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Abstract The concept of neutrosophic can provide a generaliza-
tion of fuzzy set and intuitionistic fuzzy set that make it is the 
best fit in representing indeterminacy and uncertainty. Single 
Valued Triangular Numbers (SVTrN-numbers) is a special case 
of neutrosophic set that can handle ill-known quantity very diffi-
cult problems. This work intended to introduce a framework with 
two types of ranking methods. The results indicated that each 
ranking method has its own advantage. In this perspective, the 
weighted value and ambiguity based method gives more attention 
to uncertainty in ranking and evaluating ISQ as well as it takes 
into account cut sets of SVTrN numbers that can reflect the in-
formation on Truth-membership-membership degree, false mem-
bership-membership degree and Indeterminacy-membership de-
gree. The value index and ambiguity index method can reflect the 
decision maker's subjectivity attitude to the SVTrN- numbers.  

Key words: Single Valued Triangular Neutrosophic Num-
ber (SVTrN), Single-Valued Trapezoidal Neutrosophic 
Number (SVTN number), Information Systems Quality 
(ISQ),  Multi-Criteria Decision Making (MCDM). 

1. Introduction
The neutrosophic concept became a key research topic. 
Neutrosophic theory involves philosophy viewpoint which 
addresses nature and scope of neutralities, as well as their 
interactions with different ideational spectra [9].  Neutro-
sophic includes neutrosophic set, neutrosophic probability, 
neutrosophic statistics and neutrosophic logic that it can be 
applied in many fields in order to solve problems related to 
indeterminacy [26, 23]. Neutrosophic not only considers 
the truth-membership and falsity- membership but also in-
determinacy. Neutrosophic can provide is a generalization 
of classical set, fuzzy set and intuitionistic fuzzy set [22, 
25, 23]. The neutrosophic set can handle many applica-
tions in information systems and decision support systems 
such as relational database systems, semantic web ser-
vices, and financial data set detection [28].  Neutrosophic 
sets can represent inconsistent and incomplete information 
about real world problems [27, 24]. The neutrosophic set 
theory can be used to handle the uncertainty that related to 

ambiguity in a manner analogous to human thought [22]. 
In the neutrosophic set, the membership function inde-
pendently indicates: Truth-membership-membership de-
gree, false membership-membership degree, and Indeter-
minacy-membership degree. According to [24] neutro-
sophic set can exemplify ambiguous and conflicting in-
formation about real world. SVTrN-number is a special 
case of neutrosophic set that can handle ill-known quantity 
very difficult problem in Multi-Criteria Decision Making 
(MCDM) MCDM involves a process of solving the prob-
lem and achieving goals under asset of constraints, and it 
can be very difficult in some cases because of incomplete 
and imprecise information [1]. Also, in a MCDM problem 
the process of ranking alternatives with neutrosophic 
numbers is very difficult because neutrosophic numbers 
are not ranked by ordinary methods as real numbers. How-
ever, it is possible with score functions, aggregation opera-
tors, distance measures, and so on. Ye [14] introduced the 
notations of simplified neutrosophic sets and developed a 
ranking method. Then, he introduced some aggregation 
operators. Biswas et al. [35] developed a new approach for 
multi-attribute group decision making problems by extend-
ing the technique for order preference by similarity to ide-
al solution under single-valued neutrosophic environment. 
In [32] introduced combination of a neutrosophic set and a 
soft set that can be applied to problems that contain uncer-
tainty. In [38] a new cross entropy measure under interval 
neutrosophic set (INS) environment was defined and can 
call IN-cross entropy measure and prove its basic proper-
ties. De and Das [20] developed a ranking method for 
trapezoidal intuitionistic fuzzy numbers and presented the 
values and ambiguities of the membership degree and the 
non-membership degree. Pramanik et al. [37] developed a 
new multi attribute group decision making (MAGDM) 
strategy for ranking of the alternatives based on the 
weighted SN-cross entropy measure between each alterna-
tive and the ideal alternative. Mitchell [2] proposed a rank-
ing method to order triangular intuitionistic fuzzy numbers 
by accepting a statistical viewpoint and interpreting each 
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IFN as ensemble of ordinary fuzzy numbers. In [33] the 
notion of the interval valued neutrosophic soft set (ivn-soft 
sets) and generalized the concept of the soft set, fuzzy soft 
set, interval valued fuzzy soft set, intuitionistic fuzzy soft 
set, interval valued intuitionistic fuzzy soft set and neutro-
sophic soft set. Prakash et al [21] introduced a ranking 
method for both trapezoidal intuitionistic fuzzy numbers 
and triangular intuitionistic fuzzy numbers using the cen-
troid concept and showed the proposed method is flexible 
and effective. Pramanik et al. [39] introduced new vector 
similarity measures of single valued and interval neutro-
sophic sets by hybridizing the concepts of Dice and cosine 
similarity measures and presented their applications in 
multi attribute decision making under neutrosophic envi-
ronment. Peng et al [13] introduced the concept of multi-
valued neutrosophic set, gave two multi-valued neutro-
sophic power aggregation operators. In [11, 29] the score 
based method can provide a simple method to rank the 
Single-Valued Trapezoidal Neutrosophic Number (SVTN 
number). Li [4] provides ratio ranking method for TIFNs 
and cut sets of intuitionistic trapezoidal fuzzy numbers. 
The existing methods of ranking fuzzy numbers and intui-
tionistic fuzzy number may be extended to SVN-numbers 
[10]. In [34] triangular fuzzy number neutrosophic 
weighted arithmetic averaging operator and triangular 
fuzzy number neutrosophic weighted geometric averaging 
operator are defined to aggregate triangular fuzzy number 
neutrosophic sets. Li et al. [5] introduced a ranking meth-
od of triangular intuitionistic fuzzy numbers and defined 
the notation of cut sets of intuitionistic fuzzy numbers and 
their values and ambiguities of membership and non-
membership functions. The main advantage of this method 
that it pays more attention to the impact of uncertainty and 
takes into account θ-weighted value of intuitionistic fuzzy 
numbers by using the concepts of cut sets of intuitionistic 
fuzzy numbers. Biswas et al. [36] developed a ranking 
method based on value and ambiguity index based of sin-
gle-valued trapezoidal neutrosophic numbers. According 
to [3] there are many ranking methods. However, there is 
no unique best method exists. This paper intended to in-
troduce a framework with two types of ranking methods. 
This paper is organized as the follows: the first section 
presents the introduction for this work; the second section 
provides basic definitions; the third section describes the 
proposed framework with two ranking methods of SVTrN-
numbers with the scale based approach for evaluating ISQ; 
the fourth section describes a case study; the fifth section 
gives conclusion and future work; the final section pro-
vides references. 

