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Abstract: The paper addresses a new facet of problem regarding the application of AHP in the real 
world. There are occasions that decision makers are not certain about relative importance assign-
ment in pairwise comparison. The decision makers think the relative importance is among a set of 
scales, each of which is associated with a different possibility degree. A Discrete Single Valued Neu-
trosophic Number (DSVNN) with specified degrees of truth, indeterminacy, and falsity is employed 
to represent each assignment by taking into account all possible scales according to the decision 
maker’s thought. Each DSVNN assignment is transformed into a crisp value via a deneutrosophi-
cation using a similarity-to-absolute-truth measure. The obtained crisp scales are input to a pairwise 
comparison matrix for further analysis. The proposed neutrosophic set-based relative importance 
assignment is another additional novelty of the paper, which is different from all prior studies fo-
cusing only on the definition of measurement scales. The presented assignment emulates the real-
world approach of decision making in human beings which may consider more than one possibility. 
It is also shown herein that the single and crisp relative importance assignment in the original AHP 
by Saaty is just a special case of the proposed methodology. The sensitivity analysis informs that 
when decision makers have neither absolute truth nor falsity about a scale, the proposed method-
ology is recommended for obtaining reliable relative importance scale. The applicability of the pro-
posed methodology to the real-world problem is shown through the investment in equity market. 

Keywords: fuzzy and neutrosophic AHP; neutrosophic set; relative importance assignment;  
discrete single valued neutrosophic number (DSVNN); deneutrosophication; similarity measure; 
comparison matrix 
 

1. Introduction 
Among the most popular Multi-Criteria Decision Making (MCDM) methods is Ana-

lytical Hierarchy Process (AHP) [1,2]. Vaidya and Kumar reviewed 150 publications, pub-
lished in international journals between 1983 and 2003, and concluded that the AHP tech-
nique was useful for solving, selecting, evaluating, and making decisions [3]. Achieving 
a consensus decision despite the large number of decision makers is another advantage 
of the AHP [4]. The method is based on the concept of pairwise comparisons. The pairwise 
comparison determines how much more one criterion contributes to the decision goal 
with respect to the other for each pair of criteria. The relative importance scale is invented 
in linguistic terms with their respective associated numbers for numerical computation. 

The lack of clearly defined boundary, the vital feature of fuzziness [5], in the linguis-
tic terms of relative importance scale leads to the application of fuzzy set to AHP [6]. The 
fuzzy set [7,8], however, considers only truth of belongingness. The falsity of belonging-
ness was appended to the fuzzy set, which has been referred to as intuitionistic fuzzy set 
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[9]. Nevertheless, the intuitionistic fuzzy set still lacks of the indeterminacy of belonging-
ness. To resolve the drawbacks of fuzzy and intuitionistic fuzzy sets, neutrosophic set was 
proposed [10]. The neutrosophic set considers truth, indeterminacy, and falsity of belong-
ingness and is thus more consistent with reality. In other words, truth, indeterminacy, and 
falsity correspond to membership, non-membership, and hesitancy, respectively. Accord-
ingly, neutrosophic set allows paraconsistent, dialetheist, and incomplete information to 
be characterized in subsets which can be used to distinguish between relativity and abso-
luteness [11]. 

As an extension and further development, the neutrosophic set was applied to AHP 
[12,13]. The application is to redefine the numerical value for each linguist term using 
neutrosophic set. The relative importance scale is specifically referred to as neutrosophic 
scale. The crisp values of the scales are obtained using either score or accuracy function. 
Triangular neutrosophic sets with pre-determined degrees of truth, indeterminacy, and 
falsity are used [12]. There are different score and accuracy functions, e.g., [14–16]. They 
are used for ranking neutrosophic set. The results from such application are depicted in 
Table 1.  

Table 1. Definition of neutrosophic scale [12]. 

