Comparison of plithogenic and neutrosophic
approaches in decision making via best-
worst method

Cite as: AIP Conference Proceedings 2516, 200017 (2022); https://doi.org/10.1063/5.0108499
Published Online: 30 November 2022

S. Sudha and Nivetha Martin

AN

View Online Export Citation

ARTICLES YOU MAY BE INTERESTED IN

Neutrosophic t1t2 B - semiconnectedness and semicompactness in neutrosophic

bitopological spaces
AIP Conference Proceedings 2516, 200018 (2022); https://doi.org/10.1063/5.0109076

Homomorphism in neutrosophic Q-fuzzy subsemiring
AIP Conference Proceedings 2516, 200025 (2022); https://doi.org/10.1063/5.0109353

APL Quantum

CALL FOR APPLICANTS
Seeking Editor-in-Chief

AIP Conference Proceedings 2516, 200017 (2022); https://doi.org/10.1063/5.0108499 2516, 200017

© 2022 Author(s).


https://images.scitation.org/redirect.spark?MID=176720&plid=1953405&setID=379066&channelID=0&CID=715910&banID=520851866&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=062ce260bc726036fd20f6dab891849dd7ce70a1&location=
https://doi.org/10.1063/5.0108499
https://doi.org/10.1063/5.0108499
https://aip.scitation.org/author/Sudha%2C+S
https://aip.scitation.org/author/Martin%2C+Nivetha
https://doi.org/10.1063/5.0108499
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0108499
https://aip.scitation.org/doi/10.1063/5.0109076
https://aip.scitation.org/doi/10.1063/5.0109076
https://doi.org/10.1063/5.0109076
https://aip.scitation.org/doi/10.1063/5.0109353
https://doi.org/10.1063/5.0109353

Comparison of Plithogenic and Neutrosophic Approaches in
Decision Making via Best —-Worst Method

S. Sudha'® and Nivetha Martin*®

!Department of Mathematics, SSM Institute of Engineering & Technology, Dindigul, Tamilnadu, India, 624002.
’Department of Mathematics, Arul Anandar College (Autonomous), Karumathur, Madurai, Tamilnadu, India,
625514.
® Corresponding author: nivetha.martin710@gmil.com
9 sudhasikkanan@gmail.com

Abstract. Decision making is a comprehensive process comprising of uncertainties that shall be handled with the right
selection of decision making approaches. Selection of the optimal alternatives and the best criteria is the expected outcome
of any decision making strategy. This paper proposes a decision making model based on the plithogenic pythagorean best
—worst method which is an extension of the multi-valued neutrosophic approach of BWM. The efficiency of the developed
model is determined with the example pertaining to the optimal selection of the teaching methods based on the attribute
values or the sub criteria and it is also compared with the neutrosophic approach. In the proposed model plithogenic and
pythagorean neutrosophic sets are used for representing the expert’s opinion.

Keywords: Multi Criteria Decision Making (MCDM), Best-Worst Method (BWM), Pythagorean Neutrosophic set,
Plithogenic set.

INTRODUCTION

To deal with the problems existing in uncertain environment many algorithms were proposed with fuzzy,
intutionistic fuzzy and neutrosophic conceptualizations in the last decade. Florentin Smarandache developed the
neutrosophic theory and presented the framework of neutrosophic set as a generalization of the fuzzy set and
intutionistic fuzzy set [13], later on he proposed a new deliberation of the Plithogenic set, which is a over
simplification of a neutrosophic set. Plithogenic sets are distinguished by one or several qualities and each quality
have many attributes [1-2]. These sets are being extensively applied in various contexts of decision making at recent
times.