2. Basic Definitions
Fuzzy theory is an important and interesting research topic 
in decision-making theory and science. However, fuzzy set 
is characterized only by its membership function between 
0 and 1, but not a non-membership function [12]. To over-
come the insufficient of fuzzy set, Atanassov [19] extend-

ed fuzzy set and introduced intuitionistic fuzzy set by add-
ing an additional non-membership degree, which may ex-
press more flexible information as compared with the 
fuzzy set. Intuitionistic fuzzy set can be defined as the fol-
lows:  

Definition 1. According to [18], let E be a universe. An in-
tuitionistic fuzzy set K over E is defined by: K = {<x, 
μk(x), γk (x) >: x ∈ E} where μk: E [0, 1] and   γk : E  [0, 1] 
such that 0≤, μk(x) + γk (x) ≥1 for any   x ∈ E. For each x ∈ 
E, the values, μk (x) and γk (x) are degree of membership 
function and non-membership function of x, respectively.  

Smarandache [7] introduced the concept of neutrosophic 
set, which is differentiated by truth-membership function, 
indeterminacy-membership function and falsity member-
ship function. The concept of neutrosophic set came from 
a philosophical point of view to express indeterminate and 
inconsistent information Neutrosophic set can be defined 
as the follows:  

Definition 2. . According to [8], let E be a universe. Neu-
trosophic sets A over E is defined by: A = {<x, (TA(x), 
IA(x), FA (x)) >: x∈ E} where TA(x), IA(x), and FA (x) are 
called truth-membership function, indeterminacy-
membership function and falsity membership function, re-
spectively. They are respectively defined by TA: E]-0, 1+[ 
, IA : E  ]-0, 1+[,  FA : E  ]-0, 1+[ Such that.   0≤- (TA(x) + 
IA(x) + FA (x) ≥3+ 

  2.1. Single Valued Triangular Neutrosophic Numbers 
Single valued triangular neutrosophic numbers (SVTrN-
numbers) is a special case of neutrosophic set that can 
handle ill-known quantity very difficult problem in multi-
attribute decision making and ranking. SVTrN-numbers is 
suitable for the expression of incomplete, indeterminate, 
and inconsistent information in actual applications. Spe-
cially, it has been widely applied in many areas [16]. Ac-
cording to [31] the SVTrN-number ā can be defined as the 
follows: 

Definition 3. As [31] [10] pointed out, Let ā = ((a, b, c); 
wā, uā ,yā) where is ā SVTrN-number whose truth-
membership, indeterminacy-membership and falsity-
membership functions can be respectively defined by : 

 (2.1) 

      (2.2) 
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      (2.3) 
If a≥0 and at least c>0, then ā = ((a, b, c); wā, uā, yā) is 
called a positive SVTrN-number, denoted by ā>0. Like-
wise, If a≤0 and at least c<0, ā = ((a, b, c); wā, uā, yā) is 
called a negative SVTrN-number, denoted by ā<0.  

Definition 4. According to [31] let ā = ((a1, b1, c1); wā, uā, 
yā), ē = ((a2, b2, c2); wē, uē, yē) be two SVTrN-numbers and 
γ≠0 0 be any real number, then  

ā + ē= ((a1+ a2, b1+ b2, c1+ c2 ); min{wā ,wē},max{uā , uē}, 
max{yā , yē })        (2.4) 
āē=       

(2.5) 

ā =
(2.6) 

3.1.1 Concepts of Values and Ambiguities for SVTrN-

Numbers 

Concept of cut (or level) sets, values, ambiguities, 
weighted values and weighted ambiguities of SVTrN-
numbers have desired properties and can reflect infor-
mation on membership degrees and non-membership de-
grees.  

Definition 5. As [10] [4] pointed out, let ā = ((a1, b1, c1); 
wā, uā, yā) is an arbitrary SVTrN-number. Then,  

(1)  α -cut set of the SVTrN-number ā for truth-
membership is calculated as: 

[Lā (α), Rā (α)] = [((wā - α) a+ αb)/wā, ((wā-α) c + αb)/wā] 

If f( α ) =α, where f( α ) ∈  [0, 1] and f( α )  is monotonic 
and non-decreasing of α ∈  [0, wā ], the value and ambigui-
ty of the SVTrN-number ā can be calculated as: 

=[   +   ]|

  =     (2.7) 

And 

   = 

     =                              (2.8) 
(2)  β -cut set of the SVTrN-number ā for indetermi-

nacy membership is calculated as; 
 [Ĺā (β), Ŕā (β)] = [((1- β)b + ( β- uā)a)/(1- uā), ((1- β)b+( β-
uā)c )/(1- uā)] 