Relative Importance to Goal Saaty Scale 
Crisp Scale by Score 

Function 
(Self-Calculation) 

Crisp Scale by Accuracy 
Function 

(Self-Calculation) 
Equally important/influential/preferable 1 0.56 0.94 
Slightly important/influential/preferable 3 0.96 2.53 
Strongly important/influential/preferable 5 4.59 5.34 

Very strongly important/influential/preferable 7 7.09 7.61 
Absolutely important/influential/preferable 9 10.13 10.13 

Sporadic values between two close scales 

2 0.86 1.76 
4 2.78 3.98 
6 4.84 6.19 
8 5.55 6.45 

It should be noticed from Table 1 that the new definition of relative importance scale 
using neutrosophic sets creates a refinement of Saaty scale. Similar idea of defining rela-
tive importance scale using neutrosophic sets was proposed [13]. However, there are no 
predetermined truth, indeterminacy, and falsity degree in each scale. The decision maker 
is allowed to specify the degrees. 

Once the relative importance scale is defined, another crucial step in the AHP is the 
assignment of relative importance to form a pairwise-comparison matrix. There are occa-
sions that decision makers are not certain about the relative importance. For example, a 
decision maker is not sure whether a criterion is equally important/influential/preferable 
to or slightly more important/influential/preferable than another one with respect to goal 
contribution. The decision maker cannot decisively select just only one specific relative 
importance scale from those two. The question is how to realize the thought of the deci-
sion maker about more than one possibility of scale. 

This paper presents a methodology to answer such a question. The problem and its 
solution of representing the preferential uncertainty in assigning relative importance are 
considered and introduced here. The assignment of relative importance is proposed to be 
the application of a neutrosophic set. Conceptually, all possibilities of relative importance 
scale according to decision maker thought are considered. The employed scales follow the 
definition by Saaty. The decision maker assigns a set of scales each of which is associated 
with the truth, indeterminacy, and falsity degree to indicate the relative importance. The 
assigned set is thus corresponding to a Discrete Single Valued Neutrosophic Number 
(DSVNN), i.e., Single Valued Neutrosophic Number (SVNN) with discrete membership 
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[17]. The deneutrosophication is later applied to the DSVNN, which results in a crisp 
scale. The obtained crisp scale is then input to the pairwise comparison matrix. It is em-
phasized that the present work is different from the aforementioned studies in that the 
present work applies the neutrosophic set to the relative importance assignment while the 
past studies focus on the new scale definitions. The contribution of this paper thus does 
not contradict the argument by Saaty regarding the fuzzifying AHP [18]. 

The study contributions can be summarized as follows: 
1. The problem of preferential uncertainty in relative importance assignment for AHP 

is considered; 
2. Propose DSVNN as a model of assignment; and 
3. Illustrate the applications of DSVNN for such a purpose.  

After this introduction, theoretical backgrounds related to neutrosophic set are de-
scribed. The application of neutrosophic set theory to relative importance assignment in 
AHP is later explained. Illustrative examples are employed to clarify the concept and im-
plementation. Finally, conclusions are drawn. 

2. Preliminaries 
2.1. Neutrosophic Set 

Let U be an universe of discourse, then the neutrosophic set A is defined as 

( ) ( ) ( ){ }UxxFxIxTxA AAA ∈= ,,,:~
, where the functions T, I, F: ] [+−→ 10,U  define, 

respectively, the degree of membership (or truth), the degree of indeterminacy, and the 

degree of non-membership (or falsity) of the element Ux∈  to the set A~  with the con-
dition ( ) ( ) ( ) +− ≤++≤ 30 xFxIxT AAA [11].  

2.2. Single Valued Neutrosophic Set (SVNS) 
Let X be a space of points (objects) with generic elements in X denoted by x. A SVNS, 

A~ , in X is characterized by a truth–membership function TA(x), an indeterminacy mem-
bership function IA(x) and a falsity–membership function FA(x), for each point 

( ) ( ) ( ) [ ]10,xF,xI,xT,Xx AAA ∈∈ . Therefore, a SVNS A~  can be written a 

( ) ( ) ( ){ }Xx,xF,xI,xTxA~ AAA ∈= , [17].  

2.3. Discrete Single Valued Neutrosophic Number (DSVNN) 
Let X be a space of points (objects) with generic elements in X denoted by x. A 

DSVNN, A~ , in X is ( ) ( ) ( )∑
=

=
N

i
iiAiAiA xxF,xI,xTA~

1
 with Xxi ∈ . 