Decision-Making (DM) is the outcome of the understanding process in gathering certainty or strategy among many
substitutes. The neutral collection process may be combined with the present day DM techniques as the best- worst
method (BWM) to solve numerous kinds of problems in various areas of decision-making in our day to day activity.
There are many Decision making processes used in various criteria and one of the finest method is BWM. BWM was
discussed in fuzzy environment and it is applied in Green Biopharmaceutical Industry, municipal solid waste, supply
chain management, optimization technique etc., The consecutive development are intuitionistic fuzzy BWM and
neutrosophic BWM. Later it is applied in Plithogenic fuzzy with various fields like IoT based supply chain etc., Jafar
Rezaei [4] introduced Best Worst Method (BWM) in a multi-criteria decision-making (MCDM) method. BWM is
most important method and which is applied to estimate a set of choices based on criteria. The BWM is foundation of
a structured pairwise comparison of the decision criteria. Jafar Rezaei, [4] suggested a relevance of robust optimization
method to the latest updated model called BW technique and the effecting robust technique is devised as LPP. Grida
[2] have conferred in his exertion on how to make pronouncements of IoT based supply chain problem by means of
the best-worst method based on a novel Plithogenic model.
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MCDM replica for the improvisation of airline operational and financial recital has been found out by Pineda.
P.J.G.et al. [7]. The effects of one-factor transformations over four interconnected control factors cannot be reviewed
by the human brain. Scherz and Vafadarnikjoo [12] have implemented the Multiple Criteria Decision Analysis under
prolonged uncertainty in edifice that were applied to individual problems within the turf of extended composition.
Solairaju et al,[ 14] formulated the knowledge organization ploy of renovating fuzzy in neutrosophic values into fuzzy
values through appreciation techniques through defuzzyfication. Juan-juan Peng,[5] proposed a technique to resolve
MCGDM issues and investigated by pertaining the energy aggregation operators. J.Rezaei [8] found the best
alternative by accumulating the weights of diverse sets of location points and alternatives. With the intention of finding
the priorities in hierarchical structures Saaty TL [10, 11] employed scaling techniques and he suggested the relevance
of analytic hierarchy process to make decisions. Performance evaluation of internet-of things-based supply chains
using Fuzzy multicriteria analysis is presented by Wibowo.S, &Grandhi.S [15]. Quality Function Deployment for
Selecting Supply Chain Sustainability Metrics by applying A Hybrid Plithogenic Decision-Making Approach is
presented by Abdel-Basset & Zaied et al [1]. Various researchers like Yager, Abbasov, Zhang and Gou have developed
various applications using Plithogenic concepts. Yager .R.R[17] generalized Pythagorean Fuzzy set in MCDM. Zhang,
X.L.,[18] Introduced the Extension of TOPSIS to Multicriteria Decision Making with Pythagorean Fuzzy Sets.
Nivetha.M and F.Smarandache was proposed a Comparative Analysis of Pythagorean Neutrosophic set and
Neutrosophic set in Promthee Plithogenic Pythagorean Hypergraphic approach for selection of smart materials [19].

Nivetha and Sudha [20] developed a best —worst model with multi-valued neutrosophic approach in which the
objective of the model is to select the optimal teaching methods based on the criteria of

Leamer Centric. Activity Based, Space for Creativity, Interactive and Time Efficiency.

The criteria are more general in nature and these are taken as the attributes, in the proposed model each of the
attributes assumes attribute values and they are considered as the sub criteria in the plithogenic model. The alternatives
are ranked based on the sub criteria and plithogenic aggregate opinion of the experts with Pythagorean neutrosophic
representations.

A decision- making model using BW method has been formulated with Plithogenic Pythagorean neutrosophic
fuzzy set. Chapter 1 of this paper structures the preamble and literature study; preliminaries are offered in chapter 2;
problem solving in chapter 3, a numerical illustration has been explained to confirm the proposed model in chapter 4.
Chapter 5 represents the comparision of Plithogenic Pythagorean neutrosophic and neutrosophic approach; finally the
ground work is recapitulated in chapter 6.

PRELIMINARIES

This chapter presents the basic descriptions and procedures employed in this ground work.

Neutrosophic Fuzzy Set

Let U* be the universal set. A neutrosophic set Ay € U* which can be expressed by a membership function
(Truth Value) Tna, Indeterminacy membership function Ina and non- membership function (False value) Fya where
Tna , Ina and Fya are real set of factors in [0,1]. It is described by  Ayp = {< x,Tna , Ina, Fna>: x€ U*}. There is no
constraint on the sum of Tna , Ina, Fna

0~ < supTnatsup Inatsup Fna< 3*
Plithogenic set

F.Smarandache discovered a new concept of plithogeny, which is a generalization of neutrosophy.
Let U* be auniversal set. Let P € U* andiscalled  P={P A, V,d, c} a Plithogenic set.
Let A be a collection of attributes. For each attribute a € A. Let S, be the collection of attribute values, such

that V, € S, . A functiond, : P X V, € [0,1] is known as attribute value appurtenance degree function.
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A function C, : V, XV, €]0,1] defined by attribute value contradiction (dissimilarity) degree function, and
it satisfies the following conditions

