
Decision support based on single valued neutrosophic 
number for information system project selection  

Silvia Liliana Tejada Yepez1 

1Universidad de Guayaquil, Facultad de Ciencias Matemáticas y Físicas, Guayaquil Ecuador. E-mail: silvia.tejaday@ug.edu.ec 

Abstract. Neutrosophic sets and its application to decision 
support have become a topic of great importance for re-
searchers and practitioners alike. In this paper, a new 
model for decision making in the selection of information 
system projects is presented based on single valued neu-
trosophic number (SVN-numbers) allowing the use of lin-
guistic variables with multiples points of view from ex-
perts. The proposed framework is composed of four activ-

ities, framework, gathering information, rating alterna-
tives and information system project selection. Project al-
ternatives are rated based on the Euclidean distance to the 
ideal alternative. A case study is developed in information 
system, showing the applicability of the proposal. Further 
works will concentrate in extending the model for dealing 
with heterogeneous information and in developing a soft-
ware tool. 
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1 Introduction 

Decision analysis is a discipline, belonging to decision the-
ory, with the goal of computing an overall assessment that 
summarizes the information gathered and providing useful 
information about each evaluated element (Macarena 
Espinilla, Palomares, Martinez, & Ruan, 2012). Uncertainty 
is present in real world decision making problems in such 
cases the use of linguistic information to model and manage 
such an uncertainty has given good results (Estrella, 
Espinilla, Herrera, & Martínez, 2014). Experts feel more 
comfortable providing their knowledge by using terms close 
to human beings cognitive model (Rodríguez & Martínez, 
2013) that is the rationale for  using linguistic variables. 

The conventional techniques have been not much effective 
for solving decision problems because of imprecise nature 
of the linguistic assessments. It is more reasonable to con-
sider the values of alternatives according to the criteria as 
single valued neutrosophic sets (SVNS) (Wang, 
Smarandache, Zhang, & Sunderraman, 2010) for handling 
indeterminate and inconsistent information, while fuzzy sets 
and intuitionistic fuzzy sets cannot describe it properly .  In 
this paper a new model of information system project selec-
tion is developed based on single valued neutrosophic num-
ber (SVN-number) allowing the use of linguistic variables 
(Biswas, Pramanik, & Giri, 2016). 

This paper is structured as follows: Section 2 reviews some 
preliminaries concepts about decision analysis framework 
and SVN numbers is presented. In Section 3, a decision 

analysis framework based on SVN numbers for project se-
lection. Section 4 shows a case study of the proposed model. 
The paper ends with conclusions and further work recom-
mendations. 

2 Preliminaries 

In this section, we first provide a brief revision of a gen-
eral decision scheme and the use  of linguistic information 
using SVN numbers for information system Project selec-
tion.  

2.1 Decision Scheme and Information Systems 
Project Selection 

Decision analysis is a discipline with the main purpose of 
helping decision maker to reach a reliable decision (M. 
Espinilla, Ruan, Liu, & Martínez, 2010). 

A common decision resolution scheme consists of fol-
lowing eight phases (Clemen, 1996; Estrella et al., 2014): 

1. Identify decision and objectives.

2. Identify alternatives.

3. Framework:

4. Gathering information.

5. Rating alternatives.

6. Choosing the alternative/s:
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7. Sensitive analysis

8. Make a decision

In the framework phase, the structures and elements of 
the decision problem are defined such as experts, criteria, 
options. The information provided by experts is collected, 
according to the defined framework. 

 The gathered information provided by experts is then ag-
gregated to obtain a collective value of alternatives in the rat-
ing phase. Therefore, in rating phase, it is necessary to carry 
out a solving process to compute the collective assessments 
for the set of alternatives, using appropriate aggregation op-
erators  (Calvo, Kolesárová, Komorníková, & Mesiar, 2002). 

A way to compute a rating of alternatives is by using the 
ideal alternative concept. A comparison between an ideal al-
ternative and available options in order to find the optimal 
choice is used for the ratting of alternatives (Zeng, 
Baležentis, & Zhang, 2012). Normally, the closer the alter-
native to the ideal the better the alternative is. 

Information systems project selection could be defined as 
a multicriteria decision problem (Lee & Kim, 2001) . This 
fact makes the process of selecting information systems pro-
jects suitable for decision analysis scheme model.  

