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Abstract: The generalize form of fuzzy set is soft set theory,
further it is moved to fuzzy soft set theory, followed by to
deal with fluctuations Neutrosophic numbers are used. The
concept of Neutrosophic set based on membership values of
truth, indeterminacy and falsity, which are independent and
which play vital role in situations like uncertainty,
incomplete and inconsistence. The membership values of
truth, indeterminacy and falsity with nine edges, Nonagonal
Neutrosophic Numbers have a wide range of applications
while handling further variances in the decision-making
condition. In this paper Nonagonal Neutrsophic Numbers
and their o« — cuts and graphs are found out. Further it is
applied on real life problem which is solved by Technique
for Order of Preference by Similarity to Ideal Solution
(TOPSIS) and Viekriterijumsko KOmpromisno Rangiranje
(VIKOR) method, which are Multi Criteria Decision
Making (MCDM). After that we compare both methods to
check which method will give more accurate result in case
of indeterminacy.

Keywords: Neutrosophic Numbers, Nonagonal Numbers,
MCDM, TOPSIS Method, VIKOR Method

INTRODUCTION

The hypothesis of fuzzy set, purposed by Lotfi Aliasker
Zadeh [12] has picked up affective applications in different
areas. He presents the concept of fuzzy set. He isn’t as it were
the originator of fuzzy set hypothesis but he moreover been
one of the foremost imperatives contributes to related with
the hypothesis and preserved of numerous of its application.
Soft set theory is a generality of fuzzy set, which was
introduced in a parametric way by Molodstov in 1999 to deal
with uncertainty. We are familiar with Pawlak's soft sets,
which are a different idea that can be used to solve a wide
range of isssues.

Smarandache suggested the conception of neutrosophic set
[2, 10, 15] in 1995, and idea was issued in 1998. They have
three divergent logic components: i. truthfulness, ii.
Indeterminacy, and iii. Falsity. This concept also includes a
concept of uncertainty and the study has a significant
influence across various research domain. In neutrosophic
truth membership is stated as T, indeterminacy membership
is stated by I, falsity membership is stated by F. These are
all self-determining, and their summation is among 0 < T +
I+F<3.

Scientists from various fields looked into the properties and
fluctuations of neutrosophic numbers, as well as the
properties of correlation between them. In terms of decision-
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making, the neutrosophic fuzzy number is absolutely
important, and triangular neutrosophic numbers was just
getting started, after that Trapezoidal neutrosophic numbers,
then Pentagonal neutrosophic numbers, then Hexagonal
neutrosophic numbers, then Heptagonal neutrosophic
numbers, then Octagonal neutrosophic numbers and then
Nonagonal neutrosophic numbers. Moreover, scholars
continue to work to introduce new possibilities.

We have nine edges in expressions of truthness, falsity, and
indeteminacy membership value in the case of nonagonal
neutrosophic amounts. As a result, give us more flexibility to
deal with more volatility. We needed a system that could be
used in these difficult situations because decision making is
so diverse and has so many possibilities.

Decision-making applications in various fields such as phone
collection, game prediction, supplier selection, medical, and
staff selection.

There might not always be a finite number of options when
making a decision, or there might be several alternatives to
the original decision. There is also some probability of the
criteria not having an acceptable option. MCDM is an
approach designed to estimate concerns with a finite or
infinite number of choices.

Hwang and Yoon (1981) [1] were the first to use the TOPSIS
system (Also see Chen and Hwang, 1992). In a broad context,
it is a human being's need to make "calculated" decisions in a
situation with many choices. In scientific terms, the aim is to
establish theoretical and computational approaches that
consider several options through numerous parameters.
TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution) is a MCDM phase of numbrics. This is a tool
that can be used in a variety of situations and has a basic
mathematical model. Furthermore, it is a very realistic
approach that relies on computer assistance. The process has
been used for the past three decades, and there are several
publications on it. Some recent wrok based on graph theory
is reported in [25-28].

The three main stages in the classical TOPSIS technique are
as follows.

(1) Predict one negative ideal solution and one positive ideal
result for the initial decision-making challenge.

(2) To figure out how far each alternate is from the positive
ideal result/negative ideal result, or how close each alternate
is to the positive ideal result/negative ideal result.

(3) To mandate the options rendering to their distance or
similarity closeness coefficients.

