Introduction

Zadeh[11] coined the term Fuzzy Sets (FSs) in 1965. Zadeh [12] implemented another variant of FSs: FSs with interval-
valued membership functions. The Neutrosophic Set (NS) is an extension of FSs that takes falsity, indeterminacy, and truth into
account in 1995 by Florentin Smarandache[7]. In 2012, Jun et al. formulated the revolutionary framework for Cubic Sets (CS)
[4]. Neutrosophic Cubic Sets (NCS) are a new term that Chang Su Kim et el. [S] implemented in 2017. Yagar[9] put forward
the developmental process of the Pythagorean Fuzzy Set (PFS). In 2019, the Pythagorean Cubic Fuzzy Sets (PCFs) phrase was
proposed by F. Khana. et.el., [6]. PNS were successfully presented by R. Jhansi and K. Mohana [3]. Stephy et al. spoke about
the interval-valued Neutrosophic Pythagorean Sets[8]. Berna Joyce and Elvina Mary[1] brought up an intriguing new idea for
Pythagorean Neutrosophic Cubic Sets (PNCS). In 2018, Jun Ye[10] presented a MADM method for Neutrosophic cubic numbers.
Hanafy et al. [2] suggested the correlation coefficients of NS and investigated their features. [3] R. Jhansi & K. Mohana discussed
the correlation measure of PNS. The primary limitation of existing Pythagorean Neutrosophic Sets is their inability to capture
the dual-layered internal and external uncertainty inherent in real-world complex data. While Neutrosophic Cubic Sets offer a
framework for interval and single-valued components, a dedicated correlation measure for their Pythagorean extension has been

missing. This research bridges the gap by introducing a novel PNCS Correlation Measure, & (Hpyes s Zpyes ) and

&2 (Hpxes s Zpyes ) specifically designed to handle dual-layered information with higher precision. In this paper, the
Correlation measure of PNCS is discussed, and some of its properties are proved. Then, using the correlation measure of PNCS,
an application based on the MADM problem has been introduced and discussed.

2. Preliminaries

Definition 2.1[1] Let h # ¢ a PNCS, having a form, Hpycs = {h, Tonivs (R, ¢pus(R): h: A} — (1) whereTPN,VS (h) represents

the PNIVS and gpys(h) represents the PNS. PNCS can be denoted as a pair Hpycs = (Tonvs (7)), Spws (B)).

Definition 2.1[3] Let i # ¢ . Let Hpysand Zpysbe two PNSs. Then the CC of Hpys and Zpys is p(Hpys, Zpys) =
Cpns(HpNs.ZpNS) 5 2

JVepnsBpns.Apns).ConsZpns.ZpNs)
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3. Correlation Measure for Pythagorean Neutrosophic Cubic Sets:
Deﬁnition 3.1 Leth # © A PNCS HPNCS = {ﬁ, TPNIVS (ﬁ), CPNS (ﬁ) Fl: fl} and ZPNCS = {Fl, ZPNIVS(B)!UPNS (ﬁ) B: fl} Then the
Correlation Measure (CRM) of Hpycs and Zpycs

= > Term(Hpnes: Zpncs)
$1(Hpnes) Zpnes) = = mf = = - (3)
\/ Term(Hpnes Hpnes) * Term(Zpnes) Zpncs)

where

(TPNIVSH_(ﬁi))Z' (TPNIVSZ_(ﬁL‘))Z + (IPNIVSH_(ili))Z- (IPNIVSZ_(EI'))Z +
(FPNIVSH_(ﬁi))Z' (FPNIVSZ_(ili))Z + (TPNIVSH+(ili))2- (TPNIVSZ+(ili))2 +

Term (Hpnes: Zpnes) = Xis (IPNIVSH+(2L'))2' (IPNIVSZ+(2L'))2 + (FPNIVSH+(EL'))2- (FPNIVSZ+(ili))2 +
(CPNST(ﬁi))Z' (VPNST(ﬁi))Z + (Spws; (h))2. (VPNs,(ili))z + /
(CPNSF(hi))Z- (VPNSF(ﬁi))Z