2.2 SVN-numbers 

Neutrosophy (Smarandache, 1999) is mathematical the-
ory developed by Florentín Smarandache for dealing with in-
determinacy Neutrosophy have been the base for developing 
of new methods to handle indeterminate and inconsistent in-
formation like neutrosophic sets an neutrosophic logic 
(Smarandache, 2005; Vera, José, Menéndez Delgado, 
Gónzalez, & Vázquez, 2016) . It is used specially in decision 
making problems.  

The truth value in neutrosophic set is as follows 
(Rivieccio, 2008):  

Let 𝑁 be a set defined as:  𝑁 =  {(𝑇, 𝐼, 𝐹) ∶  𝑇, 𝐼, 𝐹 ⊆
 [0, 1]}, a neutrosophic valuation n is a mapping from the set 
of propositional formulas to 𝑁 , that is for each sentence p 
we have 𝑣 (p)  =  (𝑇, 𝐼, 𝐹).  

Single valued neutrosophic set (SVNS ) (Wang et al., 
2010)  was developed with the goal of facilitate the real ap-
plications of  neutrosophic set and set-theoretic operators.  

A single valued neutrosophic set (SVNS) has been de-
fined (Definition 1) (Wang et al., 2010): 

Definition 1: Let 𝑋 be a universe of discourse. A single 
valued neutrosophic set 𝐴 over 𝑋 is an object having the form 
of :  

𝐴 = {〈𝑥, 𝑢𝐴(𝑥), 𝑟𝐴(𝑥), 𝑣𝐴(𝑥)〉: 𝑥 ∈ 𝑋} 
(1) 

where  𝑢𝐴(𝑥): 𝑋 →  [0,1], 𝑟𝐴(𝑥), ∶ 𝑋 →  [0,1] and
𝑣𝐴(𝑥): 𝑋 →  [0,1] with 0 ≤ 𝑢𝐴(𝑥) +  𝑟𝐴(𝑥) + 𝑣𝐴(𝑥):≤ 3 for

all 𝑥 ∈ 𝑋. The intervals 𝑢𝐴(𝑥),  𝑟𝐴(𝑥) y 𝑣𝐴(𝑥) denote the
truth- membership degree, the indeterminacy-membership 
degree and the falsity membership degree of 𝑥 to 𝐴 respec-
tively. 

Single valued neutrosophic numbers (SVN number) are 
denoted by 𝐴= (𝑎,b,𝑐), where 𝑎,𝑏,𝑐∈[0,1] and 𝑎+𝑏+𝑐≤3 . 

In decision analysis schema aggregation operating are 
important for rating options. Some aggregation operators 
have been proposed for SVN numbers (Ye, 2014a). Single 
valued neutrosophic weighted averaging (SVNWA) operator 
was proposed by Ye (Ye, 2014a) for SVNSs as fol-
lows(Biswas et al., 2016): 

𝐹𝑤(𝐴1, 𝐴2, … , 𝐴𝑛) = 〈1 − ∏ (1 −𝑛
𝑗=1

𝑇𝐴𝑗
(𝑥))

𝑤𝑗
, ∏ (𝐼𝐴𝑗

(𝑥))
𝑤𝑗

,𝑛
𝑗=1 ∏ (𝐹𝐴𝑗

(𝑥))
𝑤𝑗𝑛

𝑗=1  〉 
(2) 

Alternatives could  be rated according Euclidean distance 
in SVN (Şahin & Yiğider, 2014; Ye, 2014b). 

Definition 2: Let 𝐴 ∗  =  ( 𝐴1
∗  , 𝐴2

∗   , . . , 𝐴𝑛
∗  ) be a vector of 𝑛

SVN numbers such that 𝐴𝑗 ∗ = (𝑎𝑗
∗, 𝑏𝑗

∗, 𝑐𝑗
∗) j=(1,2, … , 𝑛)

and 𝐵𝑖 = (𝐵𝑖1, 𝐵𝑖2, … , 𝐵𝑖𝑚) (𝑖 = 1,2, … , 𝑚) be 𝑚 vectors of
𝑛 SVN numbers such that  𝐵𝑖𝑗  = ( 𝑎𝑖𝑗 , 𝑏𝑖𝑗 , 𝑐𝑖𝑗)  (𝑖 = 1,2, … ,
𝑚), (𝑗 = 1,2, … , 𝑛). Then the separation measure between 
𝐵𝑖 ′𝑠 y 𝐴 ∗ is defined as follows:

si= (
1
3

∑ {(|aij-aj
*|)