In recent years, VIKOR (VIseKriterijumska Optimizacija |
KOmpromisno Resenje) [6] technique, which has valuable
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facts of understanding the balance among group utility Motivation: A lot of research articles regards to neutrosophic
maximization and human regrettably minimization, has been arena available, which they apply and exaggerated the
regarded as a useful technique to use in a variety of decision- concept of MCDM. They presented the notion, properties
making fields. As compared to other models, the VIKOR along with application from triangular to nonagonal
method has the benefit of considering a balance amongst neutrosophic numbers.

group utility ~maximisation and individual regret structure of paper: The article is structured as follow as
minimization. shown in the figure 1:

Section 2 Sochon 3
— e

Figure 1. Structure of article
PRELIMINARIES

Fuzzy sets: A collection is said to be fuzzy set[12] 4: U — [0, 1]
Neutrosophic sets: Let € is a neutrosophic number [4, 10] if
E={<X:T; (), &), Fz@) >%eU}
where Tz (x) : Truth membership function
Iz (x) : Indeterminacy membership function
Fz (x) : Falsity membership function
With condition: 0 < Tz (x) +Iz(x) + Fz(x) <3
Triangular  Neutrosophic Numbers: Triangular  Neutrosophic  Numbers [16] can be defined as Tr=
(ci, €3, €55 91, 930 933 I, By, hy) as well as truth, indeterminacy and falsity are given as:

(-4 forci <x <c
c; — ¢ t= z
2
7o 1 when x = c,
m— ez —x
C.3 c forc, <x <cj
37 02
kg' 0. otherwise
5 =
forgi <x <g;
92— 91
o 0 when x' = g,
" X9 forg, <x <g:
2 =03
93— 92
\ 1h otherwise
x—h
hy <x <h;
h]_ _ h.2 for 1 X 2
= 1 when x = h:
Frr =1 hy — x ’
h'3 W forh, <x < hy
37 M2
‘0 otherwise

Where 0 < Tpy + T ¢ + Fp. <3
x €Tr
The parametric form of this kind is
Tr(u,t?,(p) = [TTrl (D), Tryp (@) T 11 (19)'1 Tr2 (19)FFTn (@), Frro (‘7’)]
Where
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~TTr1g1) =G +ﬁ(cz —c); TTrz(ﬁ) =G~ II~(53 —¢3)

I~Tr1(‘9) =9,—9(g2—91); 1~Tr2(19) =g;+9(g; — g2)

Frr1 (@) = hy = §(hy — hy) 5 Frpp (@) = hy — P(hy — hy)
Here

0<fg <1, 0<d9<1 O0<@<1
AndO< g +39 +¢ <3
Trapezoidal Neutrosophic Number: Trapezoidal Neutrosophic Number [17] is defined as
TrP =le,f,g,h:0]1;[l,m,n,0:€];[q,r, s, t:¢@]
Where 6, &, ¢-€ [0,1]
With condition: 0<8 +¢&+¢ <3
Pentagonal Neutrosophic Number
Pentagonal Neutrosophic Number [18] is given as
Pen = [00: ~,=,V,0: ,0] ’ [001' ~1=1, Yy, 61; 0] ’ [002' ~2, 2, V3, az ) T]
Where
p,o,Te[0,1]
Truth membership Tp,,: R = [0,1]
Indeterminacy membership Ip,,: R — [0, 1]
Falsity membership Fp.,: R — [0,1]
Octagonal Neutrosophic Number
Octagonal Neutrosophic number [5] well-defined as
Oct = [(m.,’n.,’ 0", 0, q", 1", 5", t") . A] [(m.,1,n.,1, 0"1,p"1, q.,1’r.,1’ S"l, t"l) . IB] [(m.,z’n.z, 0"2, p.,2, CI"Z, r.,z’s.,z’ t.,2) : (C]

Where A, B, C € [0,1] as well as truth, falsity and indeterminacy well defined as
(Bpero(x) m<x <n
Apeer () n"<x <0
Aperr(x) 0 <x <p-
. Apes(x) p<x<gq
Apee(x) =1 A x =q
Aopers(x)  qr<x <71
Apers (@) 1 <x <5
Aperi(¥) s <x <t
0 otherwise
Bocro(x) mt <x <nt
Boen (1)  nl=x <ol
I'Boctz (x) ol'sx<p!
. Bocez(x)  pt <x < gt
Boc:(x) = x =q?
Boers(®) gt <x <1t
Boeez () 71 <x < st
By (x) st<x <t?
1 otherwise
Cocro(x) m?<x <n?
Coce1 () m? <x <o0?
(COCtZ (x) o?=<x<p?
. Cocs(¥)  p?<x <q*
Coct(x) =19 ¢ x = q?
Cocs(®)  q?<x <17
Coctr () T2 <x <52
Coer1 () 5?2 <x <t?
1 otherwise

where
Oct=[(m"<n <o <p <qg<r <s <t)Al[m'<nl<ol<pl<gl<ri<sl<t):B][m?<n?<
02 <pt<q?<r?<s?t<t?): (C]

Nonagonal Neutrosophic Number
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Nonagonal Nutrosophic Numbers (NNN) [4, 10] are defined as
G: (g ', s, t,w, v, w, v, 2): 8] [(¢L, 1, 8L, 0L, wt, vt wit, yit, 271): ]
[(q;Z'r;;Z' 5;2' t;Z'u;Z' U;Z' W;Z' y;Z,Z:Z): w]
Where 6, ¢, w € [0,1]
Membership function truth, indeterminacy anf falsity is define as

() ¢ =<x<r
0(x) r<x<s
Og(x) s<x<t
Og(x) t<x<uw
85 (x) = § 8 X =w

Og(x) vwW<x<v
Og(x) vVi<x<w
0(x) w<x<y
() y<sx<Zz

0 otherwise
pg(x) gr<x<r?t

pg(x) rl<sx<s?
pg(x) st<x<t?
ps(x)  tT<x <ul
® x = uwl
ps(x) w'<x <v?

g (x) = {

ps(x) vi<x<w?!
ps(x) wl<x <y
pg(x) yl<x<z?!

