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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 O-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,
p(X), vk (x) >: x € E} where p: E [0, 1]and v« : E [0, 1]
such that 0<, pu(x) + yk (x) >1 for any x € E. For each x €
E, the values, i (x) and yx (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: EJ-0, 1+[
,Ia: E ]-0, 14+[, Fa: E ]-0, 14+[ 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 a can be defined as the
follows:

Definition 3. As [31] [10] pointed out, Let a = ((a, b, c);
Wa, Uz ,ya) where is @ SVTrN-number whose truth-

membership, indeterminacy-membership and falsity-
membership functions can be respectively defined by :
xaws ,azZ x<h
b—a
Hs(x) =4 Lews o Lo
e-b T T T
0, otherwise 2.1)
(b—x+tug l:x—a}}! a< x<b
b—a
vi(x) = Gbtusle)
c-b e =T
0, otherwise (2.2)
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(b—x+wvs (x—a))

,a= x=<bhb
b-a

}La[:x:] = |:x—h+yak:::—x}:" b< x<c
o

0, otherwise

(2.3)
If a>0 and at least ¢>0, then @ = ((a, b, ¢); wa, Us, ya) is
called a positive SVTrN-number, denoted by a>0. Like-
wise, If a<<0 and at least c<0, a = ((a, b, ¢); Wa, Us, ya) is
called a negative SVTrN-number, denoted by a<O0.

Definition 4. According to [31] let a = ((ai1, b1, ¢1); Wa, Us,
Va), € = ((az, by, 2); We, Us, ye) be two SVTrN-numbers and
v#0 0 be any real number, then

a+ &= ((art az, b1+ by, ¢i1t ¢2); min{ws ,ws},max{u;z , Us},
maxiys, o)) (24)
ag=
((aiaz:bih:v ;,), min {w; ,w, }, max{u, , u.}, max{y, y,} )
((ay65,byby, ¢y3,), min {wy W), maxfus g}, max{y: v} )

((clcz,blb:,alazj,min {wg, e} mas{u; , ug maxy; ,ys} )

2.5)
{((Tay? by yey)iws L ug,v:)
¥a =L ((rewy byyvay)iws ug ,vs)

(c;>0,c,> 0)
(c; <0,c,=0)
(c; < 0,c; <0)

(v = 0)

(y < 0)
(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 a = ((ai, bi, c1);
Wi, Us, Ya) 1s an arbitrary SVTrN-number. Then,

(1) o -cutset of the SVTrN-number a for truth-
membership is calculated as:

[La (o), Ra (a)] = [((wa - o) at+ ab)/wa, (Wa-0) ¢ + ab)/ws]
If f( o) =0, where f( a ) € [0, 1] and f( o ) is monotonic

and non-decreasing of a € [0, w; ], the value and ambigui-
ty of the SVTrN-number a can be calculated as:

wa 2b—a—cla
V“[E_I:]:J. [(a+c]+[ ) lada
W=
- EI o 3 2
(fa+c)]a i2b—a—c)e ws
= 2 4 Wi oo
(a+4b +c) (5-..-5}5
= & 2.7
And

3 Wi (c—a)a
A,(a)= J; [(c—a)— - lada
'ﬂ_ﬂ}ﬂiz 'E_E}ECE
— [ 2 o Iwyg :|
(c=a) (wg)®
= 6 (2.8)

(2) P-cut set of the SVTrN-number a for indetermi-
) nacy membership is calculated as;
[La (B), Ra (B)] = [((1- B)b + ( - ua)a)/(1- ua), ((1- B)b+( B-
uz)c )/(1-uz)]

If g(B) =1- B, where g(B) € [0, 1] and g(B) is monotonic
and non-increasing of BE [us, 1], the value and ambiguity
of the SVTrN-number a can be calculated, respectively, as
the follows:

(2b—a—c)(1— f)

1
V@ = [ a+o+ 200G - pap
_ fat E;El— gy (2b-a-g)i1- 5’3'5] 1
= i + I(1—ug) | 15
fa+ 4b +c) l:l—l.'lé:lz
= 6 2.9)
And
1
] (c—a)(1— B)
a@= [ - - =20 a- pap
_ (1= (1= B
= 2 + 3(l-ug) ]
(c—a) (1-ug)®
= 6 (2.10)

(3) v - cutset of the SVTrN-number a for falsity-
membership is calculated as:

[ (v ), Ra(y )] =[(A-7)b+t ( ¥ - ye Ja)/(1-ya))((1-
V)bt (v - ya)e )/(1-ya)]