(TPNIVSH_(ili))Z- (TPNIVSH_(};L'))Z + (IPNIVSH_(ili))Z- (IPNIVSH_(EL'))Z +

n (FPNIVSH_(ili))Z- (FPNIVSH_(ili))Z + (TPNIVSH+(;;L'))2' (TPNIVSH+(ﬁi))2 +

Term(Hpncs, Hpnes) = Z (IPN1V5H+(ili))2- (IPN1V5H+(ili))2 + (FPNIVSHJr(ili))Z- (FPNIVSH+(ﬁi))2 +
=1 (CPNST(ili))Z- (CPNST(ili))Z + (CPNS,(ZL‘))Z- (CPNSI(zi))Z +

(CPNSF (ﬁi))z- (CPNSF (ﬁi))z
and

(TPNIVSZ_(ﬁi))Z' (TPNIVSZ_(ﬁi))Z + (IPNIVSZ_(ﬁi))Z' (IPNIVSZ_(Ei))Z +
n (FPNIVSZ_(ﬁi))Z' (FPNIVSZ_(ili))Z + (TPNIVSZ+(ﬁi))2' (TPNIVSZ+(711'))2 +
Term(Zpnes: Zpnes) = z Upnivsy T (h))? Upnivs, (h))? + (Fenivsy ™ (h))? (Fenivs, T (h))* +
=1 (Vensy (1))% (Wensp ()2 + (Vens, (hi)?. (vens, (hi))* +
(VPNSF (hi))z- (VPNSF (hi))z
Theorem 3.2 The CRM between PNCS Hpycs and Zpycs fulfills the traits preceding
A 0 < & (Hpncs) Zpnes) <1
78 El(HPNCS'ZPNCS) = 1iffﬁp1vcs = ZPNCS

L. 31 (ﬁchs, ZPNCS) =& (ZPNCS' ﬁPNCS)

Proof:
i To Prove: 0 < & (Hpyes, Zpnes) < 1.

The inequality & (Hpycs, Zpncs) = Ois forthright; then it is necessary to show that & (Hpycs, Zpncs) < 1. To prove this,
let us consider,

(TPNIVSH_(ZL'))Z' (TPNIVSZ_(zi))Z + (IPNIVSH_@L‘))Z- (IPNIVSZ_@L'))Z +
(FPNIVSH_(ZL'))Z' (FPNIVSZ_@L‘))Z + (TPNIVSH+(21'))2' (TPNIVSZ+(21'))2 +

Term (Hencs: Zenes) = Ziea | Upnivsy " ()2 Upnivs,* (h))? + Fonvsy " (h))?. (Fonpys, " (hi))? +
(§PN5T@L’))2- (VPNST(ZL'))Z + (gPNSI(zi))Z' (VPNS,@L‘))Z +
(CPNSF(zi))Z- (VPNSF (ili))z
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Now expanding the i terms from 1 to n,

(Tonvsy~ ()2 Tenvs,” (h))* + Upnivsy,~ (h))* Upnivs,~ (11))? +

(FPNIVSH_(zl))Z' (FPNIVSZ_(zl))Z + (TPNIVSH+(il1))2- (TPNIVSZ+(711))2 +
(IPN1V5H+(il1))2- (IPNIVSZ+(21))2 + (FPNIVSH+(21))2- (FPNIVSZJr(ih))Z +
(CPNST(Zl))Z' (VPNST(ih))Z + (CPNS,(ih))Z- (VPNSI(ﬁl))Z + (CPNSF(ih))Z- (VPNSF(ih))Z"‘---"‘
(TPNIVSH_(iln))Z- (TPNIVSZ_(ﬁn))Z + (IPNIVSH_(ﬁn))Z' (IPNIVSZ_(iln))Z + (FPNIVSH_(iln))Z- (FPNIVSZ_(iln))Z +
Tenwsut ra))? Tenws, () + Upnivsyt a))? Upnivs, " 1n))? + Fonrvsy " 7n))? (Fonvs,* (ha))* +
(CPNST(ﬁn))Z- (VPNST(ﬁn))Z + (Spns, (hn))?. (Vens, (ha))? + (CPNSF(En))Z- (VPNSF(ﬁn))Z