1 otherwise
wg(x) g*<x<r?
wg(x) 1?<x <s?
wg(x) sP<x<t?
wg(x) tP<x<u?

a2

1) X =w
we(x) =4

50 wg(x) wr<x<v?
wg(x) v?<x<w?
we(x) w?<x<y?

G y
wg(x) y*<x<z?

1 otherwie

Representation and properties of Nonagonal Neutrosophic Number: We represent the Nonagonal Neutrosophic Number by
Linear and Non-Linear symmetry [4].

Linear NNN with symmetry: Let V', = (a',b’,¢',d’,e’, f', g', h',i") as linear Nonagonal Neutrosophic Number with membership
function is define as:

As,0<k<1

Ay ={x e X\T'(X),F'(X),I'(X") = a}
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0 x<a'
x—a*
k(b*—a*) a"<x<b”
x —b*
k'((c*—bs)) b <x<c”
k cr<x<d
x—d*
k'+(1—k')( )d*<x<e*
T/ (x) =« e*—d*
1 er<x<f"
g —x
k'+(1—k')( - *>f*<x<g*
9 —f
k’ g <x<h
i"—x
k'((i*—h*)> h" <x<i”
0 x> i
0 x < a*t
x—a*t
k (b*1 — a*l) al <x<b?
x_b*l
k (c*l — b*l) bt <x <c*t
k ct<x<d?
x_d*l
—_ ] - *1 *1
FL’(x)=<k+(1 k)<e*1—d*1) dl<x<e
1 el <x<f
*1_x
k+(1—k)<h> fl<x<g™?
k gl<x<h?
it —x
k(m) hl < x < i*t
1 x> it
0 x < a*?
x —a*?
k: (W) a?? <x < b*?
x_b*Z
ki(c*z b*2> b*? < x < c*?
k c2<x<d?
x — d*?
— 1 *2 *2
I,L(x)=<k+(1 k)<e*2 d*z) d?<x<e
1 e <x<f?
*Z_x
e + (1 k) (gg*z_f*z) f?<x<g?
k gl<x<h?
i?—x
k'(,*z h*Z) 2 <x<i*?
"2 —
1 x> i*?

279
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— cut of Linear ONN with symmetry: a — cut of the membership function truth, indeterminacy and falsity are define as[ 4]

my(a’) =a' + (b’—a)fora € [0, b,]

wy (@) =b"+ (11 bC,Z )(c —b') for a' € [b},1]

u’sL(a’)=C’+(11 b )(d’—C)fora € [b3,1]

H:LL(a’)zd""(ll b)(e —d") for a’ € [b},1]
T/ (x) =«
pir(a’) = e __(f —e') fora’ € [0,b]
HéR(a’)=f'—;(9'—f')f0Ta'E[O'bé]

3

a!
war(a’) =g' =57 (K = g') fora’ € [0, b3]
2

a!
pir(a’) =h' — —(i’ — k') for a' € [0, b1]
pa@) = + 3 (b'1 @) fora' € [0,b]
1 1 —a 1 1
(@) =>b"+ (1 o )(c’ - b’ )for a' € [b},1]
1-
wh(a’) =" + (1 )(d’1 c’l) fora' € [b5,1]

1 —
o (@) =d* + (1—:,> (e —d'") fora' € [b},1]
e

F(x) = )

Hin(@) =" =3 (" = e) for a’ € 0,bi]
Hir(@) = f = Z—;(g“ —f") for a’ € [0,b]
(@) =g" —if(h'l —g"") fora’ €[0,b3]
uir(a’) = 't - b’,( ' — h’l) fora’ €[0,b1]
py(a)=a + (b’2 ’2) fora' €[0,b,]

sy (@) = b'* + (11__;2) (C’Z — b’z) fora' € [b5,1]

(@) =" + (11__52) (d’2 - c’z) for a' € [b},1]

(@) = d? + (11__;) (6’2 — d’z) fora' € [b}, 1]

1] (x) =4 4

uap(a’) = e’ ——(f’z e'?) for a’ €0, bj]

a
wip(a) = f'* _F(g,z —f'%) for ' € [0,b}]
3

a
whp(a) = g —F(h'z —g'?) for a' € [0, b]

wip(@) =h? - F("Z - h’z) fora' €[0,b1]
1
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Nonagonal

Neutrosophic Numbers

(NONNN)  with

symmetry:

Let =

G’ k"', m",n', o', p’, Q",T")(x-’,y-’,c-’,a-’) as non-linear Nonagonal Neutrosophic Number [4] with membership function is define