If h(y )=1-vy , where h(y ) € [0, 1] and h(y ) is
monotonic and non-increasing of Y € [ya,1], the value and

ambiguity of the SVTrN-number E_', respectively, as;

! (2b-a—-c)(1- 7)
V;l(é]:J. [(a-l-c]-l— . 1(1- y)dy
¥i —¥:
fa®e)il-)? (2b—a-c)(1- ¥)E s
- 2 3(1-33) Ny,
(a+ 4b + c) (1-y3)®
- ® 2.11)
And
1
5 (c—a)(1-¥)
Mla) = —a)—————) 11— y)d
2 (3) J;é[(c a) 1=y Y11 - ) dy
(e—ad(1-y)® (c=a)(1-¥)®
=[- : 3(1-vz) ]
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(c—a) (1-y5)*
6 (2.12)

The function f( o ) gives different weights to elements at
different o -cut sets and these cut sets come from values
of pa (x) which have a considerable amount of uncertainty.
Therefore, V,(a) can reflect the information on member-
ship degrees. Also, g(B) can lessen the contribution of the
higher B -cut sets come from values of vz (x) which have a
considerable amount of uncertainty. Therefore, V,(2) can
reflect the information on non-membership degrees. Like-
wise, Vi(d) 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 a = ((ai, b1, ¢1); Wa, Ua,
ya) be a SVTrN-number. Then, for 6€ [0, 1], the 6 -
weighted value of the SVTrN-number a can be defined as:

Vo(@) = (a+4b +c)/6 [0wz2 + (1-0) (1-uz) >+ (1-0) (1-yz) 2]
(2.13)

The 6 - weighted ambiguity of SVTrN-number a are de-
fined as:

Ao (@) = (c-a) /6 [Owa 2+ (1-0) (1-uz) 2+ (1-0) (1-ya) 2]
(2.14)

Definition 7. Let a = ((a1, b1, ¢1); Wa, Uz, ya) 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 4 € [0, 1] as fol-
lows:
V (3, X)) = (a+4b+c)/6 [Awa2 * (1- M)(1-uz) 2+ (1- V)(1-ya) 2]
(2.15)

=Vu@A+Vy(@) (1-2) + Vi (a) (1-2) (2.16)
And
A @, N = (c-a)/6 [ Awz 2+ (1- A)(1-ua) >+ (1- X)) (1-ya) 2]
(2.17)

=A@ A+ A @) (1-2) + A (@)(1- 1) (2.18)
Where A € [0, 1] and A is a weight which represents the
decision maker's preference information. A € [0,1/2]
shows that the decision maker prefers pessimistic or nega-
tive feeling; A € [1/2,1] shows that the decision maker
prefers optimistic or positive feeling; A = 1/2 shows that
the decision maker is indifferent between positive feeling
and negative feeling.

V@@, 1/2) =V, (@) 1/2+ V, @) (1-1/2) + V,.@) (1-1/2)

135
=V, (@) 1/2+ V,(a) 172+ V,(a) 1/2
=4(Vu (@) + Vu (8) + V1 (3)) (2.19)
And
A@, 1/2) = A, (@) 172 + Ay @) )(1-1/2 )+ Ay (3)(1-172)
= A, (@) 172+ Ay (3) 1/2+ A (3) 172
=Y (Au(@) + Ay (3) + Ar(3)) (2.20)

Definition 8. Let a and € be two SVTrN-numbers and 6€
[0, 1]. For weighted values and ambiguities of the SVTrN-
numbers a and &, the ranking order of a and € can be de-
fined as;
(1) If Vo(a) > Vg (8), then a is bigger than &
(2) If Vo (a) < Vp (@), then a is smaller than &
(3) If Vo (a) = Vy (&), then
(1) If Ag(2) = As (), then then 2 is equal to €
(i) If Ag () > As (), then a is bigger than &
(iii) If Ao () < Ao (€), then a is smaller than &

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= (ci,
C2... Cm) be ISQ criteria, and let [A;] = ((ajj, bij, Cij); Waij
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,Usij ,yaij) (1 € Im for ISQ criteria , j € I, information sys-
tems) be a SVTrN-number. Then decision matrix can be
identified as the follows:

"411 Al! Al?‘!
Ay Azp e Ay,
[Aj]mn= mil ﬂm! T Amn

Phase 3: Calculate the Comprehensive Values
At the first, Compute the normalized decision-making ma-
trix R= [r1jj] m*» and compute
U= [ujj] m*n as the follows:
e Compute the normalized decision-making matrix
R= [rj] m= where
Rij= ((ai/a’, biy/a’, ci/a"); Waij ,Uaij ,Yail)
Such that a+= max {cjj. 1 € Im,] € I}
e  Compute U= [u;j] m*» of R. Where, uj= oirjj (i € I
for ISQ criteria , j € I, information systems),
o = (o1, @ ... ®m) be the weight vector of ISQ criteria,

where w; € [0, 1],i €1, and 2L @ =1
Then, calculate the comprehensive values S;as:

Sj =
m m m m
Z U= [(Z o, o, Z @;T;); Min wy;, Max uy;, Max yg;)
i=1 i=1 i=1 i=1
Gel 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 wvalue 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:

Vi (S)) = ((a + 4b + ¢) (wg)?)/6 (3.2)
Vo (S) = ((a+ 4b + ¢) (1-uy) 2)/6 (3.3)
Vi (S) = ((a+4b + ¢) (1-y4) 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:

Au(8)) = ((c-a) (wy)2)/6 (3.5)
Av (Sp) = ((c-a) (1-ug) >)/6 (4.6)
A (Sp) = ((c-a) (1-ys) /6 3.7

Secondly, calculate the weighted values (0 - weighted val-
ue) for each alternative as the follows:
the 0 -weighted value of each comprehensive value S; is
defined as:
Vo(S) = Vi (S) 0+ Vu (S)(1-0) + Vi (S) (1-0)  (3.8)
The 6 - weighted ambiguity of a comprehensive value S;
can be defined as:
Ao (S) = (c-a) /6 [Ow+ (1-0) (1-ug) 2+ (1-0) (I-yy) 7]
3.9)

=Au(S) 0+ AL(S)) H1-0) Ax(Sj) (1-6)  (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= (ci, ¢2, C3, Ca,
cs, Cs, C7, Cg) be quality characteristics: functionality ci, re-
liability c», usability cs, efficiency c4, maintainability cs,
portability ce, security c;, compatibility cs. The weight
vector of the eight quality characteristics is @ = (.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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: E e 58] |5 usabi@ity Ccs, efﬁciepcxc:;, maintainability cs, portability c,
; ARHFE i : ANHEE security c¢7, compatlblllty cs. Lgt A— [.Aij] g+3 = ((aij, bi.j, Cii);
HH NN 21E 255 et Waij ,Uaij ,yaij) (1€ Is for ISQ criteria, j € Is the three infor-
NI R RS EERMEE e mation systems ) be a SVTrN-numbers. Then
2 ((4.6,55.86);0.4,07,02) ((5.3,7.3,8.7)07.0.2,08 ((7.579,85); 05 0.504)

G|y (46:33:86).04:07.00) (6.2,7.6,82); 0.4, 01,03} ((62,8.9,9.1);0.603,05) ({6289, 9.1) 0.6,0.3,05)
G v ((62;76,82;04,0.1,0) ((e2.25,91);0.6 03,05 ((656525)06,0801) ((66.8810);06,0.2,0.2)
G v (62; 09) ((7.1.77.83);05 02,04) ((53,7.3.87):07,02,0.8) ((83 75,88):0.7.04, 08)
G v (1, ;03;,0;04) ((44,55.7.2);0.7,02,03) ((&.289,9.1);06,0.3,05) ((53.7.3,87);0.7.0.2,0.8)
[ v [ ‘9 77'07 UI 03) ((s.83.68,25);0.602,03) ((445972);0702,03) ((445872);070203)
G N (65:69:83,06:02:03) (ie.z7682) 040003 (668810060202 ((6569,85);060801)
G v (62:76:82),04,0.1;03) ((62.7682);04,01,03) ((47.6585):0702,08) ((66 88 10);0.6 02,0.2)
G Y (62:76,82, 04 01,03)

= 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
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= 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
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Phase 2: Construct the SVTrN-Multi-Criteria Decision
Matrix of Decision Maker

Let Q= (q1, 92, q3) be a set of the three IS. C= (cy, c2, c3, C4,
¢s, Ce, C7, Cg) be ISQ criteria: functionality ci, reliability ca,

Phase 2: Construct the SVTrN-Multi-Criteria Decision
Matrix of Decision Maker

Let Q= (qi, q2, q3) be a set of the three IS. C= (cy, ¢, c3, C4,
Cs, Ce, C7, C3) be ISQ criteria: functionality ¢, reliability c,
usability cs, efficiency cs4, maintainability cs, portability c,
security c7, compatibility cg. Let A= [Aj] 8+3 = ((aij, bij, Cij);
Waij ,Usij ,Yai) (1€ I for ISQ criteria, j € I3 the three infor-
mation systems ) be a SVTrN-numbers. Then

