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ABSTRACT. In this article, we have proposed an ordering technique for Neutrosophic numbers with non-linear functions.
Consequently, the non-linear functions overcome the limitations of linear function approaches by giving an enhanced frame-
work for handling and modeling uncertainty. Hence, this study presents the Generalized Parabolic Single Valued Neu-
trosophic Number (GPSVNN) to address the uncertainties in Multi-Criteria Decision-Making (MCDM) circumstances.
GPSVNN can handle uncertainty and perform arithmetic operations to deal with MCDM through the («, (3, v)-cut tech-
nique. The computation of the (¢, 3, y)-cut of the neutrosophic number is reduced by defining the “value” and “ambiguity.”
As a result, it becomes more systematic when the complicated computations using the (a, 8, 7y)-cut approach are carried
out. A novel ordering approach has been developed in this study by incorporating the “value” and “ambiguity” of GPSVNN.

Finally, we have given an example using GPSVNN in a life satisfaction survey to show its applicability.

Keywords: Generalized Parabolic Single Valued Neutrosophic Number(GPSVNN); Arithmetic Operators of GPSVNN; Val-
ues and Ambiguities of GPSVNN & Mutli-criteria Decision making problem.

1. Introduction

Handling data that contain uncertainty and dealing with nonlinearity has become vital in numer-
ous applications such as facial pattern recognition, transmission systems, knowledge-based models
for risk assessment, stock trading, etc. Information derived from computational perception and cog-
nition, which is unclear, imprecise, ambiguous, partially true, or lacking specific limits, can be dealt
with the help of fuzzy logic. Lotfi A. Zadeh [1]] initially proposed the concept of fuzzy sets in 1965.
In [2}3]] fuzzy logic in multi-criteria decision-making using the concept of fuzzy numbers have been
applied. The arithmetic operations for generalized parabolic fuzzy numbers and its applications were
explored in [4]. In [5]], the authors address the mF Dombi weighted averaging and geometric operators

to solve multi-criteria decision-making problems that utilize mF information under M-polar fuzzy sets.

Sumathi IR, Augus Kurian & Parvathy K ,An Enhanced Generalized Neutrosophic Number & its role In MCDM-
Challenges



Neutrosophic Sets and Systems, Vol. 61, 2023 3

Chakraborty et al. [6] demonstrated the hexagonal fuzzy number and its characteristic representation,
ranking, defuzzification method, and application in the manufacturing inventory management prob-
lem. By expanding the concept of evidence theory, Krishankumar [7]] has suggested a unique ranking
mechanism under the probabilistic hesitant fuzzy set.The fuzzy set gives one index to represent both
membership and non-membership degrees.

The fuzzy set cannot express its independence. Atanassov [8] proposed the idea of intuitionis-
tic fuzzy sets to solve this problem. Employing intuitionistic fuzzy logic enables the resolution of
challenging decision-making problems. Many researchers [9-13|] have applied various intuitionistic
fuzzy numbers to multi-criteria decision-making problems. The study of modelling uncertainty is
evolving rapidly. Researchers have previously conducted different significant and progressive inves-
tigations, and there are numerous approaches, including fuzzy and intuitionistic fuzzy sets, to handle
these uncertainties in modelling. These problems, which apply to real-world problems, cannot deal
with all forms of uncertainty, such as ambiguous and inconsistent information. Smarandache [|14}|15]]
initiated neutrosophic theory, which further generalizes fuzzy and intuitionistic fuzzy sets. In [16],
the authors defined a particular case of a neutrosophic set called a single-valued neutrosophic set
and set-theoretic operators. Chen and Jigian [[17] introduced the Dombi operations of t-norm and
t-conorm, and they benefit from being very flexible concerning the operational parameters. and to
solve multi-criteria decision-making problems, in 18] a new tool have been developed, that considers
the bipolar trapezoidal neutrosophic and the Dombi operators. In [19-21]], investigated trapezoidal
neutrosophic numbers and its applicability. Chakraborty [22-24]] developed the de-neutrosophication
approach using the elimination area method as a manifestation of the linear pentagonal neutrosophic
number. In [25], a decision-making strategy is described by applying similarity measures based on
distance measures. Paulraj S. [26] presented an expansion of single-valued trapezoidal neutrosophic
ordered weighted harmonic averaging. Researchers widely use a proactive green supply chain manage-
ment strategy in [27]]. Janani [28] and Ramya [29] presented a perceptive investigation that expands
on Bipolar Pythagorean refined set and Pythagorean Neutrosophic Hypersoft Sets, emphasizing the
essential features. Many researchers [30-40]] have used different neutrosophic numbers to deal with
various multi-criteria decision-making problems.

The increasing complexity and unpredictability of decision-making situations in several fields need
innovative mathematical frameworks which could effectively handle these challenges. However, there
may be some restrictions due to insufficient or lacking quality of the currently available data. Some-
times, using linear functions is inadequate for the consideration of uncertainty. Therefore, the non-
linear functions provide an improved framework for managing and modeling uncertainty. Hence, the
non-linearity in the Neutrosophic numbers enhances its applicability range. In this study, we explore

the Generalized Parabolic Single Valued Neutrosophic Number (GPSVNN), a novel form of non-linear
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neutrosophic number.

Contributions:

e We have introduced a new type of non-linear neutrosophic number called Generalized Para-
bolic Single Valued Neutrosophic Number.

e This study develops a novel ordering method by incorporating the ”value” and ”ambiguity” of
these Neutrosophic numbers.

e By defining the ”value” and “ambiguity” of these Neutrosophic numbers, significantly reduces
the requirement to compute the («, [3, ) -cut of the neutrosophic number. Consequently, it
becomes more systematic when the tedious calculations employing the («, 3, y)-cut approach
are performed.

o Instead of computing over the complete integration range, the value and ambiguity are com-
puted at (o, 3, v)- levels. These levels are referred to as flexibility parameters because they

enable decision-makers to act at different stages of the decision-making process.

The paper is structured as follows. A detailed literature study and introduction are discussed in the
first section, and essential preliminary remarks are presented in the second section. The definition of
Generalized Parabolic Single-Valued Neutrosophic Numbers (GPSVNN), along with their arithmetic
operators, values, and ambiguities, are provided in the following part. In [41f], the study addressed
the ranking of inhabitants’ satisfaction levels with municipal services. Twenty municipal services
from the Life Satisfaction Survey (LSS), conducted annually by the Turkish Statistical Institution, are
considered possibilities for this purpose. Additionally, the 2014-2019 period was used as a set of
criteria when evaluating the inhabitants’ contentment, in addition to the previous year. The researchers
transformed the participant responses in the dataset into Picture Fuzzy Numbers (PFNs) with four
parameters to analyze the impact of all opinions on the decision-making process. (positive, neutral,
negative, and refusal). Finally, they used PFNs arithmetic operators and evaluated the results using
the VIKOR (VIseKriterijumska Optimizacija I Kompromisno Resenje) technique. In this scenario,
we offered the choice within the neutrosophic environment for the same problem, indicating that the
opinion type is expressed in GPSVNN. Using its values and ambiguity, we have ranked the alternative
from 2014 to 2017.

2. Preliminaries

Definition 2.1. [[14] A neutrosophic set A on a universal set X is defined as A =
{Ta(x),Ia(z),Fa(x)) : © € X}, where Ty, Ix ,Fa : X —]0,1[T, represents the degree of
membership, degree of indeterministic, and degree of non-membership respectively of the element

x € X, such that 0~ < supTa(z) + supla(x) + supFa(z) < 3%,
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Definition 2.2. [16] A single valued neutrosophic set A on a universal set X is defined as A =
{{Ty(x),Ia(x), Fs(x)) : © € X}, where T4, 4 ,Fy : X — [0, 1], represents the degree of mem-
bership, degree of indeterministic, and degree of non-membership respectively of the element z € X,

such that 0 < supT's(x) + supla(z) + supFa(z) < 3.

Definition 2.3. [24] A Single Valued Neutrosophic Number (SVNN) a = (T3, I, F;) , in the set
of real numbers R with truth-membership function 73 , indeterminacy-membership function /; and

falsity-membership function Fj , is defined as

.
fa(ﬂ?) , ifar <x<bh la(w) s ifas < x < by
1 ,ifb1§$<61 0 ,ifb2§x<02
Ta(z) = Ja(x) = and
ga(x) ,ifc <z <d; mz(x) ,ifco <x <dy
0 , otherwise 1 , otherwise
(
ha(l‘) , ifag <z < bs
0 s if bg <x<cs . .
Fi(z) = respectively, where 0 < T + Iz + F; < 3 and a;, b;, ¢;, di € R,
k‘j(l‘) s if63 <z < d3
1 , otherwise

a; < b; <¢; <d;wherei=1,2,3 and the functions fz,ga,la, ma, ha, ka:R — [0,1] .
The functions, fz,mg, ks are non-decreasing continuous function and gz, l3, hs are non-increasing

continuous function. SVNN is also denoted by @ = ((a1, b1, c1,d1), (ag, be, c2,d2), (a3, bs, c3,ds))

Definition 2.4. A Single Valued Neutrosophic Number defined on the set of real numbers R is said
to be Generalized Single Valued Neutrosophic Number (GSVNN) G; = (Tqa, Iga, Fea; w, p,9) »
with truth-membership function Tz(z) , indeterminacy-membership function Igz(z) and falsity-
membership function Fg;(x) has the following characteristics.
(D) Tear Iga Foa R — [0, 1],
(2) Tea =0,Iga = 1,Fgg = 1for allx € (—o0,a;] U [d;, 0) .
(3) Ta(x) is strictly increasing on [ag, b1] and T () is strictly decreasing on [cy, d1].
I (x) is strictly decreasing on [ag, ba] and I () is strictly increasing on [cg, da].
Fga(x) is strictly decreasing on [as, bs] and Fgz(z) is strictly increasing on [c3, d3].
4) Tga(x) = wforall x € [by,c1] where 0 < w < 1. Iga(x) = p for all z € [by, c2] where
0<p<1l Fga(x)=0forall z € [be, co] where 0 < ¢ < 1.

3. A Generalized Parabolic Single Valued Neutrosophic Number(GPSVNN)

Definition 3.1. A Generalized Parabolic Single Valued Neutrosophic Number (GPSVNN) ,
A= (T '13w), (L35 p), (F3;9)), is a Neutrosophic set on real number R with truth-membership func-

tion 7’5, indeterminacy-membership function [ ; and falsity-membership function F'z, is defined as
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W(ELY iz € [ar,by) 1 - (E=92)2(1- p) :a € [a,bo)
Tiw) - w ;o € [br,c1) () = P ;7 € [b,c2) ond
A o di—x\2 . d A a 1— dz—x21_ . d
W(dlfcl) RS [617 1) (d2702) ( p) ;T € [627 2)
0 ; otherwise 1 ; otherwise
.
1— (£2%)(1~0) ;€ [ag,bs)
I ( ) 1) ;SUE[bg,Cg)
A\T) =
1- (533:53)2(1 —0) ;x € [c3,d3)
1 ; otherwise

\
where 0 < T; +1;+F; <3,0<w<1,0<p<1,0<9d<1anda;b;c,di € R,
aigbigcigdiwhereizl,z?).