1) Ci(v,v}=0, forallve Vv,
ii) Ci(vy,v2) =Cy(va,vy) forall wiv,EV,

Plithogenic Operators

Let a=(a, b, c)andb = (ai, by, c1) be two plithogenic sets. Let the plithogenic operations be
1) Plithogenic Intersection

((bi"pbi)+(biVpbis ))
2

(ai,bi,ci)”p (air, biy ,ciy) = ((ai *p aiy), (ciVpein ), 1<i<n.

ii) Plithogenic Union

((bi"pbi)+(biVpbi1 )
2

(ai,bi,ci) Vp (air, biy ,ci1) = ((ai Vp aiy), ,(ci%pcin ), 1<i<n.
Where
a: Ap an= [1 — (vo, 1|)]-tnorm(vo.11) + c(vp.,v1).tconormivp,vi)
ai V pan =[1 — clvp,1n)].tconorm(vo,v1) + c(vo,v).tnorm({vo,vy) .
morm : a Arb=ab,
tconorm : aVr b=atb—ab
iii) Plithogenic complement (negation):

= (ai, bi,ci)=(ci,bi,ai), 1<i<n

Pythagorean Neutrosophic set

Let U* be a universal set. A Pythagorean Neutrosophic set is defined by

Where u(x) is the  Prxg = {up (x), wp(x), vp(x) /xe U* } degree of up (x) - U* =[0,1],
membership (True value) function and and v(x) is vglx) 1 U™ = [0,1] the degree
of non-membership function (Falsity value) & . It satisfies the following condition
up + vy <I, forall x€ U* and
wy(x) = m , forallxe U , wy(x) is called Hesitance of Pythagorean fuzzy set (or) Indeterminacy

membership value.
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METHODOLOGY

Decision -Matrix

The Pythagorean Neutrosophic fuzzy matrix formulated depends on the decision maker’s view with
suggestion to the criteria’s resolution. The steps below shows the conversion of Pythagorean Neutrosophic fuzzy set

in to Pythagorean fuzzy decision- matrix B(Ay).

Pythagorean Neutrosophic fuzzy values are formed into a Pythagorean neutrosophic fuzzy decision- matrix
having M rows & N columns, such that M Pythagorean neutrosophic fuzzy attributes corresponding to N
Pythagorean neutrosophic fuzzy alternatives. There are n number of fuzzy decision matrix D(A;) [ j =1 to n] are
considered.

Best- Worst approach

A MCDM technique is based on few alternatives (a4, @, ¢,) and each options

has a rate in order to every condition (@;1, @13, - - - Q). The MCDM problem could be expressed as the following

matrix:

11 Qg3 e fgp

= @21 Qa3 fag
The MCDM problem is @m1 Qmz-- - Qmn formulated to get the best decision with the
— n . . n . —
best value (v;). v, = Ni=gwia; and w; =20, Yoo, w; =1

There are ‘n” number of methods to find out the total score for each option and the simplest way is to apply an
additive weighted value function from the following formula (Keeney &Raiffa,1993)[6]

The best-worst method (BWM)(Rezaei,2015) is applied to determine the weight of each Criterion (w;) and the BWM
was used in many areas and it is based on mutually connections on the basis of decision makers views. Using BWM
we can easily calculate the score function for each criterion.

The below procedure is used to determine the optimal weights of each criterion based on BW method.

Step 1.

Decision maker describes a opinion on the basis of decision criteria.

Let us consider the criteria (¢4, ¢,

Step 2.

______ c,) that should be used to get a decision.

Identify the best and worst criteria for each method.

Step3.

Determine the Best —to —other vector.

Let it be Az = (051,052, 05:)

On the view of decision maker’s choice, select the best criteria’s and using (1-9) point scale.
where 38j  denotes the significance of the best criteria’s B over criteria’s j.