Non-Linear
as:
As,0<k<1

Copyrights @Muk Publications
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Ay = {x € X\T' (X"),F'(X),I'(X") = a}

1

0 x<j
rn
n x _j” ¥ 1! 124
k P j'<x <k
-]
rn
x — kn y
k'l — K'<x<l"
(lu _ k”)
kll l” < x < m”
x _m” C”
T (x) = 4 K'+ @ -k (m) m' <x<n
1 n n
) p n'"<x<o
o' —x
ku + (1 _ k”) (O” — p”) o' <x < prr
kll p// < x < q//
q” . e’
kll ~ ”> q// <x <rll
q" —r
0 x>r"
0 x<jm
N
x —
kll( - ]'”1> jll]_ <x< klll
k" —j
14
”( k' < x <M

x — k/l]_ >y

l//l _ kl/l

k' + (1— k") (
1

Fy(x) =
0

kll

qrrl —x
(=)

1

x—m'"
nr’l —

II1

- X

K'+(1-k") (,,1—
o " —p

el

281

mlll

' <x<m'

CI

1
> m't<x<n"t
nt<x<o"
dl
”1> o't <x<p”

pt<x<qg”
gt <x<r"

x>t
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Iy(x) = 5

0
x—j'"?
kll
(ku _j”2>
x — kllz yi
k (luZ _ k”2>

X”

ell

qrrz —x
k” (qr’Z _ T”2>

x<j'"

j" < x < k"

k' < x<1'"?

k" " <x<m'
C”
—-m"
K'+(1 - k”) _— m'?<x<n'”?
_ mHZ
1 Z<x<o"
2 d”
O” _ x 2 2
k' + (1 _ k”) ((),,Tp”z) 0" < x < prr
ku prrz <x < quZ

q”2 <x<r'?

x>r'"

— cut of Non- Linear NNN with symmetry a — cut of NON-LNNN [4] with membershlp function truth, falsity and

mdetermlnacy are define as

Ty(x) =
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xl
a
s (@) = J' + (b—)
1

1—«a *2
pap(@) = k' + (1 b,) ("= k') fora' €[b';,1]
— Y2

1
(k' —j") fora’ €[0,b1]

X
a

1-—
Hhp(@) =1+ (1 - b,> (m' = 1) for a’ € [b,1]

(@) = m' + (11_:
Hip(@) =n’ —(bﬁ>
Wyp(@) =o' - (;)
wsp(@) =p’ (;)
Wip(@) = g —(bﬁ)

282

> (n' —m') for a' € [b},1]

(o' =n") fora' €[0,b,]

(p' —0") fora' €[0,b3]

(@' —p') fora'€[0,b;]

(r'—4q') fora' €1]0,b;]
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Fy(x) =4

Iy(x) =

tip (@) = m'

x'y
a
Mth%J (k™ — j1) fora' € [0,b}]

a
tp(a’) = k't + ( b') -k fora' €[b',,1]
2

1
pipla) =11+ (1

S}

) (m'* =1") for a’ € [b3,1]
bs

wip(@’) =m' + (1 Z,) ('t —m't) for a’ € [b}, 1]
4
pap(a) =n't — (bﬁ) (o' —=n"") fora' € [0,b;]
4
a
psp(a’) =o' (;) (@™ —0o'") fora' €[0,bs]
3
a
typ(a’) = (;) (@ —p") fora' €0,b}]
2
a
pip(a’) =q" (;) (r'"' —q") fora' €10,b1]
1
a
HiB(a,) =j72 + (F) (krz _jIZ) fora’ € [0, b{]
1
a4

uyp(a’) = k' + (l’2 —k'?) fora' € [b',,1]

/_\
v

r—xr—\
Q,\E

wap(a) =12+ | =57 ) (" =1?) fora’ € [bs,1]

w~

S
—_

2

= ) (n? = m™) for a’ € [b,1]

1-

Q

/\

,;;\

b

pip(a) =n'? — (bi’> (0 =n'?) for a’ € [0,by]
4
a

psp(a’) =0 — (F) (p'* —0'%) fora' €[0,bs]
3
a

Hp (') = (F) (q% —p™) fora’' €[0,b;]
2

pip(a’) = q — (F) (r'? = q'?) fora' €[0,b1]
1

wig(ah), uss(a), uig (@), usp (a’) are increasing function with respect to o’ .
wip (@), uip (@), uhp ('), uip (a’) are decreasing function with respect to o’

Graphical representation of Nonagonal Neutrosophic
Number: Consider Nonagonal Neutrosophic Number for the
graphical representation of truth membership function
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0 x<0.1
x—a*
k'( ) 01<x<0.2
b* —a*
(x—b")
k’ W 0.2<x<0.3
k 0.3<x<04
ke + (1 k)(x_d*>o4< <05
T/(x) = 1 e —a) TSEST
1 0.5<x<0.6
g —x
k'+(1—k')(* *>0.6<x<0.7
g —f
k 0.7<x<0.8
i -x)
k| — 0.8<x<09
i*—h*
0 x>09