Note:1 GPSVNN is also denoted by

(1) A= ((a1,b1,c1,d1;w), (a2, b2, c2, do; p), (a3, bs, c3, d3; §))
2) A= {(a,b,c,d) ;w, p,0)(If we consider the same values for the truth,falsity and indetermi-

nacy membership).

Definition 3.2. The (o, 3,7) - cut of GPSVNN defined as A% = {2(T;(z) > a,1;(z) <

B,F;(z) < 7}, where a € [0,w], 8 € [p, 1],y € [5,1] such that a + B + v < 3, ie., A¥F7 =

(A>, AB AT, where A% = [a1 + (b — a1)\/a/w,di — (dy — c1)\/a/w] = [L*, U]

A% =Tag + (by — az) /(1 = B)/(1 = p),d2 — (d2 — c2)/(1 = B) /(1 = p) | = [L'*,
(1—» 1-9)

A7 =[ag + (b3 — as)/ )/(1=0),ds — (d3 — ¢3)\/(1— B)/( J=[L",

U'e|
UI/

°]

Definition 3.3. A Parabolic Single Valued Neutrosophic Number (PSVNN) , A = (T'3),15,F;3), is
a Neutrosophic set on real number R with truth-membership function 7';, indeterminacy-membership

function [ ; and falsity-membership function F'g, is defined as,

(%)2 ;x € lag,by) 1-— (ﬁy ;2 € [ag, ba)
1 ;x € |by,c 0 ;T € [ba,c

Ti(x) = J b1, e1) A i(x) = . b2, c2) and
($=5)? sz e, d) 1—(§25)? sx € er,do)
0 ;otherwise { 1 ;otherwise
( —as 2
1—(&_(;1 ) ;:L’E[ag,bg)
0 T € [b3,03)

F~ =

A(x) 1— d3—z \2 . d
(7=5)" s € [e3,d3)

1 ;otherwise

whereOﬁTA+IA+FA§3,ai,bi,c,-,dieR,ai§bi§ci§dl-wherez’:1,2,3.

Arithmetic Operators of GPSVNN
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Definition 3.4. Let A and B are the two GPSVNN , then we define the arithmetic operators for

A = ((a1,by, c1,d1;w1), (ag, ba, 2, da; p1), (as, bs, c3, ds; 61)) and

B = (b5, hy dyiws), (ah by o i p2), (. B, s 62) s Follows.
where, w = min{wi,wa}, p = max{p1, p2} and 6 = max{d, I}

(We denote A for min and V for max.)

1. The addition of GPSVNN’s A+ B = C' is

2
z—(a1+a}) ]

w sz € by + b, +¢))

ole) = ) 2
W(W) ;2 € [e1 + ¢, dy +dy)

)
di+d})—(c1+c))

0 ;otherwise

2
r—(as+al
- (WM@) (1=p) ;2 € fag+ah, by +b5)

p s € [by + by, c0 + )

I~<$) = 2
L- (%) (1—p) sz €lca+dch,da+db)
1 ;otherwise
, 2
1- ((bﬁf)fifﬁs)) (1-90) ;€ [az+ a3, bs + V)
and Fz(z) = ’ @ € by 405, 3+ c3)

2
ds+dh)—=x
1—@Q$iw@>ﬂ—®;wﬂ%+%@+%)

1 s otherwise
\

2.The subtraction of GPSVNN’s A — B = C is

di1—a})—(c1—b))

0 ; otherwise

1 ;otherwise

2
z—(a1—d"
w((bl_cll()i(allld/l> 3 L € [al _d/17b1 _Cll)
w ;x € [by — ¢, e1 — b))

Te(x) = , 2
w(M) sx € [ep — by, dy — a))

)

2
z—(az—d)
1- <(I)2—52()—2(¢122—)d2)> (L—p) ;2 €ag —dy by —ch)
p ;x € [by — by, co — bYy)

2
do—al)—x
1= (([12(_52)_2()02_1,2)> (1—=p) ;€ cg—bhy,dy—dby)
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2
rz—(ag—d,
L= ((b—()—(—)d)) (1-0) ;o elag—dy by —ch)

1) ;$E[b3—6§,63—bg)
Fe(z) = (s} 2

1= (<d><b>> (1=6) ;€ ey —bs,d3 —az)

1 ; otherwise

3. The multiplication of GPSVNN’s A « B = C' is

W) sz € [p1,po) — ()1 =p) sz €l )
w NS , S )
Ta(z) = ) [p2,p3) A (x) = P . g2, g3)
(B=2)? o € [ps,pa) 1= (Z=2)(1—p) 32 € g3, qa)
0 ;otherwise 1 ;otherwise
(
1—(%)2(1—5) ;x € [r1,72)
) 1T € |ro, T
and Fiz(x) = r2,7s)

1— (%)2(1 —9) ;x € [rs,ry)

1 ; otherwise

where p1 = min{a; * a}, a1 x d,dy x a,dy x d}}, po = min{by * V], by x ¢}, c1 x by, c1 * ¢ }
ps = max{by * b}, by x|, c1 % V), c1 % |}, pa = max{ay x ay, a1 xd},dy * ), dy % d}}

q1 = min{ag * aby, ag x dy, do * aly, da * db}, go = min{bg * by, by * b, co x by, co * b}

g3 = max{be * by, ba * ¢, co x b}y, ca x b}, g1 = max{ag * aby, ag x dy, da * aly, dg * db}

r1 = min{as * af, ag x ds, ds * af, ds * dy }, ro = min{bs % by, b3 * %, cg x by, c3 * ch }

r3 = max{bs * by, b3 * 4, cg x by, c3 * b}, ra = max{as * af, ag x d, dz * a, d3 * dy }.

4. Inverse of GPSVNN

Consider the GPSVN-number, B = ((a}, b}, ¢, , di;w), (ab, by, ch, db; p), (ah, Uy, s, db; 5)).

The inverse of this GPSVN-number is,

L= &t ) (e B ), Gl s 00,0 ¢ [ ] where i =123

5. Division of GPSVNN The division of A / B can be defined as the multiplication of two GPSVNN
Acl=c,

W(%)Q ;@ € [p1,p2)
w ;@ € [p2,p3)
TC’(:E) = Pa—z 12 )
(m) ;2 € [p3, pa)
0 ;otherwise

\
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(1- (5921 -p) welna)
g2—q1 P 41,492
€ 192,
Ty =" ) 92, 43)
~ (B2 p) 2 € lgsoan)
1 ;otherwise
(
L= (E)%(1-0) sz €
) 1T € |ro, T
and Fiz(x) = Ir273)
1-— (%)2(1 —0) ;€ [r3,r4)
1 ; otherwise
where p; = min{g}, &I, g}, ot bop2 = mln{b}7 2/1, dopth = max{b}, 2}7 aoh
Py = maﬂc{g}, Z,l, g}, i b g = mm{‘é?, Z?, Z?, 22} g2 = mm{b?, 2/27 22, g?}
3= max{b?, 2,2, g?, Z?} Q= mam{d, , Z?, g?, ZQ} ry = mzn{d?, Z?, Z?’, ZS}
ro = mm{b?, 2,3, i;”’, lf;"’} ry = max{b?’, g?, 2,3, g?} Ty = max{d?, Z?, Z?ﬁ Zz}
Example 3.5. A = ((3,5,8,12);0.2,0.3,0.5) and B = ((=7,—5,6,7);0.2,0.3,0.5) then
(1) A+ B is
)
02(54)°  we[-4,0) L= (51207 52 €[-4,0)
0.2 Lz € [0,14) 0.3 Lz € [0,14)
Talz) = 19—z\2 LA = 19—2\2
0.2(1%=2) € [14,19) 1 (12=2)20.7) ;2 € [14,19)
\0 ; otherwise { 1 ; otherwise
(
1 (542(05) sz [-4,0)
0.5 ;x e [0,14)
and F';(x) =
1— (222)%(0.5) € [14,19)
1 ;otherwise
Example 3.6. A = ((3,5,8,12);0.2,0.3,0.5) and B = ((1,2,3,4);0.2,0.3,0.5) then A/B is
0.2(%595)2 ;2 €[0.75,1.67) 1— (25%712)2(0.7) ;2 € [0.75,1.67)
0.2 € [1.67,4) 0.3 € [1.67,4)
Talz) = 12-3\2 Aa(@) = 12—2\2
0.2(+5%) ;o€ [4,12) 1—(59)%(0.7) ;o€ [4,12)
\0 ;otherwise \ 1 ;otherwise
1— (£5972)2(0.5) ;€ [0.75,1.67)
0.5 € [1.67,4)
and F';(x) =
1— (252)2(0.5) ;2 € [4,12)
1 ;otherwise

The graphical interpretation of Example [3.5]and 3.6 are given below.
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1.5 — . ; ; ; ; ; . 1.5 ‘ ‘
Truth Value Truth Value
Indeterminac Indeterminac
— False Value = False Value
1 1
0.5 R 0.5

: S\ o T

-0.5 1 1 1 1 1 1 1 1 -0.5 L L L L L
-30 -20 -10 0 10 20 30 40 50 0 2 4 6 8

(A) Addition (B) Division

3.1. Value and Ambiguity

Definition 3.7. Let A = ((a1,b1,c1,d1;w), (ag, ba, ca,da; p), (as, b3, c3,ds; 0)) be a GPSVNN . Then
(cv, B,7y)-cut set of the GPSVNN are A* = [L®, U], AP = [L'*, U'*] and A" = [L"*, U"*] respec-
tively. Then the Values of GPSVNN are defined as,

V(AY) = Jo (L + U®) f(a) da where, f(a) € [0,1](ex € [0,w]), f(0) = 0 and f(c) is monotonic
and non-decreasing of « € [0, w].

V(AP) = fpl(L/O‘ +U'*)g(B) dB where , g(B) € [0,1](8 € [p,1]), g(1) = 0 and g(/3) is monotonic
and non-increasing of 8 € [p, 1].

V(A7) = f;(L”a + U"*)h(y) dy where , h(y) € [0,1](y € [§,1]), h(1) = 0 and h(7) is monotonic

and non-increasing of y € [4, 1].