That is g =1
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Step 4
Decide Others —to —worst vector and it is represented by Ap= (a0, woa, )

Decide the importance of all the criteria over the worst criteria using an integer between 1 and 9. The resulting

-to- — i
others-to-Worst vector would be, A= (a8, ..a,,)
Where @, represents the importance of the criteria j over the worst criteria W.

That is Qe =1
Step 5
Find the optimal weights (), w3, ....w,) The optimal weight for the criteria is the one

here, for each pair of wglw; and w;w,,. Then wslw;=az; ad  w;lw,= -

To satisfy the following conditions for all j, we should find a solution where the maximum absolute differences

which is transferred to the below LPP model,

for all j is minimized, “E _o_ 1 and —a;, |
d ¥ I - w.l.
I A% w—.l — Qgj| |; = Gy }
st Xiqge; =1 w; = 0, for all ] W
Model (1) is equivalent to the following model:
Min w
st % — ag;| =w .forall j
% — ﬂ'_."'h-'| =w for all j
Zw_, =1
= 2
w; = 0, for all j Model (2),by (@, @3, ....w,) solving gives the optimal

weights and " .

From the Table 3.3, the feasibility of the values are checked by determining consistency ratio
'.Lli

Consistency Ratio =———
I:'DﬂBlBtE-ﬂl:‘_?LﬂdE'x

TABLE 1
Consistency index (CI) table
Gpn 1 2 3 1 5 6 7 8 5
Consistency
index 0.00 0.44 1.00 1.63 230 3.00 3.73 447 523
(max ys)
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NUMERICAL EXAMPLE

Leamer Centric. Activity Based. Space for Creativity. Interactive and Time Efficiency.

The various parameters of Teaching & Learning process are discussed. In this problem Three Decision Makers
were give their opinions based on their experience. The parameters are as follows,
Each parameter can be divided in to several attributes and the various methods are M, M,, M3, My, M,

TABLE 2. Managerial Decision making Using BWM

S.No Criteria C Sub-Criteria

L; Collaborative
L, Reflective

1 Learner centric Ls Inquiry-based
L4 Facilitate self-learning
Ls Engaging
Ay Active involvement
As Instructive

2 Activity Based
Az Motivative
Ay Participative
Si Receptive

3 Space for Creativity S, Proactive
Ss Flexible
I Reciprocative

4 Interactive I Stimulative
I5 Effective
T, Comprehensive

5 Time Efficiency T, Continuous
T Systematic
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TABLE 3. Pythagorean Neutrosophic measure for decision matrix

Linguistic variable Pythagorean Neutrosophic fuzzyv number
“Werv Highly Significant (VHS) (0.9 0301)
Highly Significant (HS) (08,02, 0.1)
Moderatelv Significant (MS) (0.7,02,0)
Highlv Insignificant (HIS) (0.5,02,0.1)
Very Highly Insignificant (VHIS) (0.1,0.1,0)

TABLE 4. The Plithogenic representation of Experts opinion

Criteria/Experts(E) C E1 E2 Es3
L VHS MS HS
L> HIS HS MS
Learner Centric Ls MS HIS VHS
L4 HIS HS VHS
Ls MS VHIS HIS
Al HS VHIS MS
Az MS HS HIS
Activity Based
A3 VHS HIS HS
A4 HIS MS VHIS
Si HS VHS MS
Space for Creativity Sa MS HS HIS
S3 VHS MS VHIS
L MS HS HIS
Interactive I> HS VHS MS
I3 VHS HIS MS
T HS MS VHS
Time Efficiency T2 HIS HS VHIS
Ts HIS MS VHIS
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TABLE 5. Aggregated Evaluation Matrix

