Neutrosophic

Operational
Research

Dr. Victor Chang




NEUTROSOPHIC OPERATIONAL RESEARCH

Volume II1

Editors:
Prof. Florentin Smarandache
Dr. Mohamed Abdel-Basset
Dr. Victor Chang



Dedication

Dedicated with love to our parents for the developments of our cognitive
minds, ethical standards, and shared do-good values & to our beloved families
for the continuous encouragement, love, and support.

Acknowledgment

The book would not have been possible without the support of many people:
first, the editors would like to express their appreciation to the advisory board;
second, we are very grateful to the contributors; and third, the reviewers for
their tremendous time, effort, and service to critically review the various
chapters. The help of top leaders of public and private organizations, who
inspired, encouraged, and supported the development of this book.

Peer Reviewers

Prof. Dr. Saeid Jafari
College of Vestsjaelland South, Herrestraede 11, 4200 Slagelse, Denmark.

Prof. Ion Patrascu
Fratii Buzesti National College, Craiova, Romania.

Prof. Dr. Huda E. Khalid
University of Telafer, College of Basic Education, Telafer - Mosul, Iraq.



Neutrosophic
Operational

Research

Volume III

Foreword by John R. Edwards

Preface by the editors
AN
Truth membership A
function v
o
A
Xi
Indeterminacy & &
membership / ™
function / - / h
s r
Xi
ra
A
Falsity membership pd
function A
e
<
X1 Xi
Pons

Brussels, 2018



Editors:

Prof. Florentin Smarandache, PhD, Postdoc

Mathematics & Science Department
University of New Mexico, USA

Dr. Mohamed Abdel-Basset
Operations Research Dept.

Faculty of Computers and Informatics
Zagazig University, Egypt

Dr. Victor Chang
Xi’an Jiaotong-Liverpool University
Suzhou, China

Pons Publishing House / Pons asbl
Quai du Batelage, 5

1000 - Bruxelles

Belgium

DTP: George Lukacs

ISBN 978-1-59973-609-9



Neutrosophic Operational Research

Volume III

Contents
FOTEWOTI ...ttt e e e e e s e et eeeeesesseeanaees 7
PIETACE oo 9

Surapati Pramanik = Shyamal Dalapati = Tapan Kumar Roy
I Neutrosophic Multi-Attribute Group Decision Making Strategy for

Logistics Center Location Selection............cccceeveereieecieeiieeneenieseesneeees 13
ADSEIACT ...t 13
KEYWOIAS ...ttt 13
1 Introduction .......cocueeiieiiienieeee et 14
2 Neutrosophic Preliminaries..........cccecvereereenvervenieenenn 15
3 Selection criteria for logistics center..........ccccevverveennene. 17
4 MAGDM strategy based on a new hybrid score accuracy

function under SVNNS.....c.cocovvirinienineeeceeee 17
5 Example of the Logistics Center Location....................... 22
6 CONCIUSION ...oniiiiiiiiiiiic et 27
REfEIeNCES ....oiiiiviieiiieciee e 27

Abduallah Gamal »* Mahmoud Ismail = Florentin Smarandache

II A Scientific Decision Framework for Supplier Selection under
Neutrosophic Moora Environment ...........cccccvveeeveeeeieenciieenieesvee e 33
ADSETACT ...ttt 33

KEYWOTAS ..ottt 33

1 INtrodUCHON ....couviiieiieiiiiee e 34

2 Preliminaries ......ceoveeveeeierienieeiereeieee e 36

3 Methodology ....c.vveeiiieiiieeieeeeee e 39

4 Implementation of Neutrosophic — MOORA Technique .42

5 CONCIUSION ..oneiiiiiiiieeie et 46

REfEIenCes ......ccooveuiiiiiiiiiicicccce e 46

Rafif Alhabib = Moustaf Amzherranna = Haitham Farah = A.A. Salama

Il Foundation of Neutrosophic Crisp Probability Theory ............c.cccvennnene. 49
ADSITACE ...ttt e 49
KEYWOIAS ....eveeciiieiieeces ettt 49
1 INtrodUuCtion .......ccueeiviiiiiicciee et 49



Editors: Prof. Florentin Smarandache
Dr. Mohamed Abdel-Basset

Dr. Victor Chang

2 TerminOlOZICS .....cvverveerveerrerererriereesreesreesreeseresreeseesseenne 50
3 Some important theorems on the neutrosophic crisp

PIODADILILY ..ovvieieeieeiee e 52
4 Neutrosophic Crisp Conditional Probability .................... 55
5 Independent Neutrosophic Events...........ccccecvvevveeennennee. 55
6 The law of total probability and Bayes theorem via

Neutrosophic CriSp SetS ......ccvevvrervrercveeeirieerieeeieeenen 56
RETEIENCES ..ot 60

Abduallah Gamal = Mahmoud Ismail = Florentin Smarandache
IV A Novel Methodology Developing an Integrated ANP: A Neutrosophic
Model for Supplier Selection..........ccccecveeeeiieriieeecie e 63
ADSITACE ...veeciieeieecee et 63
KEYWOIAS ....evieeiiiiciieecee ettt e 63
1 INtrodUCHON .....eeeiiieiiecie et 64
2 Preliminaries ......cveeveereerienreereeieesieesieeseeesenesenesneesseenns 66
3 Methodology ...cc.vveeivieiiieeieeceeee et 68
4 Numerical Example.........ccccoovviiviiieiiieniieeieecee e, 73
5 CONCIUSION ...uveiiiiieiiieciee et et 83
REfRINCES ....ooviieiiieiietieeee e 84

S. Broumi = A. Bakali = M. Talea = F. Smarandache = V. Venkateswara Rao

v Interval Complex Neutrosophic Graph of Type 1 .....ccoeevveviveviervennnnnen. 87
ADSITACE ...ttt 87
KEYWOIAS ....evieceiiieeecee ettt 87
1 Introduction ........ccueeieeiiieniiie et 87
2 Fundamental and Basic Concepts ..........ccocceveereerueennenne. 90
3 Interval Complex Neutrosophic Graph of Type 1............ 95
4 Representation of interval complex neutrosophic graph of

Type 1 by adjacency matrixX........cccceceeveereenereeeenens 97
5 CONCIUSION ..ttt 103
Acknowledgements..........ccceeeveeeeiieerieeeciie e 103
REfeIences ......c.oevuiiiieiieiiieeeeete e 103



Neutrosophic Operational Research
Volume III

Foreword

John R. Edwards

This book is an excellent exposition of the use of Data Envelopment
Analysis (DEA) to generate data analytic insights to make evidence-based
decisions, to improve productivity, and to manage cost-risk and benefit-
opportunity in public and private sectors. The design and the content of the book
make it an up-to-date and timely reference for professionals, academics, students,
and employees, in particular those involved in strategic and operational decision-
making processes to evaluate and prioritize alternatives to boost productivity
growth, to optimize the efficiency of resource utilization, and to maximize the
effectiveness of outputs and impacts to stakeholders. It is concerned with the
alleviation of world changes, including changing demographics, accelerating
globalization, rising environmental concerns, evolving societal relationships,
growing ethical and governance concern, expanding the impact of technology;
some of these changes have impacted negatively the economic growth of private
firms, governments, communities, and the whole society.
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Preface

Prof. Florentin Smarandache
Dr. Mohamed Abdel-Basset

Dr. Victor Chang

This book treats all kind of data in neutrosophic environment, with real-
life applications, approaching topics as logistic center, multi-criteria group
decision making, hybrid score-accuracy function, single valued neutrosophic set,
single valued neutrosophic number, neutrosophic MOORA, supplier selection,
neutrosophic crisp sets, analytic network process, neutrosophic set, multi-criteria
decision analysis (MCDM), complex neutrosophic set, interval complex
neutrosophic set, interval complex neutrosophic graph of type 1, adjacency
matrix, and so on.

In the first chapter (Neutrosophic Multi-Attribute Group Decision Making
Strategy for Logistics Center Location Selection), the authors Surapati Pramanik,
Shyamal Dalapati and Tapan Kumar Roy use the score and accuracy function and
hybrid score accuracy function of single-valued neutrosophic number and
ranking strategy for single-valued neutrosophic numbers to model logistics center
location selection problem. An illustrative numerical example has been solved to
demonstrate the feasibility and applicability of the developed model. As an
important and interesting topic in supply chain management, fuzzy set theory has
been widely used in logistics center location to improve the reliability and
suitability of the logistics center location with respect to the impacts of both
qualitative and quantitative factor. However, fuzzy set cannot deal with the
indeterminacy involving with the problem. To deal indeterminacy, single-valued
neutrosophic set due to Wang et al. [2010] is very helpful. Logistics center
location selection having neutrosophic parameters is a multi-attribute making
process involving subjectivity, impression and neutrosophicness that can be
represented by single-valued neutrosophic sets.

In the second chapter (4 Scientific Decision Framework for Supplier
Selection under Neutrosophic Moora Environment), the authors Abduallah
Gamal, Mahmoud Ismail and Florentin Smarandache present a hybrid model of
Neutrosophic-MOORA for supplier selection problems. Making a suitable model
for supplier selection is an important issue to ameliorating competitiveness and
capability of the organization, factory, project etc.; selecting of the best supplier
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selection does not only decrease delays in any organizations, but also gives
maximum profit and saving of material costs. Thus, nowadays supplier selection
is become competitive global environment for any organization to select the best
alternative or taking a decision. From a large number of availability alternative
suppliers with dissimilar strengths and weaknesses for different objectives or
criteria, requiring important rules or steps for supplier selection. In the recent past,
the researchers used various multi criteria decision making (MCDM) methods
successfully to solve the problems of supplier selection. In this research, Multi-
Objective Optimization based on Ratio Analysis (MOORA) with neutrosophic is
applied to solve the real supplier selection problems. The authors selected a real
life example to present the solution of problem that how ranking the alternative
based on decreasing cost for each alternative and how formulate the problem in
steps by Neutrosophic- MOORA technique.

The third chapter (Foundation of Neutrosophic Crisp Probability Theory)
deals with the application of Neutrosophic Crisp Sets (which is a generalization
of Crisp Sets) on the classical probability, from the construction of the
Neutrosophic sample space to the Neutrosophic crisp events reaching the
definition of Neutrosophic classical probability for these events. Then, the
authors Rafif Alhabib, Moustaf Amzherranna, Haitham Farah and A.A. Salama
offer some of the properties of this probability, in addition to some important
theories related to it. They also come into the definition of conditional probability
and Bayes theory according to the Neutrosophic Crisp sets, and eventually offer
some important illustrative examples. This is the link between the concept of
neutrosophic for classical events and the neutrosophic concept of fuzzy events.
These concepts can be applied in computer translators and decision-making
theory.

The main objectives of the fourth chapter (4 Novel Methodology
Developing an Integrated ANP: A Neutrosophic Model for Supplier Selection),
by Abduallah Gamal, Mahmoud Ismail and Florentin Smarandache, are to study
the Analytic Network Process (ANP) technique in neutrosophic environment, to
develop a new method for formulating the problem of Multi-Criteria Decision-
Making (MCDM) in network structure, and to present a way of checking and
calculating consistency consensus degree of decision makers. The authors use
neutrosophic set theory in ANP to overcome the situation when the decision
makers might have restricted knowledge or different opinions, and to specify
deterministic valuation values to comparison judgments. They formulate each
pairwise comparison judgment as a trapezoidal neutrosophic number. The
decision makers specify the weight criteria in the problem and compare between
each criteria the effect of each criteria against other criteria. In decision making

10
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(

.« . nxn-1 . .
process, each decision maker should make T) relations for n alternatives to

obtain a consistent trapezoidal neutrosophic preference relation. In this research,
decision makers use judgments to enhance the performance of ANP. The authors
introduce a real life example: how to select personal cars according to opinions
of decision makers. Through solution of a numerical example, an ANP problem
in neutrosophic environment is formulated.

The neutrosophic set theory, proposed by Smarandache, can be used as a
general mathematical tool for dealing with indeterminate and inconsistent
information. By applying the concept of neutrosophic sets on graph theory,
several studies of neutrosophic models have been presented in the literature. In
the fifth chapter (Interval Complex Neutrosophic Graph of Type 1), the concept
of complex neutrosophic graph of type 1 is extended to interval complex
neutrosophic graph of type 1(ICNG1). The authors Said Broumi, Assia Bakali,
Mohamed Talea, Florentin Smarandache and V. Venkateswara Rao propose a
representation of ICNG1 by adjacency matrix and study some properties related
to this new structure.

11
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Neutrosophic Multi-Attribute Group
Decision Making Strategy for Logistics

Center Location Selection

Surapati Pramanik!" * Shyamal Dalapati? = Tapan Kumar Roy?

"Department of Mathematics, Nandalal Ghosh B.T. College, Panpur, PO-Narayanpur, and District: North 24
Parganas, Pin Code: 743126, West Bengal, India. Email: sura_pati@yahoo.co.in,
*3Indian Institute of Engineering Science and Technology, Department of Mathematics, Shibpur, Pin-711103,
West Bengal, India. Emails:dalapatishyamal30@gmail.com, roy t k@yahoo.co.in
"Corresponding author’s email: sura_pati@yahoo.co.in

Abstract

As an important and interesting topic in supply chain management,
fuzzy set theory has been widely used in logistics center location to
improve the reliability and suitability of the logistics center location
with respect to the impacts of both qualitative and quantitative
factor. However, fuzzy set cannot deal with the indeterminacy
involving with the problem. To deal indeterminacy, single — valued
neutrosophic set due to Wang et al. [2010] is very helpful. Logistics
center location selection having neutrosophic parameters is a multi-
attribute making process involving subjectivity, impression and
neutrosophicness that can be represented by single-valued
neutrosophic sets. In this paper, we use the score and accuracy
function and hybrid score accuracy function of single- valued
neutrosophic number and ranking strategy for single- valued
neutrosophic numbers to model logistics center location selection
problem. Finally, an illustrative numerical example has been solved
to demonstrate the feasibility and applicability of the developed
model.

Keywords

Logistic center; Multi-criteria group decision making; Hybrid score-
accuracy function; Single valued neutrosophic set; Single valued
neutrosophic number.
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1 Introduction

Logistics systems are essential for economic development and normal
functioning of the society. Logistic center location selection problem can be
considered as multi-attribute decision making (MADM) problem. Classical
strategies [1, 2, 3] for solving MADM problems are capable of deal with crisp
numbers that is the ratings and the weights of the attributes are represented by
crisp numbers. However, in practical situations, uncertainty plays an important
role in MADM problems and decision makers cannot always present the ratings
of alternatives by crisp numbers. To deal this situation, fuzzy set (FS) introduced
by L. A. Zadeh [4] and intuitionistic fuzzy set (IFS) introduced by K. T.
Atanassov [5] are helpful. But it seems that F. Smarandache’s book [6] is the
most important starting point in the history of dealing with uncertainty
characterized by falsity and indeterminacy as independent components. F.
Smarandache (1998) grounded the concept neutrosophic set (NS) that is the
generalization of FS and IFS. Then, Wang et al. [7] defined single valued
neutrosophic set (SVNS) and its various extensions, hybridization and
applications [8-72] have been reported in the literature.

Selection of location for the logistics center is based not only on
quantitative factors such as costs, distances but also qualitative factors such as
environmental impacts and governmental regulations. During the last three
decades, several strategies for solving location selection problems have been
proposed in the literature. A. Weber [73] studied at first solutions for location
selection problems. L. Cooper [74] discussed the calculation aspects of solving
certain class of center location problems. L. Cooper [75] also devised a number
of heuristic algorithms for solving large locational problems.

Tuzkaya et al. [76] employed the analytic network process (ANP) strategy
based on main four factors, namely, benefits, cost, opportunities and risks for
locating undesirable facilities. Analytical hierarchy process (AHP), a special case
of ANP was employed to solve location problems [77-101]. M. A. Badri [81]
combined AHP and goal model approach for international facility location
problem. Chang and Chung [82] studied a multi-criteria genetic optimization for
distribution network problems.

In fuzzy environment, Chou et al. [83] studied a multi-criteria decision
making (MCDM) model for selecting a location for an international tourist hotel.
Shen and Yu [84] employed a fuzzy MADM for selection problem of a company.
Liang and Wang [85] presented a fuzzy MCDM strategy for facility site selection.
Chu [86] proposed facility location selection using fuzzy technique for order
preference by similarity to ideal solution (TOPSIS) under group decision.
Kahraman et al. [87] presented four different fuzzy MADM strategies for facility

14
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location problem. Farahani et al. [88] presented a comprehensive review on recent
development in multi-criteria location problems.

Recently, Pramanik and Dalapati [62] presented generalized neutrosophic
soft MADM strategy based on grey relational analysis for logistic center location
selection problem. Pramanik et al. [89] studied logistic center location selection
strategy based on score and accuracy function and hybrid score accuracy function
of single- valued neutrosophic number due to J. Ye [67].

In this paper, we develop a new strategy for multi attribute group decision
making (MAGDM) by combining score and accuracy function due to Zhang et
al. [71] and hybrid accuracy function due toJ. Ye [67]. We also solve a numerical
example based on the proposed strategy for logistic center location selection
problem in neutrosophic environment.

Remainder of the paper is organized in the following way: Section 2
recalls preliminaries of neutrosophic sets. Section 3 presents attributes for logistic
center location selection. Section 4 is devoted to develop MAGDM strategy.
Section 5 provides a numerical example of the logistic center location selection
problem. In Section 6, we present concluding remarks and future scope of
research.

2 Neutrosophic Preliminaries

In this section, we will recall some basic definitions and concepts that are useful

to develop the paper.

2.1 Definition: Neutrosophic sets [6]

Let U be the space of points with generic element in U denoted by u. A
neutrosophic set A in 9 is defined as A = {<u, t, (u), i, (v), f, (U>: ue} ,
wheret, (u): A—]"0,17[,i, (W): A—] 0,17 [,and f, (u) : A—] 0,1 and
T0<t, (u)+is (u)+1f, (u)<3".

2.2 Definition: Single valued neutrosophic sets [7]

Let A be the space of points with generic element in U denoted by u. A
single valued neutrosophic set G in U is defined as G = {<u, t; (v), 14 (u), f5 (0)
>:u € U, where t, (u), i, ), f; (W) €[0,1]} and 0 <t, (u) +i, (u) +f, (W<

3.
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2.3 Definition: Single valued neutrosophic number (SVNN) [67]

Let U be the space of points with generic element in U denoted by u. A
SVNS G in U is defined as G = {<u, t, (u), 1, (v), f, (u) >:ue U}, where t; (u),
i, (w), f; (u) € [0, 1] for each pointuin U and 0 <t (u) +i, (u) + £, (u) <3. For
a SVNS G in %« the triple < t; (u), i, (), f; (u) > is called single valued

neutrosophic number (SVNN).

2.4 Definition: Complement of a SVNS

The complement of a single valued neutrosophic set G is denoted by G'and

defined as
G'= {<p: tag(v), ig(v), fg(u)>, ue U },
where ta(p)= {1} - t; (u), ia(w) = {1} —is(w), fo(u) = {1} - fo(u).

For two SVNSs G, and G; in U, G; is contained in G», i.e. G; < Gy, if and
only if tG, (u) <tG, (0),1G, (W) 21G, (0), G, (u) 2 G, (u) for any u in U
Two SVNSs G; and G; are equal, written as G| = Gy, if and only if G| C
Gz and G; < Gy,
2.5 Conversion between linguistic variables and single valued neutrosophic
numbers

A linguistic variable simply presents values that are represented by words
or sentences in natural or artificial languages. Importance of the decision makers
are differential in the decision making process. Ratings of criteria are expressed
using linguistic variables such as very unimportant (VUI), unimportant (UI),
medium (M), important (I), very important (VI), etc. Linguistic variables are

transformed into single valued neutrosophic numbers as presented in Table- 1.