Graphical representation of truthness of NNN
1.2

0.8
0.6
0.4

0.2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
=@=—truth function

Consider Nonagonal Neutrosophic Numbers for the graphical representation of falsity membership function

0 x<0.1
x—a*!
k m 0.1<x<0.2
x —b*!
k w 0.2<x<0.3
k 03<x<04
et (- (22 ga<x<os
F{(x) = 1 eT—q1) TSESE
1 0.5<x<0.6
g'—x
k +(1—k‘)<w) 0.6 <x<0.7
k 0.7<x<0.8
it —x
k w 0.8<x<09
1 x> 0.9
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Graphical representation of falsity functionOf NNN

1.2

0.8
0.6
0.4

0.2

o
o
=
o
N
o
w
o
S
o
(9]
o
(o))
o
~
o
(o]
o
o
[EEN

==@==Falsity Function

Consider Nonagonal Neutrosophic numbers for the graphical representation of indeterminacy membership function

(0 x <0.1
x —a*?
k (W) 0.1<x<0.2
x — b*Z
k\ a2 02<x<03
k- 03<x <04
x —d*?
I (x) =4 k+(1-k) (W) 04<x<0.5
1 0.5<x<0.6
*2 —x
k+1-k) (h) 0.6 <x<0.7
k 0.7<x<08
i?—x
k\oz 72 0.8<x<09
l —_—
1 x> 0.9

Graphical representation of Indeterminacy function of NNN
1.2

0.8
0.6
0.4

0.2

o
o
=
o
N
o
w
o
S
o
(9]
o
o))
o
~
o
(o]
o
o
[EEN

==@==indeterminacy
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1.2

0.8

0.6

0.4

0.2

CASE STUDY
For checking the production and viability of VIKOR and
TOPSIS method, we have a selection of candidates for
scholarship.

Graphical representation of NNN

7

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
==@==Trutheness Falsity Indeterminacy

For selection we have four candidates{¥, Q,Y,I'} .

We select the candidates on the basis of {M: Marks, E: Members taking education, F: Family expenses, J: Income}

¥ ={M =995E =4,F =Rs.40 000,75 = Rs.50 000}
Q={M =1045,€ = 3,F = Rs.35000,7 = Rs.50 000}
Y ={M = 1001, =5,F = Rs.50000,7 = Rs.55 000}
[={M =970, =4,F = Rs.45000,7 = Rs.48 000}

Candidates Attributes M E | F(Rs.) | I(Rs.)
v 995 4 | 40000 50 000
Q 1045 |3 | 35000 50 000
Y 1001 |5 | 50000 55 000
r 970 4 | 45000 48 000

Neutrosophic Number assigned by decision maker: Nonagonal Neutrosophic Numbers for candidate ¥

Sr. # | Attributes Nonagonal Neutrosophic Numbers

1 ” (0.79,0.83,0.85,0.87,0.78,0.81,0.88,0.82,0.89),(0.77,0.67,0.56,0.98,0.78,0.69,0.72,0.83,0.85),
(0.73,0.69,0.84,0.81,0.90,0.49,0.57,0.66,0.56)

5 < (0.79,0.76,0.81,0.84,0.74,0.88,0.89,0.86,0.82),(0.67,0.81,0.88,0.45,0.56,0.80,0.79,0.55,0.40),
(0.66,0.72,0.67,0.81,0.71,0.79,0.77,0.81,0.73)

3 F (0.81,0.52,0.62,0.74,0.73,0.91,0.66,0.82,0.80),(0.59,0.63,0.91,0.57,0.73,0.81,0.43,0.77,0.74),
(0.67,0.86,0.83,0.78,0.90,0.88,0.79,0.67,0.72)

4 g (0.72,0.76,0.80,0.86,0.73,0.66,0.68,0.71,0.53),(0.69,0.72,0.79,0.81,0.86,0.91,0.83,0.78,0.88),
(0.67,0.75,0.88,0.79,0.65,0.73,0.84,0.81,0.90)

Nonagonal Neutrosophic Numbers for candidate Q

Sr# | Attributes Nonagonal Neutrosophic Numbers

1 M (0.93,0.95,0.99,0.94,0.91,0.82,0.96,0.98,0.92),(0.87,0.85,0.79,0.81,0.92,0.78,0.86,0.78,
0.95),(0.79,0.86,0.88,0.97,0.76,0.85,0.82,0.90,0.89)

5 c (0.67,0.74,0.72,0.73,0.81,0.80,0.79,0.78,0.82),(0.66,0.61,0.75,0.81,0.79,0.83,0.63,0.78,
0.80),(0.59,0.76,0.82,0.64,0.69,0.78,0.77,0.75,0.66)

3 F (0.87,0.43,0.90,0.46,0.52,0.67,0.81,0.88,0.91),(0.59,0.66,0.81,0.54,0.49,0.63,0.73,0.80,
0.45),(0.79,0.66,0.93,0.85,0.86,0.67,0.56,0.80,0.76)