{ }Nx,...,xX 1=  is a discrete fuzzy set support. A DSVNN is thus a special neutrosophic 
set on the real number set R[17].  

2.4. Similarity Measure 
Similarity measure s for SVNS(X) is a real function on universe X such that 

[ ]0,1)SVNX()SVNX(: →× XXs  and satisfies the following properties [19,20] 

1. ( ) 10 ≤≤ B~,A~s ; ( )XB~,A~ SVNS∈∀  

2. ( ) ( )A~,B~sB~,A~s = ; ( )XB~,A~ SVNS∈∀  

3. ( ) 1=B~,A~s  if and only if B~A~ = ; ( )XB~,A~ SVNS∈∀  
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4. If C~B~A~ ⊂⊂ , then ( ) ( )C~,A~sB~,A~s ≥  and ( ) ( )C~,A~sC~,B~s ≥ ; 
( )XC~,B~,A~ SVNS∈∀  

The four properties above cannot cope with the case where the similarity between 
the total affirmation and the total denial of the belongingness of an element to a given 
neutrosophic set is zero. Consequently, [21] there was a proposal to add another property 
to cover such a case. The proposed fifth property is 

5. ( ) 0=B~,A~s , if { },0,01,xA~ =  and { },0,10,xB~ = ; ( )XB~,A~ SVNS∈∀  

which gives the sufficient condition for which the similarity between A~  and B~  will be 
zero. 

To satisfy the five required properties of similarity measure, a novel similarity meas-
ure function is proposed [21] 

( ) ( ) ( ) ( ) ( ) ( ) ( ){ }[ ]∑
=

−−+−−=
N

i
iBiAiBiAiBiA xFxF,xIxImaxxTxT

N
B~,A~s

12
11  (1) 

Consider the case where { },0,01,xA~ =  and { },0,10,xB~ = , which represents the 
total affirmation and total denial of the belongingness, respectively. According to the def-
inition in Equation (1), 

( ) { }[ ] 0100001
2
11 =−−+−−= ,maxB~,A~s

 
(2) 

which satisfies the property (v). Clearly, ( )B~,A~s  according to the definition in Equation 
(1) satisfies all required properties of similarity measure as specified by (i)–(v) above.  

2.5. Deneutrosiphication 
The purpose of deneutrosophication is to convert a neutrosophic set to a single real 

number which represents the real output [22]. The deneutrosophication process consists 
of two steps: 
1. Synthesization: It is the transformation fNF applied to convert a neutrosophic set 

( ) ( ) ( ){ }Xx,xF,xI,xTxA~ AAA ∈= ,  into a fuzzy set A . Accordingly, it is a map-
ping: 

( ) ( ) ( )( ) [ ] [ ] [ ] [ ]0,10,10,10,1: →××xF,xI,xTf AAANF  (3) 

A synthesization based on the similarity measure in Equation (1) is proposed [21] as 

follows. Let ( ) ( ) ( ){ }Xx,xF,xI,xTxA~ AAA ∈= ,  be a neutrosophic set. Its equivalent 

fuzzy membership set is defined as ( ){ }Xx,xxA A ∈= µ, , where 

( ) ( ) ( ) ( )( ) ( )( )001: ,,,xF,xI,xTsx AAAA =µ . Consequently, 

( ) ( ) ( ) ( ){ }[ ]xF,xImaxxTx AAAA +−−= 1
2
11µ

 
(4) 

Since ( ) [ ] Xx,,xA ∈∀∈  10µ , the derived membership function (4) satisfies the prop-
erty of the membership function of fuzzy set. The fundamental notion of using the simi-
larity measure for the synthesization is that <1,0,0> indicates the total affirmation of be-
longingness or the full belongingness. The level of belongingness in fuzzy sets is reflected 
by the membership degree. The full belongingness is corresponding to membership de-
gree of 1. With different mixtures of degrees in truth, indeterminacy, and falsity, the level 
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of belongingness varies. A mixture that results in a similarity very close to a full belong-
ingness implies a high level of belongingness and is therefore corresponding to a high 
membership degree. In another extreme case, a mixture of <0,0,1> that indicates the com-
plete falsity of belongingness yields the similarity of zero, i.e., the zero-membership de-
gree, according to 