((4.6,5.5,8.6);0.4,0.7,0.2)
((6.2.7.6,8.2):04,01,0.3)
((6.2.8.,2.1);0603.0.9)
((7.1,7.7,83);05,02.0.4)
((445.9,7.2);0.7,02.0.3)
((5.8,6.9,8.5);0.6,0.2,0.3)
((6:2.7.6,8.2):04,01,0.3)
((6:2.7.6,8.2);04,01,0.3)

((5.3,73,87);0.7,02,0.8)
((6.2,8.9,9.13;0.6,03,0.9)
((6.5,6.8,8.5);0.6,08,0.1)
((33.7.3,8750.7,02,08)
((6.2,8.9,9.1):0.6,0.3,0.5)
((44,5.9,7.2);0.7,02,0.3)
((6.6,8.8,10;0.6,02,0.2)
((47.6.9,8.5);0.7,02,0.6)

((7.5,7.9,8.5);0.8,0.5,0.4)
((6.2.8.9,9.1):06,03,0.5)
((6.6,8.6,10);0.6,0.2,0.2)
((6.3,7.5,8.9):0.7,0.4.0.6)
((53.7.3,87):0.7,02.0.8)
((44,5.9,7.2);0.7,0.2,0.3)
((6.3,6.2,8.5):0.6,08.0.1)
((6.6,8.6,10);0.6,0.2,0.2)

Phase 3: Calculate the Comprehensive Values

Before calculating the comprehensive values, Compute the
normalized decision-making matrix R= [r;] s+ and com-
pute U= [u;j] s+3 as the follows:

Compute the normalized decision-making matrix R= [rj]
m*n Where

R= ((ay/a", by/a", ci/a"); Waij ,Uaij ,Yaij), such that a+= Max
{cij. 15 Im,j 1o}
R=
((.46..53,.86);0.4.0.7.0.2)
((.62,.76,.82):0.4,0.1,0.3)
((.62,.89,.91);0.6,0.3,0.3)
((.71,.77,.83);0.5,0.2,0.4)
((44,.59,.72):0.7,0.2,0.3)
((.58,.69,.85); 0.6,0.2,0.3)

((.53..73..87);0.7,02.0.8) ((.75..79,.85):0.8,0.5.0.4)]
((62,.89,.91):0.6,0.3,05) ((62,.89,.91);0.6,0.3,0.5)
((.65,.69..85):0.6,08.01) ((66,.88,1):0.6,020.2)
((53,.73,.87);0.7,0.2,0.8) ((.63,.75,.89);0.7,0.4,0.6)
((62,.89,.91):0.6,0.3,05) ((.53..73..87):0.7.0.2,0.8)
((44,.59,.72);0.7,0.2,0.3)  ((.44,.59,.72):0.7,0.2,0.3)
((.62,.76,.82);:0.4,01,03) ((66,.88,1);0.6,0.2,0.2) ({.65,.69,.85);0.6,0.8,0.1)
((.62,.76,.82);0.4,01,03) ((47..69,.83);0.7.0.2,06) (((66,.88,1);0.6,0.2,0.2) ]

Compute U= [ujj] m*n of R. Where, uj= oirjj (i€ I for ISQ

criteria, j € I, information systems),
o = (.35, .25, .30, .20, .25, .20, .30, .20) be the weight vec-

tor of ISQ criteria, where w; €[0, 1],1 € I, , and
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Calculate the comprehensive values S; as:

™m

5= Zui}- (GerL,)

i=1

U=
((.161,.192,.301); 0.4,0.7,0.2) ((.185,.255,.304);0.7.0.2.0.8) ((262,.276,.297):0.8,0.5,0.4)
((.155,.190,.205); 0.4,0.1,0.3)  ((.155,.222,.227);0.6,0.3,0.5) (( 155,.222,.227);0.6,0.3,0.5)
((.186,.267,.273):0.6,0.3,0.5) ((.195,.207,.255):0.6,0.8,0.1) (( 198,.264,.300):0.6,0.2,0.2)
((.142,.154,.166); 0.5,0.2,0.4)  ((.106,.146,.174);0.7,0.2,0.8) (( 126,.150,.178);0.7,0.4,0.6)
((.110,.147,.180);0.7,0.2,0.3) ((155,.222,.227);0.6,0.3,0.5) ((.132,.182,.217);0.7,0.2,0.8)
((.116,.138,.170); 0.6,0.2,0.3)  ((.088,.118,.144):0.7,0.2,0.3)  ((.088,.118,.144);0.7,0.2,0.3)
((.186,.228,.246);:0.4.0.1,0.3) ((.198,.264,.300);0.6,0.2,0.2) (( 195,.207,.255);0.6,0.8,0.1)
((124,.152,.164); 0.4,0.1,0.3)  ((.094,.138,.170):0.7,0.2,0.6) (((.132,.176,.200): 0.6,0.2,0.2)