4 g (0.72,0.76,0.80,0.86,0.73,0.66,0.68,0.71,0.53),(0.52,0.87,0.65,0.69,0.61,0.73,0.58,0.75,
0.81),(0.67,0.57,0.86,0.82,0.64,0.43,0.59,0.66,0.69)
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Nonagonal Neutrosophic Numbers for candidate Y

Sr# Attributes Nonagonal Neutrosophic Numbers

1 »” (0.93,0.95,0.99,0.94,0.91,0.82,0.96,0.98,0.92),(0.89,0.95,0.83,0.88,0.85,0.94,0.92,0.84,0.79),(
0.86,0.83,0.95,0.99,0.92,0.78,0.85,0.88,0.90)

5 < (0.94,0.89,0.85,0.91,0.96,0.97,0.88,0.92,0.93),(0.79,0.76,0.88,0.84,0.94,0.86,0.93,0.99,0.85),(
0.91,0,83,0.85,0.79,0.88,0.93,0.78,0.84,0.94)

3 F (0.90,0.89,0.85,0.88,0.94,0.91,0.80,0.79,0.78),(0.81,0.80,0.79,0.90,0.87,0.76,0.69,0.84,0.88),(
0.97,0.88,0.76,0.87,0.92,0.80,0.79,0.84,0.90)

4 7 (0.45,0.72,0.80,0.67,0.63,0.75,0.80,0.81,0.53),(0.55,0.58,0.67,0.49,0.76,0.88,0.62,0.67,0.70),(
0.79,0.55,0.76,0.49,0.67,0.78,0.69,0.75,0.48)

Nonagonal Neutrosophic Numbers for candidate T

Sr# | Attributes Nonagonal Neutrosophic Numbers
1 M (0.65,0.73,0.81,0.75,0.69,0.72,0.77,0.79,0.80),(0.76,0.85,0.73,0.68,0.74,0.82,0.71,0.90,0.77),
(0.69,0.85,0.81,0.77,0.73,0.95,0.61,0.65,0.71)
(0.79,0.76,0.81,0.84,0.74,0.88,0.89,0.86,0.82),(0.68,0.70,0.73,0.78,0.86,0.82,0.79,0.71,0.84),
2 € (0.77,0.80,0.74,0.89,0.83,0.72,0.82,0.86,0.71)
3 F (0.90,0.89,0.85,0.88,0.94,0.91,0.80,0.79,0.78),(0.82,0.79,0.93,0.78,0.72,0.91,0.86,0.82,0.80),
(0.79,0.73,0.88,0.84,0.94,0.91,0.85,0.85,0.81)
4 7 (0.65,0.73,0.78,0.86,0.67,0.68,0.77,0.81,0.72),(0.64,0.73,0.69,0.82,0.81,0.74,0.75,0.60,0.82),
(0.83,0.74,0.92,0.69,0.71,0.89,0.86,0.75,0.72)
Candidate ¥ Candidate Q Candidate Y Candidate T
M{(0.93,0.95,0.99,0.94,0.91, | M{(0.93,0.95,0.99,0.94,0.91, | M{(0.93,0.95,0.99,0.94,0.91, | M{(0.65,0.73,0.81,0.75,0.69,
0.82,0.96,0.98,0.92), 0.82,0.96,0.98,0.92), 0.82,0.96,0.98,0.92), 0.72,0.77,0.79,0.80),
(0.87,0.85,0.79,0.81,0.92,0.7 | (0.87,0.85,0.79,0.81,0.92,0.7 | (0.89,0.95,0.83,0.88,0.85,0.9 | (0.76,0.85,0.73,0.68,0.74,0.8
8,0.86,0.78,0.95), 8,0.86,0.78,0.95), 4,0.92,0.84,0.79), 2,0.71,0.90,0.77),
(0.79,0.86,0.88,0.97,0.76,0.8 | (0.79,0.86,0.88,0.97,0.76,0.8 | (0.86,0.83,0.95,0.99,0.92,0.7 | (0.69,0.85,0.81,0.77,0.73,0.9
5,0.82,0.90,0.89)} 5,0.82,0.90,0.89)} 8,0.85,0.88,0.90)} 5,0.61,0.65,0.71)}
£{(0.79,0.76,0.81,0.84,0.74,0 | £{(0.67,0.74,0.72,0.73,0.81,0 | £{(0.94,0.89,0.85,0.91,0.96,0 | £{(0.79,0.76,0.81,0.84,0.74,0
.88,0.89,0.86,0.82), .80,0.79,0.78,0.82), .97,0.88,0.92,0.93), .88,0.89,0.86,0.82),
(0.67,0.81,0.88,0.45,0.56,0.8 | (0.66,0.61,0.75,0.81,0.79,0.8 | (0.79,0.76,0.88,0.84,0.94,0.8 | (0.68,0.70,0.73,0.78,0.86,0.8
0,0.79,0.55,0.40), 3,0.63,0.78,0.80), 6,0.93,0.99,0.85), 2,0.79,0.71,0.84),
(0.66,0.72,0.67,0.81,0.71,0.7 | (0.59,0.76,0.82,0.64,0.69,0.7 | (0.91,0,83,0.85,0.79,0.88,0.9 | (0.77,0.80,0.74,0.89,0.83,0.7
9,0.77,0.81,0.73)} 8,0.77,0.75,0.66)} 3,0.78,0.84,0.94)} 2,0.82,0.86,0.71)}
F{(0.81,0.52,0.62,0.74,0.73, | F{(0.87,0.43,0.90,0.46,0.52, | F{(0.90,0.89,0.85,0.88,0.94, | F{(0.90,0.89,0.85,0.88,0.94,
0.91,0.66,0.82,0.80), 0.67,0.81,0.88,0.91), 0.91,0.80,0.79,0.78), 0.91,0.80,0.79,0.78),
(0.59,0.63,0.91,0.57,0.73,0.8 | (0.59,0.66,0.81,0.54,0.49,0.6 | (0.81,0.80,0.79,0.90,0.87,0.7 | (0.82,0.79,0.93,0.78,0.72,0.9
1,0.43,0.77,0.74), 3,0.73,0.80,0.45), 6,0.69,0.84,0.88), 1,0.86,0.82,0.80),
(0.67,0.86,0.83,0.78,0.90,0.8 | (0.79,0.66,0.93,0.85,0.86,0.6 | (0.97,0.88,0.76,0.87,0.92,0.8 | (0.79,0.73,0.88,0.84,0.94,0.9
8,0.79,0.67,0.72)} 7,0.56,0.80,0.76)} 0,0.79,0.84,0.90)} 1,0.85,0.85,0.81)}
7{(0.72,0.76,0.80,0.86,0.73,0 | 7{(0.72,0.76,0.80,0.86,0.73,0 | 7{(0.45,0.72,0.80,0.67,0.63,0 | 7{(0.65,0.73,0.78,0.86,0.67,0
.66,0.68,0.71,0.53), .66,0.68,0.71,0.53), .75,0.80,0.81,0.53), .68,0.77,0.81,0.72),
(0.69,0.72,0.79,0.81,0.86,0.9 | (0.52,0.87,0.65,0.69,0.61,0.7 | (0.55,0.58,0.67,0.49,0.76,0.8 | (0.64,0.73,0.69,0.82,0.81,0.7
1,0.83,0.78,0.88), 3,0.58,0.75,0.81), 8,0.62,0.67,0.70), 4,0.75,0.60,0.82),
(0.67,0.75,0.88,0.79,0.65,0.7 | (0.67,0.57,0.86,0.82,0.64,0.4 | (0.79,0.55,0.76,0.49,0.67,0.7 | (0.83,0.74,0.92,0.69,0.71,0.8
3,0.84,0.81,0.90)} 3,0.59,0.66,0.69)} 8,0.69,0.75,0.48)} 9,0.86,0.75,0.72)}