If g(β) =1- β , where g(β) ∈ [0, 1] and g(β)   is monotonic 
and non-increasing of β∈ [uā,1], the value and ambiguity 
of the SVTrN-number ā can be calculated, respectively, as 
the follows: 

= [ +   |

   =  (2.9) 
And 

= [  +  ]|

     =  (2.10) 
(3) γ - cut set of the SVTrN-number a for falsity-

membership is calculated as: 

 [Ĺ ́ā (γ ), Ŕ ́ā (γ )] = [((1-γ)b+ ( γ - yā )a)/(1-yā)),((1-
γ)b+ ( γ - yā)c )/(1-yā)] 

If h(γ )=1-γ   , where h(γ ) ∈   [0, 1] and h(γ ) is 
monotonic and non-increasing of γ ∈ [yā,1], the value and 

ambiguity of the SVTrN-number , respectively, as; 

= [  - 

    =     (2.11) 
And 

= [ -  - ] 
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   =  (2.12) 

The function f( α ) gives different weights to elements at 
different  α -cut sets and these cut sets come from values 
of µā (x) which have a considerable amount of uncertainty. 
Therefore, Vµ(ā) can reflect the information on member-
ship degrees. Also, g(β) can lessen the contribution of the 
higher  β -cut sets come from values of υā (x) which have a 
considerable amount of uncertainty. Therefore, Vυ(ā) can 
reflect the information on non-membership degrees. Like-
wise, Vλ(ā)  can reflect the information on non-
membership degrees.  

   3.1.2 The Weighted Values and Ambiguities of the 

SVTrN-numbers 

The weighted values of the SVTrN-numbers can be calcu-
lated as follows:   

Definition 6.  According to [10] let ā = ((a1, b1, c1); wā, uā, 
yā) be a SVTrN-number. Then, for θ∈ [0, 1], the θ -
weighted value of the SVTrN-number ā can be defined as:  

Vθ (ā) =  (a + 4b + c)/6 [θwā
2 + (1-θ) (1-uā) 2+ (1-θ) (1-yā) 2]      

(2.13) 

The θ - weighted ambiguity of SVTrN-number a are de-
fined as: 

Aθ (ā) = (c-a) /6 [θwā
 2+ (1-θ) (1-uā) 2+ (1-θ) (1-yā) 2]                          

(2.14) 

Definition 7.  Let ā = ((a1, b1, c1); wā, uā, yā) be a SVTrN-
number. Based on [10]; [20] [4] the values index and am-
biguities index can generalized to the SVTrN-numbers and 
they can be respectively calculated for  [0, 1] as fol-
lows: 
V (ā, λ) = (a+4b+c)/6 [λwā

2 + (1- λ)(1-uā) 2 +  (1- λ)(1-yā) 2] 
(2.15) 

    = Vµ (ā) λ + Vυ (ā) (1- λ) + Vλ (ā) (1- λ)   (2.16) 

And 
A (ā, λ) =  (c-a)/6 [ λwā

 2+ (1- λ)(1-uā) 2+ (1- λ) (1-yā) 2] 
(2.17)     

    = Aµ (ā) λ + Aυ (ā) (1- λ) + Aλ (ā)(1- λ)          (2.18) 

Where λ ∈ [0, 1] and λ is a weight which represents the 
decision maker's preference information. λ  ∈  [0,1/2] 
shows that the decision maker prefers pessimistic or nega-
tive feeling; λ  ∈  [1/2,1]  shows that the decision maker 
prefers optimistic or positive feeling;  λ = 1/2 shows that 
the decision maker is indifferent between positive feeling 
and negative feeling. 

V (ā, 1/2) = Vµ (ā) 1/2 + Vυ (ā) (1-1/2) + Vλ (ā) (1-1/2) 

       = Vµ (ā) 1/2+ Vυ (ā) 1/2+ Vλ (ā) 1/2 
      =½(Vµ (ā) + Vυ (ā) + Vλ (ā))       (2.19) 

And 

A(ā, 1/2) = Aµ (ā) 1/2 + Aυ (ā) )(1-1/2 )+ Aλ (ā)(1-1/2 ) 

       = Aµ (ā) 1/2+ Aυ (ā) 1/2+ Aλ (ā) 1/2 
  = ½ (Aµ (ā) + Aυ (ā) + Aλ (ā))         (2.20) 

Definition 8.  Let ā and ē be two SVTrN-numbers and θ∈ 
[0, 1]. For weighted values and ambiguities of the SVTrN-
numbers ā and ē, the ranking order of ā and ē can be de-
fined as; 

(1) If Vθ (ā) > Vθ (ē), then ā is bigger than ē 
(2) If Vθ (ā) < Vθ (ē), then ā is smaller than ē 
(3) If Vθ (ā) = Vθ (ē), then  

(i) If Aθ (ā) = Aθ (ē), then then ā is equal to ē 
(ii) If Aθ (ā) > Aθ (ē), then ā is bigger than ē 

(iii) If Aθ (ā) < Aθ (ē), then ā is smaller than ē 

3. The Proposed Framework with Two Ranking

Methods for Evaluating Information Systems

Quality

The proposed framework aims to introduce the scale based 
approach with SVTrN-numbers for evaluating ISQ. The 
proposed framework consists of four phases as the follows: 