( ) { }[ ] 01010
2
11 =+−−= ,maxxAµ

 
(5) 

For a DSVNN ( ) ( ) ( )∑
=

=
N

i
iiAiAiA xxFxIxTA

1
,,~

, the membership function, ac-

cording to Equation (1), is 

( ) ( ) ( ) ( ){ }[ ]iAiAiAiA xFxIxTx ,max1
2
11 +−−=µ

 
(6) 

2. Defuzzifization: From the synthesization in the first step, a fuzzy set

( ){ }Xx,xxA A ∈= µ,  is obtained, where the membership function is derived us-
ing the definition (4). Defuzzification is a process of converting a fuzzy set into a 
single crisp value. Many methods have been proposed in literature to perform de-
fuzzification. The commonly used defuzzification methods are weighted average 
method, centroid method, and mean-max method [23]. Following the centroid 
method [24], the defuzzified value is calculated by the formula 

( )
( )∫

∫=
dxx

xdxx
A

A

A

µ

µ

 

(7) 

In case of DSVNN ( ) ( ) ( )∑
=

=
N

i
iiAiAiA xxF,xI,xTA~

1
, a Discrete Fuzzy Set (DFS) 

( )∑
=

=
N

i
iiA xxA

1
µ  is obtained, in which the membership function is computed using the 

definition (6). The defuzzified value following the centroid method is 

( )

( )∑

∑

=

== N

i
iA

N

i
iAi

x

xx
A

1

1

µ

µ

 

(8) 

In summary, the deneutrosiphication of a neutrosophic set results in a crisp value 
according to Equation (7) for a continuous neutrosophic set or Equation (8) for a discrete 
neutrosophic set. According to the presented concept in the synthesization step, the de-
neutrosopication is based on a similarity-to-absolute-truth measure. 

3. Proposed Methodology 
The application of DSVNN to the assignment of relative importance scale is described 

in this section. The steps are as follows: 

1. A decision maker would like to assign the relative contribution to the goal ijc~  of the 
i-th criterion compared to the j-th one; 

2. The decision maker is not certain which single scale is suitable for the relative im-
portance among possible scales Nijr,,r 1 . Each scale ( )ijq N,...,qr 1 =  takes just 
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one value from {1,2,3,4,5,6,7,8,9}. The value depends on the level of relative im-
portance. In other words, the scales follow those defined by Saaty, Table 2; 

3. In addition to the scale assignment, the decision maker has the degrees of truth Tij(rq), 
indeterminacy Iij(rq), and falsity Fij(rq) for the scale rq; 

4. The relative importance ijc~  is then represented by a DSNN 

( ) ( ) ( )∑
=

=
Nij

q
qqijqijqijij rrFrIrTc

1
,,~ ; 

5. The DSNN ijc~  undergoes the deneutrosiphication process according to Section 2.5 
to obtain the corresponding crisp value cij which builds up a comparison matrix; 

6. The relative importance cji is obtained from 

ij
ji c

c 1
=

 
(9) 

7. The relative importance of the u-th alternative compared to the v-th one with respect 
to the s-th sub-criterion/criterion contribution suva ,

~  can be modeled follows the 
steps 1–6 above. 

Table 2. Definition of relative importance scale following Saaty [1]. 

Scale Relative Importance to Goal 
1 Equally important/influential/preferable 
3 Slightly important/influential/preferable 
5 Strongly important/influential/preferable 
7 Very strongly important/influential/preferable 
9 Absolutely important/influential/preferable 
2 
4 
6 
8 

Sporadic values between two close scales 

The proposed methodology is summarized in Figure 1. 

 
Figure 1. Summary of proposed methodology. 
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The computational algorithm according to the proposed methodology is summa-
rized as follows. 
1. For each comparison between the i-th criterion to the j-th criterion, select possible 

scales Nijr,,r 1 . Each scale ( )ijq N,...,qr 1 =  takes just one value from 
{1,2,3,4,5,6,7,8,9} which is the set of relative importance scales following Saaty. 