2.6 Definition: Score function and accuracy function [71]
Assume that x = (t,, 1,, f,;) be a SVNN. Score function and accuracy

function of ‘x’ are expressed as follows:

16
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s(X)=t, +1-i, +1-f, =2+, -i, -f, (1)

ac (x)=t, -f, 2)
Here, s(x) and ac(x) represent the score and accuracy function of ‘x’

respectively.

2.7 Definition 6 [71]
Let ‘x’ and ‘y’ are two SVNNSs. Then, the ranking strategy can be defined
as follows:
(1) If s(x) > s(y), then x> .
(2) If s(x) = s(y) and ac(x) > ac(y), then x >y;
(3) If s(x) = s(y) and ac(x) = ac(y), then x is equal to y, and denoted by x ~y.

3 Selection criteria for logistics center

In order to perform a complete assessment of logistics center location
problem as a multiple criteria decision making problem, we choose six criteria
adopted from the study [90] namely, cost (C,), distance to suppliers (C,), distance
to customers (Cs3), conformance to governmental regulations and laws (Ca),
quality of service (Cs) and environmental impact (Cs).

4 MAGDM strategy based on a new hybrid score accuracy
function under SVNNs

The following notations are adopted in the paper.

IJ={J,J2 ..., ], }(n=2)is the set of logistics centers;
C={Cy,Cy ..,Cp} (p=2)is the set of criteria;

D= {Di, D,, ..., Dm} (m > 2) is the set of decision makers or experts.

The weights of the decision- makers are completely unknown and the
weights of the criteria are incompletely known in the group decision making
problem. We now present a new hybrid score — accuracy function by combining
score and accuracy function due to Zhang et al. [71] and hybrid accuracy function
due to Ye [67] for MCDM problem with unknown weights under single-valued
neutrosophic environment. MCGDM strategy is presented using the following

steps.
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Step — 1 Construction of the decision matrix

In the group decision process, if m decision makers or experts are required

in the evaluation process, then the r-th (r=1, 2,..., m) decision maker can provide

the evaluation information of the alternative J; (=1, ..., n) on the criterion C; (j

=1, ..., p) in linguistic terms that can be expressed by the SVNN ( see Table 1).

A MCGDM problem can be expressed by the following decision matrix:

C, C,.... C,

r T r

i Xy X Xy,

— S —_ r r T
Ar—(xij)nxp =171, xy Xy X2 3)

T s T

Herexirj =(ty , 1 ,ffj)andOStf(Cj)+if(Cj)+ff(Cj)S3

Forr=1,2,..,mj=1,2,...p,1i=1,2

5 Ly oe

.n.

Step — 2 Calculate hybrid score — accuracy matrix

The score — accuracy matrix in hybridization form ®" = ( C; )nsp (r=1,

2., ,myi=1,2,..,n;j=1,2, ..., p)can be obtained from the decision matrix

C GC,..C,
I G G G
O =(C ) =T, Cu G (4)

Jn C;l C.>1r12 C;p

Gi=a (2+t) -if-f)+(1-a)(t; —f) )

18



Neutrosophic Operational Research
Volume III

Here @ € [0, 1]. When & = 1, the equation (5) reduces to equation (1) and

when @ =0, the equation (5) reduces to equation (2).
Step — 3 Calculate the average matrix

From the obtained hybrid-score—accuracy matrix, the average matrix

O'=(¢)nxp (r=1,2,...m;i=12,.,mj=12,..,p)is

expressed by
C C, ... C,
Lo G G Ghp
®*:(Ci*j)n><p =1J, €&y C.’;p (6)
Jn C:l C,:z C;p
* 1 r
Here gij:Z 2o (Cij) (7

Collective correlation co-efficient between ® (r=1,2, .., m) and O

due to Ye (nd.) is presented as follows:

I 1=
C G G

1 @®)

Step — 4 Determine decision makers’ weights

In order to deal with personal biases of decision makers, Ye [67])
suggested to assign very low weights to the false or biased opinions. Weight
model due to Ye [67] can be written as follows:

Xr
Z :il Xr

3 =

T

,0<3,. <1,y 3. =1forr=1,2,...,m. 9)

Step — S Calculate collective hybrid score — accuracy matrix

~

For the weight vector 3= (3,.3, .. .., 3, )" of decision makers obtained

from equation (6), we accumulate all individual hybrid score — accuracy matrix
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= (C; Ynxp (1=1,2,..,m;i=1,2,..,n;]

1,2, ..., p)into a collective hybrid
score accuracy matrix

Jl gn CIZ"’ Clp
®: (C)ij )nxp = J2 CZ] QZZ C-’ZP

(10)
Jn Cnl Cnl"' 'Cnl
Here {;=X, 3, ¢

(11)
Step — 6 Weight model for criteria

To deal decision making problem with partially known weights of the
criteria, the following optimization model due to Ye [67] is employed.

1
Max w=—3%7, 2%, w;(; (12)
n
Subject to

0, w =1

w; >0

Solving the linear programming problem (8), the weight vector of the
criteria w = (w1, W2, ..., w , )’ can be easily determined.

Step — 7 Rank the alternatives

In order to ranking alternatives, all values can be summed in each row of
the collective hybrid score-accuracy matrix corresponding to the criteria weights

., n):

by the overall weight hybrid score-accuracy value of each alternative Ji(i=1, 2,

nd;) :2?:1 w; G

(13)
Based on the values of ndy) (i =1, 2, ...., n), we can rank alternatives J; (i

1, 2, ..., n) in descending order and choose the best alternative.
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Decision making analysis phase

Multi attribute group decision making problem

\

Construction of the decision
matrices

Calculate hybrid score —
accuracy matrices

\ 4
Calculate the average matrix

Determine decision makers’
weights

Calculate collective hybrid
score — accuracy matrix

\
Weight model for criteria

\ 4

Rank the alternatives @

Figure 1. Steps of proposed MAGDM strategy
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5 Example of the Logistics Center Location

Assume that a new modern logistic center is required in a town. There are
four location Jy, J», J3, J4. A committee of four decision makers or experts namely,
D, Dy, D3, D4 has been formed to select the most appropriate location on the basis
of six criteria adopted from the study conducted by Xiong et al. [90], namely, cost
(C1), distance to suppliers (C,), distance to customers (C;), conformance to
government regulation and laws (Cs), quality of service (Cs) and environmental
impact (Cs). The four decision makers use linguistic variables (see Table 1) to
rating the alternatives with respect to the criterion and the decision matrices are
constructed (see Table 2-5).

Tablel. Conversion between linguistic variable and SVNNs

1 Very unimportant (VUI) (.05,.25,.95)
2 Unimportant (UI) (.25,.20,.75)
3 Medium (M) (.50,.15,.50)
4 Important () (.75,.10,.25)
5 Very important (VI) (.95,.05,.05)

Table 2. Decision matrix for D; in the form of linguistic term

LG |C |G |Cs |G | Cs
LI | VI |I M |M |UI
|1 M | M | VI |I 1
1
I

LM | VI | VI |M M
Jo | VI |1 M | VI I

Table 3. Decision matrix for D; in the form of linguistic term

Ji |C|C |G| Cq|Cs |Cs
LI | I |I |M]|I Ul
L (vi|1 |I |I |UI |UI
LU |vl|vli|ilm | M | M
b, M |M |VI|T |VI |VI
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Table 4. Decision matrix for Ds in the form of linguistic term

Ji

Ci

Cs

Cy

Cs

Cs

I

I

VI

I

I

M

AP

VI

VI

I

VI

I

AL

Ul

VI

I

M

I

14

M

I

VI

VI

VI

Table 5. Decision matrix for Dy in the form of linguistic term

Step

Ci
.10, .25) (.95, .05, .05)
.10, .25) (.50, .15, .50)
.15, .50) (.95, .05, .05
.05, .05) (.75, .10, .25

i |C |G |G| Cy|Cs|Cs
hyvojoryor|r |1 |1
LIM|M | VI|IT |M|VI
Lol |vi|lr (M |IT |I
LI (I  M|M|I |M

— 1 Construction of the decision matrix

Decision matrix for D; in the form of SVNN

G

)
)

(75
(.30,
(.95
(.50

G

, .05

)
)

Cs

.10, .25) (.50, .15,
15, .50 (.95,.05,
(.50, .15,
,.15, .50) (.95, .05,

Cs

Cs

50) (.50, .15, .50) (.25,.20,.75)

03) (.75, .10, .25) (.75, .10, .25)
50) (.75, .10, .25) (.50, .15, .50)
05) (.75, .10, .25) (.75, .10, .25)

Decision matrix for D; in the form of SVNN

C C

Cs

Cs
I (.75,.10,.25) (.75,.10,.25) (.75,.10,.25) (.50,.15,.50) (.75,.10,.25) (.25,.20,.75)

Cs Cs

1, (.95,.05,.05) (.75,.10,.25) (.75,.10,.25)(.75,.10,.25) (.25,.20,.75) (.25,.20,.75

7, (.25,.20,.75)(.95,.05,.25)(.95,.05,.05) (.75,.10,.25) (.50,.15,.50) (.50,.15,.50)
7. (.50,.15,.50) (.50,.15,.50)(.95,.05,.05)(.75,.10,.25)(.95,.05,.05) (.95,.05,.05)
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Decision matrix for D in the form of SVNN

C C, Cs Cy Cs Ce
3, (.75,.10,.25) (.75,.10,.25) (.95,.05,.05) (.75,.10,.25) (.75,.10,.25) (.50,.15,.50)
A3=| 1, (.95,.05,.05) (.50,.15,.50) (.95,.05,.05) (.75,.15,.25) (.95,.05,.05) (.75,.15,.25)
I (.25,.20,.75) (.95,.05,.05) (.95,.05,.05) (.75,.10,.25) (.50,.10,.50) (.75,.10,.25)
7. (.50,.10,.50) (.50,.10,.50) (.75,.10,.25) (.95,.05,.05) (.95,.05,.05) (.95,.05,.05)
Decision matrix for D4 in the form of SVNN
C C, Cs Cs Cs Cs
A T, (.95,.05,.05)(.05,.25,.95) (.25,.20,.75) (.75,.15,.25) (.75,.10,.25) (.75,.10,.25)
4=

7, (.50,.15,.50) (.50,.15,.50) (.95,.05,.05) (.75,.10,.25) (.50,.15,.50) (.95,.05,.05)
, (.25,.20,.75) (.95,.05,.05) (.75,.10,.25) (.50,.15,.50) (.75,.10,.25) (.75,.10,.25)
. (.75,.10,.25) (.75,.10,.25) (.50,.15,.50) (.50,.15,.50) (.75,.10.25) (.50,.15,.50)

—

Now we use the proposed strategy for single valued neutrosophic group
decision making to select appropriate location. We take o = 0.5 for
demonstrating the computing procedure.

Step — 2 Calculate hybrid score — accuracy matrix

Hybrid score-accuracy matrix for A

Ci C, Cs Cq Cs Cs

J; 145 1.65 1.450 .925 .925 .40
©'=|J, 1.45 925 .925 1.650 1.45 1.45
J; .9251.651.650 .925 1.45 .925

J, 1.65 1.45 925 1.65 1.45 1.45

Hybrid score-accuracy matrix for A,

G G G G G G

I 1.451.45 1.45 .9251.45 .40

®° =|J, 1.651.45 1.45 1.45 .40 .40
J; .40 1.65 1.651.45 .925 .925

J, 925 .9251.651.45 1.651.65
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Hybrid score-accuracy matrix for Az

G C G Ci Cs Cs
J, 1.451.451.65 1.45 1.45 .925
®° =|J, 1.65.9251.651.451.65 1.45
J; 1.651.651.65 1.45 925 1.45
J. 925 .9251.451.65 1.65 1.65

Hybrid score-accuracy matrix for A4
G G G G G G
J, 1.65 0.40 0.40 145 1.45 145
©* =[], 0.925 0.925 1.65 1.45 0.925 1.65

J; 0.40 1.65 1.45 0.925 1.45 1.45
J, 1.45 1.45 0.9250.925 1.45 0.925

Step — 3 Calculate the average matrix

Using equation (7), and hybrid score-accuracy matrix, average matrix © "

is constructed as follows:

G G G Ci GCs G

J, 1.50 1.241.501.19 1.32 0.79
®=|J, 142 1.061.421.501.111.24
J; 0.84 1.651.601.191.19 1.19

Js 1.24 1.191.241.421.551.42

Using the equation (8), the collective correlation co-efficient between @"

and @ are obtained as
¥ =3.93, v, =3.88, y, =4.03, y,=3.82.
Step — 4 Determine decision makers’ weights

From the equation (9) we determine the weights of the four decision
makers as follows:

3, =0.250, 3,=0.248, 3,=0.257, J,=0.244.
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Step — 5 Calculate collective hybrid score — accuracy matrix

Hence the hybrid score-accuracy values of the different decision makers’
choices are aggregated by equation (11) and the collective hybrid score-accuracy
matrix can be formulated as follows:

C C G Ci Cs Cs
I, 1.501.241.241.19 1.32 .79
®=] 7, 1.421.05 1.421.5 1.111.24
J; 0.851.65 1.601.19 1.18 1.19
J, 1.231.18 1.241.42 1.551.42

Step — 6 Weight model for criteria

Assume that incompletely known weights of the criteria are given as

follows:
0.1<w;:< 0.2, 0.1< wy< 0.2,
0.1<w3<0.25, 0.1< w45 0.2,
0.1<ws<0.2, 0.1< we=< 0.2

Using the linear programming model (12), we obtain the weight vector of
the criteria as

Max =25*((1.5*% w 1+1.24* w »+1.24* @ 3+1.19* w 4+1.32* w s+.79* w
6) T(1.42% w1+1.05% w ,+1.42% w 3+1.5% w ++1.11* w s+1.24% w ¢)H(.85* w
1+1.65% w »+1.6% ws+1.19% w 4+1.18% w s+1.19* w ¢) +(1.23* w 1+1.18* w
2+1.24% w 3+1.42% @ 4+1.55% ws+1.42* w ¢));

w>=1;,w1<=2; w>=1; w3<=2; ws3>=.1; w3<=25; W +>=.1; W 1<=.2;
ws>=.1; Wws<=2; w ¢>=.1; w 6=.2;

w1+ Wt wst wat wstwesl;

Solutions of w 1, W 2, W 3, W 4, W 5, W ¢ are:

w1 0.1000000 0.000000
w2  0.1500000 0.000000
ws  0.2500000 0.000000
w4 0.2000000 0.000000
ws  0.2000000 0.000000
wes  0.1000000 0.000000

w =[0.1, 0.15, 0.25, 0.2, 0.20, 0.1]".
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Step — 7 Ranking of the alternatives

Using the equation (13), we calculate the overall hybrid score-accuracy

values
n(Jl) (1: 152a3,4)
nd,) =1.227, nd,) = 1.300, n{J,) = 1326, n{J,) = 1.346.

Based on the above values of n(J;) (i=1, 2, 3, 4), the ranking order of the

locations can be presented as follows:
J4> 13> 1> 4.

Therefore, the location J4 is the best location.

6 Conclusion

In this article we have developed a new strategy for multi attribute group
decision making by combining score and accuracy function due to Zhang et al.
[71] and hybrid accuracy function due to J. Ye [67] and linguistic variables. We
present a conversion between linguistic variable and SVNNs. We have also
presented a numerical example for logistics center location problem using the
proposed strategy under single-valued neutrosophic environment. The weights of
the decision makers are completely unknown and the weights of criteria are
incompletely known The proposed strategy can be used solve to multi attribute
group decision making problems such as pattern recognition, medical diagnosis,
personnel selection, etc. We hope that the proposed MAGDM strategy can be
extended to interval neutrosophic set environment.
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Abstract

In this paper, we present a hybrid model of Neutrosophic-MOORA
for supplier selection problems. Making a suitable model for
supplier selection is an important issue to amelioration
competitiveness and capability of the organization, factory, project
etc. selecting of the best supplier selection is not decrease delays in
any organizations but also maximum profit and saving of material
costs. Thus, now days supplier selection is become competitive
global environment for any organization to select the best alternative
or taking a decision. From a large number of availability alternative
suppliers with dissimilar strengths and weaknesses for different
objectives or criteria, requiring important rules or steps for supplier
selection. In the recent past, the researchers used various multi
criteria decision-making (MCDM) methods successfully to solve the
problems of supplier selection. In this research, Multi-Objective
Optimization based on Ratio Analysis (MOORA) with neutrosophic
is applied to solve the real supplier selection problems. We selected
a real life example to present the solution of problem that how
ranking the alternative based on decreasing cost for each alternative
and how formulate the problem in steps by Neutrosophic- MOORA
technique.

Keywords
MOORA; Neutrosophic; Supplier selection; MCDM.
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1 Introduction

The purpose of this paper is to present a hybrid method between MOORA
and Neutrosophic in the framework of neutrosophic for the selection of suppliers
with a focus on multi-criteria and multi-group environment. These days,
Companies, organizations, factories seek to provide a fast and a good service to
meet the requirements of peoples or customers [1, 2].The field of multi criteria
decision-making is considered for the selection of suppliers [3]. The selecting of
the best supplier increasing the efficiency of any organization whether company,
factory according to [4].

Hence, for selecting the best supplier selection there are much of
methodologies we presented some of them such as fuzzy sets (FS), Analytic
network process (ANP), Analytic hierarchy process (AHP), (TOPSIS) technique
for order of preference by similarity to ideal solution, (DSS) Decision support
system, (MOORA) multi-objective optimization by ratio analysis. A
classification of these methodologies to two group hybrid and individual can
reported in [4, 5].

We review that the most methodologies shows the supplier selection
Analytic hierarchy process (AHP), Analytic network process (ANP) with
neutrosophic in [6].

1.1 Supplier Selection Problem

A Supplier selection is considered one of the most very important
components of production and vulgarity management for many organizations
service.

The main goal of supplier selection is to identify suppliers with the
highest capability for meeting an organization needs consistently and with
the minimum cost. Using a set of common criteria and measures for abroad
comparison of suppliers.

However, the level of detail used for examining potential suppliers may
vary depending on an organization’s needs. The main purpose and objective
goal of selection is to identify high-potential suppliers. To choose suppliers,
the organization present judge of each supplier according to the ability of
meeting the organization consistently and cost effective it’s needs using
selection criteria and appropriate measure.

Criteria and measures are developed to be applicable to all the
suppliers being considered and to reflect the firm's needs and its supply and
technology strategy.

We show Supplier evaluation and selection process [7].
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signing with the selected supplier zourcing
supplier
6. Evaluate and select the 3. Identify sources of
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Figure 1. Supplier evaluation and selection process.

1.2 MOORA Technique
Multi-Objective Optimization on the basis of Ratio Analysis (MOORA),
also known as multi criteria or multi attribute optimization. (MOORA) method

seek to rank or select the best alternative from available option was introduced

by Brauers and Zavadskas in 2006 [8].

The (MOORA) method has a large range of applications to make decisions
in conflicting and difficult area of supply chain environment. MOORA can be
applied in the project selection, process design selection, location selection,
product selection etc. the process of defining the decision goals, collecting
relevant information and selecting the best optimal alternative is known as

decision making process.

The basic idea of the MOORA method is to calculate the overall
performance of each alternative as the difference between the sums of its

normalized performances which belongs to cost and benefit criteria.

