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ABSTRACT

Decision making is a very important and actual process. It is exactly as such the most important to
managers to whom it is a primary task. Taking into account the more possibilities of the action lines that
can be implemented, the outcome of the decision-making process must be the solution of this situation,
i.e., defining the directions for further action. The rapid development of the field of multiple-criteria decision
making (MCDM), as one of the extremely important areas of operational research, has contributed to the
development of many multiple-criteria decision-making methods. Therefore, the main objective of this
article is to point out the usability of single-valued neutrosophic sets in solving multiple criteria decision-
making problems. Three approaches for ranking of single-valued neutrosophic numbers are presented in
the article, and its usability is demonstrated in numerical illustration.

Keywords: neutrosophy, neurosophic set, single-valued neutrosophic numbers, decision-making.

1 INTRODUCTION

Multiple Criteria Decision Making (MCDM) has become very important and fastest growing subfields of
operations research and management science. As modern MCDM started to emerge about 50 years ago, and
until now it is used for solving a number of different decision-making problems in different fields [1-3]. Multiple
Criteria Decision Making can be defined as making choices in the presence of multiple conflicting criteria. More
precise MCDM models usually leads to increasing number or evaluation criteria or use of more complex criteria
that are later decomposed into sub-criteria. However, an increase in the number of criteria, as well as sub-
criterion, can be less desirable in cases where data should be collected by the survey [4-7].

Hwang & Yoon [8] emphasize that MCDM can be divided into two basic categories: multi-attribute decision
making which is mainly applied to selection problems and is always linked to a limited number of
alternatives and ranking preferences, and multi-objective decision making which is usually applied to
planning, i.e. to problems where the number of alternatives is infinite.

Having in mind the extremely dynamic development of the MCDM area, a number of methods of multiple-
criteria decision-making have been developed over time, of which the most applied are: SAW, ELECTRE,
MOORA, MULTIMOORA, TOPSIS, AHP, PROMETHEE, VIKOR, WASPAS and so on [9-10].

Significant progress in using the MCDM methods for solving complex decision-making problems was made
after Zadeh [11-12], when he first proposed fuzzy sets, on which basis Bellman and Zadeh [13], somewhat later
have proposed fuzzy MCDM. Since then, some extensions of fuzzy sets theory have been developed, such as:
interval valued fuzzy sets [14], intuitionistic fuzzy sets [15] and interval-valued intuitionistic fuzzy sets [16].

In 1999, Smarandache [17] introduced the concept of neutrosophic sets, as generalization of the fuzzy
sets theory and their extensions.

Fuzzy sets theory introduces partial membership to a set, expressed by membership function ), where
membership function can have different forms, such as: bell-shaped, triangular, trapezoidal and
singleton. Neutrosophic sets theory introduces three parameter that can be used to describe belonging to
a set, that is; truth membership, indeterminacy membership, falsity membership. That is why neutrosophic
sets could be more suitable for evaluating complex phenomena and events.

Therefore, the applicability of neutrosophic sets in the MCDM model is considered in the rest of this article.
The remainder of article is organized as follows: In Section 2 basic elements of neutrosophic sets and
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single valued neutrosophic numbers are considered. In Section 3 approaches for ranking single valued
neutrosophic numbers are considered, and in Section 4 a multiple-criteria decision-making approach
based on single valued neutrosophic numbers is presented. In Section 5 a numerical illustration is given
in order to demonstrate proposed approach. Finally, conclusions are given.

2 BASIC ELEMENTS OF NEUTROSOPHIC SETS AND SINGLE VALUED
NEUTROSOPHIC NUMBERS

Definition 1. Let X be a nonempty set, with a generic element in X denoted by x. Then, the Neutrosophic
Set (NS) Ain X is as follows [17-18]:

A= {<X,TA(X)I IA(X)’ FA(X)>

XEX}, (1)

With: T, : X 517017} 14: X =] 017[; Fa: X 5101 @nd ~0<To(X)+ 14 (X) + Fa(x) <3*

where: Ta(x), 1a(X) and Fa(x) are the truth-membership function, the indeterminacy-membership function
and the falsity-membership function, respectively.

Definition 2. Let X be a nonempty set. The Single Valued Neutrosophic Set (SVNS) A in X is as follows
[17-19]:

A= {(x,TA(X), IA(X), FA(¥)

xEx}, @)

with: To:X >[04 1a:X >[04 Fa:X >[0gand = TaG)+ 1A+ FA(x) <3
Definition 3. For an SVNS Ain X, the triple < t,,i,, f4 > is called the Single Valued Neutrosophic Number
(SVNN) [17-18].

