Materials Today: Proceedings Xxx (XXXX) XXX

Materials Today: Proceedings

=

Contents lists available at ScienceDirect

materialstoday:
PROCEEDINGS

ERCEL
EaEE
) =

journal homepage: www.elsevier.com/locate/matpr sty

Linear neutrosophic pentadecagonal fuzzy number with symmetry in

solving fuzzy environmental problems

N. Ruth Naveena®?, A. Rajkumar?, S. Shalini”, Chirag Goyal “*

2 Department of Mathematics, Hindustan Institute of Technology & Science, Chennai, India
b Department of Mathematics, JNN Institute of Engineering, Kannigaipair, Chennai, India

¢ Department of Aeronautical, Hindustan Institute of Technology & Science, Padur, Chennai, India

ARTICLE INFO ABSTRACT

Article history:

Received 30 October 2020
Accepted 5 November 2020
Available online xxxx

Keywords:

Pentadecagonal fuzzy number
Pentadecagonal neutrosophic fuzzy number
Travelling salesman problem

In this paper, we deal with the new concept of linear Pentadecagonal neutrosophic fuzzy number with
symmetry. Neutrosophic number are extensively used by researchers where unclear, uncertain informa-
tion appear, so this paper focus on its properties using alpha cut method. We had applied it in a real life
problem and found the result using the assignment problem. So alpha cut method is introduced.
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1. Introduction

In real life Assignment problem is one of the most popular
method in operation research due to its versatile application.
It helps us to set us free from difficulty that we face in
assigning to when uncertainty, imprecise, incomplete, inconsis-
tent information arises in a philosophical view point, there
emerge the neutrosophic set which leads to the integral part
of the framework. There arise many practical problem in engi-
neering application wherein, this neutrosophic pentadecagonal
fuzzy number helps in solving it. Here, we carry out the
NPDFN for real life application where the information pro-
vided is incomplete about the parameter used. We have
developed then neutrosophic pentadecagonal fuzzy number
and its graphical representation. Thus, developed the score
and accuracy function for NPDFN which converts into crisp
value for the optimization problem like transportation, assign-
ment problems. The membership values of truth, hesitation
and falsity quantities are independent and dependent of each
other cases are formulated and applied in transportation prob-
lem Table 1.
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2. Basic definitions
2.1. Definition (Fuzzy neutrosophic Set)

A fuzzy neutrosophic set A on the universe of discourse X is
defined as A= {X,0a(X), Uy (x), 9a(x) : xeX }where
o, 1,9 :X —[0,1] and 0 < wa(X) + pu(x) + 9a(x) < 3,where
wa(x)is @ membership function, p,(x) is indeterministic function
and J4(x) is non-deterministic function.

2.2. Definition (Pentadecagonal neutrosophic fuzzy number)

A Neutrosophic Pentadecagonal fuzzy number NPDEN

NP, = ( (Bl,Bz-,Bs,334,35,36,37,38-,39,310,311,312,31373147315> ;, W, 9)

on a real line R, whose truth membership, in determinancy mem-
bership and falsity membership function is defined by

2.2.1. Linear generalized Pentadecagonal neutrosophic number
2.2.1.1. Single-valued neutrosophic set. If xis a single-valued
independent variable, then a neutrosophic set is said

single-valued SVIilFN =
{(x; [N - (X),3 - x%),9 - (X)D : XeX} where X - (x),3

to be neutrosophic  set if

SUNFN ~ SVNEN SUNEN SUNEN SVNEN

(x)andy - (x) is the truth, in determinacy and falsity member-
SVNFN

ships function respectively. If there exist three points 7o, 71, T, for
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Table 1
Crisp Assignment value using Score and Accuracy Function.
0 P Q R
S 52 70 75 63
T 65 67 80 53
U 62 78 79 61
\ 80 82 87 58

whichX - (19)=1,3 - (t1)=1andy - (12) = 1,thenSVI:IFN is
SVNFN SVNFN SVNFN
called as neutro-normal.

SVNEN is said to be neutro-convex if SYNFNis a subset of a real
line by which it satisfies the following conditions:

a R - (3d+(1-0)dy) >minR - (d),R - (dy))
SVNFN SVNFN SVNFN

b. 2 - (11)=(6d1 +(1-6)dz) <min(3 - (dy),3 - (dy))
SVNFN SVNFN SYNFN

.Y - (11)=(dd; +(1-9)dz) <min(Ww - (dy),9 - (dy))
SVNFN

SVNFN SVNFN

Whered;andd, € Randde|0, 1]

Pentadecagonal Single Type Neutrosophic Number of Specifica-
tion 1: When the quantity of the truth, hesitation and falsity are
independent to each other.