This method applied in various fields successfully such as project

management [9].
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Table 1. Comparison of MOORA with MADM approaches

MADM method Computational Time Simplicity Ca]i\ﬁf; t}ilznmsartie(;ﬂire d
MOORA Very less Very simple Minimum
AHP Very high Very critical Maximum
ANP Moderate Moderately critical Moderate
TOPSIS Moderate Moderately critical Moderate
GRA Very high Very critical Maximum

1.3 Neutrosophic Theory

Smarandache first introduced neutrosophy as a branch of philosophy which
studies the origin, nature, and scope of neutralities. Neutrosophic set is an
important tool which generalizes the concept of the classical set, fuzzy set,
interval-valued fuzzy set, intuitionistic fuzzy set, interval-valued intuitionistic
fuzzy set, paraconsistent set, dial theist set, paradoxist set, and tautological
set[14-22]. Smarandache (1998) defined indeterminacy explicitly and stated that
truth, indeterminacy, and falsity-membership are independent and lies within]-0,
1+/. which is the non-standard unit interval and an extension of the standard
interval -0, 1+/.

We present some of methodologies that it used in the multi criteria decision
making and presenting the illustration between supplier selection, MOORA and
Neutrosophic. Hence the goal of this paper to present the hybrid of the MOORA
(Multi-Objective Optimization on the basis of Ratio Analysis) method with
neutrosophic as a methodology for multi criteria decision making (MCDM).

This is ordered as follows: Section 2 gives an insight into some basic
definitions on neutrosophic sets and MOORA. Section 3 explains the proposed
methodology of neutrosophic MOORA model. In Section 4 a numerical example
is presented in order to explain the proposed methodology. Finally, the
conclusions.

2 Preliminaries

In this section, the essential definitions involving neutrosophic set, single
valued neutrosophic sets, trapezoidal neutrosophic numbers and operations on
trapezoidal neutrosophic numbers are defined.
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2.1 Definition [10]

Let X be a space of points and x€X. A neutrosophic set A in X is definite
by a truth-membership function T, (x), an indeterminacy-membership function
I, (x) and a falsity-membership function F, (x), T4 (x), I4 (x) and F4 (x) are real
standard or real nonstandard subsets of ]-0, /+/. That is T4 (x):X—]-0,
1+[14 (x):X—]-0, 1+[ and F4 (x):X—/-0, 1+/. There is no restriction on the sum

of T4 (x), I (x) and F4 (x), so 0— < sup (x) + sup x + sup x <3+.

2.2 Definition [10, 11]

Let X be a universe of discourse. A single valued neutrosophic set 4 over
X is an object taking the form A= {{x, T, (x), I4(x), F4(x), ):x€EX}, where
Ty (x):X— [0,1], I4 (x):X— [0,1] and F, (x):X—[0,1] with 0< T (x) + I4 (x) +
F4 (x) <3 for all x€X. The intervals T4 (x), I4 (x) and F4 (x) represent the truth-
membership degree, the indeterminacy-membership degree and the falsity
membership degree of x to A, respectively. For convenience, a SVN number is

represented by A= (a, b, ¢), where a, b, c€ [0, 1] and a+b+c<3.

2.3 Definition [12]

Suppose that a5, 05,85 €[0,1]and a; ,a, ,a;,a, € Rwhere a; <a, <
a; <a, . Then asingle valued trapezoidal neutrosophic number, a=((a, , a, , as
,Qy); @, 05, Bg) 1s a special neutrosophic set on the real line set R whose truth-

membership, indeterminacy-membership and falsity-membership functions are

defined as:
() (sxsa
Q- a;<x<a
T (x) = aarx o ; "
l ag (a4—a3) (a3 sx= a4)
0 otherwise
) s (az <x< a3)
I (x)—! (x—az+05(a4-x)) -

<x<
k (ag—as) (a3 =X= a4)

1 otherwise ,
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(az—x+pa(x—aq))
(az—a1)
ag (a; <x < aj)
(x—az+pa(a4-x))
(ag—as3) (a3 <x< as)
1 otherwise ,

(g £x < ay)

Fa (x) = 3).

where a5 , 0; and fzand represent the maximum truth-membership degree,
minimum indeterminacy-membership degree and minimum falsity-membership
degree respectively. A single valued trapezoidal neutrosophic number a=((a ,
a,,as,a,); dg , 05, Bg) may express an ill-defined quantity of the range, which

is approximately equal to the interval [a, , as] .
2.4 Definition [11, 10]
Let &:<(a1 »a , a3, a4-); ag , 9& 5 ﬁﬁ) and E:((bl > bZ 5 b3 5 b4)’ ap » 95 >
Bj) be two single valued trapezoidal neutrosophic numbers and Y# 0 be any real
number. Then,
1. Addition of two trapezoidal neutrosophic numbers

C~l+B =((a1 + bl’ az +b2, a3 +b3, a4 +b4), ad AaE, 9& \'% gg,ﬁd VﬁE)

2. Subtraction of two trapezoidal neutrosophic numbers
a-b=((ay - by, a - b3, az-by,a,-by); agaag, 0;v 05 BavPs)
3. Inverse of trapezoidal neutrosophic number

NS B N B BV .

a ((a4,a3,a2,a1),aa,9a,ﬁa) where (a # 0)

4. Multiplication of trapezoidal neutrosophic number by constant value

- :{((Yal ,Ya, ,Yas ,Ya,); az,0;,Bz) if (Y >0)
¢ ((Ya4 Iya3 lYaZ ,Yal); ad ) 9& Iﬁd) lf (Y < 0)

5. Division of two trapezoidal neutrosophic numbers

(22 &

_'Z_i)? ag A ag, 0505 BavB;) if (ag >0, by > 0)

N by b3’ b,
a .
== (32, 25 agaag,0,v 05,85 v By if (2, <0, by > 0)
b 4 3 2 1
a. a a a .
((b—j,b—z,b—:,b—i); ag Ay 0505 BavBs) if (ay <0, by <0)

6. Multiplication of trapezoidal neutrosophic numbers

_ ((ay1by,azb; ,a3bs ,asb,); agaag, 0505 ;v Ps) if (ay>0, by >0)
ab ={{(aybs ,azbs ,asb, ,a.by); az aap, 05V 05 B:vB;) if (a, <0, by >0)
((ayby ,azbs ,az3b, ,a1by); agaap, 0505 B;vBs) if (ay <0, by <0)
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3 Methodology

In this paper, we present the steps of the proposed model MOORA-
Neutrosophic, we define the criteria based on the opinions of decision makers
(DMs) using neutrosophic trapezoidal numbers to make the judgments on criteria
more accuracy, using a scale from 0 to 1 instead of the scale (1-9) that have many
drawbacks illustrated by [13]. We present a new scale from 0 to 1 to avoid this

drawbacks. We use (n-1) judgments to obtain consistent trapezoidal neutrosophic

n x(n-1)

preference relations instead of to decrease the workload and not tired

decision makers. (MOORA-Neutrosophic) method is used for ranking and
selecting the alternatives. To do this, we first present the concept of AHP to
determine the weight of each criteria based on opinions of decision makers
(DMs). Then each alternative is evaluated with other criteria and considering the
effects of relationship among criteria.

The steps of our model can be introduced as:

Step - 1. Constructing model and problem structuring.

a. Constitute a group of decision makers (DMs).

b. Formulate the problem based on the opinions of (DMs).

Step - 2. Making the pairwise comparisons matrix and determining the

weight based on opinions of (DMs).

a. Identify the criteria and sub criteria C = {C1, C2, C3...Cm}.

b. Making matrix among criteria n X m based on opinions of (DMs).

C, C, C
C1 [l myy, Mygy Uag) (L1 Mgy, Mygy, Ugg) (i Many, Mypyy Usn)
_ C2 | (21, ma11, Ma10 Ua1) (La2, Mgy, Moz, Usz2) (L2ns Mani, Many, Usn) 4
W=, )
Cn (lnll Mu11, Mp1ws unl) (anr Mp21, Mp2u, un2) (lnnl Mant» Mpnus unn)

Decision makers (DMs) make pairwise comparisons matrix between
criteria compared to each criterion focuses only on (n-1) consensus

nx(n-1)

judgments instead of using that make more workload and

Difficult.

c. According to, the opinion of (DMs) should be among from 0 to 1 not
negative. Then, we transform neutrosophic matrix to pairwise
comparisons deterministic matrix by adding (a, 6, p) and using the

following equation to calculate the accuracy and score.
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S@i)==la; + by + ¢+ di]x2+a5-05-B3) 5)

and
~ 1
A@gj) =10 + by + ¢ + di]x(2+05- 05 +B5) (6)
d. We obtain the deterministic matrix by using S (&;;).

e. From the deterministic matrix we obtain the weighting matrix by dividing

each entry on the sum of the column.

Step - 3. Determine the decision-making matrix (DMM). The method

begin with define the available alternatives and criteria

C, C, Cp
Ap [l myy, Mygy, Ugq) (L Ma1y, Mgy, Usg) (lLny Mt My, Usn)
_ Az | (L1, Mayy, Moy, Unp) (L2 Mgz, Moz, Uz) (lan Many, Mapy, Uzp) 7
R=as ™
An (lnlf Mpat, Mpauws unl) (ln2- Mn21» Mpzus “nz) (lnnJ Munt» Munu, unn)
where A; represents the available alternatives where i = 1... n and the

Cj represents criteria

a. Decision makers (DMs) make pairwise comparisons matrix between

criteria compared to each criterion focuses only on (n-1) consensus

2XD that make more workload and

judgments instead of using
Difficult.

b. According to, the opinion of (DMs) should be among from 0 to 1 not
negative. Then, we transform neutrosophic matrix to pairwise
comparisons deterministic matrix by using equations 5 &6 to calculate
the accuracy and score.

c. We obtain the deterministic matrix by using S (&;;).

Step - 4. Calculate the normalized decision-making matrix from previous

matrix (DMM).

a. Thereby, normalization is carried out [14]. Where the Euclidean norm is

obtained according to eq. (8) to the criterionE;.

i. |Ey;| = XLE? 3
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The normalization of each entry is undertaken according to eq. (9)
.. Eij
11. NE ij = ﬁ (9)

Step - 5. Compute the aggregated weighted neutrosophic decision matrix

(AWNDM) as the following:

i R =RxW (10)
Step - 6. Compute the contribution of each alternative Ny; the contribution

of each alternative

i Ny, =3 Nyi -Zftge1Nx; an

Step - 7. Rank the alternatives.

'_ Constituse » groug of decision making ]
| w0

Dedermine the importance of each criteria based om

Wedght s
accepted?

Yez

Construct the (ANDAL) maitriz that reprezenting the
ratings between the Criteria and Aleernatives

l

Calenlare the mormalized decizion-
making mairiz

Figure 2 Schematic diagram of MOORA with neutrosophic.
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4 Implementation of Neutrosophic - MOORA Technique

In this section, to illustrate the concept of MOORA with Neutrosophic we
present an example. An accumulation company dedicated to the production of the
computers machines has to aggregate several components in its production line.
When failure occurred from suppliers (alternatives), a company ordered from
another alternative based on the four criteria C; (j =1, 2, 3, and 4), the four criteria
are as follows: C; for Total Cost, C, for Quality, C5 for Service, C, for On-time
delivery. The criteria to be considered is the supplier selections are determined
by the DMs from a decision group. The team is broken into four groups,
namelyDM,,DM,,DM5 and DM,, formed to select the most suitable alternatives.
This example is that the selecting the best alternative from five alternative. A4; (i
=1, 2, 3,4 and 5). Representing of criteria evaluation:

e Cost (C;) Minimum values are desired.

e Quality (C;) Maximum evaluations.

e Service (C3) maximum evaluation.

e On-time delivery (C,) maximum evaluation.

Step - 1. Constitute a group of decision makers (DMs) that consist of four

(DM).

Step - 2. We determine the importance of each criteria based on opinion of

decision makers (DMs).

G G Cs Ca
W =
c (0.5,0.5,0.5,0.5) (0.6,0.7,09,0.1) (0.7,0.2,0.4,0.6) (0.3,0.6,0.4,0.7)
c; (0.6,0.3,04,0.7) (0.5,0.5,0.50.5) (0.6,0.7,0.8,09) (0.3,0.50.2,0.5)
(C:i (0.3,0.5,0.2,0.5) (0.3,0.7,04,0.3) (0.5,0.5,0.5,0.5) (0.2,0.5,0.6,0.8)
(0.4,0.3,0.1,0.6) (0.1,0.4,0.2,0.8) (0.5,0.3,0.2,04) (0.5,0.50.5,0.5)

Then the last matrix appears consistent according to definition 6. And then
by ensuring consistency of trapezoidal neutrosophic additive reciprocal
preference relations, decision makers (DMs) should determine the maximum
truth-membership degree (o), minimum indeterminacy-membership degree (0)
and minimum falsity-membership degree () of single valued neutrosophic
numbers.

C; G C3 Cy
W =
. (0.5,0.5,0.5,0.5) (0.6,0.7,0.9,0.1;0.4,0.3,0.5)  (0.7,0.2,0.4,0.6;0.8,0.4,0.2) (0.3,0.6,0.4,0.7; 0.4,0.5,0.6)
& 1(0.6,0.3,0.4,0.7;0.2,0.5,0.8) (0.5,0.5,0.5,0.5) (0.6,0.7,0.8,0.9;0.2,0.5,0.7) (0.3,0.5,0.2,0.5; 0.5,0.7,0.8)
€(03,05,02,05;04050.7)  (0.3,07,04,03;0.2,05,.9) (0.5,0.5,0.5,0.5) (0.2,0.5,0.6,0.8; 0.4,0.3,0.8)
(0.4,0.3,0.1,0.6;0.2,0.3,0.5) (0.1,0.4,0.2,0.8;0.7,0.3,0.6)  (0.5,0.3,0.2,0.4; 0.3,0.4,0.7) (0.5,0.5,0.5,0.5)
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From previous matrix we can determine the weight of each criteria by using the
following equation of S (d;;)

S@i)==la + by + ¢+ di]x 2+ a5-05 -B3)
and

A@i)=la + b+ ¢+ di]x 2+ a5-0;5+B5)

The deterministic matrix can obtain by S (&;;) equation in the following step:
Cy (5 Cs Cy
c 0.5 0.23 0.261 0.163
w =Ca 0.113 0.5 0.188 0.10
‘éi 0.113 0.085 0.5 0.17
0.123 0.169 0.105 0.5

From this matrix we can obtain the weight criteria by dividing each entry by the
sum of each column.
G G G G
0.588 0.234 0.237 0.175

C
W -G [0133 0508 0.171 0.107
¢:[0.133 0.086 0455 0.182

0.145 0.172 0.095 0.536

Step - 3. Construct the (ANDM) matrix that representing the ratings given
by every DM between the Criteria and Alternatives.

C, c, Cs Cs
R=
A,1(05,03,0.2,04) (0.6,0.7,09,01)  (0.7,091.0,1.0)  (0.4,0.7,1.0,1.0)
A,[(0.0,0.1,0.3,0.4)  (0.7,0.6,0.80.3)  (0.6,0.7,0.80.9)  (0.3,0.5,0.9,1.0)
As((0.4,0.2,01,03) (0.3,0.0,0508)  (0.4,0.20.1,03) (0.2 0.50.6,0.8)
A,[(0.7,03,03,0.6) (0.6,0.1,0.7,1.0)  (0.2,0.4,0.5,0.8)  (0.3,0.4,0.2,0.5)
As1(05,04,0.206) (04,06,01,02)  (0.60.1,0305)  (0.7,0.1,0.3,0.2)

Then the last matrix appears consistent according to definition 6. And then by
ensuring consistency of trapezoidal neutrosophic additive reciprocal preference
relations, decision makers (DMs) should determine the maximum truth-
membership degree (o), minimum indeterminacy-membership degree (0) and
minimum falsity-membership degree () of single valued neutrosophic numbers.

Gy G Cs Cs

A,[(0.5,0.3,0.2,0.4;0.3,0.4,0.6) (0.6,0.7,0.9,0.1; 0.3,0.4,0.5) (0.7,0.9,1.0,1.0;0.2,0.5,0.3) (0.4,0.7,1.0,1.0; 0.1,0.3,0.4)]
A,1(0.0,0.1,0.3,0.4;0.6,0.1,0.4) (0.7,0.6,0.8,0.3; 0.4,0.8,0.1) (0.6,0.7,0.8,0.9;0.2,0.3,0.5) (0.3,0.5,0.9,1.0;0.2,0.4,0.6) |
A;1(0.4,0.2,0.1,0.3;0.3,0.5,0.2) (0.3,0.0,0.5,0.8;0.5,0.7,0.2) (0.4,0.2,0.1,0.3;0.5,0.7,0.5) (0.2,0.5,0.6,0.8;0.1,0.2,0.5) |
A4](0.7,0.3,0.3,0.6;0.5,0.3,0.1)  (0.6,0.1,0.7,1.0;0.2,0.6,0.3) (0.2,0.4,0.5,0.8;0.1,0.4,0.8) (0.3,0.4,0.2,0.5;0.3,0.8,0.7)
As| (0.5,0.4,0.2,0.6;0.9,0.4,0.6) (0.4,0.6,0.1,0.2;0.1,0.5,0.4) (0.6,0.1,0.3,0.5;0.8,0.6,0.2) (0.7,0.1,0.3,0.2; 0.3,0.9,0.6)
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From previous matrix we can determine the weight of each criteria by using the
following equation of S (;;)
~ 1
S@ij)=7gla + by + ¢; + di]xQ2+az-05-Bz)
and
~ 1
AQ@=Tlag + by + ¢+ dilxQ2+0az-05+B5)

The deterministic matrix can obtain by S (&;;) equation in the following step:

¢, C C G,

A,[0.11 023 026 0.20
R =Azl0.10 0.16 0.08 0.18
A, [0.25 0.19 0.11 0.07J
A:L0.20 009 0.19 0.07

AT0.11 0.20 0.32 0.27l

Step - 4. Calculate the normalized decision-making matrix from previous

matrix.
By this equation = |Xj| = /Z’f x?
X,:]'
NX:: =
Y Ixil

a. Sum of squares and their square roots

G G G G

Aq 0.11 020 0.32 0.27
A, 0.11 0.23 026 0.20
Az 0.10 0.16 0.08 0.18
Ay 0.25 0.19 0.11 0.07
Asg 0.20 0.09 0.19 0.07
Sumof square (0.14 0.16 0.22 0.16

Squareroot 10.37 040 047 0.40-

b. Objectives divided by their square roots and MOORA
G G G G

A;7030 050 0.68 0.67
A, [0.30 0.58 0.55 0.50]
R= A3;l027 040 0.17 0.45]
A,10.68 048 0.23 0.18
A:l0.54 023 040 0.18
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Step - 5. Compute the aggregated weighted neutrosophic decision matrix
(AWNDM) as the following:

R = R x W

0.588 0.234 0.237 0.175
0.133 0.508 0.171 0.107

0.133 0.086 0.455 0.182
J 0.145 0.172 0.095 0.536

030 058 055 0.50
027 040 017 045
10.68 048 023 0.18
054 023 040 0.8

043 020 049 0.59
040 049 047 048
=1029 059 025 036
052 045 036 031
042 031 037 0.29

0.30 050 0.68 0.67
= [ l X

Step - 6. Compute the contribution of each alternative Ny; the contribution
of each alternative

Ny; =YL Ny; - XJige1 Nx;
Cl Cz C3 C4_ Yl Rank

Aq [0.43 020 049 0.59 0,85
A, (040 049 047 048 0.99
Az 1029 059 025 0.36 0.91
A, 1052 045 036 0.31 0.60
As L0422 031 037 029 0.55

UGN =W

Step - 7. Rank the alternatives. The alternatives are ranked according the
min cost for alternative as alternative A, > Az > A; > A, > Ag

Mean priority

1,2

0,8
0,6
0,
0,
0

Altl Alt2 Alt3 Altd Alt5

SN

N

Figure 3. The MOORA- Neutrosophic ranking of alternatives.
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5 Conclusion

This research presents a hybrid of the (MOORA) method with
Neutrosophic for supplier selection. We presented the steps of the method in
seven steps and a numerical case was presented to illustrate it. The proposed
methodology provides a good hybrid technique that can facilitate the selecting of
the best alternative by decision makers. Then neutrosophic provide better
flexibility and the capability of handling subjective information to solve problems
in the decision making. As future work, it would be interesting to apply MOORA -
Neutrosophic technique in different areas as that is considered one of the decision
making for selection of the best alternatives. For example, project selection,
production selection, etc. The case study we presented is an example about
selecting the alternative that the decision makers (DMs) specify the criteria and
how select the best alternatives.
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Abstract

This paper deals with the application of Neutrosophic Crisp sets
(which is a generalization of Crisp sets) on the classical probability,
from the construction of the Neutrosophic sample space to the
Neutrosophic crisp events reaching the definition of Neutrosophic
classical probability for these events. Then we offer some of the
properties of this probability, in addition to some important theories
related to it. We also come into the definition of conditional
probability and Bayes theory according to the Neutrosophic Crisp
sets, and eventually offer some important illustrative examples. This
is the link between the concept of Neutrosophic for classical events
and the neutrosophic concept of fuzzy events. These concepts can
be applied in computer translators and decision-making theory.