2. Assign the degrees of truth Tij(rq), indeterminacy Iij(rq), and falsity Fij(rq) for each scale 
rq. The relative importance ijc~  is then represented by a DSNN 

( ) ( ) ( )∑
=

=
Nij

q
qqijqijqijij rrFrIrTc

1
,,~

 
(10) 

3. Compute the membership level ( )qij rµ  of the scale rq according to the formula (6), 
i.e.,  

( ) ( ) ( ) ( ){ }[ ]qijqijqijqij rF,rImaxrTr +−−= 1
2
11µ

 
(11) 

4. Compute the final relative importance scale ijc  from Equation (8), i.e., 

( )

( )∑

∑

=

== Nij

q
qij

Nij

q
qijq

ij

r

rr
c

1

1

µ

µ
 (12) 

5. The relative importance jic  is obtained from 

ij
ji c

c 1
=

 
(13) 

4. Illustrative Examples 
4.1. Assignment with Certainty 

In this example, the proposed methodology is applied to the case of AHP with the 
assignment of single and crisp scale, i.e., the original AHP of Saaty. The criteria that meas-
ure the failure risk of IT project are composed of people-related aspect, process-related 
aspect, technology-related aspect, and external-factor aspect [25]. Let C1, C2, C3, and C4 
represent the criterion of the people-related aspect, the process-related aspect, the tech-
nology-related aspect, and the external-factor aspect, respectively. A decision maker 
would like to compare the relative contribution to the goal of the first criterion over the 
second one. The decision maker is certain that the first criterion is strongly influential to 
the failure risk over the second one. Based on Table 2, the relative importance is equal to 
5.  

Next, closer inspection of the section illustrates that the proposed methodology 
yields the same result as in the crisp scale of Saaty. Since the decision maker has certainty 
in assigning the relative importance, the degrees of truth, indeterminacy, and falsity are: 

( ) ( ) ( ) 0 and ,0 ,1 111 121212
=== rFrIrT ccc  (14) 

In addition, the strongly influential level of the first criterion over the second one is 

equivalent to the scale 51 =r  according to Table 2. The DSNN representation of the as-
signment is thus 
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50,0,1~
12 =c

 (15) 

Applying Equation (6) yields 

( ) { }[ ] 10,0max11
2
11112 =+−−=rCµ

 
(16) 

The defuzzified value according to the formula (8) is 

5
1

15
12 =

×
=c

 
(17) 

Obviously, the assignment of relative importance using neutrosophic set gives the 
same relative importance of 5. It can be said that the proposed methodology treats the 
relative importance assignment by Saaty as a special case. 

4.2. Assignment with Uncertainty 
This example considers the same problem and criteria as those of 4.1. The criteria that 

measure the failure risk of IT project are composed of people-related aspect, process-re-
lated aspect, technology-related aspect, and external-factor aspect [25]. Let C1, C2, C3, and 
C4 represent the criterion of the people-related aspect, the process-related aspect, the tech-
nology-related aspect, and the external-factor aspect, respectively. 

The decision maker wants to compare the relative contribution to the goal of the first 
criterion over the third one. However, the decision maker cannot decisively select only 
one specific scale to characterize the relative importance. The decision maker thinks there 
are two possibilities with different degrees of truth, indeterminacy, and falsity, which may 
fit the relative importance, namely strongly influential and very strongly influential. The 
detail of the scale assignment is given in Table 3. 

Table 3. The description of scale assignment for the first criterion over the third one. 

Possibility Level Scale Truth Degree 
Indeterminacy 

Degree 
Falsity 
Degree 

1r  Strongly influential 5 0.7 0.2 0.3 

2r  Very strongly influential 7 0.6 0.3 0.2 

The DSNN representation of the assignment is 

72.0,3.0,6.053.0,2.0,7.0~
13 +=c

 (18) 

The membership function is 

( ) { }[ ] 7.03.0,2.0max17.0
2
11113 =+−−=rCµ

 
(19) 

( ) { }[ ] 65.02.0,3.0max16.0
2
11213 =+−−=rCµ

 
(20) 

The defuzzified value is 

96.5
65.07.0

765.057.0
13 =

+
×+×

=c
 

(21) 

The number of possible scales needs not be the same for different pairs of relative 
importance comparison. In the following, an extreme case of three possible scales is 
shown. The example of three scales is intended only for an illustrative purpose and may 
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not occur in reality. In this exemplified case, the decision maker thinks there are three 
possibilities that may fit the relative importance of the first criterion compared to the 
fourth one. The detail of the scale assignment is shown in Table 4. 