A Single-valued Neutrosophic Pentadecagonal fuzzy number
SVNPDEN-

SNPy

B = ((31332733734,35736,37338739,31073117312731373147315> HONTR N

a real line R, whose truth membership, indeterminancy
membership and falsity membership function is defined by A
Pentadecagonal 0.

0,x < By
T <ﬂ>731 <x<B

B, B,
71,B; <X <Bs

T+ (T2 — r1)<"’B3V>,B3' <X<B4
By —Bs
T2,B4 <X <Bs
Ty 4 (T3 — rz)(“’? >,Bs‘ <X<Bs
Bg —Bs
73,Bs <X <B;

T3+ (1 —‘53)<X787)7B7V§X§38V

Bg —B;
Ty (X) = 1,x=Bg
SN[’d - 5 .
T3 + (T3 — 1)<?(738'>788 <X < Bg
By —Bg

73,Bg <X <Bio

Ty + (T2 — ‘53)( 2 B >7310 <x<Bp
Bi1 —Bio

T2,B11 <X < By,

T+ (T1 — ‘52)<ﬂ)7312 <X <Bp3
Bi3 —B1y

T1,B13 <X < By,

T (m> ,B14 <X <Bjs

Bis —Bisg

O,X > B]5

Fg-__ (X)

SNPy
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1+(73—1)<*7Bl.1 >7B]1 SXSBZ]

B,1-B;!

73,B;

T3+ (T2 —13)<

T<x<Bj!

3 V 4
L >7B31 <X <By!

By1-Bs!

75,B4' <x < Bs!

T+ (11 71:2)<

XBs! ),Bs“l <X < Bg!

Bg1-Bs!

71,Bs! <x < B;!

. . }
T —‘51(&31 >~,B71 <x < B!

Bg!-B;!

O,X = ng]

_Bol ~. -
T+ 7 (B ) Bs! <x<Bo!
Bol—Bg!

TlaBQV

1 <x<By'

Byl ’ ’
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Where O0<Ti<Ty<13<1;
<T- <1 <F- <34+:xcB—
0<T, <l ®<F  (¥)<3+hxe BSNPd
SNFd SNFd SNFd

Fig. 1 Shows Linear Single-valued Neutrosophic Symmetric Pen-
tadecagonal Fuzzy Number (LSNSP4FN) Pentadecagonal

Single Type Neutrosophic Number A Single-valued Neutro-
sophic Pentadecagonal fuzzy number SVNPDFN

B =( (31‘BZ$B3=B47BSA,BG~B7738-,397B107B11,BIZ,BI3~,BI4,B15> HONTRINO
d

a real line R, whose truth membership, indeterminancy member-
ship and falsity membership function is defined by:
where

Where0 < TyNApd—(x) < ﬂy@—(x) < [Fyﬁp\d—(x) <2+X¢€ ”@,

The parametric form is given by:
Where,

() = B] +]9. (Bz —é] >forwe[07j]Tr,,A, (o)

NPq14

C w/ - ) .
=By — 7 (315 - Bl4>forw6[0,]}

Ty (w)=B, +i)—:; <B3 - Bz>fora)6[i, KT, __(w)
NP4y NPq13
C w—i/ . .
=Bi3 - ﬁ (BM - B13)f0rCU€[L k]
. Kk .
T, (@) =8 +°;’ - <B4 B3> forwelk, [T, (o)
NPg3 NPg12

w

. k- .
=B — Tk <313 - Bu>forw6[k, I

T, - (w):é4+%_l<35 B4>forw6[l mTa_—- (o)

NPy -1 NPg11

. _1 . .
= Bll *% <B12 *B]])fOfCOE[l, m}

Ty (w)= B5+C’;) ::(BG—B;,)forwe[m Ty —_ ()

N”dm

. w-—m
= B1() —m (B]] —Bm>f0rw€[m n]

C w—nl- -
= B¢ +m <B7 — Be>forwe[n, O]T”@ (w)

Bio — By |forweln, o]
o= (P0-)

w-o0 .
Ty (@)= B7+1 o <Bs By>forwe[o,l]TyN/P;(w)
= és (i) : <Bg ég>forwe[o, 1]

Where,0 < w < T,A~ < u<1,0~ <d9<1,0< u+9
NP4 NP4

<l1+and0 <+ pu+9 <2+

3. Proposed score and accuracy function

Score function and accuracy function of a pentagonal neutro-
sophic number is fully depend on the value of truth membership
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indicator degree, falsity membership indicator degree and hesita-
tion membership indicator degree. The need of score and accuracy
function is to compare or convert a pentadecagonal neu- trosophic
fuzzy number into a crisp number. In this section we will proposed
a score function as follows.