2
+(|bij-bj

*|)
2
+(|cij-cj

*|)
2
}n

j=1 )

1
2

(3) 

(𝑖 = 1,2, … , 𝑚) 

In this paper the concept of linguistic variables (Leyva-
Vázquez, Santos-Baquerizo, Peña-González, Cevallos-
Torres, & Guijarro-Rodríguez, 2016) are represented using 
single valued neutrosophic numbers (Şahin & Yiğider, 
2014)for developing a framework to decision support.  

The gathering information phase is developed using SVN 
numbers (Deli & Şubaş, 2016) due to the fact that provides 
adequate computational models to deal with linguistic infor-
mation (Leyva-Vázquez et al., 2016) in decision. It allow to 
include handling of indeterminate and inconsistent in infor-
mation system project selection. 

3 Proposed framework. 

Our aim is to develop a framework for information sys-
tem project selection based on SVN numbers. The model 
consists of the following phases (figure 1). 
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Figure 1: A framework for using SVN numbers in 
information system project selection  



The proposed framework is composed of four activities, 
framework, gathering information, rating alternatives and in-
formation system project selection. 

Framework 

In this phase, the evaluation framework, the decision prob-
lem of information system project selection is defined. The 
framework is established as follows: 

• C={𝑐1, 𝑐2, … , 𝑐𝑛} with 𝑛 ≥ 2 , a set of criteria.

• E={𝑒1, 𝑒2, … , 𝑒𝑘} with 𝑘 ≥ 2, a set of experts.

• 𝑋 = {𝑥1, 𝑥2, … , 𝑥𝑚} with 𝑚 ≥ 2, a finite set of in-
formation systems projects alternatives. The set of
experts will provide the assessments of the decision
problem.

Gathering information 

In this phase, each expert, 𝑒𝑘 provides the assessments by
means of assessment vectors: 

𝑈𝐾 = (𝑣𝑘
𝑖𝑗 , 𝑖 = 1, . . , 𝑛, 𝑗 = 1, . . , 𝑚)

The assessment 𝑣𝑖𝑗
𝑘 , provided by each expert 𝑒𝑘, for each

criterion 𝑐𝑖 of each project alternative 𝑥𝑗, is expressed using
an   SVN number. 

Rating alternatives 

Initial aggregation process is developed for rating alter-
natives. The aggregated SVN decision matrix obtained by 
aggregating of opinions of decision makers. In our proposal 
the SVNWA aggregation operator used Eq. (2). 

For rating alternatives an ideal project option is con-
structed (Leyva-Vázquez, Pérez-Teruel, & John, 2014; Şahin 
& Yiğider, 2014). The evaluation criteria can be categorized 
into two categories, benefit and cost. Let C+ be a collection 
of benefit criteria and C- be a collection of cost criteria. The 
ideal alternative is defined as: 

𝐼 = {(𝑚𝑎𝑥𝑖=1
𝑘 𝑇𝑈𝑗

|𝑗 ∈𝐶+, 𝑚𝑖𝑛𝑖=1
𝑘 𝑇𝑈𝑗

|𝑗 ∈𝐶−) , (𝑚𝑖𝑛𝑖=1
𝑘 𝐼𝑈𝑗

|𝑗
∈𝐶+, 𝑚𝑎𝑥𝑖=1

𝑘 𝐼𝑈𝑗
|𝑗 ∈𝐶−) , (𝑚𝑖𝑛𝑖=1

𝑘 𝐹𝑈𝑗
|𝑗

∈𝐶+, 𝑚𝑎𝑥𝑖=1
𝑘 𝐹𝑈𝑗

|𝑗 ∈𝐶−)}
= [𝑣1, 𝑣2, … , 𝑣𝑛 ]  (6) 

Alternatives are rated according Euclidean distance I: 
 

si= (
1
3

∑ {
(|T(𝑣𝑖𝑗)-T(𝑣𝑖

𝐼)|)
2
+(|I(𝑣𝑖𝑗)-I(𝑣𝑖
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2
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)

1
2
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Information System Project Selection 

Ranking is based in the global distance to the ideal. If 
alternative project  xi is closer to I the distance measure (si 
closer) better is the  project alternative (Leyva-Vázquez, 
Pérez-Teruel, Febles-Estrada, & Gulín-González, 2013). 