VIKOR METHOD

VIKOR method [5, 6] is used for deciphering multi criteria decision problem. VIKOR method give a balance solution that gives
maximum group benefits for majority.

Steps of VIKOR method:

STEP 1: Defuzzified the Neutrosophic numbers and assign weights.

STEP 2: Ascertain positive ideal result and negative ideal result.
rt = {lrijmax for benefical criteria
r- = {n‘ij min for non beneficial criteria
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m
X — X X
S (S R S
= X —X; j X — X;
H; =mjin]HI] H; =m]ax]HIJ
S = mjin S G =maxG;

STEP 4: Now we will calculate the comprehensive sorting index Q.

H,; — H* G, -6
Q=P +(1 50) o

o8 deaswn mechanlsm lndex €[0,1]

STEP 5: Rank the values base on the sorting index Q. Decision maker select the best one according to ranking.

Here we have two conditions;
(a) Adequate advantage:
QW) - Q) = ——
-1
Q(w?): second ranked sorting index
Q(w?) : first ranked sorting index
P : number of alternates
Adequate stability in verdict where w as well must ranked by H; or/and Q;.

deffuzified

ideal
solution

group
unity

comprehe
nsive
sorting
ind-

alternative
's rankig

Figure 2. Steps for VIKOR method

TOPSIS METHOD

In this method two synthetic alternate are theorized [4, 14].

Ideal alternative: the one which has the finest level for attributes measured.
Negative ideal alternative: the one which has the poorest attributes values.
STEP 1: Defuzzified the Neutrosophic numbers and construct the weights.
STEP 2: Normalize data using

Tij = i 1
(Z 3€izj)2
STEP 3: Multiply each column by associative weights
Vij = WjTij

STEP 4: Determine
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Positive ideal result A
Negative ideal result A ™.
A ={v;,v5, .0}

Vi = {vij max for beneficial criteria v;;min for beneficial criteria}

A ={v],vy,..v;}

v = {vij min for non beneficial criteria v;; min for non beneficial criteria }

STEP 5 : In this step we determine separation measure for each alternate.