Keywords

Neutrosophic logic; fuzzy logic; classical logic; classical
probability; Neutrosophic Crisp sets.

1 Introduction

The Neutrosophic logic is non-classical and new logic founded by the
philosopher and mathematical American Florentin Smarandache in 1999. In [6]
Salama introduced the concept of neutrosophic crisp set Theory, to represent any
event by a triple crisp structure. Moreover the work of Salama et al. [1-10]
formed a starting point to construct new branches of neutrosophic mathematics
and computer sci. Hence, Neutrosophic set theory turned out to be a
generalization of both the classical and fuzzy counterparts. When he presented it
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as a generalization of the Fuzzy logic, and an extension of the Fuzzy Sets Theory
[9] presented by Zadeh in 1965 Played an important role in expanding our
scientific and practical approach and reducing the degree of randomization in data
that helps us reach high-resolution results. An extension of that logic was
introduced by A.A. Salama, the Neutrosophic crisp set theory as a generalization
of classical set theory and Neutrosophic logic is a new branch that studies the
origin, nature, and field of indeterminacy, as well as the interaction of all the
different spectra imaginable in a case. This logic takes into account each idea
with its antithesis with the indeterminacy spectrum. The main idea of
Neutrosophic logic is to distinguish every logical statement in three
dimensions[3.10] are truth in degrees (T) , false in degrees (F) and indeterminacy
in degrees (I) we express it in form (T, I, F) and puts them under the field of
study, which gives a more accurate description of the data of the phenomenon
studied, as this reduces the degree of randomization in the data, which will reach
high-resolution results contribute to the adoption of the most appropriate
decisions among decision makers. The Neutrosophyis a word composed of two
sections :Neutro (in French Neutre, in LatinNeuter ) meaning Neutral, and
Sophylt is a Greek word meaning wisdom and then the meaning ofthe word in
its entirety (knowledge of neutral thought). We note that classical logic studies
the situation with its opposite without acknowledging the state of indeterminacy,
which is an explicit quantity in the logic of Neutrosophic and one of its
components, which gives a more accurate description of the study and thus obtain
more correct results. -In this paper we present a study of the application of the
Neutrosophic logic to the classical possibilities <«from the occurrence of the
experiment to the creation of probability and then to study its properties.

2 Terminologies
2.1 Neutrosophic Random Experiments

We know the importance of experiments in the fields of science and
engineering. Experimentation is useful in use, assuming that experiments under
close conditions will yield equal results.

In these circumstances, we will be able to determine the values of variables
that affect the results of the experiment. In any case, in some experiments, we
cannot determine the values of some variables and therefore the results will
change from experiment to other.

However, most of the conditions remain as it is. These experiments are
described as randomized trials. When we get an undetermined result in the
experiment (indeterminacy) and we take and acknowledge this result, we have a
neutrosophic experience.
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2.2 Example

When throwing the dice, the result we will get from the experiment is one of
the following results: {1, 2, 3, 4, 5, 6, i} Where i represents an indeterminacy
result. We call this experience a Neutrosophic randomized experiment.

2.3 Sample Spaces and Events due to Neutrosophic

Group X consists of all possible results of a randomized experiment called the
sample space. When these results include the result of the indeterminacy, we
obtain the Neutrosophic sample space.

2.4 Neutrosophic events

The event: Is a subset A of the sample space X, that is, a set of possible outcomes.
The Neutrosophic set of the sample space formed by all the different assemblies
(which may or may not include indeterminacy) of the possible results these
assemblies are called Neutrosophic. Salama and Hanafy et al. [12-14]
introduced laws to calculate correlation coefficients and study regression lines
for the new type of data; a new concept of probability has been introduced for
this kind of events. It is a generalization of the old events and the theory of the
ancient possibilities. This is the link between the concept of Neutrosophic for
classical events and the neutrosophic concept of fuzzy events. These concepts can
be applied in computer translators and decision-making theory.

2.5 The concept of Neutrosophic probability

We know that probability is a measure of the possibility of a particular event,
and Smarandache presented the neutrosophic experimental probability, which is
a generalization of the classical experimental probability as follows [2, 4]:

(number of times event A occurs number of times indeterminacy occur number of times event A does not occur)
total number of trials ! total number of trials ! total number of trials

If we had the neutrosophic event, A = (A, A,, A3)we define the neutrosophic
probability (Which is marked with the symbol NP) for this event as follows:
NP(A) = (P(Ay),P(Ay) ,P(A3)) = (T ,1,F), with:
P(A;) represents the probability of event A
P(A,) represents the probability of indeterminacy
P(As3) represents the probability that event A will not occur
According to the definition of classical probability:P;, P,, P; € [0,1]
We therefore define the neutrosophic probability [2] in the form:
NP:X — [0,1]3, where X is a neutrosophic sample space.
The micro-space of the total group, which has a neutrosophic probability
for each of its partial groups, calls it a neutrosophic classical probability space.
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In [7, 13] the neutrosophic logic can distinguish between the absolutely sure event
(the sure event in all possible worlds and its probabilistic value is 1+) and the
relative sure event (the sure event in at least one world and not in all worlds its
probability is 1) wherel < 1*. Similarly, we distinguish between the absolutely
impossible event (the impossible event in all possible worlds its probabilistic
value is -0) and the relative impossible event (the impossible event in at least one
world and not in all worlds its probabilistic value is 0) where -0 <0.
70 =0—¢e&1%" =1+ ¢ where ¢ is a very small positive number.
So, define components(T, I, F )on the non-standard domain ]-0 , 1+ [.
For A = (A4, A,, A3)neutrosophic classical event Then it is:
“0< P(4,) + P(4,) + P(4;5) <3*
For A = (A4, A,, A3)neutrosophic crisp event of the first type Then :
0< P(A;)+ P(A,)+ P(43) <2
The probability of neutrosophic crisp event of the second type is a
neutrosophic crisp event then :
“0< P(A)) + P(A,) + P(A3) <2t
The probability of neutrosophic crisp event of the third type is a
neutrosophic crisp event then:
“0< P(A)+ P(A)+ P(A5) <3t ... [12]

2.6 The Axioms of Neutrosophic probability
For A = (A4, A;, A3) neutrosophic crisp event on the X then :
NP(A) = (P(Al) ,P(Az) ,P(As))
where:
P(A)) =20 , P(4,)=0 , P(A3)=0

The probability of neutrosophic crisp event A = (A4, A, A3)
NP(4) = (P(4,),P(A2) , P(43))

Where:
0<P(4;)<1 , 0<P(4,)<1 ,0<P3)<1
For A4, A,, ..... Inconsistent neutrosophic crisp events then :

NP(A) = (A UA, U .....) = ( P(A,) + P(A,) +

, P(iAlquU...) , p(Al U AZ U ))

3 Some important theorems on the neutrosophic crisp

probability
Theorem 1

If we have A, B two neutrosophic crisp events and A € B then:
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The first type:
NP(A) < NP(B) < P(A;) <P(By) , P(A;) < P(B,),
P(A3) = P(B3)
The second type:
NP(A) < NP(B) & P(A;) <P(By) , P(A,) = P(B;),
P(A3) = P(B3)

Theorem 2

Probability of the neutrosophic impossible event (symbolized by
form NP (@, )) we define it as four types:
The first type:
NP (@y) = (P(9),P(®),P(®)) = (0,0,0) = Oy

The second type:

NP (8y) = (P(®),P(®),P(X)) = (0,0,1)
The third type:

NP (8y) = (P(®),P(X),P(®)) = (0,1,0)
The fourth type:

NP (®y) = (P(®),P(X),P(X)) = (0,1,1)

Theorem 3

Probability of the neutrosophic overall crisp event (symbolized by form
NP (Xy)) we define it as four types:
The first type:
NP (Xy) = (P(X),P(),P()) =111 =1y

The second type:

NP (Xy) = (P(X),P(X),P(®)) = (1,1,0)
The third type:

NP (Xy) = (P(X),P(®),P(®)) = (1,0,0)
The fourth type:

NP (Xy) =(P(X),P(®),P(X))=(10,1)

Theorem 4

If A€ represents the complement of the event A, then the probability of this
event is given according to the following may be three types:
Where A€ = (AS, A%, AS)
The first type:
NP (A°) = (P(AS),P(AS),P(AS))
=(1-p(41) ,1-p(42),1-p(43))
The second type:
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NP (A°) = ( P(A3) :P(Az) ,P(Al) )
The third type:

Theorem 5

For A, B two neutrosophic crisp events
A = (A1, A3, A3)
B = (By, B2, B3)
Then the probability of the intersection of these two events is given in the
form:
NP(AnB) =(P(A;n B;) ,P(A, N By),P(A3 UB3))
or
NP(AnB)=(P(A;n By) ,P(A, U B,),P(A3 UB3))

In general if we have the neutrosophic crisp events A, B, C then:
NP(AnBNnC)=(P(A;n B;nCy) ,P(A,N B,NC,),P(A3UB3UC3) )
Or
NP(AnNBNC)=( P(A;n B;nC;) ,P(A, U B, UC,),P(A3UB3UC3) )

We can generalize on n of the neutrosophic crisp events.

Theorem 6

Under the same assumptions in theory (1-5) the union of these two
neutrosophic crisp events will be: [28]
NP(AUB) =(P(A;V By) ,P(A, U B,),P(A3;nBg)) Or
NP(AUB) =(P(A;U B;) ,P(A, N By),P(A3NB3))

Theorem 7

If we have a neutrosophic crisp event that is about:
A=A, UA,U.......UA,
The neutrosophic crisp events A, A,, ... ... , A, are In consistent then
neutrosophic crisp event A we write it in the form:
A= (A1,Az A3)
= ((A11,412,413) U (421,422, 423) U .. ...
U (Anl' AnZ: An3))
Therefore:
NP(A) = NP(A;) + NP(A,) + ...+ NP(4,)

Theorem 8

If we have A neutrosophic crisp event and A€ It is an complement event on
the whole set X then:
A U A€ = X Therefore:
NP (A) + NP(A) = NP(Xy) = 1y = (1,1,1)
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4 Neutrosophic Crisp Conditional Probability

If we have A, B two neutrosophic crisp events

B = (By, B, B3) A= (A1, 4z, 43)
Then the neutrosophic conditional probability is defined to occur A if B
occurs in the form:

NP(A|B) = ( P(A|B) , P(indeter, ), P(A°|B))

p(ANB)
P(B)

p(A°NB)
P(B) )

IF: P(B) > 0 =( ,P(indetery) ,

From it we conclude that:
NP(A|B) # NP(B|A)
- The conditional probability of complement the neutrosophic event A€ is
conditioned by the occurrence of the event B.

We distinguish it from the following types.
The first type:

P(A3 N B;) P(A3NB;) P(A;NB3)

P(By) ' P(By) ' P(B3)

NP(A®IB) = (

The second type:
P(A;nNB;y) P(A,NBy) P(A; NB3) )
P(By) ' P(By) ' P(Bs)
- The rule of multiplication in neutrosophic crisp conditional probability:
NP(ANB)
= ( P(A1).P(B1|A1) ,P(A2).P(B;|A2),P(A3).P(B5|A3) )

NP(A°|B) = (

5 Independent Neutrosophic Events

We say of the neutrosophic events that they are independent if the
occurrence of either does not affect the occurrence of the other.Then the
neutrosophic conditional probability of the crisp event A condition of occurrence
B is it neutrosophic crisp probability of A. We can verify independence of A, B
if one of the following conditions is check:

NP(A|B) = NP(A), NP(B|A) = NP(B), NP(ANn B) = NP(A).NP(B)

(We can easily validate the above conditions based on classical conditional
probability(

Equally:

If the two neutrosophic crisp events A, B are independent then:

A€ Independent of B
A Independent of B€
A€ Independent of B€
(Pronounced from the definition of a complementary event in Theorems 4).

55



Editors: Prof. Florentin Smarandache
Dr. Mohamed Abdel-Basset
Dr. Victor Chang

6 The law of total probability and Bayes theorem via
Neutrosophic crisp sets

6.1 The law of Neutrosophic crisp total probability

(1) We have a sample space consisting of then neutrosophic crisp

comprehensive events A1, A, ....., A,
Al UAZ U UAn = XN
((A11'A12:A13) U (A21,422,423) U ..o ..U (Anl:AnZ:Ans)) = XN

(2) The neutrosophic comprehensive events are inconsistent two at a
time among them:
ANA=0 Vi#j
(3) The neutrosophic crisp event B represents a common feature in all
joint neutrosophic crisp events , note the following figure(1):

Figure (1)

S

4, S A,

NB f e e 4, NB W

We take the neutrosophic crisp probability for these events:
NP(A1),NP(A,), .....,NP(Ap)

From the graphic, we note that:

NP(B) = NP(4; nB)+ NP(A, NB)+ ..+ NP(A, NnB)
From the definition of neutrosophic crisp conditional probability:

NP(B N A;) = (P(A;1)-P(B\Aj1), P(4;2). P(B\4;2), P(4;3).P(B\4i3))
Therefore:
NP(B) = NP(B|A,).NP(A,) + NP(B|A;).NP(4,)
+ ....+NP(B|A,).NP(A,)

Which is equal to

= (p(A11). P(B\A11),p(A12). P(B\A13), p(A13)- P(B°\Ay3) +

p(Az1)- P(B\A21),p(A22). P(B\A22), p(A23). P(B\Az3) +
+ ot (@(An1)- P(B\Ap1), p(An2). P(B\Ay2), p(An3). P(B\Ap3)

6.2 Bayes theorem by Neutrosophic:

Taking advantage of the previous figure (1):
Neutrosophic total probability iff Probability of occurrence a common
feature B.
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Bayes theorem iff provided that the neutrosophic crisp event occur
B,What is the probability of being from A; (Item selected from B, What is the
probability of being from 4; )

Under the same assumptions that we have set in the definition of the
law of neutrosophic crisp total probability, we reach the Bayes Law as
follows:

P(B;\Ai1)p(Ai1) P(B;\Ai)p(Aiz) P(B3\Af;)p(Aj;

NPANB) = By " »By (B

)

6.3 Examples

Let us have the experience of throwing a dice stone and thus we have
the neutrosophic sample space as: X={1, 2, 3, 4, 5, 6, i}, where i represents
the probability of getting indeterminacy.

We have the possibility of getting indeterminacy= 0.10

Then to calculate the following possibilities:

1- NP(1) = (F222,0.10,5.2222%)
=(0.15 ,0.10 ,0.75 )= NP(2) =--..= NP(6)
2- NP (1) =( P(234,5), 010 , P(1)
=( 5 (0.15), 0.10 , 0.15 = ( 0.75, 0.10 ,0.15 )
3- NP(1 or 2)=(p()+p(2),0.10 ,p(3456))
=(2(0.15),0.10 ,4(0.15)) = (0.30 ,0.10 ,0.60 )
But when we have B={2,3,4,5} , A={1,2,3} then:
NP(A or B) =(P(A)+ P(B)—P(ANnB) ,0.10 ,P(A°) and P(B°))
= (3(0.15) + 4(0.15) — 2(0.15) , 0.10 ,P{4,5,6} and P{1,6})
=( 0.75,0.10 ,P(6)) = (0.75 ,0.10 ,0.15)
4- NP ({1,2,3}) = (P{1,2,3},0.10, P{1,2,3}°)
= (P +p(@) +p(3) ,0.10 ,p(4) +p(5) +p(6))
= (0.15+0.15+0.15 , 0.10,0.15 + 0.15 + 0.15)
=(0.45,0.10,0,45)
[. Assuming we have a jar containing:
5 cards have a symbol A, 3cards have a symbol B
2 cards are not specified )The symbol is erased on them)
If A represents is getting the card A from the jar
B represents is getting the card B from the jar

Then
3 2 5
NP(A)_(lo IE IE) s NP(B)_(E JE :B)

If card B is withdrawn from the jar then it will be:

5 2 3
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P(B\A).P(4) .
NP (A\B) = (W' P(indeter 5\5),  P(A°\B)
3, ,5
Q) () 2 2 52 2
===, 5. PEB=PB=5|=(G.5.5)
If card A is withdrawn from the jar then it will be:

5)
Thus, Bayes theory according to neutrosophic be as:
NP(A\B) = (P(A\B ), P(indeter 45), P(AC\B))
__P(B\A).P(4)
P(B)

The same way we get: NP(B\A) = ( % ,g )

P(B\A°). P(4°)
P(B)

, P(indeter A\B) ,

QO
O N
Ol N

2
L5 PEB | =(5.5.5)

\D|w
’a‘lwl’a‘lm

Let us have the X set X={a,b,c,d} and
A= ({ab},{c},{d})
B= ({a}, {c}, {d,b})
Two neutrosophic events from the first type on X and we have:
U1 = ({al b}; {Cl d}l {al d})
U2 = ({a, b; C}, {C}, {d})
Two neutrosophic events from the third type on X then:
The first type :
AnB = ({a},{c},{d,b})
NP(AnB)=(0.25,0.25,0.50)
The second type:
ANnB = ({a},{c},{d, b})
NP(AnB) =(0.25,0.25,0.50)
The first type :
AU B = ({a,b},{c},{a}
NP(AUB) =(0.50,0.25,0.25)
The second type:
AU B = ({a,b},{c},{a}
NP(AUB) =(0.50,0.25,0.25)
The first type :
A® = ({c,d},{a,b,d},{a,b,c})
NP(A®) = (0.50,0.75,0.75)
The second type:
A® = ({d}, {c}, {a, b}
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NP(A®) = (0.25,0.25,0.50)

The third type:

A¢ = ({d},{a,b,d},{a,b})

NP(A®) = (0.25,0.75,0.50)
The first type :

B¢ = ({b,c,d},{a,b,d},{a,b})

NP(B¢) = (0.75,0.75,0.50)
The second type

B¢ = ({b,d},{c},{a})
The third type:
B¢ = ({b,d},{a b,d},{a})

NP(B€) = (0.50,0.75,0.25)

The first type

Ul V) UZ = ({ a, b, C},{ c, d}l {d})
The second type
U,uU, =({ab,c}{c}{d})
NP(U, UU,) =(0.75,0.25 ,0.25)
The first type
UynU, =({ab}{c}{ad})
NP(U; nU,) =(0.50,0.25,0.50)
The second type
Ul N UZ = ({ a, b}: { C, d}! {al d})
NP(U, nU,) =(0.50,0.50 ,0.50)

The first type:
Ut = ({c,d}{a, b}, {b,c})
NP (Uf) = (0.50,0.50,0.50)
The second type:
Ui = ({a,d}, {c,d},{a,b})
NP (U5) = (0.50,0.50,0.50)
The third type
Uf = ({a,d},{a,b},{a,d})
NP (Uy) = (0.50,0.50,0.50)
The first type:
Us = ({d}.{a,b,d},{a,b,c})
NP (Us) = (0.25,0.75,0.75)
The second type:

U; = ({d}.{c}.{a,b,c})
9- NP (Us) = (0.25,0.25,0.75)
The third type
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U; = ({d},{a,b,d},{a,b,c})
NP (U$) = (0.25,0.75,0.75)
NP (4) =(0.50, 0.25, 0.25)
NP(B) =(0.25, 0.25, 0.50)
NP (U,) =(0.50,0.50,0.50)
NP (U,) =(0.75,0.25,0.25)
NP (US ) =(0.50,0.50,0.50)
NP (US ) =(0.25,0.75,0.75)
10- (AnB)¢ = ({b,c,d},{a,b,d},{a,c})
NP(AnB)¢ =(0.75,0.75,0.50)

11- NP (A°) n NP(B°) = ({c,d},{a,b,d},{a,b,c})

=(0.50,0.75,0.75)

NP (4°) uNP(B¢) = ({c,d,b},{a,b,d},{a,b,c})

= (0.75,0.75,0.75)

12- A+ B = {(a,a), (b,a)},{(c, )}, {(d, d), (d, b)}

2 1 2
NP(AxB) = (E 'Te '1_6)
Bx A= ({(a,a),(a, b)}{cc}{(dd),(b,d)}
2 1 2
AxU; ={(a,a),(a,b),(b,a),(b,b)},{(c,c), (c,d)},{(d a)(dd)}
NP(A*U)) = (52 =)
U; * U,
= ({(a,a), (a,b), (a,0), (b,a), (b, b), (b, )}, {(c,0), (d, 0)},{(a,d), (d,d)}
6 2 2
= 616’16
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Abstract

In this research, the main objectives are to study the Analytic
Network Process (ANP) technique in neutrosophic environment, to
develop a new method for formulating the problem of Multi-Criteria
Decision-Making (MCDM) in network structure, and to present a
way of checking and calculating consistency consensus degree of
decision makers. We have used neutrosophic set theory in ANP to
overcome the situation when the decision makers might have
restricted knowledge or different opinions, and to specify
deterministic valuation values to comparison judgments. We
formulated each pairwise comparison judgment as a trapezoidal
neutrosophic number. The decision makers specify the weight
criteria in the problem and compare between each criteria the effect

of each criteria against other criteria. In decision-making process,

n x(n-1)

each decision maker should make relations for n

alternatives to obtain a consistent trapezoidal neutrosophic
preference relation. In this research, decision makers use judgments
to enhance the performance of ANP. We introduced a real life
example: how to select personal cars according to opinions of
decision makers. Through solution of a numerical example, we
formulate an ANP problem in neutrosophic environment.