C E: Ez Es E1"pE2"pE3 Score Value
L (0.9,0.3,0.1) (0.7,0.2,0) (0.8,0.2,0.1) (0.504,0.225,0.19) 0.217916
Lo (0.5,0.2,0.1) (0.8,0.2,0.1) (0.7,0.2,0) (0.28,0.2,0.19) 0.0423
Ls (0.7,0.2,0) (0.5,0.2,0.1) (0.9,0.3,0.1) (0.315,0.25,0.19) 0.063125
L4 (0.5,0.2,0.1) (0.8,0.2,0.1) (0.9,0.3,0.1) (0.36,0.25,0.352) 0.005696
Ls (0.7,0.2,0) (0.1,0.1,0) (0.5,0.2,0.1) (0.35,0.175,0.1) -0.00878
Al (0.8,0.2,0.1) (0.9,0.3,0.1) (0.7,0.2,0) (0.504,0.225,0.19) 0.217916
Az (0.7,0.2,0) (0.8,0.2,0.1) (0.5,0.2,0.1) (0.28,0.2,0.19) 0.0423
Az (0.9,0.3,0.1) (0.8,0.2,0.1) (0.5,0.2,0.1) (0.36,0.225,0.271) 0.056159
A4 (0.5,0.2,0.1) (0.7,0.2,0) (0.7,0.2,0) (0.245,0.2,0.1) 0.050025
Si (0.8,0.2,0.1) (0.5,0.2,0.1) (0.7,0.2,0) (0.28,0.2,0.19) 0.0423
S2 (0.1,0.1,0) (0.8,0.2,0.1) (0.5,0.2,0.1) (0.04,0.175,0.19) -0.0345
S3 (0.7,0.2,0) (0.9,0.3,0.1) (0.8,0.2,0.1) (0.504,0.225,0.19) 0.217916
I (0.5,0.2,0.1) (0.8,0.2,0.1) (0.7,0.2,0) (0.28,0.2,0.19) 0.0423
I (0.9,0.3,0.1) (0.5,0.2,0.1) (0.8,0.2,0.1) (0.36,0.225,0.271) 0.056159
I3 (0.8,0.2,0.1) (0.1,0.1,0) (0.7,0.2,0) (0.056,0.175,0.1) -0.00686
T (0.8,0.2,0.1) (0.9,0.3,0.1) (0.7,0.2,0) (0.504,0.225,0.19) 0.217916
T2 (0.7,0.2,0) (0.8,0.2,0.1) (0.5,0.2,0.1) (0.28,0.2,0.19) 0.0423
T3 (0.5,0.2,0.1) (0.8,0.2,0.1) (0.1,0.1,0) (0.04,0.15,0.19) -0.0345

The five core criteria’s are divided into eighteen sub criteria’s with the representation of plithogenic pythagorean
set. Based on experts aggregated opinion the first two maximum score values are considered for finding optimal

solution.

TABLE 6. Two Maximum Score Values are as follows

Sub-Criteria Two Maximum Scores
L1 0.21796
L3 0.063125
Al 0.217916
A3 0.056159
S3 0.217916
S1 0.0423
12 0.056159
11 0.0423
T1 0.217916
T2 0.0423

200017-8




The Pythagorean fuzzy decision matrix is

0.63 0.5225 0.649 0.8 0.88 0.56 0.72  0.7125
0.383 0.7125 0.788  0.72 0.65 0.5 0.35 0.4725
b= | 048 0.56 0.39 0.5 09184 0.63 0.66  0.4275
0.72  0.55 0.65 0.4725 0.7125 0.7875 0.5225 0.65

0.66 035 04275 0.6 0.56 0.72  0.6525 0.668

TABLE 7. The Nine point scale for Ten criteria’s are presented below

0.47
0.7
0.67
0.45
0.85

0.788
0.713
0.92
0.653
0.523

Linguistic Variable Priority Pythagorean Fuzzy Set Score Value
Equal relative importance 1 (0.73,0.25) 0.5
Equally to moderately more important 2 (0.73,0.15) 0.5104
Moderately more Important 3 (0.8,0.3) 0.55
Moderately to strongly Important 4 (0.78,0.1) 0.5984
Strongly Important 5 (0.82,0.25) 0.6099
Strongly to very strongly more Important 6 (0.8,0.1) 0.63
Very strongly more Important 7 (0.9,0.3) 0.72
Very strongly to extremely more 3 (0.9.0.1) 08
Important
Extremely Important (High priority) 9 (0.95,0.175) 0.8719
TABLE 8. Pair wise comparison for Best and Worst criteria is as follows
BO/criteria c1 Cy C3 Cy Cs Co c; Cg Cy C10
Best criteria : c¢;( Collaborative ) 1 3 1 4 2 7 5 7 2 9
O W/ Worst criteria : ¢4 ( Continuous)
C1 9
c, 4
C3 9
Cy 3
Cs 7
Co 2
c7 5
cg 2
Co 7
C1o 1
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By linear programming problem technique we can determine optimum result {*
miny*
st wy —3w, < P
W —w3 < Y
w;— 4w, < Y