Definition 3.8. Let A = ((a1, by, 1, d1;w), (ag, ba, c2, do; p), (a3, b3, c3, ds; 6)) be a GPSVNN . Then
(cv, B,7y)-cut set of the GPSVNN A* = [L*, U], AP = [L'* U'*] and A" = [L"*, U"*] are respec-
tively. Then the Ambiguties of GPSVNN are defined as,

A(A?) = Jo (U* = L*) f(a) da where , f(a) € [0,1](r € [0,w]), f(0) = 0 and f(cv) is monotonic
and non-decreasing of a € [0, w]

A(APY = fpl(U/O‘ — L'*)g(B) dB where , g(B) € [0,1](8 € [p,1]), g(1) = 0 and g(B) is monotonic
and non-increasing of 5 € [p, 1]

AlaY) = f;(U”a — L “)h(y) dy where , h(v) € [0,1](vy € [4,1]), h(1) = 0 and h(~y) is monotonic

and non-increasing of 7 € [6, 1]

12

Result 3.9. Ler A = ((a1,b1, c1,d1;w), (az, b, c2, ds; p), (as, bs, c3,ds; 0)) be a GPSVNN . Then
(v, B,7y)-cut set of the GPSVNN A® = [L*, U], AP = [L'*,U'*] and AY = [L"*,U"*] are respec-
tively. Then, for the truth membership,

A® = [L*, U] = [a1 + (b — a1)\/a/w,di — (d1 — ¢1)\/a/w] where o € [0, w].
Sumathi IR, Augus Kurian & Parvathy K, An Enhanced Generalized Neutrosophic Number & its role
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If f(a) = a,we obtain value and ambiguity as,
V(Aa) = / {al + (b1 — al)\/m+ dy — (dy — 61)\/a/w] ada
0

w? 202
= [2(a1 +d1) + ?(51 —ap—di + 01)]

2
~ 10

/[dl (di — e1)v/oJw —ag — (bl—al)\/o%}ada

202
[ (d1 —a1) —5(d1—01+b1—a1)}

(a1 +dy +4by + 4cy).

§>
| |

E(dl — a1 — 4b; + 461).

For the indeterminancy membership ,

’

AP = [L* U] = laz + (b2 — a2)\/(1 = B)/(1 = p),da — (do — ¢)21/(1 = B)/(1 = p)] where
B € [p,1]. If g(p) = (1 — p), we obtain value and ambiguity as,

1
V() =1 [ T (by — ax) /A= B =) + do — (do — ex) /T~ BT~ pﬂ (1 - p)ds

P
:[{(1_”)2 2(1—p)? 1-p)?

(ag + da) + (ag + da + 4ba + 4co).

5 (bQ—GQ—dQ-i-CQ)] =

1
A(AP) = [/ [d2 —(ds — c2)y/(1 = B)/(1 = p) — az — (b2 — a2)\/(1 - B)/(1 — p)} (1-B)dp
P

_ [[(1_”)2(612—@)—252(d2—02+b2—a2)] _a Iop)2

(dg — ag — 4b2 + 462).

For the falsity membership ,
AV = [L"U") = lag + (bs — a3)\/(1 =) /(1 = 8),ds — (d3 — ¢3) /(1 =) /(1 - 5)} where
v € [6,1]. If h(9) = (1 — &), we obtain value and ambiguity as,

1
V(A7) = [/5 [03 + (b3 —az)V/ (1 =) /(1 =) +ds — (ds — e3)V/(1 =) /(1 - 5)] (I =")dy

_ _ _ 2
= [[(1 25)2 2(155)2(b3—a3—d3+c3)} - (a3 + d3 + 4b3 + 4c3).

(a3 +d3) + 10

A(AY) = [/5 [d?) — (d3 — c3)y/(1 =) /(1 = 6) —az — (b3 — ag) /(1 — ) /(1 — 5)] (1 —y)dy

:[|:(1—25) (d3—a3)—252(d3—03—|—b3—a3)] _ (110(5)2

(dg —ag — 4bs + 403).

Definition 3.10. Let A = ((ay, by, ¢1,d1;w), (a2, by, co,da; p), (a3, bz, s, d3; 8)) be a GPSVNN. The
weighted value and ambiguity for A € [0, 1] are,
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VA(A) = AV(AY) + (1 = V(AP + (1 = \V(AY).
Ax(A) = MA(AY) 4+ (1 — N A(AP) 4+ (1 = N)A(A).

Note: When A\ = 0, it marks the preference for uncertainty, On the other hand,when A = 1 it is

considered with strongly preferred certainty.

Definition 3.11. (Ranking Order) Let A and B be two GPSVNN and \ € [0, 1] . For weighted values
and ambiguities of the GPSVNN A and B. The ranking order of A and B is defined as,

).t
2) If VA(fl) < Vx(B) , then A
(3) If V\(A) = V»(B), then

Example : A = ((3,5,8,12);0.2,0.3,0.4) and B = ((—7,—5,6,7);0.5,0.4,0.3). Then the rank-

ing for between these two numbers are .

o 3412420432

V\(A) = o [A(0.22) 4+ (1 — \)(1 — 0.3)% + (1 — \)(1 — 0.4)?]
= 6.7[0.85 — 0.81)] = 5.70 — 5.43\.
W(B) = — 7 1_020 240 (0.52) + (1= A)(1 = 04)2 + (1 — A)(1 — 0.3)?]

= 0.4[0.85 — 0.60\] = 0.34 — 0.24)\.
When A = 0, Vy(A) = 5.70 and V\(B) = 0.34
When A = 1, V5 (A) = 0.27 and V) (B) = 0.10.

Also for all values of A between 0 and 1 V), (fl) > V,\(B ). then the ranking order of the numbers A
and Bis A > B.

Theorem 3.12. Letfl = <(a1,b1,01,d1; ) (CLQ,bQ,CQ,dQ; ) (CLg,bg,Cg,dg;(S)) and
B = ((ay, b}, ¢}, dy;wa), (ay, by, ¢, dby; p), (al, by, ¢, dy; 62)) be the two GPSVNN , A € [0,1] and
k € Rthen (i) V(A + B) = Vy(A) + VA(B) (ii)V\(kA) = kVy(A).

Proof:
(I)VA(A+ B) = \V(AY + B) + (1 = MV(A® + B%) + (1 = N)V(A” + B)
= A\V(A%) 4+ AV(BY) 4 (1 = MV(AP) + (1 = MNV(B?) + (1 = M)V(AY) + (1 — M)V(BY)

=V\(A) + V\(B).
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(#1)VA(kA) = \W(kAY) 4+ (1 — MV(kAP) 4+ (1 = MV(kAY) = kEAV(AY) + (1 — MV(AP) + (1 — N)V(A7)]
= kV\(A).

Theorem 3.13. Let A <(a1, by, c1,dy; ) (ag, ba, ca, ds; p), ((13, bs, cs, ds; (5)) and

B = ((d}, V), ¢}, di;wa), (ay, by, ¢y, dy; p), (s, by, ¢y, dy; 62)) be the two GPSVNN , X € [0,1] and

k € Rthen (i)Ax(A+ E) Ax(B) + Ax(B) (ii) Ax(kA) = kAy(A).

Proof:

() Ax(A+ B) = M(A® + B*) + (1 = NA(A®? + B%) + (1 = M AAY + B)
= M(AY) + AA(B*) 4+ (1 = M) A(AP) + (1 = NA(BP) + (1 = NAAY) + (1 — N)A(BY)
= Ax(A) + Ax(B).

(i1) Ax(kA) = MA(EAY) + (1 — N A(EAP) + (1 — M) AKAY) = E[ANA(AY) + (1 — N AAP) + (1 — V) AAY)]
= kAy(A).

Theorem 3.14. Suppose A, B and C are any GPSVNN , where wy = wa , p1 = ps and 81 = 8o . If
A > B, then (A+C) > (B+C).
Proof:

w1 A\w3
V(A® + C*) = / (L2 +US + L8 + U2 f(a)dor
0

w1Aw3 w1 Aws
/0 (LG + Uilf(e)da + /O (L2 + U] f(a)da
~ - wo Aw3
V(BO + C%) = / (L3 + U + L2 + U2]f(a)da
0

_ /0 (L% + U] f(a)do + /0 (L8 + US]f(a)da

From the conditions , A> Band w1 = woy, we have,
S + U f(a)da > [ [L% 4+ U2 f(a)da
— V(A% +C%) > V(B® +C%) (1)
1
V(AP +CP) = /p L+ U7+ L]+ Uy dp

1Vp3

1 1
_ ‘B By '8 B 'B1./8
_/p L%+ U dﬁ+/ L8 + Uy

1Vp3 p1Vp3

1
~B ~5 o /,8 /6 /B /B /5
V(BP + C )—/prS[LéjLUB + L8+ Ul Pap

1
/ lgPds + / iLE+Ul1gPdp
p2Vp3 p2Vp3
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From the conditions , A > Band p1 = p2, we have,
1 / ’ ! /
Dy L2 +UP1g%ap > [, [LE+UP)g%dp

pP1Vp3 2\//)3
— V(A? 4 CP) > V(BP + CP) 2)
1
V(AT +C7) = / ”+U +L”+U "Th(7y)dry
61Vd3
1 " "
= [ vy [ s e
61Vé3 51Vd3
1
V(B + (") = / 7+U +L”+U "Th(7y)dy
d2VI3

1
- L”+U,~,7hfyd7+/ L2+ Uh(v)dy
/M[ F U@ [ U
From the conditions, A > B and Y1 = "y, we have,
" " 1 1" 1"
v lL 5 + UMy > [ (L + U h(y)dy
— V(A +C) > V(B + () 3)
by the combining equation (1), [2)) and (3) the following inequality is always valid for any
)\ E [0’ ]‘]y
AV(A® +C) 4 (1 = MNV(AP + CP) + (1 = NV(AT +C7) >
AV(BY 4+ C) + (1 = NV(BP + CP) + (1 = \)V(BY +C").

Therefore V\(A 4 C) > Vi(B + C), and from the definition, (A + C) > (B + C)

Theorem 3.15. Suppose that A = ((a1,by, ¢y, d1;w), (ag, by, c2,do; p), (a3, b3, c3,ds; 6)) and

B = <(a,17 /170,17 /1;w2)7(a/2a 2)02a 27p)?(ag7 g’dﬂ’ 5’52» be the two GPSVNN with wp = Wy
p1 = p2 and &1 = d2. If a; > d}, where i=1,2,3, then A> B.

Proof: As we have , w1 = w9 and a; > d ,

V(/Nla) — /Owl [LY + U% f(a)da > 2a4 0‘“1 f(a)da

V(B%) = /Ow2 [LY + U f(a)da < 2dy 0W2 fla)da

o fla)da = [ f(a)de, we have, ay > d}

V(A®) > 2a1 > 2d} > V(B?). )

As we have , p1 = ps and az > df,

1 1
V(4%) = / L+ U'*]gdB > 2a, / 9(8)dp

P1 P2
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B 1

1
WBﬂz/ﬁta+U%mww§Z$/gwM5

P2 P2

fpll g(B)dp = fp12 g(p)dB, we have, ag > d’2‘

V(AP) > 2a5 > 2dy > V(BP). (5)
As we have , 61 = 03 and a3 > d& ,

1 9 . 1
V(AT) = | /5 L'+ U )y > 2aal | b

1 1
V(BY) = / L'+ U Nh(y)dy < 2dy | h(y)dy
(52 52

f;l h(y)dy = f612 h(~y)dy we have , az > df

V(A7) > 2a3 > 2dy > V(B") (6)

According to the definition, from the equations (), (3) and (6), we have ,
AV(AY) + (1 = MV(AP) + (1 = NV(AY) > AV(BY) + (1 = MV(BP) + (1 = \)V(BY).
Therefore, from the definition, A > B.