Keywords

Analytic Network Process, Neutrosophic Set, Multi-Criteria
Decision Analysis (MCDM).
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1 Introduction

The Analytic Network Process (ANP) is a new theory that extends the
Analytic Hierarchy Process (AHP) to cases of dependency and feedback, and
generalizes the supermatrix approach introduced by Saaty (1980) for the AHP
[1]. This research focuses on ANP method, which is a generalization of AHP.
Analytical Hierarchy Process (AHP) [2] is a multi-criteria decision making
method where, given the criteria and alternative solutions of a specific model, a
graph structure is created, and the decision maker is asked to pair-wisely compare
the components, in order to determine their priorities. On the other hand, ANP
supports feedback and interaction by having inner and outer dependencies among
the models’ components [2]. We deal with the problem, analyze it, and specify
alternatives and the critical factors that change the decision. ANP is considered
one of the most adequate technique for dealing with multi criteria decision-
making using network hierarchy [19]. We present a comparison of ANP vs. AHP
in Table 1: how each technique deals with a problem, the results of each
technique, advantages and disadvantages.

Tablel. Comparison of ANP vs. AHP.

ANP AHP
Property (Analytic Network (Analytic Hierarch
Process) Process)

P

Structure l

Network Hierarchy

(ot ]
1
1
(arei )
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The wuser learns through | The user going top down
feedback comparisons that | makes comparisons, when
Why are the | his/her priority for costis not | asked, without referring to
results nearly as high as originally | actual alternatives, and
different? thought when asked the | overestimates the impor-
question abstractly, while | tance of cost.
prestige gets more weight.
a) Using feedback and a) Straightforward and
interdependence convenient.
Advantages between criteria. b) Simplicity by using
b) Deal with complex pairwise comparisons.
problem without
structure.
a) Conflict between a) Decision maker’s
decision makers. capacity.
. b) Inconsistencies. b) Inconsistencies.
Disadvantages ¢) Hole of large scale 1 ¢) Hole of large scale 1
to 9. to 9.
d) Large comparisons d) Large comparisons
matrix. matrix.

Analytic network process (ANP) consists of criteria and alternatives by
decomposing them into sub-problems, specifying the weight of each criterion and
comparing each criterion against other criterion, in a range between 0 and 1. We
employ ANP in decision problems, and we make pairwise comparison matrices
between alternatives and criteria. In any traditional methods, decision makers

nx(n-1)

face a difficult problem to make consistent judgments for each

alternative.

In this article, we deal with this problem by making decision maker using
(n-1) judgments. The analysis of ANP requires applying a scale system for
pairwise comparisons matrix, and this scale plays an important role in
transforming qualitative analysis to quantitative analysis [4].

Most of previous researchers use the scale 1-9 of analytic network process
and hierarchy. In this research, we introduced a new scale from 0 to 1, instead of
the scale 1-9. This scale 1-9 creates large hole between ranking results, and we
overcome this drawback by using the scale [0, 1] [5], determined by some serious
mathematical shortages of Saaty’s scale, such as:

e Large hole between ranking results and human judgments;
e Conflicting between ruling matrix and human intellect.
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The neutrosophic set is a generalization of the intuitionistic fuzzy set.
While fuzzy sets use true and false for express relationship, neutrosophic sets use
true membership, false membership and indeterminacy membership [6]. ANP
employs network structure, dependence and feedback [7]. MCDM is a formal and
structured decision making methodology for dealing with complex problems [§].
ANP was also integrated as a SWOT method [9]. An overview of integrated ANP
with intuitionistic fuzzy can be found in Rouyendegh, [10].

Our research is organized as it follows: Section 2 gives an insight towards
some basic definitions of neutrosophic sets and ANP. Section 3 explains the
proposed methodology of neutrosophic ANP group decision making model.
Section 4 introduces a numerical example.

2 Preliminaries

In this section, we give definitions involving neutrosophic set, single
valued neutrosophic sets, trapezoidal neutrosophic numbers, and operations on

trapezoidal neutrosophic numbers.

2.1 Definition [26-27]

Let X be a space of points and x€X. A neutrosophic set A in X is defined
by a truth-membership function T4 (x), an indeterminacy-membership function
I (x) and a falsity-membership function F, (x), T4 (x), I4 (x) and F4 (x) are real
standard or real nonstandard subsets of ]-0, I+/. That is T4 (x):X—/-0,
1+[,14 (x):X—]-0, 1+[ and F, (x):X—]-0, I1+/. There is no restriction on the sum

of T4 (x), I (x) and F4 (x), so 0— < sup (x) + sup x + sup x <3+.

2.2 Definition [13, 14, 26]

Let X be a universe of discourse. A single valued neutrosophic set A over
X is an object taking the form A= {(x, T4 (x), I4 (x), F4(x), }:x€X}, where
Ty (x):X— [0,1], Iy (x):X— [0,1] and F4 (x):X—[0,1] with 0< T4 (x) + I4 (x) +
F4 (x) <3 for all x€X. The intervals T4 (x), 14 (x) and F4 (x) represent the truth-
membership degree, the indeterminacy-membership degree and the falsity
membership degree of x to A, respectively. For convenience, a SVN number is

represented by A= (a, b, ¢), where a, b, c€ [0, 1] and a+b+c<3.
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2.3 Definition [14, 15, 16]

Suppose a5 , 05 , Bz €[0,1]and a; , a, , a3, a, € R, where a; <a, <a;
< a,. Then, a single valued trapezoidal neutrosophic number a=((a; , a, , as ,
ay); ag , 05 , Bg) 1s a special neutrosophic set on the real line set R, whose truth-

membership, indeterminacy-membership and falsity-membership functions are

defined as:
aa (a; £x< ay)
(a; £x < ay) (1)

x a1
az
a"_x (a3 <x < ay)

T, (x) = |
7| e

otherwise

(az x+05(x-a;))

(az a;)

I( < <

" i (x= a3+6a(a4 x)) (@ =x= a) 2
II
{

(a; £x< ay)

a; <x< a
(@ran (as )
otherwise

(az=x+Ba(x=a1))

<x<
(az—aq) (al =x= aZ)

(az <x< a3) (3)

(a3 £x< ay)

Fa (%) =

(x—a3+Ba(a4-x)) a3+ﬁu(a4 X))
(as—asz)
1 otherwise

where agz , 85 and S5 represent the maximum truth-membership degree, the
minimum indeterminacy-membership degree and the minimum falsity-
membership degree, respectively. A single valued trapezoidal neutrosophic
number a=((a, , a, , as , ay); @5 , 05 , B5) may express an ill-defined quantity
of the range, which is approximately equal to the interval [a, , az] .
2.4 Definition [15, 14]

Let gl:((al ,ap , Az, a4); ag » 9& ’ ﬁd) and EZ((bl > bZ > b3 > b4)9 agp , 05 ’
Bj) be two single valued trapezoidal neutrosophic numbers, and Y# 0 be any real
number. Then:

- Addition of two trapezoidal neutrosophic numbers:
a ((al + bl: a + bZ) as +b3: Ay +b4)7 ag A Apy 9 \4 eb, Bavﬁb)

- Subtraction of two trapezoidal neutrosophic numbers:

a - b =((ay - by, ay - bs, as = by, ay - by); ag A @z, 0 V 05, fa v fs)
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- Inverse of trapezoidal neutrosophic number:

5_1:((%4 ,i a_taail);adaedaﬁd) Where(&#o)

- Multiplication of trapezoidal neutrosophic number by constant value:

if (Y > 0)

~ _ (((Yay,Ya,,Yas,Ya,); az,0;
Ya { if (Y < 0)

,Ba)
((Ya,,Yas,Ya, ,Ya,); az,04,Ba)

- Division of two trapezoidal neutrosophic numbers:

(3 5 50 5) ahap0av65,Bavfp) if (@, >0, by>0)
== O 5 3 ) anas 0 v 65, v ) if (4, <0, by >0)
(€532 30 30) anas 62V 05,50 v ) if (a4 <0, by <0)

by "by " b3 " by

- Multiplication of trapezoidal neutrosophic numbers:

((ayby,azbs ,a3by ,a4b1); ag aap, 05V 05 Bav Bs) if (@ <0, by >0)

~_ {((a1b1 ,Azby ,asbs , agby); ag aap, 05V 05 Bav Pp) if (ay >0, by >0)
ab =
((asby,azbs,azb; ,a1b1); ag aap, 05V 05 Bav Ps) if (@ <0, by <0)

3 Methodology

In this study, we present the steps of the proposed model, we identify
criteria, evaluate them, and decision makers also evaluate their judgments using
neutrosophic trapezoidal numbers.

In previous articles, we noticed that the scale (1-9) has many drawbacks
illustrated by [5]. We present a new scale from 0 to 1 to avoid this drawbacks.
We use (n-1) judgments to obtain consistent trapezoidal neutrosophic preference

n x(n-1)

relations instead of , in order to decrease the workload. ANP is used for

ranking and selecting the alternatives.
The model of ANP in neutrosophic environment quantifies four criteria to
combine them for decision making into one global variable. To do this, we first

present the concept of ANP and determine the weight of each criterion based on
opinions of decision makers.

Then, each alternative is evaluated with other criteria, considering the
effects of relationships among criteria. The ANP technique is composed of four
steps in the traditional way [17].

The steps of our ANP neutrosophic model can be introduced as:
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Step - 1 constructing the model and problem structuring:
1. Selection of decision makers (DMs).

Form the problem in a network; the first level represents the goal and the
second level represents criteria and sub-criteria and interdependence and
feedback between criteria, and the third level represents the alternatives. An
example of a network structure:

Figure 1. ANP model.

Another example of a network ANP structure [17]:

Fig. 2. A Network Structure.

2. Prepare the consensus degree as it follows:
CDh = % x 100%, where NE is the number of decision makers that

have the same opinion and N is the total numbers of experts.

Consensus degree should be greater than 50% [16].
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Step - 2 Pairwise comparison matrices to determine weighting

1. Identify the alternatives of a problem A = {Al, A2, A3, ..., Am}.

2. Identify the criteria and sub-criteria, and the interdependency
between them:

C={C1,C2,C3,...,Cmj}.

3. Determine the weighting matrix of criteria that is defined by decision
makers (DMs) for each criterion (Wh).

4. Determine the relationship interdependencies among the criteria and
the weights, the effect of each criterion against another in the range
from 0 to 1.

5. Determine the interdependency matrix from multiplication of
weighting matrix in step 3 and interdependency matrix in step 4.

6. Decision makers make pairwise comparisons matrix between
alternatives compared to each criterion, and focus only on (n-1)
consensus judgments instead of using % [16].

(I3, M1y, M1y, U11) (ly1, M1y, My 1y, Us1) (lin, Myny, Myny, Ugn)
fi= (L1, Mgy, M1y, Uzp) (L2, Mazr, Moy, Uzz) (Lo, Mang Manw, Uzn)
(ot st Mo td) (o Mot Mo t) s P, Mo )

To make the comparisons matrix accepted, we should check the

consistency of the matrix.

Definition 5 The consistency of a trapezoidal neutrosophic reciprocal

preference relations R = (7 j) 0 X n can be expressed as:

Tij = Ty + Tij — (0.5, 0.5, 0.5, 0.5) where 1, j, k = 1, 2 ... n. can also be

written as ll] = lik + lk] - (05, 05, 05, 05), miﬂ =Mk + mmﬂ — (05, 05, 05,

05), miju =Migy + mkju - (05, 05, 05, 05), uij =M, + mkj - (05, 05, 05,

0.5), where i, j,k=1,2 ... nand for 7y, = 1- }; {Abdel-Basset, 2017 [16]}.

Definition 6 In order to check whether a trapezoidal neutrosophic

reciprocal preference relation R is additive approximation - consistency or not

[16].
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. _Tijtex
U 142¢, (5)
v ZTitex
Tij 14+2cy (6)
ujj-m;j=A (7)

We transform the neutrosophic matrix to pairwise comparison
deterministic matrix by adding (a, 6, B), and we use the following equation to

calculate the accuracy and score

~ 1
S@j)=rlar+bi+ cr+ di]x(2+ag-65-B3) 3
and

~ 1
A @)= lag+by+ ¢+ di] X2+ a5 -85 B5) )

We obtain the deterministic matrix by using S (d;;).
From the deterministic matrix, we obtain the weighting matrix by dividing

each entry by the sum of the column.

Step - 3 Formulation of supermatrix

The supermatrix concept is similar to the Markov chain process [18].

1. Determine scale and weighting data for the n alternatives against n
criteria Wy, Wog, Wag, w.., Wop.
2. Determine the interdependence weighting matrix of criteria
comparing it against another criteria in range from 0 to 1, defined as:
Cy C, Cj Cy
(of) (0-1)
w, =g T (10)
| T L. -1
3. We obtain the weighting criteria W, = W3 x W;.

4. Determine the interdependence matrix Agpiteriq  among the

alternatives with respect to each criterion.

Acriteria
(0.5,0.5,0.5,0.5) (L1, My11, M1y, Ug1) (Liny Myng, Mg Utn)
(l21, Ma11, Moy, U1) (0.5,0.5,0.5,0.5) (L2n Many, Many, Uzn)
(0.5,0.5,0.5,0.5)
(lnlfmnll rmnlu'unl) (anrngL 'ngurunz) (0.5, 0-5,0-5,0-5)
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Step - 4 Selection of the best alternatives

1. Determine the priorities matrix of the alternatives with respect to each

of the n criteria Wy,, where n is the number of criteria.

Then, Wy, =Wy, x Wy
W =Wy, * Wy
Waz =Wy, * W
Wan =Wi., * Way

Then, WA = [ WA]_, WAZ' WA3' ey WAn]-

2. In the last we rank the priorities of criteria and obtain the best
alternatives by multiplication of the W, matrix by the Weighting
criteria matrix W, i.e.

Wy x W,

iy o L - i s 8 it il s
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Figure 3. Schematic diagram of ANP with neutrosophic.

4 Numerical Example

In this section, we present an example to illustrate the ANP in neutrosophic
environment - selecting the best personal car from four alternatives: Crossover is
alternative A1, Sedan is alternative A2, Diesel is alternative A3, Nissan is
alternative A4. We have four criteria C; (j = 1, 2, 3, and 4), as follows: C; for
price, C, for speed, C5 for color, C, for model. The criteria to be considered is
the supplier selections, which are determined by the DMs from a decision group.
The team is split into four groups, namely DM;, DM,, DM and DM,, formed to
select the most suitable alternatives. The criteria to be considered in the supplier’s
selection are determined by the DMs team from the expert’s procurement office.

Selection of

personniel oar

Figure 4. Network structure of the illustrative example.
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In this example, we seek to illustrate the improvement and efficiency of
ANP, the interdependency among criteria and feedback, and how a new scale
from 0 to 1 improves and facilitates the solution and the ranking of the

alternatives.

Step - 1: In order to compare the criteria, the decision makers assume that there
is no interdependency among criteria. This data reflects relative weighting
without considering interdependency among criteria. The weighting matrix of
criteria that is defined by decision makers is W;= (P, S, C, M) = (0.33, 0.40, 0.22,
0.05).

Step - 2: Assuming that there is no interdependency among the four alternatives,
(A1 A,, A3, A,), they are compared against each criterion. Decision makers
determine the relationships between each criterion and alternative, establishing
the neutrosophic decision matrix between four alternatives (44, 4,,45, A,) and
four criteria (Cy, C, , C3 , Cy):
c C, Cs C,

(0.3,0.5,0.2,0.5) (0.6,0.7,09,0.1) (0.7,0.2,0.4,0.6) (0.3,0.6,0.4,0.7)
(0.6,0.3,0.4,0.7) (0.2,0.3,0.6,09) (0.6,0.7,0.8,0.9) (0.3,0.5,0.2,0.5)

4s [ (0.3,0.5,0.2,0.5) (0.3,0.7,0.4,0.3) (0.8,0.2,0.4,0.6) (0.2,0.5,0.6,0.8)
(0.4,0.3,0.1,0.6) (0.1,0.4,0.2,0.8) (0.5,0.3,0.2,04) (0.6,0.2,0.3,0.4)

The last matrix appears consistent to definition 6 (5, 6, 7). Then, by ensuring
consistency of trapezoidal neutrosophic additive reciprocal preference relations,
decision makers (DMs) should determine the maximum truth-membership degree
(o), minimum indeterminacy-membership degree (0), and minimum falsity-
membership degree (B) of single valued neutrosophic numbers, as in definition 6

(c). Therefore:

G G G Cs

Al

— A2
R A3

A3
(0.3,0.5,0.2,0.5; 0.3,0.4,0.6) (0.6,0.7,0.9,0.1; 0.4,0.3,0.5) (0.7,0.2,0.4,0.6; 0.8,0.4,0.2) (0.3,0.6,0.4,0.7; 0.4,0.5,0.6)
(0.6,0.3,0.4,0.7; 0.2,0.5,0.8) (0.2,0.3,0.6,0.9; 0.6,0.2,0.5) (0.6,0.7,0.8,0.9;0.2,0.5,0.7) (0.3,0.5,0.2,0.5; 0.5,0.7,0.8)
(0.3,0.5,0.2,0.5; 0.4,0.5,0.7) (0.3,0.7,0.4,0.3;0.2,0.5,0.9) (0.8,0.2,0.4,0.6; 0.4,0.6,0.5) (0.2,0.5,0.6,0.8; 0.4,0.3,0.8)
(0.4,0.3,0.1,0.6; 0.2,0.3,0.5) (0.1,0.4,0.2,0.8;0.7,0.3,0.6) (0.5,0.3,0.2,0.4; 0.3,0.4,0.7) (0.6,0.2,0.3,0.4; 0.6,0.3,0.4)
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~ 1
S@y) =g lar+bi+ i+ di]x(2+az-65-B5)
And
A @) ==[ay+by + ¢ + di] x 2 +az - 03+ B5)

The deterministic matrix can be obtained by S (&;;) equation in the following
step:

Cy & G G

0.122 0.23 0.261 0.163

p —42|0113 0238 0188 0.10
4310.113 0.085 0.163 0.17

0.123 0.169 0.105 0.178

Scale and weighting data for four alternatives against four criteria is derived by
dividing each element by the sum of each column. The comparison matrix of four
alternatives and four criteria is the following:

G G2 Cs Cy

0.259 0.319 0.364 0.268
41 10.240 0.329 0.262 0.164
4310.240 0.118 0.227 0.278

0.261 0.234 0.146 0.291

Wy Wyo Wy3 Woys

Step - 3: Decision makers take into consideration the interdependency
among criteria. When one alternative is selected, more than one criterion should
be considered. Therefore, the impact of all the criteria needs to be examined by
using pairwise comparisons. By decision makers’ group interviews, four sets of
weightings have been obtained. The data that the decision makers prepare for the
relationships between criteria reflect the relative impact degree of the four criteria
with respect to each of four criteria. We make a graph to show the relationship
between the interdependency among four criteria, and the mutual effect.