For any Pentagonal Single typed Neutrosophic Number
(PTGNEU):

B— = ((31ABZ’331B4~,35,36737«,Bs:397310A311AB12AB13AB14~B15>;w.,H,l?)

SNPg

We consider the beneficiary degree of truth indicator part as

_ <81 +By +B3 +By+Bs +Bg+B7 +Bg +Bo +B1o+B11 +B1ap +Bi3 +Bia +B15>
- 15

hesitation = degree of indeterminacy indicator as

— (b1 +by +b3 +bg +bs +be +b7 +bg +bg +b1o +b1g +b12 +b13 +b1a+b1s
- 15

Non- beneficiary degree of falsity indicator part

_ (Tl+f2+f3+f4+f5+Ts+77+fs+f9+f1o+7n+f12+f13+714+715>
- 15

The score function is given bySIEBA =
SNP,

1 <2 4 By +By +B3 +B4+Bs +Bs +By +Bg +Bg +Byg+B11 +Bi1p +B13 +Bia+Bis
3 15

b1 +b +b3 +bs+bs +be +by +bg +bg +b1o+b11 +b12 +b13+b1a+bis
15

fitia+is+iat+is+ie+i7+is +io+T10+in +712+713+f14+f15)
15

SFB— €[0, 1]
SNP4

AFB— —

SNP,

The accuracy function is given by

1 (B, +By +B3 +By+Bs +Bs +By +Bg +Bg +Bio +Bi1 +Bip +Bi3+Bia+Bis
3 15

i1+ +i3+ia+is +is+i7+ig +fo +i10+ 111 +112 +713+f14+f15)
15

Where AFB— €[~ 1, 1]
SNPy

3.1. Application in neutrosophic transportation environment

We consider PDN environment for a assignment problem, in
which there are “A” resources and “R” destinations. Choose a
minimum cost and starting from “A”th source and it will go
to “R’th section of uncertainty, hesitation in assignment
problem.

Proposed Algorithm to find out the optimal solution:

‘To solve an assignment problem in neutrosophic environment
the following algorithm has to be followed.

Step 1. Form a neutrosophic pentadecagonal fuzzy cost matrix

[aij ] (say) whose each entry is SVPd N number.

Step 2. Find out the least cost in each row from p-weighted
value functions using a pre-assigned p and subtract that least cost
from all costs in respective row. Proceed the fact in each column
also.

Step 3. Mark those cells where subtraction results are equiva-
lent to Vp(0~).

Step 4. Draw the least number of horizontal and vertical lines to
cover all the marked cells of present matrix.

Step 5. If the number of lines drawn is equal to the order of
matrix, optimality arises. Then go to Step 6, otherwise go to
Step 8.

Step 6. Specify a number of marked cells equal to the order of
matrix such that each column and each row contains exactly one
marked cell.
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Fig. 1. Linear Single-valued Neutrosophic Symmetric Pentadecagonal Fuzzy Number (LSNSP4FN).

Step 7. Add the costs of neutrosophic cost matrix [aij] corre-
sponding to the position of specified marked cells and calculate
the p-weighted value function of that sum. This gives the optimal
numeric value for the pre-assigned p.

Step 8. Find the smallest SVPdN-number among the uncovered
SVPdN-numbers left after drawing the lines as in Step 4 using p-
weighted value function for the pre-assigned p. Subtract it from
all uncovered SVTrN numbers of the present matrix and add it with

the SVPdN-number lying at the intersection of horizontal and ver-
tical lines. Keep intact all remaining SVT’

Example

A firm employs typists basis for their daily work on hourly rate.
The five typist are employed on speed and their charges are differ-
ent. The typist was paid on hourly basis even if they work for some
time. We set up the assignment tableau for this problem to deter-
mine the least cost allocation for the following data.