Phase 1: Using Single Valued Triangular Neutrosophic 
Numbers with scale based approach 
The first phase aims to enable the IS evaluator to give eve-
ry quality attribute one of the scale categories. The scale 
ranging is designed from 0 to 1 on which the value of eve-
ry attribute needs to be marked. The scale is divided into 
categories:  Low, Not low, Very low, Completely low, 
More or less low, Fairly low, Essentially low, Neither low 
nor high, High, Not high, Very high, Completely high, 
More or less high, Fairly high, Essentially high, having 
corresponding values ((4.6; 5.5; 8.6); 0.4; 0.7; 0.2), ((4.7; 
6.9; 8.5); 0.7; 0.2; 0.6), ((6.2; 7.6; 8.2); 0.4; 0.1; 0.3), 
((7.1; 7.7; 8.3); 0.5; 0.2; 0.4), ((5.8; 6.9; 8.5); 0.6; 0.2; 
0.3), ((5.5; 6.2; 7.3); 0.8; 0.1; 0.2), ((5.3; 6.7; 9.9); 0.3; 
0.5; 0.2), ((6.2; 8.9; 9.1); 0.6; 0.3; 0.5), ((6.2; 8.9; 9.1); 
0.6; 0.3; 0.5), ((4.4; 5.9; 7.2); 0.7; 0.2; 0.3), ((6.6; 8.8; 10); 
0.6; 0.2; 0.2), ((6.3; 7.5; 8.9); 0.7; 0.4; 0.6), ((5.3; 7.3; 
8.7); 0.7; 0.2; 0.8), ((6.5; 6.9; 8.5); 0.6; 0.8; 0.1), ((7.5; 
7.9; 8.5); 0.8; 0.5; 0.4). The user according to his/her eval-
uation of every quality attribute (in table 1) gives them one 
of the 15 defined values.  

Phase 2: Construct the SVTrN-Multi-Criteria Decision 
Matrix of Decision Maker  
The second phase aims to construct the SVTrN-Multi-
Criteria Decision Matrix of Decision Maker as the follows: 
Let Q= (q1, q2… qn) a set of information systems. C= (c1, 
c2… cm) be ISQ criteria, and let [Aij] = ((aij, bij, cij); wāij 
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,uāij ,yāij) (i ∈ Im for ISQ criteria , j ∈ In information sys-
tems)  be a SVTrN-number. Then decision matrix can be 
identified as the follows:  

[Aij]m*n = 

Phase 3: Calculate the Comprehensive Values 
At the first, Compute the normalized decision-making ma-
trix R= [rij] m*n and compute  
U= [uij] m*n as the follows: 

 Compute the normalized decision-making matrix
R= [rij] m*n where

Rij= ((aij/ā+, bij/ā+, cij/ā+); wāij ,uāij ,yāij) 
Such that ā+= max {cij.  i ∈ Im, j  ∈ In} 

 Compute U= [uij] m*n of R. Where,  uij= ωirij  (i ∈ Im 

for ISQ criteria , j ∈ In information systems),
ω = (ω1, ω2 …. ωm) be the weight vector of ISQ criteria, 

where ωi ∈ [0, 1], i ∈ Im    and 
Then, calculate the comprehensive values Sj as: 
Sj = 

  (j ∈ In)  (3.1) 

Phase 4: Evaluate and Rank ISQ 
This phase aims to introduce two evaluating and ranking 
methods: (1) - weighted value and ambiguity based meth-
od, (2) the value index and ambiguity index method to 
give more than one option for evaluating and ranking ISQ. 

(1)- Weighted value and ambiguity method 
Firstly, calculate the value of truth-membership-
membership degree, and indeterminacy-membership, and 
falsity-membership degree for each comprehensive value 
based on “Eq. (2.7)” “Eq. (2.9)”and “Eq. (2.11)”, respec-
tively, as the follows: 
Vµ (Sj) = ((a + 4b + c) (wsj)2)/6              (3.2) 
Vυ (Sj) = ((a + 4b + c) (1-usj) 2)/6           (3.3) 
Vλ (Sj) = ((a + 4b + c) (1-ysj) 2)/6            (3.4) 
And, calculate the ambiguity of truth-membership-
membership degree, and indeterminacy-membership, and 
falsity-membership degree for each comprehensive value 
based on “Eq. (2.8)” “Eq. (2.10)”and “Eq. (2.12)”, respec-
tively, as the follows: 
Aµ (Sj) = ((c-a) (wsj) 2)/6           (3.5) 
Aυ (Sj) = ((c-a) (1-usj) 2)/6         (4.6) 
Aλ (Sj) = ((c-a) (1-ysj) 2)/6         (3.7) 

Secondly, calculate the weighted values (θ - weighted val-
ue) for each alternative as the follows:   
the θ -weighted value of each comprehensive value Sj is 
defined as:  

Vθ (Sj) = Vµ (Sj) θ + Vυ (Sj)(1- θ) + Vλ (Sj) (1- θ)  (3.8) 

The θ - weighted ambiguity of a comprehensive value Sj 
can be defined as: 
Aθ (Sj) =  (c-a) /6 [θwj

2+ (1-θ) (1-usj) 2+ (1-θ) (1-ysj) 2] 
(3.9)     

   = Aµ (Sj) θ + Aυ (Sj) +(1- θ)  Aλ (Sj) (1- θ)       (3.10) 

4. Case study

An IS evaluation committee wants to evaluate quality of 
three IS centers at three universities according eight quali-
ty characteristics based ISO/IEC 25010: C= (c1, c2, c3, c4, 
c5, c6, c7, c8) be quality characteristics: functionality c1, re-
liability c2, usability c3, efficiency c4, maintainability c5, 
portability c6, security c7, compatibility c8. The weight 
vector of the eight quality characteristics is ω = (.25, .25, 
.30, .20, .25, .20, .20, and .15).  