IA

Tenwsu~ )2 Tonvsy,~ (h))* + Upnivsy,~ () Upnivsy,~ (D)) + (Fpnisy,~ (B2 (Fenvs,,~ (h))* +
Tenwsu 1)) Tonvsy " (h))* + Upnvsy, " ())* Upnivsy, " (1)) + Fpniwsy, T (h))2 (Fenvs, " (h))* +
(CPNST(El))Z' (§PNST(21))2 + (CPNSI(zl))Z' (CPNSI(zl))Z + (CPNSp(ill))z' (CPNSF(ill))2+"'+

(TPNIVSH_(ﬁn))Z' (TPNIVSH_(ﬁn))Z + ([PNIVSH_(zn))Z' (IPNIVSH_(iln))Z + (FPNIVSH_(iln))Z' (FPNIVSH_(En))Z +
(TPNIVSHJr(iln))Z- (TPN1V5H+(i1n))2 + (IPN1V5H+(iln))2- (IPNIVSH+(2n))2 + (FPNIVSH+(2n))2- (FPNIVSH+(En))2 +
(CPNST(ﬁn))Z' (CPNST(zn))Z + (Spws; (ha))?. (Sens; (ha))? + (CPNSF(iln))Z' (CPNSF(iln))Z X.os

(TPNIVSZ_(El))Z' (TPNIVSZ_(ih))Z + (IPNIVSZ_(zl))Z- (IPNIVSZ_(ill))Z + (FPNIVSZ_(ill))Z- (FPNIVSZ_(El))Z +
(TPNIVSZ+(E1))2' (TPNIVSZ+(21))2 + ([PNIVSZ+(21))2' (IPNIVSZ+(21))2 + (FPNIVSZ+(21))2' (FPNIVSZ+(711))2 +
(VPNST(ﬁI))Z' (VPNST(ﬁl))Z + (Vpns, (hy))>. (Vens, (h))* + (VPNSp(ill))z' (VPNSp(ill))Z-I_' .t
(TPNIVSZ_(En))Z' (TPNIVSZ_(ﬁn))Z + ([PNIVSZ_(ﬁn))Z' ([PNIVSZ_(ﬁn))Z + (FPNIVSZ_(ﬁn))Z' (FPNIVSZ_(En))Z +
(TPNIVSZ+(E11))Z' (TPNIVSZ+(ﬁn))2 + ([PNIVSZ+(ﬁn))2' ([PNIVSZ+(ﬁn))2 + (FPNIVSZ+(ﬁn))2' (FPNIVSZ+(En))2 +
(VPNST(iln))Z- (VPNST(ﬁn))Z + (VPNSI(iln))Z- (VPNSI(iln))Z + (VPNSF(;;n))Z' (VPNSF(iln))Z

IA

. . . P 5 2 . ~ R R
By using Cauchy-Schwarz inequality, (Tcrm (Hpncs» ZPNCS)) = (Tcrm (Hpncs, HPNCS)) X (Tcrm (Zpnes: ZPNCS)) and

taking the square root on both sides, (Tcrm (Hpnes,) ZPNCS)) < \/(Tcrm (Hpnes, ﬁpNCS)) X (Tcrm Zpness ZPNCS)) which implies

(Term(Apncs.ZpNcs))

— K X _ < 1.Now, & (Hpnes, 2 < 1therefore, the property 0 < & (Hpycs, 2 <1is
VTermB@pncs Apnes)) X Term(Zpnes.Zpnes)) §1(Hpnes, Zpnes) property §1(Hpwcs) Zpnes)

proved.

ii. & (ﬁchs'Zchs) = 1iffﬁPNCS = ZPNCS

Let us assume FIPNCS = ZPNCS and prove E”l (ﬁchs, Zchs) =1

Now, considering Hpycs = ZPNgsther{ Term(Hpnes) Hpnes) = Term (Zpycs» Zchs) - SinceHpycs = Zpncsthen
it 7 _ Term(HpNcs.ZpNcs) _ Term(ZpnesZpNes)
$1(Hpnes) Zpnes) = Trom@ = = = = = = = =
erm(ApncsApNes) Term(ZpnesZpnes) N Term(ZpnesZpnes) Term(Zpnes.ZpNcs)