Table 4. The description of scale assignment for the first criterion over the fourth one. 

Possibility Level Scale Truth Degree 
Indeterminacy 

Degree 
Falsity 
Degree 

1r  Equally influential 1 0.4 0.6 0.2 

2r  Slightly influential 3 0.5 0.4 0.1 

3r  Strongly influential 5 0.4 0.5 0.2 

Following the same procedure as above, one obtains 

52.0,5.0,4.031.0,4.0,5.012.0,6.0,4.0~
14 ++=c  (22) 

( ) { }[ ] 4.02.0,6.0max14.0
2
11114 =+−−=rCµ  (23) 

( ) { }[ ] 55.01.0,4.0max15.0
2
11214 =+−−=rCµ  (24) 

( ) { }[ ] 4502050140
2
11314 ..,.max.rC =+−−=µ  (25) 

07.3
45.055.04.0

545.0355.014.0
14 =

++
×+×+×

=c
 

(26) 

It can be noticed from the membership function formula that the membership degree 
is deteriorated by the indeterminacy and falsity degrees. 

The preceding illustrative examples show that the neutrosophic set and the fuzzy set 
has a relationship through the similarity measure as defined by Equation (6). Given the 
truth, indeterminacy, and falsity degree of a neutrosophic set, the corresponding mem-
bership level for fuzzy set can be obtained from that relationship. The membership level 
is thus extensively expressed in terms of truth, indeterminacy, and falsity possibility. In 
other words, the fuzzy set is characterized by three possibilities of belongingness levels. 

4.3. Determination of Criteria Weights 
This example shows the complete application of a neutrosophic set to relative im-

portance assignment in AHP. It was shown that the AHP could be used as a means of 
determining the criterion weights [26]. Correspondingly, the AHP will be used for such a 
purpose herein. Consider again the same criteria as in all previous examples. The relative 
importance scales of the 1st criterion compared to the 2nd, 3rd, and 4th ones take the val-
ues as obtained in Equation (17), Equation (21), and Equation (26), respectively. The scales 
are summarized again below: 

512 =c  (27) 

96.513 =c  (28) 

07.314 =c  (29) 

Suppose the decision make assigns the remaining elements in the comparison matrix 
to be: 



Mathematics 2021, 9, 2636 10 of 15 
 

 

21.0,3.0,3.012.0,4.0,7.0~
32 +=c  (30) 

20,0,1~
42 =c  (31) 

20,0,1~
43 =c  (32) 

The deneutrosophication of these elements yields 

( ) { }[ ] 65.02.0,4.0max17.0
2
11132 =+−−=rCµ

 
(33) 

( ) { }[ ] 5.01.0,3.0max13.0
2
11232 =+−−=rCµ  (34) 

44.1
5.065.0

25.0165.0
32 =

+
×+×

=c
 

(35) 

242 =c  (36) 

243 =c  (37) 

Consequently, the deneutrosophicated comparison matrix is 



















=

1220731
2114419651
214411151

07396551

./
/../
/.//
..

C

 

(38) 

It is noted that the application of the deneutrosophication/defuzzification process to 
neutrosophic/fuzzy comparison matrix before determining criterion weights is one of 
standard and highly referred approaches in the context of fuzzy AHP, see e.g., [27]. After-
wards, the weight determination readily follows the original AHP by Saaty. The notion of 
transforming to crisp comparison matrix before determining criterion weights has been 
also adopted by previous applications of neutrosophic set to AHP [12,13]. 

According to the original AHP by Saaty, the criterion weights are obtained from solv-
ing the eigenvalue problem: 

ΨCΨ λ=  (39) 

The vector of criterion weights [ ]Twwww 4321=W  is obtained from the nor-

malization of the right principal eigenvector maxΨ  corresponding to the principal eigen-

vector maxλ  of C. 
The consistency of the pairwise comparison through C is measured through the con-

sistency ratio CR of which the definition is 

RI
CICR =  (40) 

1−
−

=
n

n
CI maxλ

 (41) 

RI is the random consistency index which is the function of n (Table 5). 
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Table 5. Random consistency index (RI) [25]. 

n 1 2 3 4 5 6 7 8 9 
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 

The pairwise comparison is considered to be sufficiently consistent if 10.CR ≤ , oth-
erwise the pairwise comparison matrix C needs to be revised [28].  