4. Application of GPSVNN

An algorithm for the GPSVN-numbers multi-criteria decision-making method as follows; Let
S; = {51, 52, ...5m } be the set of alternatives , T = {71, T5,...T,,} be the set of criteria and
{[45] = (a1, brigs crijs diigs wij), (@2ij, baij, caijy doigis pig), (asijs bijs Caij dsiji 0i7)) be the
GPSVN-numbers.

Step 1: Construct the decision-making matrix, G=[A;;]mn using GPSVNN.

Step 2: Compute the normalised decision-making matrix, N = [17;;]msn of G, for
il = (G 34 2, Pwy), (74, 2, 20 200, (54, 32, 24, 3245.6) ),
where d* = maxz{d;;}.

Step 3: Compute the T = [t;]mn of N,where [t;;]mn = w; * 175;,(should satisfy the normalized condi-
tion, w; = [0,1],> 2, w; = 1).

Step 4: Compute the comprehensive values C;as, C; = Z;’il [tij]-

Step 5: Determine the increasing order of C;.

Step 6: Rank the alternatives s; according to the C; and select the best and worst alternatives.
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Application of GPSVNN in Multi-Criteria Decision Making:

Since 2003, the Life Satisfaction Survey (LSS) has been performed by the Turkish Statistics Insti-
tute (TUIK). LSS is essential to gauge how happy people feel in general, how they regard other people,
how satisfied they are with their primary living conditions, and how comfortable they are with public
services. Evaluation of the surveys using statistical techniques has been the primary focus of studies
to ascertain the quality of municipal service in Turkey. They used the image fuzzy vikor approach to
evaluate it in that regard. In this case, GPSVNN was employed. Additionally, the twenty choices’
weight vector may be expressed as follows:

w = (0.03,0.08,0.04, 0.02,0.06, 0.05,0.01,0.07, 0.09, 0.04, 0.06, 0.07, 0.05, 0.04, 0.01, 0.02, 0.03, 0.1, 0.08, 0.05)”

The below numbers are choosed randomly in between the interval [0,10], which are GPSVN-
numbers for the twenty municipal service alternatives (57,59, ...,520) with the four criteria as
(Th,T5,T3,Ty) . To find the best and worst alternatives in those municipal services, to improve the

society and to award which have given it’s best service.

TABLE 1. Alternative Sets.

S; Service Alternative \ S; Service Alternative

S1  Garbage and environmental cleanliness | So Drainage

Ss Drinking water Sy Public transport

Ss Municipal police Se Road and pavement construction
Sy Parks and gardens Ss  Minimization of noise and air pollution
So Health, fitness center facilities S1o Zoning and city planning

S11 Arrangements for the disabled S12 Social aids

Si3 Cultural activities S1a Public education centers

S5 Street and road lighting S Cleanliness

Sty Fire-fighting Sis Graveyard

S19 Address information systems So9  Control of food producing facilities
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TABLE 2. Decision-Matrix using GPSVNN

G 2014 2015 2016 2017
S1 | <(1.83.0,42,7.1:04), | <(1.5.3.642,73:05), | <(3.543,60,7.4,08), | <(0.1,0.9,1.7,7.3:0.5),
(2.62.9,5.2,6.7:0.7), (143.1,4.4,5.6:0.8), (0.1,0.9,3.3,5.1:0.6), (0.6,2.5,3.9,4.3;0.2),
(4.6,556972:02)> | (07324789:03)> | (183.04257:03)> | (54,69.859.7.0.7)>
S2 | <(1.82529,6.6:06), | <(4.5.6.7,839.1,0.7), | <(1.5.3.6,5.88.1;0.5), | <(5.1,6.6,8.4,9.0:0.5),
(1.0,1.9,2.6,3.1:0.2), (0.9,1,1.5,2.7:0.5), (6.2,7.7,9.1,10:0.2), (1.7,2.9.4.7,6.6:0.8),
(1933,5.08.1:0.6)> | (0.6,1.2,1.83.1:04)> | (02,04,1.1,1.80.7)> | (1.1,1.22.35.50.3)>
S5 | <(2.03.9,7.0.8.8:03), | <(2.3.2.7.345.1,0.8), | <(3.7,5.0,62,7.5,0.4), | <(3.0.4.5,6.9,7.5:0.2),
(0.7,3.6,4.3.9.0:0.5), (1.0,3.6,6.2,7.2:0.6), (0.2,1.7,3.0,3.1:0.7), (3.1,6.3,7.3,9.5:0.7),
(5.5.6.6,7.7.8.8:0.2)> | (2.03.94457:03)> | (09,1.53.44.7:05> | (0.1,03,1.1,7.50.6)>
Si | <(09,12.2.159:0.7), | <(0.1,07,1.1,1.4:03), | <(6.3.7.58.09.9:03), | <(6.2,6.9,7.5.9.9:0.7),
(1.8,3.0,4.2,7.1:0.2), (5.3,7.3,8.7,10:0.1), (0.2,0.3,0.4,0.5:0.7), (1.8,3.0,4.2,5.1;0.4),
(0.6.2.52.959:03)> | (44454749:03)> | (0.1,02,03,04:05> | (02,0.7.8.110,03)>
Ss | <(1.1,1.9.2.654:06), | <(0.5,1.8,3.9,55:0.7), | <(0.8,1.1,2.2,2.6,0.6), | <(2.9.3.7,5.9.8.1:0.3),
(5.4,5.9.6.6,7.1:0.2), (1.1,2.9,5.2,7.7:0.2), (5.4,6.2,7.9.8.3:0.9), (0.3,1.1,3.4,6.9;0.4),
(3.1,6.7.7.17.9:02> | (5.1,6:77.17.9:03)> | (46556972:08)> | (1.1,2.02.83.0;0.2)>
Ss | <(0.5.1.02.9,5.6:04), | <(0.7,1.2,2.7,5.6;04), | <(0.3,1.5,4.3,7.3,04), | <(0.4,1.2,3.0,5.4:0.6),
(0.2,0.5,0.7,2.3:0.1), (2.32.7,3.4,5.1;0.3), (4.7,6.9,7.3,8.9:0.1), (0.4,1.8,4.7,5.7:0.4),
(12,43,5.0,6.7:03)> | (3.4,52,6287:05> | (34,52,6677,03)> | (235.6859.80.3)>
S7 | <(0.9,1.02.7,54:05), | <@.7,69,73.85:0.7), | <(24.35,5.8,63,0.3), | <(0.9,1.2,2.1,3.9:0.5),
(2.0,3.9,7.0.8.8:0.2), (0.6,2.5,2.9,3.3:0.8), (4.4,5.2,6.7,1.8:0.6), (2.7,5.7,6.2,6.9;0.2),
(1.83.04.27.1:04)> | (0.2,04,182.6:0.9> | (153.6486.1:05> | (0.61228540.7)>
Ss | <(0.622264.2:06), | <(1.2.3.04.659:05), | <(5.7,63,7.1.95,0.2), | <(4.1,1.3.8.89.5:0.3),
(0.2,1.2,2.0,5.4:0.3), (2.7,5.2,6.7,7.9:0.3), (0.6,1.4,1.8,2.3:0.4), (0.5,1.1,2.6,3.5:0.5),
(0.4,1.7.33.9.0:0.5)> | (0.7.3943,62:02)> | (263.94556,05> | (557.7.839.9,0.2)>
So | <(1.7.2.8458505), | <(I.L,1.62.74.6,0.6), | <(1.0,05243.1;0.2), | <(7.4,8.5,9.6,9.9:0.6),
(0.4,1.2,3.0,5.4:0.2), (3.4,6.9,7.3,9.3:0.9), (4.5,6.7,8.3,9.4:0.6), (0.9,1.0,1.5,2.7:0.2),
(143.1447607)> | (4.16.1,738.1:08)> | (143.1445902)> | (0.1,050.7.2.3,0.3)>
S10 | <(1.13.63.9.8.00.7), | <(7.68.19.09.702), | <(24,354.3,60,0.5), | <(0.2,3.1,7.1,9.2:0.8),
(1.8,3.9,5.7,9.0;0.4), (0.9,1.5,3.4,4.3:0.4), (34,5.5,7.8,9.0:0.2), (1.5,3.7,3.8,4.2:0.6),
(4.4,69.8.59.7:0.6)> | (0.2,0.50.7,08:04)> | (12,1.822230.7> | (1.0,1.92.63.1:0.3)>
511 | <(2.02.75494:08), | <(62,60,7.89.1:04), | <(5.1,6.683.9.3:0.0), | <(1.2,3.04.6,5.0,0.4),
(1.1,1.9,2.6,5.4:0.5), (2.8,3.0,4.2,5.3:0.7), (1.5,1.5,3.5.,6.3:0.3), (0.8,4.4,6.2,8.1;0.5),
(0.7.3.943.9.0:04)> | (0409,1.744:03)> | (203.944570.6)> | (133.97.489.0.4)>
S12 | <(05,1.62.685038), | <(2.34.45.66.7,05), | <(09,1.3,2.25604), | <(1.1,1.3,2.2,54:0.2),
(1.8,2.5,2.9,6.6:0.1), (2.0,3.4,5.7,8.4:0.2), (3.1,6.3,7.3,9.5:0.1), (2.6,3.9.4.5,5.6;0.4),
0.9,557.7.8.1:0.2> | (0204,1.1,1807)> | (1452,626903)> | (59,6.7,7.7.8.80.5)>
S1s | <(1.04.2.5.7.100.7), | <(3.04.1,55,8.3;03), | <(0.1,0.2,2.2,5.3,0.8), | <(0.8,1.1,2.2,2.6:0.9),
(5.3,7.3,8.7.9.1:0.2), (1.8,3.0,4.2,5.1;0.5), (5.9.6.7,7.9.8.8:0.5), (2.83.1,53,5.6:0.1),
(1.13.6,3.9.8.0:0.6)> | (2.32.73451:02)> | (0.6,1.12327:04)> | (3.4,55,7.89.0:0.2)>
Sia | <(2.7.29335.1:0.6), | <(08,1.8324.508), | <(0.8,1.82.7,35:0.), | <(0.9,1.8,2.8,55,0.5),
(1.2,4.3,5.0,7.1:0.2), (5.4,5.9,6.6,7.1,0.5), (2.3,7.8,8.3.8.9:0.2), (0.8,1.0,2.7,5.4;0.2),
(4.469859.7:0.6)> | (53,7.3,879.1:04)> | (3.13.650,62:02)> | (09,1.02.853:0.2)>
Sis | <(3.65.067,7.1:0.7), | <(14.3.7,5.6,1.3:0.7), | <(3.043495.70.0), | <(1.4334.782:023),
(0.5,1.6,2.6,3.5:0.2), (0.9,1.0,2.7,5.4:0.3), (0.3,1.1,3.4,6.9:0.2), (5.3,6.2,7.7,9.9;0.3),
(0.9,1.2.2.13.9:0.8)> | (1.82.54351:06)> | (283.04253:0.6> | (3.13.65.0,62:0.4)>
Si6 | <(2.84.859.9.4:03), | <(0.3,1.2,15.2.7,05), | <(14,2943480.6), | <(4.65.7.9.59.7:0.8),
(1.9,2.7,3.9,5.6:0.4), (4.4,6.9,8.5,9.0:0.3), (03,1 1.4,7.4;0.2), (1.2,1.82.2,2.3:0.5),
(0.4,123.0,54:0.5)> | (3.63.9,556.9:02)> | (5373.859905> | (032.03.1,33;0.5)>
Sir | <(3.74.6,3.9.4:02), | <(04,1.2,29,3.3,0.8), | <(0.5,0.6,1.8,7.1;0.7), | <(0.5,0.6,1.7,7.0:0.5),
(0.5,1.0,2.9,3.6:0.7), (2.0,3.4,5.5,7.1,0.5), (1.3,1.62.3,4.8:0.4), (0.4,0.7,2.0,6.9:0.1),
(0.7.2.2.3.64.3:0.8)> | (7.68.19.09.7:04)> | (5.6,59,6.1,7.7:0.5> | (0.5,0.7,1.8,7.0;0.4)>
Sis | <(0.6,14,183.7:05), | <(0.62.745,7.4:0.1), | <(5.6,5.0,6.0.6.1:0.5), | <(2.4.3.54.85.0:0.4),
(5.4,5.9,6.6,7.1:0.3), (1.2,4.3,5.0,6.7:0.2), (0.3,1.4,5.0,7.8:0.2), (0.6,1.4,1.8,2.3;0.3),
(1.0.1.9.2.63.1:0.3)> | (1.7.2.84.573:02)> | (3.1495773.07> | (3.13.65.0,6.2:0.1)>
Sie | <(1.2.3.7.73.8.0:04), | <(1.0.3.9425.3,0.7), | <(0.2,1.3,1.7.3.6,0.6), | <(2.3,1.8.8.3.8.9:0.5),
(0.2,0.4,1.1,1.8:0.2), (2.7.4.6,7.8,9.0:0.4), (0.2,0.5,0.7,2.3:0.5), (0.8,1.8,7.3,8.5:0.1),
(12,3.1,5.55.9:0.7)> | (3.4425773:08)> | (123.6556907> | (0.6,1.12.32.7:0.9)>
S20 | <(2.9.35.3.94.7:08), | <(4.2.5.3,6.7,7.1,0.8), | <(1.5,3.54.2,8.0,0.6), | <(1.0,1.5,3.6,3.9:0.1),
(1.9,3.0,5.4,9.2:0.6), (1.8,3.9,4.7,5.0:0.1), (1.5.2.33.1,5.9:0.8), (1.1,1.8,35,3.6:0.3),
(3543.6.177:07)> | (02,0.7,182.0:04)> | (639.09.49503)> | (1.0,1.7,3.53.8;0.8)>