For positive ideal alternate
1
. . 212
Si = [§ (v —vy) ]

1
_ _ 212
Si =[§ (v —vy) ]
STEP 6: Now we will calculate the relative closeness to the ideal solution

Si
* = <1
C; S +s5- 0<ei <

2 L

For negative ideal alternative

Pick the option C; closet to 1.

Defuzzified

Normalized

Ideal
solution

Separation
measure

Relative
closeness

Figure 3. Steps for TOPSIS method

NUMERICAL ANALYSIS

VIKOR Method: First we use VIKOR method for decision making
STEP 1: We defuzzied the NNN by

atb+tctdtetptgt+hti

TENON = :
@twowz(al+&1+01+d1+31 + £ +g»1+h1+¢'1)
Dtnon =(¢2+&2+02+d2+€2+ﬁ2 +g,+ 4, +¢'2)

| | ¥ | Q | Y | T |
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M | (0.83,0.76,0.69) (0.93,0.84,0.85) (0.93,0.87,0.88) | (0.75,0.77,0.75)
€ 1(0.82,0.66,0.74) | (0.76,0.74,0.71) | (0.91,0.87,0.86) | (0.82,0.77,0.79)
F | (0.73,0.68,0.79) (0.71,0.63,0.76) (0.86,0.81,0.85) | (0.86,0.82,0.84)
J | (0.71,0.81,0.78) (0.72,0.69,0.66) (0.68,0.65,0.66) | (0.74,0.73,0.79)
/0.2 0.1 0.3 0.4\
0.76 0.87 0.89 0.76
x=|074 074 088 0.79 |
\0.73 0.70 0.84 0.84 /
0.77 0.69 0.66 0.75
STEP 2: Now we determine the positive ideal solution and negative ideal solution
weightage 0.2 0.1 0.3 0.4
M & F Jd
b4 0.76 | 0.74 0.73 | 0.77
Q 0.87 | 0.74 0.70 | 0.69
Y 0.89 | 0.88 0.84 | 0.66
r 0.76 | 0.76 0.84 | 0.75
rt 0.87 | 0.88 0.84 | 0.75
r- 0.76 | 0.74 0.70 | 0.66

STEP 3 to 5: In this table we determine H;, S; , Q; and also select the candidate according to step 5.
M & F J H; S; Q;

y 0.2 0.1 0.23 | 0.08 |0.61 |0.23 |05
Q 0 0.1 0.3 0.27 | 0.67 | 0.3 0.75
Y 003 |0 0 0.4 0.43 |04 0.69
r 0.2 008 |0 0 0.28 | 0.2 0

H; &; 0.28 | 0.2

H; ,S; 0.67 | 0.4

According to ranking candidate I is selected.

TOPSIS Method: Now we apply TOPSIS method on the same application.

STEP 1:

0.2 0.1 0.3 0.4
M & F J
076 074 [ 073 | 0.77
0.87 074 [ 0.70 | 0.69
0.89 |0.88 |0.84 | 0.66
0.76 | 0.76 [ 0.84 | 0.75

weightage

IE=]1E-]

STEP 2:

0.46
0.53
0.54
0.46

0.53
0.48
0.46
0.52

| |0 |

STEP 3:
Vi = Wity
M & F J
0.092 | 0.047 |0.138 | 0.212
0.106 | 0.047 | 0.135 | 0.192
0.108 | 0.056 | 0.159 | 0.184
0.092 | 0.048 | 0.159 | 0.208

L ICAE=]E=

STEP 4:
A* ={0.108,0.056,0.159,0.184 }

A~ =1{0.092,0.047,0.135,0.212}
STEP 5 AND 6:

Copyrights @Muk Publications
International Journal of Computational Intelligence in Control

290

Vol. 13 No.2 December, 2021



Sana Akram?, Javeria Yasin?, Nosheen llyas?, Muhammad Farhan Tabassum®*

S = [Z(Vf - vij)zl%

s =[]

N[

e =
PTSI+ ST
S S C;
Y | 0.039 | 0.003 | 0.071
Q | 0.027 | 0.024 |4.71
Y |0 0.041 |1
r | 0.029 | 0.042 | 0.45
According to relative ideal solution candidate I is selected.
TOPSIS METHOD VIKOR METHOD
Si Si” Ci H; S; Q;
¥ | 0.039 | 0.003 | 0.071 0.61 0.23 0.5
Q | 0.027 | 0.024 | 4.71 VIS 0.67 0.3 0.75
Y [0 0.041 |1 0.43 0.4 0.69
r | 0.029 | 0.042 | 0.45 0.28 0.2 0
Comparison of TOPSIS and VIKOR
5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
w Q Y r

TOPSIS

VIKOR

VIKOR method is better than TOPSIS method because it gives more accurate results in indeterminacy.

CONCLUSION

We work on Nonagonal Neutrosophic Numbers and find out
a — cut and graphs of the numbers as well as comparison of
TOPSIS and VIKOR method is done on a real-life case study.
In comparison graph blue line is for TOPSIS and orange line
for VIKOR method, which shows that VIKOR method gives
more accurate result in indeterminacy.
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