The obtained criterion weight vector is 
[ ]T.... 20210112400979058760=W  while 010.CR =  which implies that the 

comparison matrix of the criteria is almost fully consistent. 

5. Investment in Equity Market: A Real-World Application 
The evaluation and selection of equities (stocks and shares) are complex decision pro-

cesses, which involve a large number of environmental variables and considerations aris-
ing from individual psychology and experience. [29] Criteria for the evaluation and selec-
tion of equities depend in the first place on the type of stock in question and the invest-
ment environment. To construct such a set of criteria, the performance factors identified 
to be empirically important in equity markets by Nagy and Obenberger [30] are em-
ployed. These include in particular: (1) expected earnings, (2) image, (3) track record, (4) 
quantity and quality of accounting information, (5) risk, and (6) economic indicators. 
Items (1)–(5) are specific to the individual firm, while (6) is indicative of broader economic 
activity and its effects. The description of criteria is indicated in Table 6. 

Table 6. Fundamental equity investment criteria [30]. 

Criterion Description 
Image Perceived market image of firm 

Indicators Key economic indicators 
Earnings Acceptable level of expected earnings 

Track Business track record of firm 
Risk Acceptable level of investment risk 

Account Reliable accounting information 

Let the image, indicators, earnings, track, risk, and account be defined as the criterion 

1c  to 6c , respectively. The comparison between each criterion is carried out as follows: 

3202090240205012 .,.,..,.,.c~ +=
 (42) 

2102080160103015 .,.,..,.,.c~ +=  (43) 

4303090350205016 .,.,..,.,.c~ +=  (44) 

2303050130208034 .,.,..,.,.c~ +=  (45) 

4203090360103035 .,.,..,.,.c~ +=  (46) 

4102080340305036 .,.,..,.,.c~ +=  (47) 

6503050540209045 .,.,..,.,.c~ +=  (48) 

4202040340206046 .,.,..,.,.c~ +=  (49) 

2201070140205056 .,.,..,.,.c~ +=  (50) 
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The decision maker is certain about the remaining scales which are thus crisp values. 
The values of the crisp scales are given in the comparison matrix C below. Based on the 
DSNN scales from (42) to (50), the deneutrosophicated scales according to the computa-
tional algorithm are summarized in Table 7. 

Table 7. Resulting deneutrosophicated scales. 

Compari-
son 

DSNN Scale T I F µ  Deneutrosophicated Scale 

1 to 2 
2 0.5 0.2 0.4 0.55 

2.61 
3 0.9 0.2 0.2 0.85 

1 to 5 
1 0.3 0.1 0.6 0.35 

1.70 
2 0.8 0.2 0.1 0.8 

1 to 6 
3 0.5 0.2 0.5 0.5 

3.62 
4 0.9 0.3 0.3 0.8 

3 to 4 
1 0.8 0.2 0.3 0.75 

1.44 
2 0.5 0.3 0.3 0.6 

3 to 5 
3 0.3 0.1 0.6 0.35 

3.70 
4 0.9 0.3 0.2 0.8 

3 to 6 
3 0.5 0.3 0.4 0.55 

3.59 
4 0.8 0.2 0.1 0.8 

4 to 5 
5 0.9 0.2 0.4 0.75 

5.40 
6 0.5 0.3 0.5 0.5 

4 to 6 
3 0.6 0.2 0.4 0.6 

3.50 
4 0.4 0.2 0.2 0.6 

5 to 6 
1 0.5 0.2 0.4 0.55 

1.58 
2 0.7 0.1 0.2 0.75 

All the deneutrosophicated and crisp scales are input together in the comparison ma-
trix C below. 



























=

158115031593126231
58114051703127011
5034051441132
593703441132
2121313116121

62370121216121

././././
../././
.../
...
////./
..//.

C
 

(51) 

Since 040.CR =  is less than 0.1, the comparison matrix of the criteria is therefore 
almost fully consistent. 