Sumathi IR, Augus Kurian & Parvathy K, An Enhanced Generalized Neutrosophic Number & its role
In MCDM-Challenges
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TABLE 3. Normalized-Matrix

2014

2015

2016

2017

Z(0.18,0.30,0.42,0.71:0.4),
(0.26,0.29,0.52,0.67:0.7),
(0.46,0.55,0.69,0.72:0.2) >

<(0.15,0.36,0.42,0.73:0.9),
(0.14,0.31,0.44,0.56:0.8),
(0.07,0.32,0.47,0.89:0.3)>

<(0.35,0.43,0.60,0.74;0.8),
(0.01,0.09,0.33,0.51;0.6),
(0.18,0.30,0.42,0.57;0.3) >

<(0.01,0.09,0.17,0.73;0.5),
(0.06,0.25,0.39,0.43;0.2),
(0.54,0.69,0.85,0.97;0.7)>

<(0.18,0.25,0.29,0.66:0.6),
(0.10,0.19,0.26,0.31;0.2),
(0.19,0.33,0.50,0.81;0.6) >

<(0.45,0.67,0.83,0.91;0.7),
(0.09,0.10,0.15,0.27;0.5),
(0.06,0.12,0.18,0.31;0.4) >

<(0.15,0.36,0.58,0.81;0.5),
(0.62,0.77,0.91,1.00;0.2),
(0.02,0.04,0.11,0.18;0.7) >

<(0.51,0.66,0.84,0.90;0.5),
(0.17,0.29,0.47,0.66:0.8),
(0.11,0.12,0.23,0.55;0.3) >

S3

<(0.20,,0.39,0.70,0.88;0.3),
(0.07,0.36,0.43,0.90;0.5),
(0.55,,0.66,0.77,0.88;0.2) >

<(0.23,0.27,0.34,0.51;0.8),
(0.10,0.36,0.62,0.72;0.6),
(0.20,0.39,0.44,0.57;0.3) >

<(0.37,0.50,0.62,0.75:0.4),
(0.02,0.17,0.30,0.31:0.7),
(0.09,0.15,0.34,0.47:0.5)>

<(0.30,0.45,0.69,0.75;0.2),
(0.31,0.63,0.73,0.95:0.7),
(0.01,0.03,0.11,0.75:0.6)>

Sa

<(0.09,0.12,0.21,0.59:0.7),
(0.18,0.30,0.42,0.71;0.2),
(0.06,0.25,0.29,0.59;0.3) >

Z(0.01,0.07,0.11,0.14:0.3),
(0.53,0.73,0.87,1.00:0.1),
(0.44,0.45,0.47,0.49:0.3)>

<(0.63,0.75,0.80,0.99;0.3),
(0.02,0.03,0.04,0.05:0.7),
(0.01,0.02,0.03,0.04;0.5) >

<(0.62,0.69,0.75,0.99:0.7),
(0.18,0.30,0.42,0.51;0.4),
(0.02,0.07,0.81,1.00;0.3)>

Ss

<(0.11,0.19,0.26,0.54:0.6),
(0.54,0.59,0.66,0.71:0.2),
(0.31,0.67,0.71,0.79:0.2)>

<(0.05,0.18,0.39,0.55:0.7),
(0.11,0.29,0.52,0.77:0.2),
(0.51,0.67,0.71,0.79:0.3)>

<(0.08,0.11,0.22,0.26;0.6),
(0.54,0.62,0.79,0.83;0.9),
(0.46,0.55,0.69,0.72;0.8) >

<(0.29,0.37,0.59,0.81;0.3),
(0.03,0.11,0.34,0.69;0.4),
(0.11,0.20,0.28,0.30;0.2) >

<(0.05,0.10,0.29,0.56;0.4),
(0.02,0.05,0.07,0.23;0.1),
(0.12,0.43,0.50,0.67;0.3) >

<(0.07,0.12,0.27,0.56;0.4),
(0.23,0.27,0.34,0.51;0.3),
(0.34,0.52,0.62,0.87;0.5)>

<(0.03,0.15,0.43,0.73;0.4),
(0.47,0.69,0.73,0.89;0.1),
(0.34,0.52,0.66,0.77;0.3) >

<(0.04,0.12,0.30,0.54;0.6),
(0.04,0.18,0.47,0.57;0.4),
(0.23,0.56,0.85,0.98;0.3)>

Sz

<(0.09,0.10,0.27,0.54;0.5),
(0.20,0.39,0.70,0.88:0.2),
(0.18,0.30,0.42,0.71;0.4) >

<(0.47,0.69,0.73,0.85;0.7),
(0.06,0.25,0.29,0.33;0.8),
(0.02,0.04,0.18,0.26;0.9) >

<(0.24,0.35,0.58,0.63;0.3),
(0.44,0.52,0.67,0.78;0.6),
(0.15,0.36,0.48,0.61;0.5)>

<(0.09,0.12,0.21,0.39;0.5),
(0.27,0.57,0.62,0.69:0.2),
(0.06,0.12,0.28,0.54;0.7) >

Sg

<(0.06,0.22,0.26,0.42:0.6),
(0.02,0.12,0.20,0.54:0.3),
(0.04,0.17,0.33,0.90:0.5)>

<(0.12,0.30,0.46,0.59:0.5),
(0.27,0.52,0.67,0.79:0.3),
(0.07,0.39,0.43,0.62:0.2) >

<(0.57,0.63,0.71,0.95;0.2),
(0.06,0.14,0.18,0.23;0.4),
(0.26,0.39,0.45,0.56;0.5) >

<(0.41,0.73,0.88,0.95:0.3),
(0.05,0.11,0.26,0.35;0.5),
(0.55,0.77,0.83,0.99;0.2) >

Sg

<(0.17,0.28,0.45,0.85:0.5),
(0.04,0.12,0.30,0.54;0.2),
(0.14,0.31,0.44,0.76;0.7) >

<(0.11,0.16,0.27,0.46:0.6),
(0.34,0.69,0.73,0.93;0.9),
(0.41,0.61,0.73,0.81;0.8) >

<(0.10,0.15,0.24,0.31;0.2),
(0.45,0.67,0.83,0.94;0.6),
(0.14,0.31,0.44,0.59;0.2) >

<(0.74,0.85,0.96,0.99;0.6),
(0.09,0.10,0.15,0.27;0.2),
(0.01,0.05,0.07,0.23;0.3) >

<(0.11,0.36,0.39,0.800.7),
(0.18,0.39,0.57,0.90:0.4),
(0.44,0.69,0.85,0.97:0.6) >

<(0.76,0.81,0.90,0.97;0.2),
(0.09,0.15,0.34,0.43;0.4),
(0.02,0.05,0.07,0.08:0.4) >

<(0.24,0.35,0.43,0.60:0.5),
(0.34,0.55,0.78,0.90;0.2),
(0.12,0.18,0.22,0.23;0.7) >

<(0.02,0.31,0.71,0.92;0.8),
(0.15,0.37,0.38,0.42:0.6),
(0.10,0.19,0.26,0.31:0.3)>

<(0.20,0.27,0.54,0.94:0.8),
(0.11,0.19,0.26,0.54:0.5),
(0.07,0.39,0.43,0.90:0.4) >

<(0.62,0.69,0.73,0.91:0.4),
(0.28,0.30,0.42,0.53:0.7),
(0.04,0.09,0.17,0.44:0.3)>

<(0.51,0.66,0.83,0.93;0.1),
(0.15,0.15,0.35,0.63;0.3),
(0.20,0.39,0.44,0.57;0.6) >

<(0.12,0.30,0.46,0.59:0.4),
(0.08,0.44,0.62,0.81;0.5),
(0.13,0.39,0.74,0.89;0.4) >

<(0.05,0.16,0.26,0.85:0.8),
(0.18,0.25,0.29,0.66:0.1),
(0.09,0.55,0.77.0.81:0.2)>

<(0.23,0.44,0.56,0.67:0.5),
(0.20,0.34,0.57,0.84;0.2),
(0.02,0.04,0.11,0.18;0.7) >

<(0.09,0.13,0.22,0.56;0.4),
(0.31,0.63,0.73,0.95;0.1),
(0.14,0.52,0.62,0.69;0.3) >

<(0.11,0.13,0.22,0.54;0.2),
(0.26,0.39,0.45,0.56:0.4),
(0.59,0.67,0.77,0.88:0.5) >