Definition 4. Let x, =<t,,i;, f, >and x, =<t,, i,, f, > be two SVNNs and 4 > 0; then the basic operations
are defined as follows:

X+ Xy =<ty +t, —tyty, ijip, f £y >, 3)
Xp - Xg =<ty iy +ip —igiy fy+ f, — f1 f, > (4)
X =<1-@A-t)*,ift, f4 > (5)
Xt =<t],if1-a-f)* >. (6)

Definition 5. Let x =<t ,i , f > be an SVNN; then a score function s« of x can be as follows [20]:

1+t, -2, —f,
EEe— 7
; @)

Definition 6. Let x =<t ,i , f >be a SVNN; then a cosine similarity measure cy) between SVNN x and the

S =

ideal alternative (point) <1,0,0> is as follows [20]:
P — (8)
() = : :
,ltz +i24f?

Definition 7. Let x=—<t ,i ,f > a SVNN; then the Hamming distance h between SVNN x and the ideal
alternative (point) <1,0,0> is as follows:

1 : 1 i
h(X)ZE[Il—t|+I|—0|+|f—0| J=§(1—t+'+f)- (©)
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Definition 8. Let x=<t ,i , f > a SVNN; then the Hamming distance h) between SVNN x and the ideal
alternative (point) <1,0,0> is as follows:

N

1
Moo {%ql—uz +i-0 +] f —0|2))2 =+@((1—t)2+i2 + fz)) - (10)

Definition 9. Let A; =<t;,i;, f; > be a collection of SVNSs and w = (w;,w,,...,w,)" be an associated

.....

weighting vector. Then the Single Valued Neutrosophic Weighted Average (SVNWA) operator of A; is as
follows [20]:

SUNWA(A, Ay, Ay) = D WA, ={1—H(1—tj)wj JTan™ JTen™ J : (11)
j=1 j=1 j=1

j=1

where: w; is the element j of the weighting vector, w; [0,1] and er]:le =1,

3 RANKING OF SINGLE VALUED NEUTROSOPHIC NUMBERS

There are several approaches for ranking SVNNs. An approach based on the Score function is commonly
used.

Definition 10. Let x1 and x2 be two SVNNSs. Then, the ranking method based on the score function is as
follows:

If S(x)>S(x,) ! then X1> Xo. (12)

The next approach is based on the cosine similarity measure.
Definition 11. Let x1 and x2 be two SVNNs. Then, the ranking method based on the cosine similarity
measure is as follows:

If Cx)>Crx,) , then x> Xxa. (13)

SVNNSs can also be ranked on the basis of their distances from an ideal point.
Definition 12. Let x1 and x2 be two SVNNSs. Then, the ranking method based on the Hamming distance is
as follows:

it Ny >Nix,) , then xi< xe. (14)

4 A MULTIPLE CRITERIA DECISION MAKING APPROACH BASED ON SINGLE
VALUED NEUTROSOPHIC NUMBERS

The procedure for solving multiple criteria decision-making problem that contain m alternatives that are
evaluated based on n criteria by K experts can precisely be expressed by the following algorithm:

Step 1. Define a goal of evaluation and identify available alternatives.

Step 2. Define a set of evaluation criteria and determine their significance, i.e. criteria weights.
Step 3. Form a group of experts who will perform evaluation and perform evaluation.

Step 4. Construct a group decision-making matrix using Eq. (11).

Step 5. Calculate overall ratings using Eq. (11).

Step 6. Rank alternatives and select the best one using an approach presented in Section 3.
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5 NUMERICAL ILLUSTRATION

In order to briefly demonstrate the usability of the SVNNs for solving MCDM problems, an example of

supplier selection is presented in this section.

Assume that one company have to consider engaging of a new supplier. Therefore, a team of three experts
if formed with the aim to select the most appropriate supplier from four alternatives on the basis on the

following criteria:

Ci1 — Delivery,
C2 — Quality,
Cs — Flexibility,
C4 — Service, and
Cs— Price.

The ratings obtained from three experts are shown in Tables 1, 2 and 3.