4 Case study 

In this section, we present an illustrative example in order 
to show the applicability of the proposed framework for in-
formation system project selection. 

In this case study the evaluation framework is compose 
by 2 experts E={𝑒1, 𝑒2}  who evaluate 3 alternatives(infor-
mation system projects) . 

x1: CRM 

x2: ERP 

x3: SCM 

These projects are described in Table #1. 

TABLE I. PROJECTS  OPTIONS 

id Name Description 

1 CRM. Custumer Relation 
Management  Software 

2 ERP   Enterprise Relationship 
Managemet Software 

3 SCM Supply Chain Managemet 
Software 

3 criteria are involved, which are shown below: 

c1: Benefits 

c2: Factibility 

c3: Cost 

In Table 2, we give the set of linguistic terms used for 
experts to provide the assessments. 

TABLE II. LINGUISTIC TERMS USED TO PROVIDE THE ASSESSMENTS 
(ŞAHIN & YIĞIDER, 2014) 

Linguistic terms SVNSs 

Extremely good (EG) (1,0,0) 
Very very good (VVG) (0.9, 0.1, 0.1) 
Very good (VG) (0.8,0,15,0.20) 
Good (G) (0.70,0.25,0.30) 
Medium good (MG) (0.60,0.35,0.40) 
Medium (M) (0.50,0.50,0.50) 
Medium bad (MB) (0.40,0.65,0.60) 
Bad (B) (0.30,0.75,0.70) 
Very bad (VB) (0.20,0.85,0.80) 
Very very bad (VVB) (0.10,0.90,0.90) 
Extremely bad (EB) (0,1,1) 

Once the evaluation framework has been determined the 
information about the projects is gathered (see Table 3). 
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e1 e1 

x1 x2 x3 x1 x2 x3

c1 MG EG MB M VVG M 

c2 G MG M B MB M 

c3 MG MG G MB MG B 

For rating project alternatives, an initial aggregation pro-
cess is developed.  Then the aggregated SVN decision matrix 
obtained by aggregating of opinions of decision makers is 
constructed by Eq. (2). The result is given in Table 4. The 
importance of each expert is expressed in the weighting vec-
tor 𝑊 = [0.7,0.3]. 

TABLE IV.  AGGREGATED SVN DECISION MATRIX 

x1 x2 x3

c1 (0.57,0.39,0.43) (1,0,0) (0.4, 0.60,0.57) 

c2 (0.65,0.31,0.35) (0.55,0.42,0.45) (0.50,0.50,0.50) 

c3 (0.63,0.32, 0.37) (0.60,0.35,0.40) (0.61,0.35,0.47) 

Calculation SVN positive-ideal solution is made as Table 5. 

TABLE V. SVN POSITIVE-IDEAL VALUES 

Positive-ideal

c1 (1,0,0) 

c2 (0.65,0.31,0.35) 

c3 (0.63,0.32, 0.37) 

Separation measure of each alternative from the positive-
ideal solution are calculated using Eq. (4) and are given by 
Table 6. 

TABLE VI. DISTANCE TO THE IDEAL SOLUTION  

SVN positive-ideal Ranking 

x1 0.42 2 

x2 0.11 1 

x3 0.61 
0.37) 

3 

According to descending order of relative closeness co-
efficients values, four alternatives are ranked as: 𝑥2 ≻  𝑥1 ≻
𝑥3.

5 Conclusions. 

In recent years, neutrosophic sets and its application to 
multiple attribute decision making have become a topic of 
great importance for researchers and practitioners. In this pa-
per a new model information system project selection based 
on SVN-number applied allowing the use of linguistic vari-
ables for application in in complex decisions that require 
multiples points of view. To demonstrate the applicability of 

the proposal a case study. Our approach has many applica-
tion information system project selection that include inde-
terminacy. 

Further works will concentrate extending the model for 
dealing with heterogeneous information (Pérez-Teruel, 
Leyva-Vázquez, & Espinilla-Estevez, 2013). Another area of 
future work is the developing of new aggregation models 
based on SVN numbers specially compensatory operators 
(Espin-Andrade, González Caballero, Pedrycz, & Fernández 
González, 2015) and the developing of a software tool. 
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