Phase I: Using Single Valued Triangular Neutrosophic 
Numbers with scale based approach  
Apply the scale based approach to enable the IS evaluator 
to give every quality attribute one of the following catego-
ries:  Low, Not low, Very low, Completely low, More or 
less low, Fairly low, Essentially low, Neither low nor high, 
High, Not high, Very high, Completely high, More or less 
high, Fairly high, Essentially high, having corresponding 
values ((4.6; 5.5; 8.6); 0.4; 0.7; 0.2), ((4.7; 6.9; 8.5); 0.7; 
0.2; 0.6), ((6.2; 7.6; 8.2); 0.4; 0.1; 0.3), ((7.1; 7.7; 8.3); 
0.5; 0.2; 0.4), ((5.8; 6.9; 8.5); 0.6; 0.2; 0.3), ((5.5; 6.2; 
7.3); 0.8; 0.1; 0.2), ((5.3; 6.7; 9.9); 0.3; 0.5; 0.2), ((6.2; 
8.9; 9.1); 0.6; 0.3; 0.5), ((6.2; 8.9; 9.1); 0.6; 0.3; 0.5), 
((4.4; 5.9; 7.2); 0.7; 0.2; 0.3), ((6.6; 8.8; 10); 0.6; 0.2; 0.2), 
((6.3; 7.5; 8.9); 0.7; 0.4; 0.6), ((5.3; 7.3; 8.7); 0.7; 0.2; 
0.8), ((6.5; 6.9; 8.5); 0.6; 0.8; 0.1), ((7.5; 7.9; 8.5); 0.8; 
0.5; 0.4). The quality attributes of the three information 
systems can be presented based on the scale based ap-
proach as the follows: 

 The first information system

The following table represents the quality attributes of the 
first information system based on the scale based ap-
proach. 

Table (1): The quality attributes of the first information system 
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 The second information system

The following table represents the quality attributes of the 
second information system based on the scale based ap-
proach. 

Table (2): The quality attributes of the second information system 

 The third information system

The following table represents the quality attributes of the 
third information system based on the scale based ap-
proach. 

Table (3): The quality attributes of the third information system 

Phase 2: Construct the SVTrN-Multi-Criteria Decision 
Matrix of Decision Maker 
Let Q= (q1, q2, q3) be a set of the three IS. C= (c1, c2, c3, c4, 
c5, c6, c7, c8) be ISQ criteria: functionality c1, reliability c2, 

usability c3, efficiency c4, maintainability c5, portability c6, 
security c7, compatibility c8. Let A= [Aij] 8*3 = ((aij, bij, cij); 
wāij ,uāij ,yāij) (i∈ I8  for ISQ criteria, j ∈ I3 the three infor-
mation systems )  be a SVTrN-numbers. Then 

Phase 2: Construct the SVTrN-Multi-Criteria Decision 
Matrix of Decision Maker 
Let Q= (q1, q2, q3) be a set of the three IS. C= (c1, c2, c3, c4, 
c5, c6, c7, c8) be ISQ criteria: functionality c1, reliability c2, 
usability c3, efficiency c4, maintainability c5, portability c6, 
security c7, compatibility c8. Let A= [Aij] 8*3 = ((aij, bij, cij); 
wāij ,uāij ,yāij) (i∈ I8  for ISQ criteria, j ∈ I3 the three infor-
mation systems )  be a SVTrN-numbers. Then 

Phase 3: Calculate the Comprehensive Values 
Before calculating the comprehensive values, Compute the 
normalized decision-making matrix R= [rij] 8*3 and com-
pute U= [uij] 8*3 as the follows: 

Compute the normalized decision-making matrix R= [rij] 
m*n where  
R= ((aij/ā+, bij/ā+, cij/ā+); wāij ,uāij ,yāij), such that ā+= Max 
{cij.  i  Im, j  In} 
R= 

Compute U= [uij] m*n of R.  Where, uij= ωi rij   (i  Im for ISQ 
criteria, j  In information systems), 
ω = (.35, .25, .30, .20, .25, .20, .30, .20) be the weight vec-
tor of ISQ criteria, where ωi [0, 1], i  Im   , and 
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Calculate the comprehensive values Sj as: 

U= 

Then, calculate the comprehensive values Sj as: 
Sj = 

S1= ((1.18, 1.468, 1.705); .4, .7, .5) 
S2= ((1.176, 1.572, 1.801); .6, .8, .8) 
S3= ((1.288, 1.592, 1.818); .6, .8, .8) 

Phase 4: Rank ISQ     
Apply the two evaluating and ranking methods: (1) - 
weighted value and ambiguity based method, (2) the value 
index and ambiguity index method     

1. Weighted value and  ambiguity method
Calculate the weighted value and ambiguity of truth-
membership and indeterminacy membership, and falsity-
membership degree for each comprehensive value  

Vµ (S1) = 1.459 (.4)2 = .233
Vυ(S1) = 1.459 (1-.7)2 = .131  
Vλ (S1) = 1.459 (1-.5)2 = .364 

Vµ (S2) = 1.544 (.6)2 = .555;
Vυ (S2) = 1.544 (1-.8)2 = .061; 
Vλ (S2) = 1.544 (1-.8)2 = .061 

Vµ (S3) =1.581 (.6)2 = .569;      
Vυ (S3) = 1.581 (1-.8)2 = .063; 
 Vλ (S3) = 1.581 (1-.8)2 = .063 

Vθ = .233 θ + .131(1- θ) + .364(1- θ) 
Vθ =.555 θ + .061 (1- θ) + .061(1- θ) 
Vθ = .569 θ + .063(1- θ) + .063(1- θ) 

Thirdly, graphically represents weighted values for evalu-
ating and ranking quality of IS. The following figure rep-
resents the weighted values of the S1, S2 and S3 

0

0.1

0.2

0.3

0.4

0.5

0.6

Vθ(S1) Vθ(S2) Vθ(S3)