Wy — 2w5 <
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Wo —7wy9 = Y

iy + o+ g Fwat g+ weg FwrFwg g =1 & w; = 0, forall j

The below normalized weights can be calculated by solving the equations above
w, = 0.1134,w, = 0.2059, w; = 0.1134, w, = 0.0764, ws = 0.0875,
we = 0.0623,w, = 0.0736, wg = 0.0616, wy =0.087, w,, = 0.1207,

The optimal solution Y* = 0.000155

W

Consistency Raio =————
E'l:‘ﬂBlBtE'ﬂE'FLﬂdEx

_ 0.000155

CR

=0.00006739 € (0,1)
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TABLE 9. The Normalized aggregated values are

criteria /
Methods 1 Ca 3 Cy c Cg c Cg Ca C1o
M1 0.63 | 05225 0.649 0.8 0.88 0.56 072 07125 047 0.788
M2 0.383 | 0.7125 | 0.788 0.72 0.65 0.3 035 (04723 0.7 0.713
N3 0.48 0.56 0.39 0.3 09184 0.63 0.66 |[04275 | 0.67 0.92
M4 0.72 0.35 0.65 04725 | 0.7125 0.7875 | 053225 | 0.65 045 0.633
M5 0.66 0.35 0.4275 0.6 0.56 0.72 0.6325 | 0.668 0.835 0.523
TABLE 10. The Weight and Position of each Criteria is
Criteria c1 Ca 3 Ca s Cs Cy Cg Cg €1p
w? 0.1134 [0.2055 | 0.1134 ) 0.0746 | 00875 | 0.0623 | 009718 | 0.0616 | 0.087 | 0.1207
Rank 3 1 4 7 5 9 8 10 6 2
e 0.000155
TABLE 11.
Overall score value & Ranking of every various methods
Warious
methods: My M M M Ms
Overall Score
value(v,) 06571 | 06231 | 06151 06118 0.5601
Rank 1 2 3 4 5

5. COMPARATIVE ANALYSIS

In this chapter, we compare BWM with plithogenic pythagorean neutrosophic and neutrosophic set.
Result for neutrosophic set

TABLE 12.

The optimal weight & ranking of every bench mark is

Bench mark By ba bg by bg
o™ 06468 00931 00994 009718 00635
Bank 1 4 2 3 5
W 00667
Comparison by = by = by = by, = bg
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TABLE 13.

Owerall score value & Ranking of various methods:

Warious
M. M- M M M
methods: ' } : ¢ s
Total score 0.5791 [ 05861 | 0.5558 0.5435 0.7553
Ranking 3 2 4 5 1
Comparison Mc > M:> My > M;> M,
TABLE 14. Result for Plithogenic Pythagorean neutrosophic set
The weight and position of each criteria is
criteria =1 Cz €3 Ca €5 Cs €y Cg Cg C10
w* | 01134 0.2059 | 0.1134 | 0.0746| 0.0875| 0.0623 | 0.05718 | 0.0616 | 0087 | 0.1207
Rank 3 1 4 7 5 9 8 10 6 2
U 0.000155
Comparison Ca= Cp= €] = €3> Cg=> Cg= Cgy = €7 Cg = Cp
TABLE 15.
Overall score value & Ranking of every Various methods:
Warious
M. M- M M M
methods: ' } : : :
Overall Score
06571 | 06231 | 0.6151 0D.6118 0.5601
value(v;)
Rank 1 2 3 4 5
Comparizon M= My> M;y> My>= M

From the tables 12 & 14, The plithogenic pythagorean neutrosophic J* shows a better accuracy and very high
consistency because " is very close to zero compare with the neutrosophic set J*.

CONCLUSION

A Multi atribute decision making method (MADM) with B-W method using plithogenic pythagorean
neutrosophic fuzzy is discussed in this article. BWM is more effective and less time consuming for obtaining optimal
feasible solution comparing to other MCDM approaches. The optimal weights for each criteria are estimated by
Linear Programming approach. This technique furnishes an effective aggregated value and best possible score values

200017-
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and also discusses the various decision makers’ opinion. In future the real life situations can be solved by several types
of multi criteria decision making.
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