Figure 5. Interdependence among the criteria.
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The interdependency weighting matrix of criteria is defined as:

G G G G

e, [L 08 04 0
w.—G [0 02 05 06
3 10 0 01 03

“lo o 0 01

02 05 06 0.40 0.220

1

O X

0o o0 01 03 0.22 0.037
0 0.005

08 04 0 0.33‘ l0.738
0 0 0.1 0.05

Thus, it is derived that w.= (C;,C, ,Cs ,C4) = (0.738, 0.220, 0.037, 0.005).

Step - 4: The interdependency among alternatives with respect to each
criterion is calculated by respect of consistency ratio that the decision makers
determined. In order to satisfy the criteria 1 (C;), which alternative contributes
more to the action of alternative 1 against criteria 1 and how much more? We
defined the project interdependency weighting matrix for criteria C; as:

a. First criteria (C;)
DMs compare criteria with other criteria, and determine the weighting of every
criteria:

Al A2 A3 A4,

. [(05,0505,05) (0.3,0.204,05) y y

A _f y (0.5,0.5,0.5,0.5) (0.1,0.2,0.4,0.8) y
€4, y y (0.5,0.5,0.5,0.5) (0.2,0.3,0.4,0.7)
A y y y (0.5,0.5,0.5,0.5)

where y indicates preference values that are not determined by decision makers.
Then, we can calculate these values and make them consistent with their
judgments. Let us complete the previous matrix according to definition 5 as
follows:

Ry3 =Fyp + a3 - (0.5,0.5,0.5,0.5) = (—0.1,—0.1,0.3,0.8)

R3;=1-R;3=1- (-0.1,—-0.1,0.3,0.8) = (0.2,0.7,1.1,1.1)
Rz, =13, + 14, -(0.5,0.5,0.5,0.5) = (0.0,0.4,1.0,1.1)

Ry =1-R;,=1-(0.3,0.2,0.4,0.5) =(0.5,0.6,0.8,0.7)
Ryy =Ty3 + T34 - (0.5,0.5,0.5,0.5) = (=0.1,—0.3,0.2,1.1)
Ry, =%y + 114 - (0.5,0.5,0.5,0.5) = (—=0.1,—0.2,0.5,1.2)
Ry =1-Ryy=1-(-0.1,-0.3,0.2,1.0) =(1.0,0.8, 1.3, 1.1)
Ry =1-Ry=1-(=0.1,-0.2,0.5,1.2) =(0.2,0.5, 1.2, 1.1)
Ry3=1-R3, =1-(0.2,0.3,0.4,0.7) =(0.3,0.6,0.7,0.8)
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The comparison matrix will be as follows:
Ay A, 43 Ay

. [(05,050505) (0.3,020405) (-0.1,-0.1,0308) (~0.1,-03,0.21.1)
- 4 1(05,06,080.7) (05,050505) (0.1,0.2,0408) (—0.1,-0.2,0.51.2)
45 1(0.2,0.7,1.1,1.1) (0.0,04,1.01.1) (0.5,0.50505)  (0.2,0.3,0.4,0.7)
(1.0,0.8,1.3,1.1) (0.2,0.5,1.2,1.1) (0.3,0.6,0.7,0.8)  (0.5,0.5,0.5,0.5)

According to definition 6, one can see that this relation is not a trapezoidal
neutrosophic additive reciprocal preference relation. By using Eq. 5, Eq. 6 and
Eq. 7 in definition 6, we obtain the following:

. [(05,050505) (03,020405) (0.1,010308) (0.1,0.3021.0)

i. _n |(05060807) (05,050505) (0.1,020408) (0.1,0.205,1.0)
€4 1(02,07,10,1.0) (0.0,04,1.0,1.0) (0.5,0.50505) (0.2,0.3,0.40.7)
* 1(1.0,0.8,1.0,1.0) (0.2,0.5,1.0,1.0) (0.3,0.6,0.7,0.8) (0.5,0.5,0.5,0.5)

We check if the matrix is consistent according to definition 6. By ensuring
consistency of trapezoidal neutrosophic additive reciprocal preference relations,
decision makers (DMs) should determine the maximum truth-membership degree
(o), the minimum indeterminacy-membership degree (0) and the minimum
falsity-membership degree (B) of single valued neutrosophic numbers as in
definition 6.

A Az A3 Ay

(0.5,0.5,0.5,0.5) (0.3,0.2,0.4,0.5;0.7,0.2,0.5) (0.1,0.1,0.3,0.8;0.5,0.2,0.1)  (0.1,0.3,0.2,1.0; 0.5,0.2,0.1)
(0.5,0.6,0.8,0.7;0.7 0.2, 0.5) (0.5,0.5,0.5,0.5) (0.1,0.2,0.4,0.8;0.4,0.5,0.6) (0.1,0.2,0.5,1.0;0.5,0.1,0.2)
(0.2,0.7,1.0,1.0;0.8,0.2,0.1)  (0.0,0.4,1.0,1.0; 0.3,0.1,0.5) (0.5,0.5,0.5,0.5) (0.2,0.3,0.4,0.7; 0.7,0.2,0.5)
(1.0,0.8,1.0,1.0;0.6,0.2,0.3) (0.2,0.5,1.0,1.0;0.6,0.2,0.3) (0.3,0.6,0.7,0.8; 0.9,0.4,0.6) (0.5,0.5,0.5,0.5)

We make sure the matrix is deterministic, or we transform the previous matrix to
be a deterministic pairwise comparison matrix, to calculate the weight of each
criterion using equation (8, 9) in definition 6.

The deterministic matrix can be obtained by S (&;;) equation in the following

step:

05 0.175 0.179 0.22
i. —|0325 05 0.122 0.25
«a 0.453 0.265 0.5 0.2
0.38 0354 0.285 05

77



Editors: Prof. Florentin Smarandache
Dr. Mohamed Abdel-Basset
Dr. Victor Chang

We present the weight of each alternatives according to each criteria from the
deterministic matrix easily by dividing each entry by the sum of the column; we
obtain the following matrix as:

030 0135 0.165 0.188
7 _10.196 0.386 0.112 0.214

¢ 710273 0.198 0460 0.171
0229 0274 0.262 0.427

b. Second criteria (C,)

DMs compare criteria with other criteria, and determine the weighting of every

criteria:
Ay A, Az Ay
. [05,050505) (0.3,0.604,0.5) y y
i _f y (0.5,0.5,0.5,0.5) (0.5,0.2,0.4,0.9) y
2 T a y y (0.5,0.5,0.5,0.5) (0.5,0.3,0.4,0.7)
A y y y (0.5,0.5,0.5,0.5)

where y indicates preference values that are not determined by decision makers,
then we can calculate these values and make them consistent with their
judgments.

We complete the previous matrix according to definition 5 as follows:

The comparison matrix will be as follows:
Ay A, A, A,

(0.5,0.5,05,05) (0.3,0.6,0.4,0.5) (0.3,0.3,0.3,09) (0.3,0.1,0.2,1.1)
1

i _u |(05060407) (05,050505) (0.5,020409) (0.3,020.113)
€2 ~4; {(0.1,0.7,0.7,0.7) (—0.1,0.8,0.3,0.5) (0.5,0.5,0.5,0.5) (0.5,0.3,0.4,0.7)

4 1(1.0,0.8,09,07) (0.3,0.9,0.8,0.7) (0.3,0.6,0.7,0.5) (0.5,0.5,0.50.5)

According to definition 6, one can see that this relation is not a trapezoidal
neutrosophic additive reciprocal preference relation. By using Eq. 5, Eq. 6 and
Eq. 7 in definition 6, we obtain the following:

Ay Az A3 Ay

(0.5,0.5,0.5,0.5) (0.3,0.6,0.4,0.5) (0.3,0.3,0.3,0.9) (0.3,0.1,0.2,1.0)
- 4 1(05,06,04,07) (05,050505) (0.5,0.20.4,09) (0.3,0.2,0.1,1.0)
4: [(0.1,0.7,0.7,0.7)  (0.1,0.8,0.3,0.5) (0.5,0.5,0.5,0.5) (0.5,0.3,0.4,0.7)
(1.0,0.8,0.9,0.7) (0.3,0.9,0.8,0.7) (0.3,0.6,0.7,0.5) (0.5,0.5,0.5,0.5)

Let us check that the matrix is consistent according to definition 6. Then, by
ensuring consistency of trapezoidal neutrosophic additive reciprocal preference
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relations, decision makers (DMs) should determine the maximum truth-
membership degree (o), the minimum indeterminacy-membership degree (6) and
the minimum falsity-membership degree () of single valued neutrosophic
numbers, as in definition 6. Then:

Ay A, As Ay

(0.5,0.5,0.5,0.5) (0.3,0.6,0.4,0.5;0.7,0.3,0.5) (0.3,0.3,0.3,0.9;0.5,0.2,0.1)  (0.3,0.1,0.2,1.0; 0.5,0.2,0.1)
(0.5,0.6,0.4,0.7;0.7,0.3,0.5) (0.5,0.5,0.5,0.5) (0.5,0.2,0.4,0.9;0.4,0.5,0.6) (0.3,0.2,0.1,1.0; 0.5,0.1,0.4)
(0.1,0.7,0.7,0.7;0.8,0.2,0.3)  (0.1,0.8,0.3,0.5; 0.4,0.2,0.5) (0.5,0.5,0.5,0.5) (0.5,0.3,0.4,0.7;0.6,0.2,0.5)
(1.0,0.8,0.9,0.7;0.6,0.4,0.3)  (0.3,0.9,0.8,0.7;0.6,0.2,0.3) (0.3,0.6,0.7,0.5; 0.9,0.4,0.5) (0.5,0.5,0.5,0.5)

Let us be sure the matrix is deterministic, or transform the previous matrix to be
deterministic pairwise comparison matrix, to calculate the weight of each criteria
using equation (8, 9) in definition 6.

The deterministic matrix can be obtained by S (&;;) equation in the following
step:

0.5 0214 0247 022

i. —|o216 05 0.163  0.20

€2 0.316 0.181 0.5 0.226
0.404 0.354 0.3 0.5

We present the weight of each alternatives according to each criteria from the
deterministic matrix by dividing each entry by the sum of the column; we obtain

the following matrix:

0.50 0.215 0.244 0.192
7 _|0.216 0503 0.161 0.175

2 0.273 0.182 0.495 0.197
0.229 0.356 0.259 0.436

c. Third criteria (C3)
DMs compare criteria with other criteria, and determine the weight of every

criteria.
Aq A, Az Ay
. [(05,05,0505) (0.6,0.7,09,0.1) y y
A _fe y (0.5,0.5,0.5,0.5) (0.6,0.7,0.8,0.9) y
€3 = g y y (0.5,0.5,0.5,0.5) (0.2,0.5,0.6,0.8)
A y y y (0.5,0.5,0.5,0.5)

where y indicates preference values that are not determined by decision makers;
then, we can calculate these values and make them consistent with their
judgments.
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We complete the previous matrix according to definition 5 as follows:

Ay A, As Ay

[ 05,050505) (0.6,0.7,09,01)  (0.7,09,1.2,1.4) (0.4,0.7,1.3,1.7)

i _a | (00,01,0304) (0.5,0.5,0.505)  (0.6,0.7,080.9) (0.3,0.50.9,1.2)
¢ 74 |(-04,-020.103) (-0300,0508) (0.5,050505) (0.2,050.60.8)
* 1(=0.7,-0.3,0.3,0.6) (=0.6,—0.1,0.7,1.1) (0.2,0.4,0.5,0.8) (0.5,0.5,0.5,0.5)

According to definition 6, one can see that the relation is not a trapezoidal
neutrosophic additive reciprocal preference relation. By using Eq. 5, Eq. 6 and
Eq. 7 in definition 6, we obtain the following:

4q Az A3 Ay

(0.5,0.5,0.5,0.5) (0.6,0.7,0.9,0.1) (0.7,0.9,1.0,1.0) (0.4,0.7,1.0,1.0)

- a [(0.0,01,03,04) (05,0505,05) (0.6,0.7,0809) (0.3,0.50.9,1.0)
45 1(04,02,01,03) (0.300,0508) (05,050505) (0.2,0.506,0.8)
* [(0.7,0.3,0.3,0.6) (0.6,0.1,0.7,1.0) (0.2,0.4,0.5,0.8) (0.5,0.5,0.5,0.5)

Then, let us check that the matrix is consistent according to definition 6. Then, by
ensuring consistency of trapezoidal neutrosophic additive reciprocal preference
relations, decision makers (DMs) should determine the maximum truth-membership
degree (), the minimum indeterminacy-membership degree (6) and the minimum
falsity-membership degree (B) of the single valued neutrosophic numbers as in
definition 6. Then:

Ay A, A A,

Ag

Acs :’22

Ay
(0.5,0.5,0.5,0.5) (0.6,0.7,0.9,0.1;0.7,0.2,0.5) (0.7,0.9,1.0,1.0; 0.5,0.2,0.1) (0.4,0.7,1.0,1.0; 0.5,0.2,0.3)
(0.0,0.1,0.3,0.4; 0.8,0.2,0.6) (0.5,0.5,0.5,0.5) (0.6,0.7,0.8,0.9;0.5,0.2,0.1) (0.3,0.5,0.9,1.0; 0.5,0.1,0.2)
(0.4,0.2,0.1,0.3;0.5,0.3,0.4) (0.3,0.0,0.5,0.8;0.8,0.5,0.3) (0.5,0.5,0.5,0.5) (0.2,0.5,0.6,0.8; 0.6,0.4,0.2)

(0.7,0.3,0.3,0.6; 0.5,0.2,0.1) (0.6,0.1,0.7,1.0; 0.3,0.1,0.5) (0.2,0.4,0.5,0.8;0.3,0.1,0.5) (0.5,0.5,0.5,0.5)

Let us be sure the matrix is deterministic, or transform the previous matrix to be
deterministic pairwise comparison matrix, to calculate the weight of each criteria
using equation (8, 9) in definition 6.

The deterministic matrix can be obtained by S (&;;) equation in the following
step:

05 04 049 041
i. —|o1 o5 041 037
e 0.18 024 05 056
038 030 020 05

80



Neutrosophic Operational Research
Volume III

We present the weight of each alternatives according to each criteria from the
deterministic matrix by dividing each entry by the sum of the column; we obtain
the following matrix:

043 027 030 022
i. —|o08 035 026 020
e 0.15 0.16 031 030
033 021 0.12 027

d. Four criteria (C,)
DMs compare criteria with other criteria, and determine the weighting of every:

Al Az A3 A4

. [(05,05,0505) (04,05,03,0.7) y y

i y (0.5,05,0.5,0.5) (04,0.2,0.7,0.5) y
ce 4 y y (0.5,0.5,0.5,0.5) (0.4,0.6,0.5,0.8)
A y y y (0.5,0.5,0.5,0.5)

Where y indicates the preference values that are not determined by decision
makers; then, we can calculate these values and make them consistent with their
judgments.

We complete the previous matrix according to definition 5 as follows:

Ay 4z 43 Ay

. [(05,050505) (04,050307) (03,020507) (0.2,030571.0)

i _a |(03,07,0506) (05,050505) (04,020705) (0.0,050511)
¢ 4 1(03,07,05,0.6) (0.2,0.5,0.609) (05,050505) (0.4,06,0.5,0.8)
* [(0.3,0.7,0.5,0.6) (—0.1,0.5,0.5,1.0) (0.2,0.5,0.4,0.6) (0.5,0.5,0.5,0.5)

According to definition 6, one can see that this relation is not a trapezoidal
neutrosophic additive reciprocal preference relation. By using Eq. 5, Eq. 6 and Eq. 7
in definition 6, we obtain the following:

4y A4, A3 Ay

(0.5,0.5,0.5,0.5) (0.4,0.5,0.3,0.7) (0.3,0.2,0.50.7) (0.2,0.3,0.5,1.0)
i. _a [(03,07,0506) (05,050505) (04,0.207,05) (0.0,0505.10)
¢ ~4; 1(0.3,0.7,0.5,0.6) (0.2,0.5,0.6,0.9) (0.5,0.5,0.50.5) (0.4,0.6,0.5,0.8)
(0.3,0.7,0.5,0.6) (0.1,0.5,0.5,1.0) (0.2,0.5,0.4,0.6) (0.5,0.5,0.5,0.5)

Then, we check that the matrix is consistent according to definition 6. By ensuring
consistency of trapezoidal neutrosophic additive reciprocal preference relations,
decision makers (DMs) should determine the maximum truth-membership degree
(a), the minimum indeterminacy-membership degree (0) and the minimum
falsity-membership degree (B) of the single valued neutrosophic numbers, as in
definition 6.

81



Editors: Prof. Florentin Smarandache
Dr. Mohamed Abdel-Basset
Dr. Victor Chang

4y 4, A3 Ay

Ay
i A
Acy :Az
Ay
(0.5,0.5,0.5,0.5) (0.4,0.5,0.3,0.7;0.4,0.3,0.6) (0.3,0.2,0.5,0.7;0.2,0.3,0.5) (0.2,0.3,0.5,1.0;0.3,0.1,0.8)
(0.3,0.7,0.5,0.6; 0.7 ,0.4,0.5) (0.5,0.5,0.5,0.5) (0.4,0.2,0.7,0.5; 0.3,0.5,0.6)  (0.0,0.5,0.5,1.0; 0.4,0.3,0.2)
(0.3,0.5,0.8,0.7;0.7,0.4,0.5)  (0.2,0.5,0.6,0.9;0.7,0.4,0.3) (0.5,0.5,0.5,0.5) (0.4,0.6,0.5,0.8;0.7,0.3,0.5)
(0.0,0.5,0.7,0.8;0.5,0.2,0.4) (0.1,0.5,0.5,1.0;0.5,0.3,0.6) (0.2,0.5,0.4,0.6; 0.4,0.6,0.2) (0.5,0.5,0.5,0.5)

Let us be sure the matrix is deterministic, or transform the previous matrix to be
deterministic pairwise comparison matrix, to calculate the weight of each criteria
using equation (8, 9) in definition 6.