Fig. 1.  The weighted values of the S1, S2 and S3

 From figure (1) for any θ ∈ [0, .523] the weighted
values of the S1, S2 and S3 can ranked as the 
follows: Vθ (S1) > Vθ (S3) > Vθ (S2). Conse-
quently, the quality of the first information sys-
tem > the quality of the third information sys-
tem > the quality of the second information 
system  

 From figure (1), the weighted values of S1 and S3
have equal values at θ = .523. The weighted 

ambiguities of S1 and S3 can be calculated 
based on Eq. (3.9)  as follows: 

A.523 (S1) = .0212 
A. 523 (S3) = .0198   
Therefore, S1 > S3, Consequently, the quality of the first 
information system is greater than the quality of the third 
information system  

 From figure (1) for any θ ∈ [.523, .536] the
weighted values of the S1, S2 and S3 can ranked 
as the follows: Vθ (S1) > Vθ (S3) > Vθ (S2). 
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Consequently, the quality of the first infor-
mation system > the quality of the third infor-
mation system > the quality of the second in-
formation system  

 From figure (1), the weighted values of S1 and S2
have equal values at θ = .536. The weighted 
ambiguities of S1 and S2 can be calculated 
based on Eq. (4.9) as follows: 

Aθ (Sj) =  (c-a) /6 [θwj
2+ (1-θ) (1-usj) 2+ (1-θ) (1-ysj) 2] 

A.536 (S1) = .0210 
A. 536 (S2) = .0237   
Therefore, S2 > S1, Consequently, the quality of the second 
information system is greater than the quality of the first 
information system  

 From figure (1) for any θ ∈ [.536, 1] the weighted
values of the S1, S2 and S3 can ranked as the 
follows: Vθ (S3) > Vθ (S2) > Vθ (S1). Conse-
quently, the quality of the third information 
system > the quality of the second information 
system > the quality of the first information 
system  

This method gives more attention to uncertainty in deci-
sion making as well as it takes into account cut sets of 
SVTrN numbers that can reflect the information on mem-
bership degrees and non-membership degrees. However, 
the calculations and graphically representation of this 
method become complex when alternatives increase.     

1. The value index and ambiguity index method

Apply the value index and ambiguity index method to rank 
Information Systems Quality (ISQ) as the follows:                                      
Vµ (S1) = 1.459 (.4)2 = .233
Vυ(S1) = 1.459 (1-.7)2 = .131     
Vλ (S1) = 1.459 (1-.5)2 = .364 

Vµ (S2) = 1.544 (.6)2 = .555;
Vυ (S2) = 1.544 (1-.8)2 = .061; 
Vλ (S2) = 1.544 (1-.8)2 = .061 

Vµ (S3) =1.581 (.6)2 = .569;      
Vυ (S3) = 1.581 (1-.8)2 = .063; 
 Vλ (S3) = 1.581 (1-.8)2 = .063 

V (S1, λ) = .233 λ + .131(1- λ) + .364(1- λ) 
V (S2, λ) =.555 λ + .061 (1- λ) + .061(1- λ) 
V (S3, λ) = .569λ + .063(1- λ) + .063(1- λ) 

Table (4): Ranking results based on the Weighted Values and 
Ambiguities index method of SVTrN-numbers 

λ V (S1, 

λ) 

V (S2, λ) V (S3, λ) Ranking results 

.1   [0,1/2] .468 .165 .170 S1 >S3> S2 

.3   [0,1/2] .416 .251 .258 S1 >S3> S2 

.5 .364 .338 .347 S1 >S3> S2 
.7   [1/2 ,1] .311 .425 .436 S3 >S2> S1 

.8   [1/2 ,1] .285 .468 .480 S3 >S2> S1 

(1) From table (4) values: .1 and .3 where λ   [0, 1/2], 
the results show when the decision maker prefers 
negative feeling, the ranking of quality of the three 
information systems is S1 >S3> S2, Consequently, the 
quality of the first IS > the quality of the third IS > 
the quality of the second IS. 

(2) From table (4) where λ = ½ shows that the decision 
maker is indifferent between positive feeling and 
negative feeling, the ranking of quality of the three 
information systems is S1 >S3> S2, Consequently, the 
quality of the first IS > the quality of the third IS > 
the quality of the second IS. 

(3) From table (4) values: .7 and .8 where λ   [1/2,1], 
the results show when the decision maker prefers 
positive feeling, evaluation and ranking of quality of 
the three information systems is S3 >S2> S1, Conse-
quently, the quality of the third IS > the quality of 
the second IS > the quality of the first IS. 

This method focuses on value index and ambiguity index 
and it can reflect the decision maker's subjectivity attitude 
to the SVTrN- numbers.   

5. Conclusion and Future Work

This work intended to introduce a framework with two 
ranking methods of SVTrN- numbers with the scale based 
approach for evaluating and ranking ISQ. The proposed 
framework consists of four phases. The results indicated 
that each ranking method has its own advantage that make. 
In this perspective, the weighted value and ambiguity 
based method gives more attention to uncertainty in rank-
ing and evaluating ISQ as well as it takes into account cut 
sets of SVTrN numbers that can reflect the information on 
membership degrees and non-membership degrees. The 
value index and ambiguity index can handle indeterminacy 
and uncertainty and it can reflect the decision maker's sub-
jectivity attitude to the SVTrN- numbers.   

     For future work, SVTrN-numbers can be applied 
widely for more real practical applications with adapting 
and generalizing existing methods of ranking fuzzy num-
bers and intuitionistic fuzzy number to give more efficient 
results. 

6. References

[1] A. Hussian, M. Mohamed, M. Abdel-Baset and F. 
Smarandache, Neutrosophic Linear Programming 
Problems, Peer Reviewers: 15(2017). 