Tcrm(ZPNCSf ZPNCS) _

&1 (ﬁPNCS'ZPNCS) = > > =
Term(Zpnes) Zpnes)

Therefore Whel’l ﬁPNCS = ZPNCS thel’l El (ﬁchs, Zchs) =1

Now, to prove conversely, let us assume & (Hpncs, Zpncs) = 1 and prove Hpnes = Zpncs

0 7 — 0 5 _ Term (Hpnes, ZPNes) _
Let <§1 (Hpncs, Zpnes) = 1 then él(HPNCS' Zpngs) = T Boncs Aoncs) Tom ZrncsZones) 1
crm ’ crm 1
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Then Ty (Hpncs Zencs) = N Term (Hpwcs: Henes) - Term (Zencs: Zpnes)- Squaring on both sides, we get

—~ - 2 S S 5 5 . . :
(Term (Hpncs Zpwes))” = Term(Hewcs Hpnes) - Term (Znes) Zpncs)- By using the Cauchy-Schwarz inequality, we prove
that HPNCS = ZPNcsifand Only iffl(HPNCS' ZPNCS) = 1. Therefore HPNCS = ZPNCS

ii.  To prove: & (Hpncs) Zpncs) = &, Zpncs: Hpncs)
The proof is obvious.

Definition 3.3 Let Hpycs and Zpycsbe two PNCS, then the CRM can be stated as

Term(ApNes,ZPNcs) - (2)

&(H Z = ~ ~ - -
2(Hpnes: Zenes) max{Term(Apncs Hpnes) Term(ZpNes/ZPNes)}

Theorem 3.4 The CRM between PNCS Hpycg and Zpycs fulfills the traits preceding
i 0<&Hpncs Zpnes) <1
ii. $2 (ﬁPNCS'ZPNCS) = 1iffﬁPNCS = ZPNCS

iii. & (ﬁchs, ZPNCS) =4 (ZPNCS' ﬁPNCS)

Proof
The traits (ii) and (iii) are obvious, so do not go into depth on them. Also &, (Hpycs, Zpncs) = 0, it is observable. Let us try
to demonstrate for &,(Hpncs, Zpncs) < 1. Since Theorem 3.2, it is necessary to have & (Hpycs, Zpncs) =

Term(Hpnes.ZpNcs) 77 5 77 5
— — = ~ . When H Z = 1then T, H VA <
M@ Term AN APNCS ) Term ZPNCS ZPnes)) $2(Hpnes) Zpnes) ( erm (Hpncs) PNCS))
(Term(ApncsZpNcs))

max{T.,... (Hpncs, H T (Zones, 2 Then squaring on both sides we get, — - - - <
{ erm (Hpnes) Hpnes)) Term (Zpnces PNCS)} q g g M@ Torm BN EPNCS) Term ZPNCSZPNCS))

1. Now, & (Hpnes) Zpnes) < 1therefore, the property 0 < & (Hpycs, Zpnes) < 1 is proved.

4. Application on Consumer Electronic Selection using PNCS Correlation Measure - MADM

approach
This study provides an array of PNCS applications in using MADM that use the CRM in this section.

4.1. Decision-Making Problem
A business offers to put forth an important financial commitment in the mobile sector. Let R; = {IR;, IR,, IR;}represents a
group of investors, Vg, = {VSMl, Vomyr Vsmy Voum 4} represents multiple smartphone manufacturers, and

M, =M My My M, }: {Battery,Stomge,Display, Cameraqualily} represents a combination set of

attributes.
Table 1. The Connection of attributes & customers (R;and M,1)

T Mg, Myr, My, Myr,

IR, [0.2, 0.4], [0.1, 0.4], [0.4, 0.6], [0.1, 0.4], [0.4,0.7], [0.7, 0.9], [0.1, 0.3], [0.2, 0.6],
[0.1, 0.3], [0.2, 0.3], [0.1, 0.4], [0.1,0.2],
(0.3,0.2,0.2) (0.6, 0.2, 0.3) (0.5, 0.8, 0.3) (0.2,0.4,0.1)