<(0.10,0.42,0.57,1.00:0.7),
(0.53,0.73,0.87,0.91;0.2),
(0.11,0.36,0.39,0.80:0.6) >

<(0.30,0.41,0.55,0.83;0.3),
(0.18,0.30,0.42,0.51;0.5),
(0.23,0.27,0.34,0.51;0.2) >

<(0.01,0.02,0.22,0.53;0.8),
(0.59,0.67,0.79,0.88;0.5),
(0.06,0.11,0.23,0.27;0.4) >

<(0.08,0.11,0.22,0.26;0.9),
(0.28,0.31,0.53,0.56;0.1),
(0.34,0.55,0.78,0.90;0.2) >

<(0.27,0.29,0.33,0.51;0.6),
(0.12,0.43,0.50,0.71;0.2),
(0.44,0.69,0.85,0.97;0.6) >

<(0.08,0.18,0.32,0.45;0.8),
(0.54,0.59,0.66,0.71;0.5),
(0.53,0.73,0.87,0.91;0.4) >

<(0.08,0.18,0.27,0.35;0.1),
(0.23,0.78,0.83,0.89;0.2),
(0.31,0.36,0.50 0.62;0.2) >

<(0.09,0.18,0.28,0.55;0.5),
(0.08,0.10,0.27,0.54;0.2),
(0.09,0.10,0.28,0.53;0.2) >

<(0.36,0.50,0.67,0.71;0.7),
(0.05,0.16,0.26,0.35:0.2),
(0.09,0.12,0.21,0.39;0.8) >

<(0.14,0.37,0.56,0.73:0.7),
(0.09,0.10,0.27,0.54:0.3),
(0.18,0.25,0.43,0.51:0.6) >

<(0.30,0.43,0.49,0.57;0.7),
(0.03,0.11,0.34,0.69;0.2),
(0.28,0.30,0.42,0.53;0.6) >

<(0.14,0.33,0.47,0.82;0.3),
(0.53,0.62,0.77,0.99;0.3),
(0.31,0.36,0.50,0.62;0.4) >

<(0.28,0.48,0.59,0.94:0.3),
(0.19,0.27,0.39,0.56;0.4),
(0.04,0.12,0.30,0.54;0.5) >

<(0.03,0.12,0.15,0.27;0.5),
(0.44,0.69,0.85,0.90;0.3),
(0.36,0.39,0.55,0.69;0.2) >

<(0.14,0.29,0.43,0.48,0.6),
(0.03,0.10,0.14,0.74:0.2),
(0.53,0.73,0.85,0.99;0.5)>

<(0.46,0.57,0.95,0.97;0.8),
(0.12,0.18,0.22,0.23;0.5),
(0.03,0.20,0.31,0.33;0.5)>

<(0.37,0.46,0.73,0.94:0.2),
(0.05,0.10,0.29,0.36:0.7),
(0.07,0.22,0.36,0.43:0.8) >

<(0.04,0.12,0.29,0.33;0.8),
(0.20,0.34,0.55,0.71;0.5),
(0.76,0.81,0.90,0.97;0.4) >

<(0.05,0.06,0.18,0.71,0.7),
(0.13,0.16,0.23,0.48;0.4),
(0.56,0.59,0.61,0.77:0.5)>

<(0.05,0.06,0.17,0.70;0.5),
(0.04,0.07,0.20,0.69:0.1),
(0.05,0.07,0.18,0.70:0.4) >

<(0.06,0.14,0.18,0.37:0.5),
(0.54,0.59,0.66,0.71;0.3),
(0.10,0.19,0.26,0.31;0.3) >

<(0.06,0.27,0.45,0.74:0.1),
(0.12,0.43,0.50,0.67:0.2),
(0.17,0.28,0.45,0.73;0.2) >

<(0.56,0.59,0.60,0.61:0.5),
(0.03,0.14,0.50,0.78;0.2),
(0.31,0.49,0.57,0.73;0.7) >

<(0.24,0.35,0.48,0.50:0.4),
(0.06,0.14,0.18,0.23;0.3),
(0.31,0.36,0.50,0.62;0.1)>

<(0.12,0.37,0.73,0.80:0.4),
(0.02,0.04,0.11,0.18:0.2),
(0.12,0.31,0.55,0.59:0.7) >

<(0.10,0.39,0.42,0.53:0.7),
(0.27,0.46,0.78,0.90:0.4),
(0.34,0.42,0.57,0.73:0.8) >

<(0.02,0.13,0.17,0.36;0.6),
(0.02,0.05,0.07,0.23;0.5),
(0.12,0.36,0.55,0.69;0.7) >

<(0.23,0.78,0.83,0.89;0.5),
(0.08,0.18.0.73,0.85:0.1),
(0.06,0.11,0.23,0.27:0.9)>

<(0.29,0.35,0.39,0.47:0.8),
(0.19,0.30,0.54,0.92;0.6),
(0.35,0.43,0.61,0.77;0.7) >

<(0.42,0.53,0.67,0.71;0.8),
(0.18,0.39,0.47,0.50;0.1),
(0.02,0.07,0.18,0.20;0.4) >

<(0.15,0.35,0.42,0.80:0.6),
(0.15,0.23,0.31,0.59;0.8),
(0.63,0.90,0.94,0.95:0.3)>

<(0.10,0.15,0.36,0.39;0.1),
(0.11,0.18,0.35,0.36;0.3),
(0.10,0.17,0.35,0.38;0.8) >

Sumathi IR, Augus Kurian & Parvathy K, An Enhanced Generalized Neutrosophic Number & its role
In MCDM-Challenges
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i

TABLE 4. T = w; x ryj

2014

2015

2016

2017

<(0.0054,0.0090,0.0126,0.0213;0.4),
(0.0078,0.0087,0.0156,0.0201;0.7),
(0.0138,0.0165,0.0207,0.0216;0.2) >

<(0.0045,0.0108,0.0126,0.0219:0.5),
(0.0042,0.0093,0.0132,0.0168;0.8),
(0.0021,0.0096,0.0141,0.0267;0.3)>

<(0.0105,0.0129,0.0180,0.0222;0.8),
(0.0003,0.0027,0.0099,0.0153;0.6),
(0.0054,0.0090,0.0126,0.0171;0.3)>

<(0.0003,0.0027,0.0051,0.0219:0.5),
(0.0018,0.0075,0.0117,0.0129;0.2),
(0.0162,0.0207,0.0255,0.0291;0.7) >

<(0.0144,0.0200,0.0232, 0.0528;0.6),

(0.0080,0.0152,0.0208,0.0248;0.2),
(0.0152,0.0264,0.0400,0.0648;0.6) >

<(0.0360,0.0536,0.0664,0.0728:0.7),
(0.0072,0.0080,0.0120,0.0216;0.5),
(0.0048,0.0096,0.0144,0.0248;0.4) >

<(0.0120,0.0288,0.0464,0.0648:0.5),
(0.0496,0.0616,0.0728,0.0800;0.2),
(0.0016,0.0032,0.0088,0.0144;0.7) >

<(0.0408,0.0528,0.0672,0.0720;0.5),
(0.0136,0.0232,0.0376,0.0528;0.8),
(0.0088,0.0096,0.0184,0.0440;0.3) >

<(0.0080,0.0156,0.0280,0.0352;0.3),
(0.0028,0.0144,0.0172,0.0360;0.5),
(0.0220,0.0264,0.0308,0.0352;0.2) >

<(0.0092,0.0108,0.0136,0.0204:0.8),
(0.0040,0.0144,0.0248,0.0288;0.6),
(0.0080,0.0156,0.0176,0.0228;0.3) >

<(0.0148,0.0200,0.0248,0.0300;0.4),
(0.0008,0.0068,0.0120,0.0124;0.7),
(0.0036,0.0060,0.0136,0.0188;0.5)>

<(0.0120,0.0180,0.0276,0.0300;0.2),
(0.0124,0.0252,0.0292,0.0380;0.7),
(0.0004,0.0012,0.0044,0.0300;0.6) >

Sy

<(0.0018,0.0024,0.0042,0.0118:0.7),
(0.0036,0.0060,0.0084,0.0142;0.2),
(0.0012,0.0050,0.0058,0.0118;0.3)>

<(0.0002,0.0014,0.0022,0.0028:0.3),
(0.0106,0.0146,0.0174,0.0200;0.1),
(0.0088,0.0090,0.0094,0.0098;0.3) >

<(0.0126,0.0150,0.0160,0.0198:0.3),
(0.0004,0.0006,0.0008,0.001;0.7),
(0.0002, 0.0004, 0.0006, 0.0008;0.5)>

<(0.0124,0.0138,0.0150,0.0198:0.7),
(0.0036,0.0060,0.0084,0.0102;0.4),
(0.0004,0.0014,0.0162,0.0200;0.3) >

Ss

<(0.0066,0.0114,0.0156,0.0324;0.6),
(0.0324,0.0354,0.0396,0.0426;0.2),
(0.0186,0.0402,0.0426,0.0474;0.2) >

<(0.0030,0.0108,0.0234,0.0330:0.7),
(0.0066,0.0174,0.0312,0.0462;0.2),
(0.0306,0.0402,0.0426,0.0474;0.3) >

<(0.0048,0.0066,0.0132,0.0156;0.6),
(0.0324,0.0372,0.0474,0.0498;0.9),
(0.0276,0.0330,0.0414,0.0432;0.8) >

<(0.0174,0.0222,0.0354,0.0486:0.3),
(0.0018,0.0066,0.0204,0.0414;0.4),
(0.0066,0.0120,0.0168,0.0180;0.2) >

<(0.0025,0.0050,0.0145,0.0280;0.4),
(0.0010,0.0025,0.0035,0.0115;0.1),
(0.0060,0.0215,0.0250,0.0335;0.3) >

<(0.0035,0.0060,0.0135,0.0280:0.4),
(0.0115,0.0135,0.0170,0.0255;0.3),
(0.0170,0.0260,0.0310,0.0435;0.5)>

<(0.0015,0.0075,0.0215,0.0365;0.4),
(0.0235,0.0345,0.0365,0.0445;0.1),
(0.0170,0.0260,0.0330,0.0385;0.3)>

<(0.0020,0.0060,0.0150,0.0270;0.6),
(0.0020,0.0090,0.0235,0.0285;0.4),
(0.0115,0.0280,0.0425,0.0490;0.3) >

<(0.0009,0.0010,0.0027,0.0054;0.5),
(0.0020,0.0039,0.0070,0.0088;0.2),
(0.0018,0.0030,0.0042,0.0071;0.4) >

<(0.0047,0.0069,0.0073,0.0085;0.7),
(0.0006,0.0025,0.0029,0.0033;0.8),
(0.0002,0.0004,0.0018,0.0026;0.9)>

<(0.0024,0.0035,0.0058,0.0063;0.3),
(0.0044,0.0052,0.0067,0.0078;0.6),
(0.0015,0.0036,0.0048,0.0061;0.5)>

<(0.0009,0.0012,0.0021,0.0039;0.5),
(0.0027,0.0057,0.0062,0.0069;0.2),
(0.0006,0.0012,0.0028,0.0054;0.7)>