[2] B. Mitchell, Ranking - Intuitionistic Fuzzy num-
bers. Int. J. Uncert. Fuzz. Knowl. Bas. Syst, 12 
(2004) 377–386.  

[3] C. Liang, S. Zhao and J. Zhang, Aggregation opera-
tors on triangular intuitionistic fuzzy numbers and 

Samah Ibrahim Abdel Aal, Mahmoud M. A. Abd Ellatif, Mohamed Monir Hassan: Two Ranking Methods of Single Valued 
Triangular Neutrosophic Numbers to Rank and Evaluate Information Systems Quality



its application to multi-criteria decision making 
problems. Found. Comput. & Deci. Sci, 39 (2014). 

[4] D. Li, A ratio ranking method of triangular intui-
tionistic fuzzy numbers and its application to 
MADM problems. Comput. & Math. Applic. 60, 
(2010)1557–1570. 

[5] D. Li, J. Nan and M. Zhang, A ranking method of 
triangular intuitionistic fuzzy numbers and applica-
tion to decision making. Int. J. Comput. Intell. Syst, 
3(5) (2010) 522–530. 

[6] D. Yu, Intuitionistic trapezoidal fuzzy information 
aggregation methods and their applications to teach-
ing quality evaluation. J. Inform. & Comput, Sci. 
10(6) (2013)1861–1869.  

[7] F. Smarandache, Neutrosophic set a generalisation 
of the intuitionistic fuzzy sets. Int. J. Pure. Applic. 
Math 24(2005) 287–297. 

[8] F. Smarandache, Neutrosophy: Neutrosophic Prob-
ability, Set, and Logic: Analytic Synthesis & Syn-
thetic Analysis. Ameri. Res. Press: Rehoboth. DE. 
USA. (1998). 

[9] Hezam, M. Abdel-Baset, and F. Smarandache, Tay-
lor series approximation to solve neutrosophic mul-
tiobjective programming problem, Neutrosophic 
Sets and Systems 10 (2015) 39-46. 

[10] I. Deli, and Y. Şubaş, A ranking method of single 
valued neutrosophic numbers and its applications to 
multi-attribute decision making problems. Int. J. 
Mach. Learn. & Cyber. (2016). 

[11] I. Deli, and Y. Subas, Single valued neutrosophic 
numbers and their applications to multi-criteria de-
cision making problem. Neutro. Set. Syst, 
2(1)(2014) 1–13.  

[12] J. Chen, J. Ye, Some Single-Valued Neutrosophic 
Dombi Weighted Aggregation Operators for Multi-
ple Attribute Decision-Making. Symmetry. MDPI. 
9(6) (2017).  

[13] J. Peng, J. Wang, X. Wu, J. Wang and X. Chen, 
Multivalued neutrosophic sets and power aggrega-
tion operators with their applications in multi-
criteria group decision-making problems. Int. J. 
Comput. Intell. Syst. 2014, 8(2), 345–363.  

[14] J. Ye, A multi criteria decision-making method us-
ing aggregation operators for simplified neutrosoph-
ic sets. J. Intell. Fuzz. Syst, 26 (2014) 2459–2466.  

[15] J. Ye, Expected value method for intuitionistic trap-
ezoidal fuzzy multicriteria decision-making prob-
lems, Int. J. Gen. Syst, 38(2011) 11730-11734.  

[16] J. Ye, Multi criteria decision-making method using 
the correlation coefficient under single-value neu-
trosophic environment. Int. J. Gen. Syst, 42(2013) 
386–394. 

[17] J. Ye, Trapezoidal neutrosophic set and its applica-
tion to multiple attribute decision-making. Neural. 
Comput & Applic.26 (2015) 1157–1166.  

[18] K.  Atanassov, Intuitionistic fuzzy sets. Pysica-
Verlag A Springer-Verlag Company. New York. 
(1999). 

[19] K. Atanassov, Intuitionistic fuzzy sets. Fuzz. Set. 
Syst, 20 (1986) 87–96. 

[20] K. De, and D. Das, A Study on Ranking of Trape-
zoidal Intuitionistic Fuzzy Numbers. Int. J. Comput. 
Inform. Syst. & Indu. Mana. Applic, 6 (2014) 437-
444. 

[21] K. Prakash, M. Suresh and S. Vengataasalam, A 
new approach for ranking of intuitionistic fuzzy 
numbers using a centroid concept. Math Sci, 10 
(2016) 177–184.  

[22] M. Abdel-Basset, M Mohamed, A. Hussien, and A. 
Sangaiah, A novel group decision-making model 
based on triangular neutrosophic numbers, Soft 
Computing (2017): 1-15. 
DOI:https://doi.org/10.1007/s00500-017-2758-5 

[23] M. Abdel-Basset, M. Mohamed, A. Hussian and F. 
Smarandache, Neutrosophic Integer Programming 
Problem, Neutrosophic Sets & Systems 15 (2017). 

[24] M. Abdel-Basset, M. Mohamed, and A. Sangaiah., 
Neutrosophic AHP-Delphi Group decision making 
model based on trapezoidal neutrosophic numbers." 
Journal of Ambient Intelligence and Humanized 
Computing (2017c): 1-17. 
DOI:https://doi.org/10.1007/s12652-017-0548-7 

[25] M. Mohamed, M. Abdel-Basset, F. Smarandache 
and Y. Zhou, A Critical Path Problem in Neutro-
sophic Environment, Peer Reviewers: 167(2017 c). 

[26] M. Mohamed, M. Abdel-Basset, F. Smarandache 
and Y. Zhou, A Critical Path Problem Using Trian-
gular Neutrosophic Number, Peer Reviewers: 155 
(2017d). 