The deterministic matrix can be obtained by S (&;;) equation in the following

step:

05 018 015 0.17
Ay = 024 05 0.13 0.23
0.29 0.27 0.5 0.27
0.23 021 0.17 0.5

We present the weight of each alternative according to each criteria from the
deterministic matrix by dividing each entry by the sum of the column; we obtain
the following matrix:

040 0.16 0.16 0.15

i —|019 043 014 0.9
¢4 023 023 05 0.23
0.18 0.18 0.18 0.42

Step 4: The priorities of the alternative W, with respect to each of the four
criteria are given by synthesizing the results from Steps 2 and 4 as follows:

[0.199]
0.172
0.273

10.299]

[0.303]
0.294
0.251

10.347]

[0.327]
0.209
0.210

10.241

[0.222]
0.216
0.305

10.250.

War =Wy, X Wy =

Wao =Wy, x Wy =

Waa =Wy, X Wy =

The matrix W, is defined by grouping together the above four columns:

Wy =[ Way, Waz, Wyz, Wasl
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Step 5: The overall priorities for the candidate alternatives are finally
calculated by multiplying W, and W_:

WA 1 WAZ WA3 WA4

0.199 0.303 0.327 0.222 0.738 0.226
W, x W, = 0.172 0.294 0.209 0.216‘ 0.220‘ _ |0.200
0.273 0.251 0.210 0.305 0.037 0.265
0.299 0.347 0.241 0.250 0.005 0.307

The final results in the ANP Neutrosophic Phase are (A1, A2, A3, A4) = (0.226,
0.200, 0.265, 0.307). These ANP Neutrosophic results are interpreted as follows.
The highest weighting of criteria in this problem selection example is A4. Next
is Al. These weightings are used as priorities in selecting the best personnel car.

Then, it is obvious that the four alternative has the highest rank, meaning that
Nissan is the best car according to this criteria, followed by Crossover, Diesel
and, finally, Sedan.

Table 2. Ranking of alternatives.

Car Name Priority

Crossover 0.22
Diesel 0.20
Nissan 0.26
Sedan 0.30

Mean_priority

0,4
0,3

0,2
0’1 I
0
CrossOver Sedan Diesel Nissan

Figure 6. ANP ranking of alternatives.

5 Conclusion

This research employed the ANP technique in neutrosophic environment
for solving complex problems, showing the interdependence among criteria, the
feedback and the relative weight of decision makers (DMs). We analyzed how to
determine the weight for each criterion, and the interdependence among criteria,
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calculating the weighting of each criterion to each alternative. The proposed

model of ANP in neutrosophic environment is based on using of (» — 1) consensus

-1)

judgments instead of % ones, in order to decrease the workload. We used a

new scale from 0 to 1 instead of that from 1 to 9. We also presented a real life
example as a case study. In the future, we plan to apply ANP in neutrosophic
environment by integrating it with other techniques, such as TOPSIS.
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Abstract

The neutrosophic set theory, proposed by smarandache, can be used
as a general mathematical tool for dealing with indeterminate and
inconsistent information. By applying the concept of neutrosophic
sets on graph theory, several studies of neutrosophic models have
been presented in the literature. In this paper, the concept of complex
neutrosophic graph of type 1 is extended to interval complex
neutrosophic graph of type 1(ICNGI1). We have proposed a
representation of ICNG1 by adjacency matrix and studied some
properties related to this new structure. The concept of ICNGI1
generalized the concept of generalized fuzzy graphs of type 1
(GFG1), generalized single valued neutrosophic graphs of type 1
(GSVNGI1) generalized interval valued neutrosophic graphs of type
1 (GIVNGI1) and complex neutrosophic graph type 1(CNG1).

Keywords

Neutrosophic set; complex neutrosophic set; interval complex
neutrosophic set; interval complex neutrosophic graph of type 1;
adjacency matrix.

1 Introduction

Crisp set, fuzzy sets [14] and intuitionisitic fuzzy sets [13] already acts as
a mathematical tool. But Smarandache [5, 6] gave a momentum by introducing
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the concept of neutrosophic sets (NSs in short). Neutrosophic sets came as a
glitter in this field as their vast potential to intimate imprecise, incomplete,
uncertainty and inconsistent information of the world. Neutrosophic sets
associates a degree of membership (T) , indeterminacy(I) and non- membership
(F) for an element each of which belongs to the non-standard unit interval ]—0,
1+[. Due to this characteristics, the practical implement of NSs becomes difficult.
So, for this reason, Smarandache [5, 6] and Wang et al. [10] introduced the
concept of a single valued Neutrosophic sets (SVNS), which is an instance of a
NS and can be used in real scientific and engineering applications. Wang et al.
[12] defined the concept of interval valued neutrosophic sets as generalization of
SVNS. In [11], the readers can found a rich literature on single valued
neutrosophic sets and their applications in divers fields.

Graph representations are widely used for dealing with structural
information, in different domains such as networks, image interpretation, pattern
recognition operations research. In a crisp graphs two vertices are either related
or not related to each other, mathematically, the degree of relationship is either 0
or 1. While in fuzzy graphs, the degree of relationship takes values from [0, 1].In
[1] Atanassov defined the concept of intuitionistic fuzzy graphs (IFGs) with
vertex sets and edge sets as IFS. The concept of fuzzy graphs and their extensions
have a common property that each edge must have a membership value less than
or equal to the minimum membership of the nodes it connects.

Fuzzy graphs and their extensions such as hesitant fuzzy graph,
intuitionistic fuzzy graphs ..etc , deal with the kinds of real life problems having
some uncertainty measure. All these graphs cannot handle the indeterminate
relationship between object. So, for this reason, Smaranadache [3,9]defined a
new form of graph theory called neutrosophic graphs based on literal
indeterminacy (I) to deal with such situations. The same author[4]initiated a new
graphical structure of neutrosphic graphs based on (T, I, F) components and
proposed three structures of neutrosophic graphs such as neutrosophic edge
graphs, neutrosophic vertex graphs and neutrosophic vertex-edge graphs. In 8]
Smarandache defined a new classes of neutrosophic graphs including
neutrosophic offgraph, neutrosophic bipolar/tripola/ multipolar graph. Single
valued neutrosphic graphs with vertex sets and edge sets as SVN were first
introduced by Broumi [33] and defined some of its properties. Also, Broumi et
al.[34] defined certain degrees of SVNG and established some of their properties.
The same author proved a necessary and sufficient condition for a single valued
neutrosophic graph to be an isolated-SVNG [35]. In addition, Broumi et al. [47]
defined the concept of the interval valued neutrosophic graph as a generalization
of SVNG and analyzed some properties of it. Recently, Several extension of
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single valued neutrosophic graphs, interval valued neutrosophic graphs and their
application have been studied deeply [17-19, 21-22, 36-45, 48-49,54-56].

In [7] Smarandache initiated the idea of removal of the edge degree
restriction of fuzzy graphs, intuitionistic fuzzy graphs and single valued
neutrosophic graphs. Samanta et al [53] discussed the concept of generalized
fuzzy graphs (GFG) and studied some properties of it . The authors claim that
fuzzy graphs and their extension defined by many researches are limited to
represented for some systems such as social network. Employing the idea
initiated by smarandache [7], Broumi et al. [46, 50,51 |proposed a new structures
of neutrosophic graphs such as generalized single valued neutrosophic graph of
typel(GSVNGL1), generalized interval valued neutrosophic graph of
typel (GIVNG1), generalized bipolar neutrosophic graph of type 1, all these types
of graphs are a generalization of generalized fuzzy graph of typel[53]. In [2],
Ramot defined the concept of complex fuzzy sets as an extension of the fuzzy set
in which the range of the membership function is extended from the subset of the
real number to the unit disc. Later on, some extensions of complex fuzzy set have
been studied well in the litteratur ¢[20,23,26,28,29,58-68].In [15],Ali and
Smarandache proposed the concept of complex neutrosophic set in short CNS.
The concept of complex neutrosophic set is an extension of complex intuitionistic
fuzzy sets by adding by adding complex-valued indeterminate membership grade
to the definition of complex intuitionistic fuzzy set. The complex-valued truth
membership function, complex-valued indeterminacy membership function, and
complex-valued falsity membership function are totally independent. The
complex fuzzy set has only one extra phase term, complex intuitionistic fuzzy set
has two additional phase terms while complex neutrosophic set has three phase
terms. The complex neutrosophic sets (CNS) are used to handle the information
of uncertainty and periodicity simultaneously. When the values of the
membership function indeterminacy-membership function and the falsity-
membership function in a CNS are difficult to be expressed as exact single value
in many real-world problems, interval complex neutrosophic sets can be used to
characterize the uncertain information more sufficiently and accurately. So for
this purpose, Ali et al [16] defined the concept of interval complex neutrosophic
sets (ICNs) and examined its characteristics. Recently, Broumi et al.[52]defined
the concept of complex neutrosophic graphs of type 1 with vertex sets and edge
sets as complex neutrosophic sets.

In this paper, an extended version of complex neutrosophic graph of type
1(ICNG1) is introduced. To the best of our knowledge, there is no research on
interval complex neutrosophic graph of type 1 in literature at present.
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The remainder of this paper is organized as follows. In Section 2, some
fundamental and basic concepts regarding neutrosophic sets, single valued
neutrosophic sets, complex neutrosophic set, interval complex neutrosophic set
and complex neutrosophic graphs of type 1 are presented. In Section 3, ICNGI is
proposed and provided by a numerical example. In section 4 a representation
matrix of ICNGI is introduced and finally we draw conclusions in section 5.

2 Fundamental and Basic Concepts

In this section we give some definitions regarding neutrosophic sets, single
valued neutrosophic sets, complex neutrosophic set, interval complex
neutrosophic set and complex neutrosophic graphs of type 1

Definition 2.1 [5, 6]

Let { be a space of points and let x € {. A neutrosophic set A € { is
characterized by a truth membership function T, an indeterminacy membership
function I, and a falsity membership function F. The values of T, I, F are real
standard or nonstandard subsets of 10,17, and T, I, F: {—]70,1"[. A neutrosophic
set can therefore be represented as

A={(x, T4 (x), [ (x), F4(x)):x € Z} (1)

Since T, I, F € [0, 1], the only restriction on the sum of T, I, F is as given
below:

0<TA()+T [A(OFFA(0)<3". (2

From philosophical point of view, the NS takes on value from real standard
or non-standard subsets of 1°0,1'[. However, to deal with real life applications
such as engineering and scientific problems, it is necessary to take values from
the interval [0, 1] instead of ]70,17].

Definition 2.2 [10]

Let ¢ be a space of points (objects) with generic elements in { denoted by
x. A single valued neutrosophic set A (SVNS A) is characterized by truth-
membership function7’,(x) , an indeterminacy-membership function 7 ,(x), and
a falsity-membership function F,(x). For each point x in {, 7,(x), /,(x),
F,(x)€[0, 1]. The SVNS A can therefore be written as

A={(x, TA(x)IIA(x):FA(x)):x € (} (3)
Definition 2.3 [15]

A complex neutrosophic set A defined on a universe of discourse X, which
is characterized by a truth membership function T,(x), an indeterminacy-
membership functionl,(x), and a falsity-membership functionF, (x)that assigns
a complex-valued membership grade to T,(x), I,(x), F4(x) for any x € X. The
values of T4 (x), I4(x), F4(x) and their sum may be any values within a unit circle
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in the complex plane and is therefore of the form T,(x) = p,(x)e#a™® [, (x) =
q4(x)eVa®) and F,(x) = ry(x)e!®a® All the amplitude and phase terms are
real-valued and p,(x), qa(x),r4(x) € [0,1], whereas puu(x),va(x), wy(x) €
(0, 2m],such that the condition.

0 <pa(x) +qa(x) +14(x) <3 4)

is satisfied. A complex neutrosophic set A can thus be represented in set
form as:

A={x,Ty(x) = ar,I,(x) = a;, F4(x) = ap):x € X}, (5)

WhereTA:X 4 {aT:aT € C, |aT| < 1}, IA:X d {al:al € C, |a1| <
1}, Es: X - {ap:ap € C,|ag| < 1}, and also

ITaC) + L4(x) + Fa(x)] < 3. (6)

Let A and B be two CNSs in X, which are as defined as follow A =
{(x, TA(x),IA(x),FA(x)):x € X} and B = {(x, TB(x),IB(x),FB(x)):x € X}.
Definition 2.4 [15]

Let A and B be two CNSs in X. The union, intersection and complement of
two CNSs are defined as:

The union of A and B denoted as A Uy B,is defined as:
AUy B = {(x, Taup (%), Laup (X), Faup (x)): x € X}, (7
Where,Tyup (%), [iup (X)), Faug (x) are given by

Taup(x) = maX(PA (x),pp (x)) el (RaVp(x)

Lyup(x) = min(QA (x), gz (x)) et (VA(X)UVB(X)).

Faup(x) = min(r, (x), 7 (x)) . et (@4@V@s(),

The intersection of A and B denoted as A Ny B, is defined as:

ANy B = {(x,Tynp(x), Iinp (x), Fanp (x)): x € X}, )
WhereTynp (X), 40 (X), F4np (x) are given by

Tpus () = min(pa(x), ps (1)) . ! (a6 () ©)
Lws () = max(qa(x), g5 (x)) . ! (aMVe (), (10)
Fpus (%) = max(r4 (), 75 (x)) . ¢! (2405 (), (11)

The union and the intersection of the phase terms of the complex truth,
falsity and indeterminacy membership functions can be calculated using any one
of the following operations:

Sum:
taus (x) = ua(x) + pg(x), (12)
Vaup(x) = v (x) + vp(x), (13)
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waup(X) = wa(x) + wp(x). (14)
Max:

taup(x) = max(p, (x), up (x)), (15)
Vaup () = max(v, (), vs (), (16)
Waup () = max(w, (), wp (). (17)
Min:

Uaup(X) = min(llA(x),#B(x)), (18)
Vaup(x) = min(VA(x):VB(x))a (19)
wyyup(x) = min(wA(x):wB(x))- (20)

9

“The game of winner, neutral, and loser”:

AUB(X)Z{A!A(X) lf Pi> Py o
Uy(x) if py>p,
_ v, (x) If q,<4q
VAUB( )_{VB(.X) lf‘ qB <qAr (22)
_ o, x) if r,<n
“’“(x)_{%(x) i< )

Definition 2.5 [16]

An interval complex neutrosophic set A defined on a universe of discourse
¢, which is characterized by an interval truth membership function T,(x) =
[T (x), TY (x)], an interval indeterminacy-membership function I,(x), and an
interval falsity-membership functionF, (x)that assigns a complex-valued
membership grade to T,(x),[,(x),F4(x) for any x €. The values of
T4 (x), [, (x), F4(x) and their sum may be any values within a unit circle in the

complex plane 'ar{d Uis therefore of the form
Ta(x) =[p5(x).pY (0)].eHa®. ra@, (24)
I (x) =[q5(x).q4 (x)).e 40 VA @) (25)
and Fy () =[rf (0).7f ()] 1940 02 @] (26)
All the amplitude and phase terms are real-valued and
pk(x), Y (x), g5 (x), q¥ (x), vt (x)and r¥ (x) € [0,1], whereas
pa(x),v4(x), ws(x) € (0, 27],such that the condition
0<pi(®)+aqf@)+r/(x) <3 (27)

is satisfied. An interval complex neutrosophic set A can thus be represented
in set form as:

A= {(x, Ty(x) = ar, 4 (x) = a;, F4(x) = ap):x € {}, (28)
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WhereTA:(.—> {aT:aT S C, |aT| < 1}'114:('_) {al:al € C, |a1| < 1},FA:(._)
{ap:ar € C,|ag| < 1}, and also |TX(x) +18(x) + Fg(x)| <3. (29)

Definition 2.6 [16]

Let A and B be two ICNSs in {. The union, intersection and complement
of two ICNSs are defined as:

The union ofA and B denoted asA Uy B,is defined as:
AUy B = {(x, Taus (%), Laup (%), Faup (x)) X E X}. (30)

Where, Ty, 5 (%), Liup (%), F4up () are given by

Tk =[5 () V Pl (x))]- &M Fave®,

TRus(O=[ (PR 0O V pY () .M Taun 31
Tus 0)=[(a% () A gl ()] eMan ™,
1205 ()=[( (0 A q¥ ()] -eHinn ), (32)
Flius (O=](rk (9 A r5(0)]. eMFavs ™,
Fus (=]t (0 A T8 (%)) €Favs® (33)

The intersection ofA and B denoted as A Ny B, is defined as:
ANy B = {(x, TAnB (x):iAnB (), F‘AnB (x)) X € X}, (34)

Where,Tynp (%), Linp (), Fanp (x) are given by

Ths (=[5 () A pl(x))]- &M Fave®,

Ths ()= (PR () A ()] Tavs® 35)
1505 0O=[ (@5 (O V g ()] aun ),
05 00000 V q§ ()] ®, (36)
Flinp CO=] (r (9 V r§ ()] e"Faus®,
Fop (O=[(r§ (0 v 1§ ()] P ® (37

The union and the intersection of the phase terms of the complex truth,
falsity and indeterminacy membership functions can be calculated using any one
of the following operations:
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Sum:

Wiup () = HA(X) + pp (%),

MRue (¥) = HE (%) + pg (%), (38)
Vius(¥) = Vi (x) + vE(x),

vaus(®) = va(x) + vp (%), (39)
wius(®) = wi(x) + wp(),

wRu(®) = W () + wp (), (40)
Max:

Maup (%) = max(uz (%), ug (%)),

uRup (%) = max(ug (x), ug (%)), (41)
Viug (¥) = max(vi(x), v (x)),

VAus () = max(v{ (x), v§ (%)), (42)
wiyp(x) = max(wj (x), wg (x)),

wayp(x) = max(wy (x), wg (x)), (43)
Min:

Wiup (X) = min(pj (%), pg(x)),

Maus (%) = min(uy (x), ug (%)), (44)
Vius (%) = min(vi (%), vi (%)),

vaus(®) = min (Vi (x), vg (x)), (45)
wiup(®) = min(wj (%), 0§ (x)),

wayp(x) = min(wj (x), wg (x)), (46)

“The game of winner, neutral, and loser”:

(x) = wy(x) i py>pg 7
Hy(x) if py>p,
_ v, (x) If q,<q,
V““B(x)_{vgoo i’ oay<q,’ e
_ o,(x) if r,<n
a)AuB( )_{CUB(X) lf r <I”A. (49)

Definition 2.7 [52]

Consider V be a non-void set. Two function are considered as follows:
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p=(pr. p1> Pr):V = [ 0,1]%and
w= (w7, wy, wp):VxV - [ 0,1]3 . We suppose
A={(pr(x).pr(¥)) | wr(x,y) 2 0}, (50)
B={(p; (). () |w;(x,y) = 0}, (51)
C={(pr (x).pr ¥)) lwp(x,y) = 0}, (52)

considered wr, w; and wg = 0 for all set A,B, C since its is possible to have
edge degree = 0 (for T, or I, or F).

The triad (V, p, w) is defined to be complex neutrosophic graph of type 1
(CNG1) if there are functions

a:A—[0,1], B:B—[0,1] and 6:C— [ 0, 1] such that

wr(x,y) = a((pr(x).pr(¥))) (53)
wy(x,y) = B(p1(x).p1(¥))) (54)
wp(x,y) = 8((pr (x),pr(¥))) wherex, ye V. (55)

For each p(x)=(pr(x), p;(x), pr(x)),,xE V are called the complex truth,
complex indeterminacy and complex falsity-membership values, respectively, of
the vertex x. likewise for each edge (X, y) : w(x, y)=(wr(x,y), 0;(X,¥), 0p(X,y))
are called the complex membership, complex indeterminacy membership and
complex falsity values of the edge.

3 Interval Complex Neutrosophic Graph of Type 1

In this section, based on the concept of complex neutrosophic graph of type 1
[52], we define the concept of interval complex neutrosophic graph of type 1 as
follows:

Definition 3.1.