Sg

<(0.0042,0.0154,0.0182,0.0294,0.6),
(0.0014,0.0084,0.0140,0.0378;0.3),
(0.0028,0.0119,0.0231,0.0630;0.5)>

<(0.0084,0.0210,0.0322,0.0413:0.5),
(0.0189,0.0364,0.0469,0.0553;0.3),
(0.0049,0.0273,0.0301,0.0434;0.2) >

<(0.0399,0.0441,0.0497,0.0665;0.2),
(0.0042,0.0098,0.0126,0.0161;0.4),
(0.0182,0.0273,0.0315,0.0392;0.5) >

<(0.0287,0.0511,0.0616,0.0665;0.3),
(0.0035,0.0077,0.0182,0.0245;0.5),
(0.0385,0.0539,0.0581,0.0693;0.2) >

So

<(0.0153,0.0252,0.0405,0.0765;0.5),
(0.0036,0.0108,0.0270,0.0486;0.2),
(0.0126,0.0279,0.0396,0.0684;0.7) >

<(0.0099,0.0144,0.0243,0.0414:0.6),
(0.0306,0.0621,0.0657,0.0837;0.9),
(0.0369,0.0549,0.0657,0.0729;0.8) >

<(0.0090,0.0135,0.0216,0.0279;0.2),
(0.0405,0.0603,0.0747,0.0846;0.6),
(0.0126,0.0279,0.0396,0.0531;0.2) >

<(0.0666,0.0765,0.0864,0.0891;0.6),
(0.0081,0.0090,0.0135,0.0243;0.2),
(0.0009,0.0045,0.0063,0.0207;0.3) >

<(0.0044,0.0144,0.0156,0.0320;0.7),
(0.0072,0.0156,0.0228,0.0360;0.4),
(0.0176,0.0276,0.0340,0.0388;0.6) >

<(0.0304,0.0324,0.0360,0.0388:0.2),
(0.0036,0.0060,0.0136,0.0172;0.4),
(0.0008,0.0020,0.0028,0.0032;0.4) >

<(0.0096,0.0140,0.0172,0.0240:0.5),
(0.0136,0.0220,0.0312,0.0360;0.2),
(0.0048,0.0072,0.0088,0.0092;0.7) >

<(0.0008,0.0124,0.0284,0.0368;0.8),
(0.0060,0.0148,0.0152,0.0168;0.6),
(0.0040,0.0076,0.0104,0.0124;0.3) >

<(0.0120,0.0162,0.0324,0.0564:0.8),
(0.0066,0.0114,0.0156,0.0324;0.5),
(0.0042,0.0234,0.0258,0.0540;0.4) >

<(0.0372,0.0414,0.0468,0.0546:0.4),
(0.0168,0.0180,0.0252,0.0318;0.7),
(0.0024,0.0054,0.0102,0.0264;0.3)>

<(0.0306,0.0396,0.0498,0.0558:0.1),
(0.0090,0.0090,0.0210,0.0378;0.3),
(0.0120,0.0234,0.0264,0.0342;0.6) >

<(0.0072,0.0180,0.0276,0.0354:0.4),
(0.0048,0.0264,0.0372,0.0486;0.5),
(0.0078,0.0234,0.0444,0.0534;0.4) >

<(0.0035,0.0112,0.0182,0.0595:0.8),
(0.0126,0.0175,0.0203,0.0462;0.1),
(0.0063,0.0385,0.0539,0.0567;0.2) >

<(0.0161,0.0308,0.0392,0.0469:0.5),
(0.0140,0.0238,0.0399,0.0588;0.2),
(0.0014,0.0028,0.0077,0.0126;0.7) >

<(0.0063,0.0091,0.0154,0.0392;0.4),
(0.0217,0.0441,0.0511,0.0665;0.1),
(0.0098,0.0364,0.0434,0.0483;0.3)>

<(0.0077,0.0091,0.0154,0.0378;0.2),
(0.0182,0.0273,0.0315,0.0392;0.4),
(0.0413,0.0469,0.0539,0.0616;0.5)>

<(0.0050,0.0210,0.0285,0.0500:0.7),
(0.0265,0.0365,0.0435,0.0455;0.2),
(0.0055,0.0180,0.0195,0.0400;0.6) >

<(0.0150,0.0205,0.0275,0.0415:0.3),
(0.0090,0.0150,0.0210,0.0255;0.5),
(0.0115,0.0135,0.0170,0.0255;0.2) >

<(0.0005,0.0010,0.0110,0.0265:0.8),
(0.0295,0.0335,0.0395,0.0440,0.5),
(0.0030,0.0055,0.0115,0.0135;0.4)>

<(0.0040,0.0055,0.0110,0.0130;0.9),
(0.0140,0.0155,0.0265,0.0280:0.1),
(0.0170,0.0275,0.0390,0.0450;0.2) >

<(0.0108,0.0116,0.0132,0.0204;0.6),
(0.0048,0.0172,0.0200,0.0284:0.2),
(0.0176,0.0276,0.0340,0.0388;0.6) >

<(0.0032,0.0072,0.0128,0.0180;0.8),
(0.0216,0.0236,0.0264,0.0284:0.5),
(0.0212,0.0292,0.0348,0.0364;0.4) >

<(0.0032,0.0072,0.0108,0.0140;0.1),
(0.0092,0.0312,0.0332,0.0356;0.2),
(0.0124,0.0144,0.0200,0.0248;0.2) >

<(0.0036,0.0072,0.0112,0.0220;0.5),
(0.0032,0.0040,0.0108,0.0216;0.2),
(0.0036,0.0040,0.0112,0.0212;0.2) >

<(0.0036,0.0050,0.0067,0.0071;0.7),
(0.0005,0.0016,0.0026,0.0035;0.2),
(0.0009,0.0012,0.0021,0.0039;0.8) >

<(0.0014,0.0037,0.0056,0.0073;0.7),
(0.0009,0.0010,0.0027,0.0054:0.3),
(0.0018,0.0025,0.0043,0.0051;0.6)>

<(0.0030,0.0043,0.0049,0.00570.7),
(0.0003,0.0011,0.0034,0.0069;0.2),
(0.0028,0.0030,0.0042,0.0053;0.6) >

<(0.0014,0.0033,0.0047,0.0082;0.3),
(0.0053,0.0062,0.0077,0.0099;0.3),
(0.0031,0.0036,0.0050,0.0062;0.4) >

<(0.0056,0.0096,0.0118,0.0188;0.3),
(0.0038,0.0054,0.0078,0.0112;0.4),
(0.0008,0.0024,0.0060,0.0108;0.5) >

<(0.0006,0.0024,0.0030,0.0054:0.5),
(0.0088,0.0138,0.0170,0.0180;0.3),
(0.0072,0.0078,0.0110,0.0138;0.2) >

<(0.0028,0.0058,0.0086,0.0096:0.6),
(0.0006,0.0020,0.0028,0.0148;0.2),
(0.0106,0.0146,0.0170,0.0198;0.5) >

<(0.0092,0.0114,0.0190,0.0194;0.8),
(0.0024,0.0036,0.0044,0.0046;0.5),
(0.0006,0.0040,0.0062,0.0066;0.5) >

<(0.0111,0.0138,0.0219,0.0282;0.2),
(0.0015,0.0030,0.0087,0.0108;0.7),
(0.0021,0.0066,0.0108,0.0129;0.8) >

<(0.0012,0.0036,0.0087,0.0099;0.8),
(0.0060,0.0102,0.0165,0.0213;0.5),
(0.0228,0.0243,0.0270,0.0291;0.4) >

<(0.0015,0.0018,0.0054,0.0213;0.7),
(0.0039,0.0048,0.0069,0.0144:;0.4),
(0.0168,0.0177,0.0183,0.0231;0.5)>

<(0.0015,0.0018,0.0051,0.0210;0.5),
(0.0012,0.0021,0.0060,0.0207;0.1),
(0.0015,0.0021,0.0054,0.0210;0.4) >

<(0.0060,0.0140,0.0180,0.0370:0.5),
(0.0540,0.0590,0.0660,0.0710;0.3),
(0.0100,0.0190,0.0260,0.0310;0.3)>

<(0.0060,0.0270,0.0450,0.0740:0.1),
(0.0120,0.0430,0.0500,0.0670;0.2),
(0.0170,0.0280,0.0450,0.07300.2) >

<(0.0560,0.0590,0.0600,0.0610;0.5),
(0.0030,0.0140,0.0500,0.0780;0.2),
(0.0310,0.0490,0.0570,0.0730;0.7) >

<(0.0240,0.0350,0.0480,0.0500;0.4),
(0.0060,0.0140,0.0180,0.0230;0.3),
(0.0310,0.0360,0.0500,0.0620;0.1)>

<(0.0096,0.0296,0.0584,0.0640;0.4),
(0.0016,0.0032,0.0088,0.0144;0.2),
(0.0096,0.0248,0.0440,0.0472;0.7) >

<(0.0080,0.0312,0.0336,0.0424:0.7),
(0.0216,0.0368,0.0624,0.0720;0.4),
(0.0272,0.0336,0.0456,0.0584;0.8) >

<(0.0016,0.0104,0.0136,0.0288;0.6),
(0.0016,0.0040,0.0056,0.0184:0.5),
(0.0096,0.0288,0.0440,0.0552;0.7) >

<(0.0184,0.0624,0.0664,0.0712;0.5),
(0.0064,0.0144,0.0584,0.0680;0.1),
(0.0048,0.0088,0.0184,0.0216;0.9)>

<(0.0145,0.0175,0.0195,0.0235:0.8),
(0.0095,0.0150,0.0270,0.0460,0.6),
(0.0175,0.0215,0.0305,0.0385;0.7) >

<(0.0210,0.0265,0.0335,0.0355:0.8),
(0.0090,0.0195,0.0235,0.0250;0.1),
(0.0010,0.0035,0.0090,0.0100;0.4) >

<(0.0075,0.0175,0.0210,0.0400;0.6),
(0.0075,0.0115,0.0155,0.0295;0.8),
(0.0315,0.0450,0.0470,0.0475;0.3)>

<(0.0050,0.0075,0.0180,0.0195:0.1),
(0.0055,0.0090,0.0175,0.0180;0.3),
(0.0050,0.0085,0.0175,0.0190;0.8) >
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TABLE 5. Comprehensive Values

Comprehensive Values

Gy

<(0.0207,0.0354,0.0483,0.0873;0.4),(0.0141,0.0282,0.0504,0.0651;0.8),(0.0375,0.0558,0.0729,0.0945;0.7) >

Cy

<(0.1032,0.1552,0.2032,0.2624;0.5),(0.0784,0.1080,0.1432,0.1792;0.8),(0.0304,0.0488,0.0816,0.1480;0.7) >

Cs

<(0.0440,0.0644,0.0940,0.1156;0.2),(0.0200,0.0608,0.0832,0.1152;0.7),(0.0340,0.0492,0.0664,0.1068;0.6) >