IR, [0.1, 0.4], [0.3, 0.5], [0.1, 0.3], [0.2, 0.3], [0.1, 0.4], [0.5, 0.6], [0.1, 0.2], [0.4, 0.8],
[0.2, 0.6], [0.5, 0.6], [0.1, 0.4], [0.2, 0.4],

(0.2, 0.4,0.3) (0.2,0.2,0.5) (0.4, 0.6, 0.3) (0.1,0.8,0.2)

IR, [0.6, 0.7], [0.3, 0.4], [0.5, 0.6], [0.2, 0.4], [0.2, 0.5], [0.6, 0.9], [0.2, 0.4], [0.5, 0.7],
[0.7, 0.8], [0.1, 0.4], [0.8, 0.9], [0.3, 0.5],

(0.6, 0.4, 0.7) (0.5,0.2,0.1) (0.2, 0.5, 0.9) (0.3, 0.6, 0.4)
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Table 2. The Connection of mobile phones & attributes (Vgyand Mt)

S VSM1 VSMZ VSM3 VSM4
Mar, | [0.5,0.9],[0.1,0.6], |[0.1,0.4],[0.2,0.5], [[0.2,0.4],[0.6,0.7], [0.8, [0.1, 0.3], [0.3, 0.4], [0.6,
[0.2,0.5], [0.4, 0.6], 0.9], 0.8],
(0.8, 0.6, 0.3) (0.3,0.4, 0.5) (0.3,0.7,0.9) (0.2,0.3, 0.6)
Mar, | [0.1,0.2],[0.2,0.6], |[0.2,0.5],[0.3,0.7], | [0.1,0.5],[0.2,0.4],[0.8, [0.1, 0.6], [0.2, 0.4], [0.5,
[0.3,0.7], [0.6, 0.8], 0.9], 0.7],
(0.2,0.4,0.7) (0.4, 0.7, 0.6) (0.2, 0.3, 0.8) (0.1, 0.3, 0.6)
Myr, | 10.2,0.41,[05,0.7], |[0.8,0.9],[0.3,04], |[0.1,0.3],[0.4,0.6],[0.7, [0.4, 0.5], [0.6, 0.7], [0.1,
[0.8, 0.9], [0.7, 0.8], 0.8], 0.5],
(0.3,0.7,0.9) (0.9, 0.4,0.7) (0.1, 0.5, 0.6) (0.4, 0.6,0.3)
My, | [05,0.6],[0.7,0.9], |[0.4,0.5],[0.8,0.9], |[0.5,0.6],[0.1,0.4],[0.8, [0.1, 0.4], [0.2, 0.5], [0.6,
[0.2, 0.5], [0.6, 0.7], 0.9], 0.8],
(0.6, 0.8, 0.3) (0.4,0.9, 0.6) (0.5,0.3, 0.8) (0.3,0.4,0.7)
Table 3. Correlation Measure & (Apncs) Zpncs)
Vsm, Vs, Vsm, Vsm,
IRy 0.5695 0.5506 0.3665 0.6214
IR, 0.7454 0.7543 0.6435 0.7606
IR, 0.8252 0.6611 0.6837 0.6829
Table 4. Correlation Measure , (Apncs: Zpncs)
Vsm, Vsu, Vsu, Vsm,
IR, 0.1815 0.1667 0.1170 0.1995
IR, 0.2046 0.2163 0.1716 0.2092
IR, 0.3914 0.2978 0.3245 0.2486

The optimal solution for the MADM problem is provided by the CRM from Tables 3 and 4, which results in a decision to
buy a Vgy, brand. IR, makes a decision to buy Vgy, a brand. IR; makes a decision to Vgy, brand. Therefore, it is evident

from the two types of CRM mentioned above that the end results are the same. Comparing all the existing correlation measures

of cubic sets, this CRM of PNCS is the most generalized method to handle the data very easily.

S. Conclusion

In this paper, the CRM of PNCS were established with a few of their fundamental attributes. In accordance with this, the
CRM theory has transformed from PNS to PNCS in the present article. An example has been demonstrated for the correlation
coefficient of PNCS and compared with a decision-making problem.
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