[27] M. Mohamed, M. Abdel-Basset, A. Hussian and F. 
Smarandache, Using Neutrosophic Sets to Obtain 
PERT Three-Times Estimates in Project Manage-
ment, Peer Reviewers: 143, (2017e). 

[28] N. El-Hefenawy, M. Abdel-Baset, Z. Ahmed and I. 
El-Henawy, A review on the applications of neutro-
sophic sets." Journal of Computational and Theoret-
ical Nanoscience 13(1 (2016) 936-944. 

[29] P. Liu and X. Zhang, Some Maclaurin symmetric 
mean operators for single-valued trapezoidal neu-
trosophic numbers and their applications to group 
decision making, international journal of fuzzy sys-
tem. Int. J. Fuzz. Syst. (2017).  

[30]  P. Srivastava and K. Kumar, An Approach towards 
Software Quality Assessment. Springer-Verlag Ber-
lin Heidelberg, (2009) 150–160.  

[31] Y. Subas, Neutrosophic numbers and their applica-
tion to Multi-attribute decision making problems (In 
Turkish) (Master’s Thesis, Kilis 7 Aralık Universi-
ty, Graduate School of Natural and Applied Sci-
ence), (2015). 

140 Neutrosophic Sets and Systems, Vol. 19, 2018

Samah Ibrahim Abdel Aal, Mahmoud M. A. Abd Ellatif, Mohamed Monir Hassan: Two Ranking Methods of Single Valued 
Triangular Neutrosophic Numbers to Rank and Evaluate Information Systems Quality



Neutrosophic Sets and Systems, Vol. 19, 2018 141

[32] İ. Deli, npn-Soft Sets Theory and Applications, An-
nals of Fuzzy Mathematics and Informatics, 10/6 
(2015) 847–862. 

[33] I. Deli. Interval-valued neutrosophic soft sets and its 
decision making. International Journal of Machine 
Learning and Cybernetics. 8(2) (2017) 665–676. 
DOI: 10.1007/s13042-015-0461-3. 

[34] P. Biswas, S. Pramanik, and B. C. Giri. Aggrega-
tion of triangular fuzzy neutrosophic set infor-
mation and its application to multi-attribute deci-
sion making. Neutrosophic Sets and Systems, 12 
(2016), 20-40.  

[35] P. Biswas, S. Pramanik, and B. C. Giri. TOPSIS 
method for multi-attribute group decision-making 
under single valued neutrosophic environment. 
Neural Computing and Applications, 27 (3), 727-
737 (2016). doi: 10.1007/s00521-015-1891-2. 

[36] P. Biswas, S. Pramanik, and B. C. Giri. Value and 
ambiguity index based ranking method of single-
valued trapezoidal neutrosophic numbers and its 
application to multi-attribute decision making. Neu-
trosophic Sets and Systems 12 (2016), 127-138.  

[37] S.  Pramanik, S. Dalapati, S. Alam, F. 
Smarandache, and T. K. Roy. NS-Cross Entropy-
Based MAGDM under Single-Valued Neutrosophic 
Set Environment. Information, 9(2) (2018), 37. 

[38] S. Dalapati, S.  Pramanik, S. Alam, F. 
Smarandache, and T. K. Roy. IN-cross Entropy 
Based MAGDM Strategy under Interval Neutro-
sophic Set Environment. Neutrosophic Sets and 
Systems, 18 (2017), 43-57. 

[39] S. Pramanik, P. Biswas, and B. C. Giri. Hybrid vec-
tor similarity measures and their applications to 
multi-attribute decision making under neutrosophic 
environment. Neural Computing and Applications, 
28 (2017), 1163–1176. doi:10.1007/s00521-015-
2125-3. 

Chang, V. (2018). Neutrosophic Association Rule  

Mining Algorithm for Big Data Analysis. Symmetry,  

10(4), 106. 

[41] Abdel-Basset, M., & Mohamed, M. (2018). The Role 

of Single Valued Neutrosophic Sets and Rough Sets in 

Smart City: Imperfect and Incomplete Information 

Systems. Measurement. Volume 124, August 2018, 

Pages 47-55 

Smarandache, F. A novel method for solving the fully  

neutrosophic linear programming problems. Neural  

Computing and Applications, 1-11. 

[43] Abdel-Basset, M., Manogaran, G., Gamal, A., & 

Smarandache, F. (2018). A hybrid approach of 

neutrosophic sets and DEMATEL method for 

developing supplier selection criteria. Design 

Automation for Embedded Systems, 1-22. 

NMCDA: A framework for evaluating cloud computing  

services. Future Generation Computer Systems, 86, 12- 

29. 

I. (2017). Multi-criteria group decision making based  
on neutrosophic analytic hierarchy process. Journal of  
Intelligent & Fuzzy Systems, 33(6), 4055-4066. 

Extension of Neutrosophic AHP–SWOT Analysis for  

Strategic Planning and Decision-Making. Symmetry  

2018, 10, 116. 

[40] Abdel-Basset, M., Mohamed, M., Smarandache, F., &  

[42] Abdel-Basset, M., Gunasekaran, M., Mohamed, M., &  

[44] Abdel-Basset, M., Mohamed, M., & Chang, V. (2018).  

[45] Abdel-Basset, M., Mohamed, M., Zhou, Y., & Hezam,  

[46] Abdel-Basset, M.; Mohamed, M.; Smarandache, F. An  

Samah Ibrahim Abdel Aal, Mahmoud M. A. Abd Ellatif, Mohamed Monir Hassan: Two Ranking Methods of Single Valued 
Triangular Neutrosophic Numbers to Rank and Evaluate Information Systems Quality

Received : February 1, 2018. Accepted : March 27, 2018.

https://link.springer.com/journal/521