Consider V be a non-void set. Two function are considered as follows:
p=([p%-p71.[pr-p1 I, [PE-PF]):V— [ 0,1]%and

w=( [u)%,wU], [co{‘,oo}l], [co{s,oog]):VxV -0, 1]3. We suppose

A= {([pF(),pE®], [PT¥).pT (] [wh(x, y) = 0

and w3(x, y) =0 }, (56)
B= {([pr (),pf ®)], [pr .7 ) lwr(x, y) = 0
and wP(x, y) =0}, (57)
C= {([pF(X)-pF X1, [PF®).pF ] lwE(x, y) = 0
and wy (X, y) =0}, (58)

We have considered wy, w; and wg = 0 for all set A,B, C, since its is
possible to have edge degree = 0 (for T, or I, or F).
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The triad (V, p, w) is defined to be an interval complex neutrosophic graph
of type 1 (ICNG1) if there are functions
a:A—[0,1], B:B—[0,1] and §:C- [ 0, 1] such that

wr(x, y)=[ 0 (x, ),

w¥ (%, 9)1= a([pF(x),pT X LIPFO).pT (] (59)
w; (%, y)=[ wf (x, ),
wf (x,y)1= B([pr (0).p7 ) ].[r 3).p1 (1) (60)
wr (%, Y)=[ wf(x,y),
wf (x, y)1= 8([pF(x).pF (X)].[PF().pE (¥)]) where x, yE V. (61)

For each p(0=([p5(.p¥COL. [pF(0.0Y COLIPK(0.PYOD.XE V are
called the interval complex truth, interval complex indeterminacy and interval
complex falsity-membership values, respectively, of the vertex x. likewise for
each edge(x, y) :w(x,y)=(wr(x,¥), wi(x,¥), wp(x,y)) are called the interval
complex membership, interval complex indeterminacy membership and interval
complex falsity values of the edge.

Example 3.2

Consider the vertex set be V={x, y, z, t} and edge set be E= {(x, y),(X,
2),(x, t),(y, )}

X y z t
[p%,p% [05, O,6]€j'"[0'8’0'9] [09 , l]ej.ﬂ[0.7,0.8] [03, 0_4]61'.7'[[0.2,0.5] [08, O_Q]ej.ﬂ[0.1,0.3]
[pk.pY [0.3, 0.4]e/m0102] [0.2, 0.3]e/m0506] [0.1, 0.2]e/™0306] | 0.5, 0.6]e/mI0-20%]
[pk.pY] [0.1, 0.2]¢/ 05071 [0.6, 0.7]/ 102031 [0.8, 0.9]e/™02041 | [0.4, 0.5]e/™10-307]

Table 1. Interval Complex truth-membership, indeterminacy-membership and
falsity-membership of the vertex set.

Given the following functions

a(m,n)=[mf(w) V nf(w), mg (w) vV ng (w)] . e/ mHaus (62)
B(m, n)=[mf (w) A nf (w), m{ (w) Anf (w)].e/ ™ a0 (63)
§(m, n)=[mf (w) A ng(w), my (u) Ang (w)] . e/ ™ avs() (64)
Here,

A={([0.5, 0.6]e/ 08091 [0.9, 1]e/m0708]) ([0.5, 0.6]e/ ™80 0.3,
0.4]e/m0-2051) ([0.5, 0.6]e/ 108091 0.8, 0.9]e/ 710-10-31) ([0.9, 1.0]e/™10-7.08],
[0.8, 0.9]e/™10-1.03]y,

B={([0.3, 0.4]e/ 101021 "10.2, 0.3]e/™0-506]) ([0.3, 0.4]e/™0-20-2] 0.1,
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th]ej.n[0.3,0.6]),

0‘4]ej.7'[[0.1,0.2] ,

0.3]6]'.71'[0.5,0.6], [05’ 0.6]6]'.71'[0.2,0.8])}>
C={([0.1, 0.2]e/ 105071 '[0.6, 0.7]e/7[0-203]) ([0.1, 0.2]e/ 7105071 '[0.8,

Neutrosophic Operational Research

[0.5,

O.6]€j'n[0'2’0'8]),

Volume IIT

0.9]e/ (02041 - ([0.1, 0.2]e/ 705071 0.4, 0.5]e/mO207]) (0.6,
0.7]61'7[[0'2’0'3] , [04’ 0.5]61'7[[0'3’0'7])} .
Then
w ) (x,2) () .t
[w%,wéf] [097 l]ej.n[0.8,0.9] [05, 0.6]€j'n[0'8'0'9] [0.8,0.9]€j'n[0'8’0'9] [0951 ]ej.n[0.8,0.9]
[w1L>w1U] [0.2,0.3]81'.1[[0.5,0.6] [0.1’0.2]91'.11[0.3,0.6] [0.3,0.4]91'.7[[0.2,0.8] [02, 0.3]ej.n[0.5,0.8]
[0);’?,0);:]] [01’ 0.2]ej.n[0.5,0.7] [0.1’0.2]61'.11[0.5,0.7] [0‘1’0‘2]31’.11[0.5,0.7] [0'4’0.5]6[11[0.5,0.7]

Table 2. Interval Complex truth-membership, indeterminacy-membership
and falsity-membership of the edge set.

The figure 2 show the interval complex neutrosophic graph of type 1

Fig 2. Interval complex neutrosophicgraph of type 1.

In classical graph theory, any graph can be represented by adjacency
matrices, and incident matrices. In the following section ICNG1 is represented
by adjacency matrix.

4 Representation of interval complex neutrosophic graph of
Type 1 by adjacency matrix

In this section, interval truth-membership, interval indeterminate-membership
and interval false-membership are considered independents. Based on the
representation of complex neutrosophic graph of type 1 by adjacency matrix [52],
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we propose a matrix representation of interval complex neutrosophic graph of
type 1 as follow:

The interval complex neutrosophic graph (ICNG1) has one property that
edge membership values (T, I, F) depends on the membership values (T, I, F) of
adjacent vertices. Suppose &=V, p,w) is a ICNGI where vertex set
V={vq,v,,...,v, }. The functions

a :A- (0,1] is taken such that

Wi (%, y) = a((pf (0).p7 (1)), w7 (x,¥) = a((pf (x).p7 (¥))), where x, y€
V and

A= {([p1().p7 (], [pF ().p7 DD [0 (x, y) = 0 and wF(x,y) 2 0},
B :B— (0, 1] is taken such that

wr (x,¥) = B((pr (X).pf ), i (x,¥) = B((pf (x).pf (¥))), where x, y€
V and

B= {([pf (x).p7 ()], [pf @).pf W] lwf(x,y) = 0 and i (x,y) =0 }
and

6 :C— (0,1] is taken such that

wi (%, y) = 8((pg (X),pF (1)), wi (x,¥) = 8((pg (x).pF (1)), where x, y€
V and

C={([pF (x).pF ()], [PE).PF ] lwE(x, y) = 0 and wf (x,y) =0 }.

The ICNGI can be represented by (n+1) x (n+1) matrix Mg;I‘F=[aT" (@, j)]
as follows:

The interval complex truth membership (T), interval complex indeterminacy-
membership (I) and the interval complex falsity-membership (F) values of the
vertices are provided in the first row and first column. The (i+1, j+1)- th-entry are
the interval complex truth membership (T), interval complex indeterminacy-
membership (I) and the interval complex falsity-membership (F) values of the
edge (x;,x)), 1, j=1,...,n if i#].

The (i, i)-th entry is p(x;)=(por(x;), pi(xi), pr(x;)), where i=1,2,....n. the
interval complex truth membership (T), interval complex indeterminacy-
membership (I) and the interval complex falsity-membership (F) values of the
edge can be computed easily using the functions «, f and § which are in (1,1)-

position of the matrix. The matrix representation of ICNG1, denoted by Mgf E

can be written as three matrix representationM. " Mél and Mgl. For convenience
representation vy(pr (v;)) =[p(vo), pt (vi)1, vip;(v) =[pf (i), pf (vi)] and
vi(pr (V) =[pr(vo), pF V)], fori=1, ....n
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The M(T;1 can be therefore represented as follows
a vi(pr(v1)) vo(pr(v2)) Vn(pr (V)
v1(pr(v1)) [p% (1), p7 ()] alpr(v1).pr(v2)) | alpr(vi).pr(vn))
va(pr(v2)) a(pr(v2),pr (1)) | [pF(V2), pF (12)] a(pr (v2).pr(v2))
Vn(pr(vn)) a(pr(Vp)pr (1)) | alpr(vn).pr(v2)) | [pF(W), pT (v)]

Table 3. Matrix representation of T-ICNG1

The Mél can be therefore represented as follows
B v1(pr (V1)) V(1 (v2)) V(P (V)
vi(pi(v1)) | [oF(we), pf ()] | Bloi(w1).p1(v2)) | B(or(v1).01(vn))
V(01 (v2)) | Blo1(v2).o(v)) | [pF (v2), pf ()] | Bloi(v2).01(v2))
(o1 () | Bor(Wn)p1(v1)) | Blor(wn).0o1(v2)) | [of (vn),
pi' (vn)]

Table 4. Matrix representation of I-ICNG1

The Mél can be therefore represented as follows
§ v1(pr (V1)) v2(pr(v2)) Vn(pr (V)
vi(pr(v1) | [pF(W1), pF (v)] 8(pr(v1).pr(v2)) | 8(pr(v1).pr(V0))
va(or(v2)) | 8(0r(v2).0r(v1)) | [PE(W2). pF (13)] 8(pr (v2),pr(v2))
Va(pr () | 8(pr(Wn)spr(v1)) | 8(pr(n).pr(v2)) | [PEWn), oF (V)]

Table 5. Matrix representation of F-ICNGI

Here the Interval complex neutrosophic graph of first type (ICNG1) can be
represented by the matrix representation depicted in table 9. The matrix
representation can be written as three interval complex matrices one containing
the entries as T, I, F (see table 6, 7 and 8).
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a = max(X, y)

x([0.5, 0.6] e/ T080])

y([0.9 , 1]. e/ ml0-708]) 2([0.3,

ej.n[O.Z,O.S])

0.4].

t([0.8,
ejJ[[O.l,O.S])

0.9].

x([0.5, 0.6].e/T080])

[0.5, 0.6].e/ ™0509]

[0.9, 1]. e/ml0809] [0.5, 0.6].e/™[0-8.0.]

[0.8, 0.9]. eJ-l0809]

ej.n[O.l,O.S])

y([0.9, 1]. e/’.n[o.7,o.8]) [0.9,1]. eJ-7(0.8,0.9] [0.9,1]. eJm[0.7,0.8] [0, 0] [0.9,1]. eJm07,08]
z([0.3, 0.4]. [0.5, 0.6].¢/m108.09] [0, 0] [03, oA T 10.0]

ej.n[o.z,o.s]) e}.n[o.z,o.s]

t([0.8, 0.9]. [0.8, 0.9]. e/-108.09] [0.9, 1]. ¢/ 707.08] [0, 0] [0.8, 0.9]. e/ 710103]

Table 6: Lower and upper Truth- matrix representationof ICNGI

B = min(x, y) x(103, 0.4]. /0102 [ y([02, 03] | (0.1, 02 [ (0.5, 0.6]. e/0203])
’ e jAn[oAs,er]) ¢Jm[0.3,0.6]

X([03, 04] ejJt[O.l,O.Z]) [03’ 04] ej.r[[041,042] [02’ 03] [0 1 0. 2] ej .1r[0.3,0.6] [0 3 0. 4] e} .1[0.3,0.6]
£J710.5,06]

y([oz’ 03] ejJt[O.S,O.G]) [02’ 03] ej.r[[045,046] [02’ 03] [0, 0] [0 2 0. 3] e} .1[0.5,0.8]
eJm[05,06]

Z([O 1 02] e]r[0306] [01’ 02] ej.n[OAS,OAG] [0, 0] [0 1 02] 617'[0306] [0, 0]

t([0.5, 0.6]. [0.3,0.4]. eJm10.2,0.8] [0.2, 0.3]. [0, 0] [0.5 0.6]. eJ700.2,0.8]
ejAn[OAS,OAS]

eJm10.2,08]y

Table 7: Lower and upper Indeterminacy- matrix representation of ICNG1

6= min(x, y)

x([0.1,
eJ 05,071

0.2].

y([0.6,
e/.n[o.z,o.a])

0.7]. | z([0.8,

ej.n[O.Z,OA-])

0.9].

t([0.4,
ej.n[0.3,0.7])

0.5].

x([0.1, 0.2].e/ 05071y

[0.1,0.2]. g/ m0507]

[0_1’ 02] ej.n[0.5,0.7]

[0.1’ 02] ej.n[0.8,0.9]

[0.1’ 02] ej.n[0.5,0.7]

y[06, 0.7].61'.71[0.2,0.3])

[0.1,0.2]. g/ ™050.7]

[0.6, 0.7]. eI 710203 | 10,01

[04’ 05] ej.n[0.3,0.7]

2([0.8, 0.9].e/710-204])

[0.1,0.2]. e/m[0809]

10, 0]

[0.8, 0.9]. e/ml0-204]

10, 0]

t[04, 05] ej.n[0A3,0A7])

[01’ 02] ej.n[0.5,0.7]

[0.4,0.5]. e/ 703,071 | [0,0]

[0.4,0.5]. ¢/m10207]

Table 8: Lower and upper Falsity- matrix representation of ICNG1

The matrix representation of ICNGI can be represented as follows:
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(@59 X(<[05, 06]. /0505 | y(<[05, 0.6]. /05| (<05, 06 [ <03, o5l
eJm[0.8,09] eJm0.8,09]
[0,3’ ()4] ef.n[O.l,O.Z] . [03’ 04] ej.n[0.1,0.2] , 5 N
jm[0.1,0.2] jm[0.1,0.2]
[0.1,0.2]. e/7[0507)>) [0.1,02]. /05071 [0.3,0.4]. e s | [03,04].e ,
[0.1,0.2]. ej.n[0.5,0.7]>) [0.1,0.2]. ej.n[0.5,0.7]>)
X(<[0.5, 0.6]. | <[0.5, 0.6]. e/[0809] <[0.9, 0.1]. ¢/[0-809] <[0.5, 0.6]. eI ™899 | <[0.8, 0.9]. ¢ 710801,
ej.n[0.8,0.9]’

[0.3,0.4]. e/ 0102
[01, 02] ei.n[0.5,0.7]>)

[0.3,0.4]. e/ 01021 |

[0.1,0.2]. e/ 05071

[02, 03] ej.n[O.S,O.G] .

[01’ 02] ej.n[0.5,0.7]>

[0.1,0.2]. e/ m030€] |

[01’ 02] ej.n[OA8,0A9]>

[0.3, 0.4]. g/ 02081 |

[01’ 02] ej.n[OAS,OA7]>

y(<[0~5’ 06] ej.n[0.8,0.9]’

[0.3, 0.4]. e/ 01021
[0.1,0.2]. e/m[05.0.7]>)

<[0.9> 01] ej.n'[O.S,O.’;]’
[0.2,0.3]. e/ 05061,
[0.1,0.2]. g/ 05071

<[0.5, 06] ej.n[0.8,0.9]’
[0.3,0.4]. e/ 701021
[0.1,0.2]. e/m[05.0.7)>

<[o, 0],
[0, 01,
[0, 0]~

[0 9 1] e]rr0708]
[02’ 03] e]'.r[[OAS,OA8] s
[0.4,0.5]. e/m(030.7]>

2(<[0.5, 0.6]. e/ 08091,

[03, 04] ei.n[0.1,0.2] .
[0.1,0.2]. e/ ™05071>)

<[0.5, 0.6]. e/ 0801,
[0.1,0.2]. e/ 03061 |

[01 02] e]7'[0809]>

<[o, 0],
[0, 0],
[0, 0]>

<[0.5, 0.6]. e/ 0801,
[0.3,0.4]. e/ m0L02] |

[01’ 02] ej.n[OAS,OA7]>

<[o, 0],
[0, 0],
[0, 0]>

t(<[0.5, 0.6]. e/ 108091
[0.3,0.4]. e/m0L02]
[0.1,0.2]. e/m05071>)

<[0 8 09] e]7'[0809]
[0.3, 0.4]. e/ ml0208]
[0.1,0.2]. g/ 05071

<[0.9 1]. e/ 7107.08]
[0.2, 0.3]. e/ml0-508] |
[0.4, 0.5]. e/ 103071

<[0, 0],
[0, 0],
[0, 0>

<[0.5’ 06] ej.n[OAB,OA‘)]’
[03, 04] ej.n[O.l,O.Z] R
[0.1,0.2]. e/m(0507]>

Table 9: Matrix representation of ICNG1.

Remark 1

If pk(x)=p< (x),pF (x)=pf (x)=0 and p%(x)=pf (x) = 0 and the interval

valued phase terms equals zero, the interval complex neutrosophic graphs type 1

is reduced to generalized fuzzy graphs type 1 (GFGI).

Remark 2

phase terms equals zero,

reduced to generalized single valued graphs type 1 (GSVNG1).

Remark 3

If pk()=p¥ (x).pF (x)=p! (x) and pk(x)=pY(x)and the interval valued
the interval complex neutrosophic graphs type 1 is

If pk(x)=p¥(x),pF(x)=pf (x) and pk(x)=pY(x) the interval complex

neutrosophic graphs type 1 is reduced to complex neutrosophic graphs type 1
(CNG1).
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Remark 4

If pk(x) # p¥(x) , pE(x) # pY (x)and pk(x) # p{ (x) and the interval
valued phase terms equals zero, the interval complex neutrosophic graphs type 1
is reduced to generalized interval valued graphs type 1 (GIVNG1).

Theorem 1

Given the Mgl be matrix representation of T-ICNGI, then the degree of
vertex Dr(xy) =[X7-q jexar(k+1,j+ DX, jpat(k+1,j+ D]x €V
or

Dr(x) =[Xiyipar(@+Lp+ 1)X0, a7 (i+1Lp+1)x, €V,
Proof

Similar to that of theorem 1 of [52].
Theorem 2

Given the Mél be a matrix representation of I-ICNG1, then the degree of

vertex Dy(xy) =[X7-y jexar(k+1,j+ DX7, spal (k+ 1,7+ 1D]x €V

or Di(xp) =[Xitpizpar(i+1Lp+ )X, pal(+Lp+ D] x, €

V.
Proof

Similar to that of theorem 1 of [52].
Theorem 3

Given the Mgl be a matrix representation of ICNG1, then the degree of
vertex

Dp(xi) =[XF-yjexark+1,j+ DX jspap(k+1,j+ D]xe € V
or

Dp(xp) =[Eitpizp ar((+ Lp + D)X npar i+ Lp + 1] xp EV.
Proof

Similar to that of theorem 1 of [52].
Theorem 4

Given the Mgf * be a matrix representation of ICNGI, then the degree of
vertex D(xy) =(Dr (xy),D;(xy),Dp (xx)) where

Dr(xi) =[X7oq jerar(k +1,j+ 1), 5%, i pap(k+1,j + 1], x, €V.
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Dy (i) ==[X]=1 j=k ar(k+1,j + D), Y01 j#k af (k+1,j+ 1], xc €V.

Dp(xx) ::[Z?:l,j;tk ap(k+1,j+ 1), Z?zl,thk ag(k+1,j+ 1] x, €
V.

Proof

The proof is obvious.

5 Conclusion

In this article, we have introduced the concept of interval complex neutrosophic
graph of typel as generalization of the concept of single valued neutrosophic
graph type 1 (GSVNG]), interval valued neutrosophic graph type 1 (GIVNGI)
and complex neutrosophic graph of typel(CNG1). Next, we processed to
presented a matrix representation of it. In the future works, we plan to study some
more properties and applications of ICNG type 1 define the concept of interval
complex neutrosophic graphs type 2.
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