Cy

<(0.0270,0.0326,0.0374,0.0542;0.3),(0.0182,0.0272,0.0350,0.0454;0.7),(0.0106,0.0158,0.0320,0.0424;0.5) >

Cs

<(0.0318,0.0510,0.0876,0.1296;0.3),(0.0732,0.0966,0.1386,0.1800;0.9),(0.0834,0.1254,0.1434,0.1560;0.8) >

Cs

<(0.0095,0.0245,0.0645,0.1195;0.4),(0.0380,0.0595,0.0805,0.1100;0.4),(0.0515,0.1015,0.1315,0.1645;0.5) >

Cr

<(0.0089,0.0126,0.0179,0.0241;0.3),(0.0097,0.0173,0.0228,0.0268;0.8),(0.0041,0.0082,0.0136,0.0212;0.9) >

Cy

<(0.0812, 0.1316,0.1617,0.2037;0.2),(0.0280,0.0623,0.0917,0.1337;0.5),(0.0644,0.1204,0.1428,0.2149;0.4)>

Cy

<(0.1008,0.1296,0.1728,0.2349;0.2),(0.0828,0.1422,0.1809,0.2412;0.9),(0.0630,0.1152,0.1512,0.2151;0.8)>

Cho

<(0.0452,0.0732,0.0972,0.1316;0.2),(0.0304,0.0584,0.0828,0.1060;0.6),(0.0272,0.0444,0.0560,0.0636;0.7) >

<(0.0870,0.1152,0.1566,0.2022;0.1),(0.0372,0.0648,0.0990,0.1506;0.7),(0.0264,0.0756,0.1068,0.1680;0.6) >

012

<(0.0336,0.0602,0.0882,0.1834;0.2),(0.0665,0.1127,0.1428,0.2107;0.4),(0.0588,0.1246,0.1589,0.1792;0.7) >

Ci3

<(0.0245,0.0480,0.0780,0.1310;0.3),(0.0790,0.1005,0.1305,0.1430;0.5),(0.0370,0.0645,0.0870,0.1240;0.6) >

Cl4

<(0.0208,0.0332,0.0480,0.0744;0.1),(0.0388,0.0760,0.0904,0.1140;0.5),(0.0548,0.0752,0.1000,0.1212;0.6) >

Cis

<(0.0094,0.0163,0.0219,0.0283;0.3),(0.0070,0.0099,0.0164,0.0257;0.3),(0.0086,0.0103,0.0156,0.0205;0.8) >

Cie

<(0.0182,0.0292,0.0424,0.0532;0.3),(0.0156,0.0248,0.0320,0.0486;0.5),(0.0192,0.0288,0.0402,0.0510;0.5) >

Ch7

<(0.0153,0.0210,0.0411,0.0804;0.2),(0.0126,0.0201,0.0381,0.0672;0.7),(0.0432,0.0507,0.0615,0.0861;0.8) >

Cig

<(0.0376,0.1336,0.1720,0.2064;0.4),(0.0312,0.0584,0.1352,0.1728;0.5),(0.0512,0.0960,0.1520,0.1824;0.9) >

Cap

<(0.0480,0.0690,0.0920,0.1185;0.1),(0.0315,0.0550,0.0835,0.1185;0.8),(0.0550,0.0785,0.1040,0.1150;0.8) >

TABLE 6. Values and Ambiguities of the alternatives

Values

Ambiguities

Vi =0.0074 — 0.0003\

A; =0.0017 4 .0002\

Vo =0.0113 4+ 0.0337\

Ay =0.0032 + 0.0056

V3 = 0.0161 — 0.0129A

Az = 0.004 — 0.0032\

Vi = 0.0089 — 0.0056\

Ay = 0.0029 — 0.0025X

V5 = 0.0065 — 0.0001A

As = 0.0009 + 0.0013\

Vo = 0.0542 — 0.0464\

A = 0.0114 — 0.0071

V7 = 0.0009 + 0.0005A

A7 = 0.0002 + 0.0001A

Vs = 0.0674 — 0.0616\

Ag = 0.0142 — 0.0132)

Vo = 0.007 — 0.0008

Ag = 0.0015 — 0.0003A

Vio = 0.0156 — 0.0122X

Ajo = 0.0035 — 0.0028\

V11 = 0.0224 — 0.0210X

A1 = 0.0066 — 0.0063\

Via = 0.0591 — 0.0559A

A12 =0.0118 — 0.0108A

Vis = 0.0410 — 0.0351\

A3 = 0.0074 — 0.0054\

V14 = 0.0345 — 0.0341 )

Aj4 = 0.0059 — 0.0058

Vis = 0.0073 — 0.0056 A

A5 = 0.0023 — 0.00196 A

V16 = 0.0160 — 0.0128)

Ai6 = 0.0034 — 0.0026 A

Vi7z = 0.0051 — 0.0037A

A7 = 0.0014 — 0.00086A

Vig = 0.0910 — 0.0895X\

Ajs = 0.0216 — 0.0213X

Vig = 0.0257 — 0.0022

A9 = 0.0116 — 0.0064\

Voo = 0.0064 — 0.0056

Agp = 0.0015 — 0.0013A
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The graphical representation of the values is shown in the figure[2]. The intersection of lines denotes

that the values of GPSVNN are same at the value A. First we compare the values for A € [0, 0.0625],
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we split the graph by comparing values of the alternatives. Finally, we calculate the ambuiguity at the
point of intersection for A = 0.0625. The ranking of values are given in the graphs [3| 4] [5]and[]. At
A = 0.0625 we calculate the ambiguity Ag = 0.001494 and A5 = 0.002210 in which Vg and V5 are
intersecting. Hence the ranking of the alternatives for A € [0,0.0625] are Sig > Sg > S12 > Sg >
S13 > S14 > S19 > S11 > S3 > S1g > S19 > So > Sy > S1 > S15 > Sg > S5 > S99 > S17 > S7.
If A € [0.6220,0.6300], at A = 0.6220 V;5 and V) are intersecting. Hence we calculate the ambiguity
at 0.6220 for the alternatives. ie Aj9 = 0.007602 and Ao = 0.0050824. Then the order of the
alternatives are S1g > S9 > Sg > Sg > Si9 > S12 > S13 > S14 > S11 > S3 > Sig > S0 >
S1 >S9 > S5 > S84 > Si5 > Sa0 > S17 > S7. If A € [0.9976,0.9980] at A = 0.9976 V15 and Vg
and at A = 0.9980 Vj and V5 are intersecting. Hence we calculate the ambiguity at A=0.9976 for the
alternatives, ie A5 = 0.00037640568 and A8 = 0.0003251824 and at A=0.9980 for the alternatives,
ie Ay = 0.000422616 and A12 = 0.0010216. Then the ranking is Sy > S19 > Sg > S1 > S5 > Sg >
S13 > S8 > S19 > S12 > 5S4 > S3 > S16 > S15 > S18 > S11 > S17 > S7 > S0 > Sus. At
A € (0.9980, 1) the ranking is Sy > S19 > Sg > S1 > S5 > Sg > S13 > Sg > S190 > Sy > S12 >
S3 > S16 > S15 > Sig > S11 > Sir > S7 > Sop > S14. At A = 1 we calculate the ambiguties
for the intersecting values and the ranking order is So > S1g9 > Sg > S1 > S5 > Sg > Si13 > Sg >
S10 > S4 > S12 > S16 > S3 > S5 > S18 > S11 > S7 > S17 > So9 > S14. The ranking order is
related to the weight A € [0, 1].

5. Conclusion

In this research article, the concept of Generalized Parabolic Single-Valued Neutroposophic Number
(GPSVNN) has been developed. We have defined the («, 3, v)-cut of GPSVNN. Also, the arithmetic
operators of these numbers are discussed and illustrated using graphical representation. A demonstra-
tion of the De-Neutrosophication method utilising values and ambiguities has been introduced here
for the conversion of a GPSVNN into a real number. Further, this result is applied in the ranking of
the satisfaction levels of citizens in municipal services. For this purpose, 20 municipal services in-
cluded in the Life Satisfaction Survey (LSS) that the Turkish Statistical Institution regularly applies
every year are considered as alternatives. In addition, the satisfaction of citizens was evaluated for the
period of 2014-2017. To analyse the effect of all opinion types on the decision process, the participant
responses constituting the dataset of GPSVNN and these years were considered as a set of criteria. We
have utilised the values and ambiguities to evaluate the citizens’ satisfaction levels with the municipal-
ity’s services. Finally, the best and worst alternatives were chosen by ranking the alternatives.

In the future, researchers can develop algorithms using GPSVNN in various fields like image pro-
cessing problems, pattern recognition problems, cloud computing problems, and other mathematical

modelling problems involving uncertainty and nonlinearity.
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Appendix A

In this section, we have given the MATLAB code for calculating the Normalized values, Compre-
hensive values, Values and Ambiguities for the alternatives. The matrix Al to A4 denotes the Truth-
membership, A5-AS8 represents the Indeterminacy membership and A9-A12 for Falsity membership
for the four alternatives, respectively. W1 represents the weight of each criterion of the alternatives.
OMEGA = min(w;j), RHO = max(p;;) DELT A = max(0;;).

Al=input (’ Matrix Al’);
A2=input (’ Matrix A2’);
A3=input (’ Matrix A3’);
Ad=input (’ Matrix A4’);
AS5=input (’ Matrix A5’);
Ab6=input (’ Matrix A6’);
A7=input (’ Matrix A7’);
A8=input (’ Matrix A8’);
A9=input (’ Matrix A9’);
AlO=input (’ Matrix Al0’);
All=input(’ Matrix All’);
Al2=input (’ Matrix Al2’);
Wl=input (’ Enter W1’);
OMEGA=input (’ Enter OMEGA’);
RHO=input(’ Enter RHO’);
DELTA=input (’ Enter DELTA’);
N1=A1/10

N2=A2/10

N3=A3/10

N4=A4/10

N5=A5/10

N6=A6/10

N7=A7/10

N8=A8/10

NO=A9/10

N10=A10/10

N11=A11/10

N12=A12/10

C1=N1xWI

C2=N2xW1
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C3=N3xW1

C4=N4xW1

C5=N5xW1

C6=N6xW1

C7=N7+W1

C8=N8xW1

C9=N9=xW1

C10=N10x+W1

C11=N11%WI

C12=N12xW1

D1=C1+C2+C3+C4

D2=C5+C6+C7+C8

D3=C9+C10+C11+C12
VALUES1=OMEGA"2/10%(D1(1)+4%D1(2)+4+«D1(3)+D1(4))
VALUES2=(1-RHO)"2/10%(D2(1)+4%D2(2)+4+D2(3)+D2(4))
VALUES3=(1-DELTA)"2/10+(D3(1)+4+D3(2)+4xD3(3)+D3(4))
AMI=OMEGA"2/10%(-D1(1)-4%«D1(2)+4+D1(3)+D1(4))
AM2=(1-RHO)"2/10%( -D2(1)-4%D2(2)+4%D2(3)+D2(4))
AM3=(1-DELTA)"2/10%( =D3(1)—=4%D3(2)+4xD3(3)+D3(4))
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