Then, calculate the comprehensive values S;as:

Sj=
Z i ij*

m m
i=1 i=1 i

W) Z ;Ty); Min wy, Maxug, Max y.)

i=1

[~1=

1
iy

Si=((1.18, 1.468, 1.705); .4, .7, .5)
So=((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

V,.(S)) = 1459 (4)?= 233
Vy(S1) = 1.459 (1-.7)= .131
Vi (S1) = 1.459 (1-.5)>= 364

V,.(S)) = 1.544 (.6)2 = .555;
Vs (S2) = 1.544 (1-.8)>= .061;
Vi (S2) = 1.544 (1-.8)*= .061

V. (S3) =1.581 (.6)2=.569;
V, (S3) = 1.581 (1-.8)2 = .063;
Vi.(S3) = 1.581 (1-.8)= .063

Vo=.2330+.131(1- 0) + .364(1- 0)
V=555 0+.061 (1- 0) +.061(1- )
Vo=.569 0 +.063(1- 0) +.063(1- )

Thirdly, graphically represents weighted values for evalu-
ating and ranking quality of IS. The following figure rep-
resents the weighted values of the Sy, S, and S;

0.6

y \/

o /\
4

0.1

0

=¢—V0(S1)

VB(S2) =d—VO(S3)

Fig. 1.

e From figure (1) for any 8 € [0, .523] the weighted
values of the S;, S; and S; can ranked as the
follows: Vo (S1) > Vg (S3) > Vi (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

e From figure (1), the weighted values of S| and S3
have equal values at 6 = .523. The weighted

The weighted values of the Sy, S; and S;

ambiguities of S; and S3 can be calculated
based on Eq. (3.9) as follows:
A.s3 (S1)=.0212
A. 523 (S3) = .0198
Therefore, S; > S3, Consequently, the quality of the first
information system is greater than the quality of the third
information system
o From figure (1) for any 0 € [.523, .536] the
weighted values of the Sy, S, and S; can ranked
as the follows: Vo (S1) > Vg (S3) > Vo (S2).

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 139
Consequently, the quality of the first infor- S5 364 338 347 Si >8>S,
mation system > the quality of the third infor- JE R | A1 425 436 S3 >8>S
mation system > the quality of the second in- 8E [12.1] 285 468 480 S;>S,> S,

formation system
e From figure (1), the weighted values of S; and S,
have equal values at 6 = .536. The weighted
ambiguities of S; and S, can be calculated
based on Eq. (4.9) as follows:
Ao(S) = (c-a) /6 [Owi+ (1-0) (1-uy) >+ (1-0) (1-y) %]
A.53(, (S1) = .0210
A 536 (Sz) =.0237
Therefore, S; > S, Consequently, the quality of the second
information system is greater than the quality of the first
information system
e From figure (1) for any 8 € [.536, 1] the weighted
values of the S, S; and S; can ranked as the
follows: Vo (S3) > Vi (S2) > Vp (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:

Vo (S1) = 1.459 (4)2= 233
Vu(S1) = 1.459 (1-.7)*= .131
Vi (S1) = 1.459 (1-.5)*= .364

Vo (S2) = 1.544 (.6)2=.555;
V, (S2) = 1.544 (1-.8)2= .061;
Vi (S2) = 1.544 (1-.8)>= 061

V, (S3) =1.581 (.6)2=.569;
V, (S3) = 1.581 (1-.8)? = .063;
Vi (S3) = 1.581 (1-.8)>= .063

V (S1, M) =233 A +.131(1- 1) + .364(1- 1)
V (S2, ) =.555 A +.061 (1- 1) + .061(1- )
V (S3, M) = .569% + .063(1- ) + .063(1- &)

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

4 V(S | V(S24) | V(Ss4) | Ranking results
A
1 E [0,12] 468 165 170 S/ >S5S,
3E[01/2] | 416 251 258 S1>S:>S;

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

(2) From table (4) where A = ' shows that the decision
maker is indifferent between positive feeling and
negative feeling, the ranking of quality of the three
information systems is S; >S3> S,, 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 A & [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 >S,> S, 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 SVTTN- 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.
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