Apart from the illustrated application, the proposed methodology can also be used 
for other real-world decision-making problems. 

6. Sensitivity Analysis 
Since the similarity measure for determining the membership level (6) is the key fac-

tor in the defuzzification, its sensitivity analysis is therefore interesting. A numerical sim-
ulation is carried out by uniformly generating the grids of the truth, indeterminacy, and 
falsity degree within an interval [0,1]. Each sample is then used in the computation of the 
membership function according to (6). The cases of full and non-belongingness are con-
sidered first. The results are shown in Table 8 to Table 9. 
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Table 8. The truth, indeterminacy, and falsity degree for full belongingness. 

Truth Degree Indeterminacy Degree Falsity Degree Aµ  
1 0 0 1 

Table 9. The truth, indeterminacy, and falsity degree for non-belongingness. 

Truth Degree Indeterminacy Degree Falsity Degree Aµ  
0 0 1 0 
0 1 0 0 

Table 8 shows that the full belongingness happens when the truth degree is from 0.9 
to 1 and the remaining degrees are within an interval of 0 to 0.1. Table 9 shows that the 
non-belongingness happens when truth degree is 0. For other combinations of truth, in-
determinacy, and falsity degree, the level of belongingness has values that are not close to 
0 or 1. Examples of such combinations are shown in Table 10. From the sensitivity analysis, 
useful information can be drawn: 
1. When decision makers have absolute indeterminacy about a scale, i.e., indeterminacy 

degree of 1, their selections of that scale have no effect on final result. 
2. When decision makers have neither absolute truth nor falsity about a scale, the pro-

posed methodology is recommended for obtaining final relative importance scale. 
3. The full belongingness happens when the truth degree is equal to 1 and the non-

belongingness takes place when the falsity degree is equal to 1. 
The information above is corresponding to reality which implies the reliability of the 

proposed methodology. 

Table 10. Examples of truth, indeterminacy, and falsity degree combination for non-zero and non-
one belongingness levels. 

Truth Degree Indeterminacy Degree Falsity Degree Aµ  
0.6 0 0.8 0.4 
0.6 0.2 0.8 0.4 
0.6 0.4 0.8 0.4 
0.6 0.6 0.8 0.4 
0.6 0.8 0 0.4 
0.6 0.8 0.2 0.4 
0.6 0.8 0.4 0.4 
0.6 0.8 0.6 0.4 
0.6 0.8 0.8 0.4 
0.6 0 0.6 0.5 
0.6 0.2 0.6 0.5 
0.6 0.4 0.6 0.5 
0.6 0.6 0 0.5 
0.6 0.6 0.2 0.5 
0.6 0.6 0.4 0.5 
0.6 0.6 0.6 0.5 
0.6 0 0.4 0.6 
0.6 0.2 0.4 0.6 
0.6 0.4 0 0.6 
0.6 0.4 0.2 0.6 
0.6 0.4 0.4 0.6 
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7. Conclusions 
The problem of assigning scale to characterize relative importance in pairwise com-

parison was addressed. Decision makers are uncertain which single and crisp scales 
should be assigned to pairwise comparison. The decision makers think there is more than 
one scale that may possibly fit the relative importance. To take into account all possibilities 
of scale according to the decision maker’s thought, the application of a neutrosophic set is 
introduced. According to the proposed methodology, each assignment is represented by 
a Discrete Single Valued Neutrosophic Number (DSVNN). A DSVNN not only represents 
an all-possible thoughts scale but also takes into account the degrees of truth, indetermi-
nacy, and falsity for each possibility. Each DSVNN assignment is transformed into a crisp 
value via a deneutrosophication using a similarity-to-absolute-truth measure. The result-
ing deneutrosophicated values then form a crisp comparison matrix for further analysis. 
The single and crisp relative importance assignment in the original AHP of Saaty is con-
sidered a special case of the proposed neutrosophic set-based methodology. The sensitiv-
ity analysis informs that when decision makers have neither absolute truth nor falsity 
about a scale, the proposed methodology is recommended for obtaining reliable relative 
importance scale. The applicability of the proposed methodology to the real-world prob-
lem is shown through the investment in the equity market. 
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