Table 1. The ratings obtained from the first of three experts
Ci1 C2 Cs Cs Cs
A: <0.8,0.00, 0.10> <0.7,0.0,0.3> <0.6,0.0,0.4> <0.7,0.0,0.3> <0.5,0.0,0.5>
A2 <0.7,0.00, 0.20> <0.8,0.0,0.2> <0.8,0.0,0.2> <0.8,0.0,0.2> <0.8,0.0,0.2>
As <0.5,0.00, 0.20> <0.5,0.0,0.5> <0.6,0.0,0.4> <0.6,0.0,0.4> <0.7,0.0,0.3>
As <0.7,0.00,0.30> <0.6,0.0,0.4> <0.7,0.0,0.3> <0.5,0.0,0.5> <0.5,0.0,0.5>
Table 2. The ratings obtained from the second of three experts
C1 C> Cs Ca Cs
A1 <0.6,0.00, 0.40> <0.7,0.0,0.3> <0.6,0.0,0.4> <0.5,0.0,0.0> <0.6,0.0,0.0>
A> <0.8,0.00,0.20> <0.6,0.0,0.4> <0.7,0.0,0.3> <0.8,0.0,0.2> <0.6,0.0,0.0>
As <0.7,0.00,0.30> <0.8,0.0,0.2> <0.7,0.0,0.3> <0.6,0.0,0.4> <0.7,0.0,0.3>
A4 <0.6,0.00, 0.40> <0.7,0.0,0.3> <0.6,0.0,0.4> <0.6,0.0,0.4> <0.5,0.0,0.5>
Table 3. The ratings obtained from the third of three experts
C1 Co Cs Cs Cs
A1 <0.8,0.00,0.20> <0.6,0.0,0.4> <0.5,0.0,0.5> <0.6,0.0,0.4> <0.8,0.0,0.2>
A> <0.6,0.00,0.10> <0.6,0.0,0.4> <0.8,0.0,0.2> <0.5,0.0,0.5> <0.7,0.0,0.3>
As <0.6, 0.00, 0.40> <0.7,0.0,0.3> <0.6,0.0,0.2> <0.6,0.0,0.4> <0.5,0.0,0.5>
As <0.7,0.00,0.30> <0.8,0.0,0.2> <0.7,0.0,0.3> <0.6,0.0,0.4> <0.6,0.0,0.1>

The group decision-making matrix, constructed using Eq. (11), are shown in Table 4. In this calculation all

three experts had the same significance, that is wj=0.333; j=1, 2 and 3.

Table 4. The group decision-making matrix

C:

C:

Cs

Cs

Cs

AL
Az
As
Ay

<0.75, 0.0, 0.24>
<0.71, 0.0, 0.17>
<0.61, 0.0, 0.30>
<0.75, 0.0, 0.24>

<0.67, 0.0, 0.33>
<0.68, 0.0, 0.34>
<0.69, 0.0, 0.35>
<0.67, 0.0, 0.33>

<0.57, 0.0, 0.44>
<0.77, 0.0, 0.23>
<0.64, 0.0, 0.30>
<0.57, 0.0, 0.44>

<0.61, 0.0, 0.25>
<0.73, 0.0, 0.32>
<0.60, 0.0, 0.40>
<0.61, 0.0, 0.25>

<0.66, 0.0, 0.26>
<0.71, 0.0, 0.18>
<0.64, 0.0, 0.37>
<0.66, 0.0, 0.26>

In the next steep overall ratings was calculated using Eq. (11) and the following weights w; = {0.18, 0.21,

0.20, 0.18, 0.23}. The overall ratings are shown in Table 5.
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Table 5. The overall ratings obtained from the third of three experts

Overall ratings
A: <0.65, 0.00, 0.30>

A, <0.72,0.00, 0.24>
As <0.64, 0.00, 0.34>
As <0.65, 0.00, 0.30>

Finally, the ranking results obtained using three approaches, considered in Section 4, are encountered for
in Table 6.

Table 6. The ranking results obtained using three approaches

I Il [l
SG) Rank CG) Rank hg Rank
A1 0.678 2 0.910 2 0.215 2

Az 0.743 1 0.951 1 0.171 1
As 0.647 3 0.880 3 0.235 3
A4 0.639 4 0.872 4 0.240 4

6 CONCLUSION

All current problems can be observed from a multiple-criteria decision-making perspective, because the
problems are mainly related to the fulfillment of the objectives related to the larger number, usually
conflicting criteria, which is a great approximation to the real tasks in the decision-making processes.

Taking into account previously stated, main objective of this manuscript is to emphasize the usability of
single-valued neutrosophic sets in solving complex multiple-criteria decision-making problems. Therefore,
in this manuscript three approaches for ranking of single-valued neutrosophic numbers are proposed.
Usability and applicability of the approaches is demonstrated in conducted numerical example. Ranking
results of the alternatives based on all of the three approaches are the same, alternative denoted as Az is
the best in terms of evaluated criteria.

Neutrosophic sets theory introduces three parameters that can be used to describe belonging to a set, that
is; truth membership, indeterminacy membership, falsity membership. That is why neutrosophic sets could
be more suitable for evaluating complex phenomena and events. Thus, it is logical to expect greater
application of neutrosophic sets in the area of MCDM, especially when it is hecessary to solve complex
problems.
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