0 P Q R

S (10,14,17,17,19, 22, 24,27, (1,15, 20, 20, 23, 23, 25, 25, (45.5,97.5, 130, 130, 149.5, (3,4, 8,7.9,7.8,10, 14, 14,
35,47, 70, 85, 89,91, 95;2,2, 30,49, 79,80,81,100, 139;0, 149.5, 162.5, 162.5, 195, 14.5, 15,17, 21, 27, 38, 39;1,
2,3,4,5,5,7,11,11,12,12, 1,10,10, 10, 15,15, 15,20, 318.5,513.5,520,526.5,650, 2,2,2.2,25,3,3,3,3.7,4,
15,17,17;0,1,1,1,1,3,3,5, 20, 20, 27, 27, 30, 30;0, 0, 0, 903.5;7, 43, 65, 65, 65,97.5, 4.7,4.7,4.7, 5, 5;0,0.2, 0.2,
57,8,8,8,8,8) 0,0,10, 10,10, 12,14, 20,34, 97.5,97.5, 130, 130, 130, 0.2,03,03,07,1,1,1, 1.2,

37,42, 42) 175.5,175.5,195,195;10,20, 1.3,1.4,1.4,1.4)
20, 25, 25, 50, 65, 65, 78, 91,
130, 221, 240.5, 273, 273)

T (0,0,0,2,4,8,8,8,14,14,16, (3,7,8,8,9,9,10,10,12,15, (24,7,7,7,7,8,9,9,9,12, (0,1,1.3,1.5,1.7,1.7, 3, 3.2,
18, 18, 18, 25;0,0.2,0.2, 0.3, 15,17, 20, 28, 37;1,2.5,2.5, 12,13,14,14,14;1,15,1.7, 3.5,3.5,6,7,7,9,12;0,0,0.3,
0.3,04,04,07,1,1.3, 1.3, 25,25,3,3,3,3,4,47,47, 17,1,19,19,1.9,2,2.1,2.1, 03,03,03,1,1,1,1,1.2,1.3,
15,15,1.7,1.7;0,0,0,0,0,0, 4.7,4.7,4.7;0,0,0,0,0.3,0.3, 21,3,3,3;0,0,00,0,0,1, 2,24,3;0,00,0,0,0,0,0,0,
0,0,0,0,0.1,03,05,1, 1) 0,1,1,1,1.2,1.3,14,14,14) 1.7,1.7,1.7,1.8,1.8, 1.8, 2, 1,1,1,1,1,1)

2.1)

(25, 35,42.5,42.5,475,55, (2,25,25,2.7,28,2.9,34, (0,15,3,7,10,14,14,14,15, (2,5,7,12,14,17,19, 21, 24,
60, 67.5, 87.5, 117.5, 175, 7,11, 14, 14.5,17, 19, 25, 15,17,17, 21, 24, 25,0, 7,7, 27, 28, 29, 29, 30, 30;0, 0.5,
212.5, 222.5, 227.5, 237.5;5, 34;0.7,2,2.5,25,2.7,3,3,3, 7,7,7,8,9,9,9,10,105,12, 0.5,05,07,1,1.7,1.7,2,2,3,
5,5,75,10,12.5,12.5,175, 3,3,5,7,10,17,19;0,0,0,0, 12.5,12.5;0,0,0,0,0,0, 3, 5,,12,15;0,0,0,0,0,0,0,0,
27.5,27.5, 30, 30, 37.5,42.5, 03,03,0,1,1,1,1,7,8,10, 3.3,3.7,4,7,7,7,8,8) 1.2,1.2,15,3,4,5,5)
42.5;0, 2.5, 2.5,2.5,2.5,7.5 14)
7.5,12.5,12.5,17.5, 20, 20,
20, 20, 20)

Demand 10 12 11 8
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We convert the neutrosophic Pentadecagonal Fuzzy number into a
crisp value by score and accuracy function.

By solving, we therefore we get the solution as:

S—-0,T-P, U-Q, V- R The optimal solution using pen-
tadecagonal neutrosophic salesman problem is given by 227.

4. Conclusion

Thus linear and non-linear Neutrosophic Pentadecagonal fuzzy
number membership function with symmetry concepts are
explained. We have solved using travelling salesman problem.
Thus the result is found for better mechanism to obtain travelling
salesman problem. The linear single-valued Neutrosophic Pen-
tadecagonal Fuzzy number with symmetry is explained with
graphical representation and arithmetic operations for better
results. The spectacular study for Pentadecagonal Neutrosophic
Fuzzy Number PDNFN was explored with parameters in optimiza-
tion techniques. Thus it helps in solving where we have a neutro-
sophic parameter. We can also find the optimal solution using
branch and bound method.
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