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Abstract: In today's scenario transportation problem [TP] is the prominent area of optimization. In the
present paper, a TP in a neutrosophic environment, known as a neutrosophic transportation problem
[NTP] is introduced with interval-valued trapezoidal neutrosophic numbers [IVTrNeNs]. To maintain
physical distance among the industrialists and researchers during the covid-19 pandemic, the interval-
valued fuzzy numbers [IVENs] in place of crisp numbers are very much essential to address the
hesitation and uncertainty in real-life situations. IVITNeN is the generalization of single-valued
neutrosophic numbers [SVNeN], which are used as the cost, the demand, and the supply to transport
the necessary equipment, medicines, food products, and other relevant items from one place to another
to save the human lives in a covid-19 pandemic. A Neutrosophic set, which has uncertainty,
inconsistency, and incompleteness information is the abstract principle of crisp, fuzzy, and intuitionistic
fuzzy sets. Here we suggest some numerical problems for better execution of the neutrosophic
transportation problem [NTP], to understand the practical applications of interval-valued neutrosophic
numbers [I[VNeNs]. In the last, we compare our results and a conclusion is given in support of our
proposed result methodology with IVTrNeNs.

Keywords: Interval-valued trapezoidal neutrosophic number, De-neutrosophication, neutrosophic
transportation problem.

1. Introduction

In the current scenario of covid-19, the role of a neutrosophic optimization technique in TP has
fascinated awareness of their high efficiency, accuracy, and adaptability that gives high standard real-
life outcomes. Neutrosophic optimization has been extremely searched in industrial, management,
engineering, and health sectors. Zadeh in 1965 introduced the mathematical formula of fuzzy set FS [1]
by which the researchers try to check the ambiguity or uncertainty in engineering, industrial, and
management problems [2, 3]. In realistic problems, the FS was not perfect to observe the uncertainty
and hesitation. To encompass this problem, Atanassov extended the FS and introduced a set with
membership and non-membership degrees, called an intuitionistic fuzzy set IFS [4]. For more detailed
applications of IFS, please (see [5-10] and references therein). Atanassov and Gargov generalized the
IFS by introducing the interval-valued IFS to strengthen the attitude of grasp uncertainty and hesitation
in IFS [11]. To solve the real-world problems with inconsistent information or contain indeterminacy in
data the FS and IFS are not sufficient. To rectify such problems, Smarandache in 1988 introduced the
neutrosophic set [NS] [12], by which the inconsistent information is in the form of truth-membership,
indeterminacy-membership, and falsity-membership degrees respectively. For practical applications
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and some technical references in real-world problems, NSs are difficult to apply, so the notion of a
single-valued neutrosophic set [SVNeS] was imported by Wang et. al. in 2010 [13]. The idea of SVNeS is
more suitable and effective in solving many real-life problems of decision-makers that contain
uncertainty in data by using fuzzy numbers and intuitionistic fuzzy numbers. Since in the real world,
there exists stipulated and non-stipulated knowledge, so to overcome such problems Samaranache
introduced the neutrosophic number [NN] [14, 15]. In 2016, Ye. proposed de-neutrosophic and
possibility degree ranking methods for the application of NNs [16]. Samrandache in 2015, proposed the
interval function to describe the stipulated and non-stipulated issues in real-world problems [17]. For
more uncertain linear programming problems (see [18-29] and references therein).

In real-life optimization problems, the TP shows high execution and due to its clarity and minimum
cost, it is a noted optimization technique in the current scenario. The basic theme of a TP is to find a
direct connection between source and destination in minimum time with minimum cost. Hitchcock
introduced the initial basic structure of TP and developed a special mathematical module for the basic
results of TP by the simplex method [30]. For more recent development in fuzzy transportation problem
[FTP] (see [31-47] and references therein).

The IFS theory can handle the problems of incomplete information but not the indeterminate and
inconsistent information that exists in the transportation modal. The TP with inconsistent information
or indeterminate data i.e. in fuzzy numbers or intuitionistic fuzzy numbers cannot be handled in the
current structure. To resolve such issues, the NTP is the best option with indeterminacy and
inconsistent information by truth, indeterminacy, and falsity membership degree function. Many
researchers formulated efficient mathematical models in various uncertain environments. We proposed
the NTP of type-4, with all entries such as cost, demand, and supply termed as IVIrNeNs, which
include membership, indeterminacy, and non-memberships degree function. The more real-world
developments in the field of neutrosophic optimization problems (see [48-63] and references therein).

For the solution of NTP, the first one will change it into a crisp transportation problem [CTP] by
converting the cost, demand, and supply, which are in IVIrNeNs into crisp values with the help of the
introduced ranking method. For unbalanced CTP or NTP, here we use Vogel’'s approximation method
[VAM] and minimum row-column method [MRCM] to solve these by excel solver and then compare
our results [46]. The paper is well organized in several sections such as the introduction of the present
paper with some earlier research are given, the basics concepts of FS, IFS, and NS are discussed and
reviewed, introduce the ranking function, score function, and de-neutrosophication to convert
neutrosophic values into crisp values and vice-versa. Here we proposed CTP & NTP of type-4, their
solution by existing and MRCM, comparison, and the conclusion for future aspects of research work.

2. Preliminaries

Definition 2.1 ([39]): A FS Aof a non empty set X is defined as A={<x,yA(x)>/xeX} where

f;(x): X >1[0,1] is the membership function.

Definition 2.2: A fuzzy number on the universal set R is a convex, normalized fuzzy set A , where the
membership function yi; (x) : X —[0,1] is continuous, strictly increasing on [a, b] and strictly decreasing

on[c d], p;(x) =1, forall xe[bc], where a<b<c<d and p;(x)=0, forall xe(-o,a]u[d o).

Definition 2.3 ([52]): A trapezoidal fuzzy number (TrFN) denoted as A=(ﬂ,b,C,d), with its

membership function ;(x) on R, is given by
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(x-a)/(b-a), for a<x<b

’ for b<x<c
a2 (10 /(d-¢), for c<x<d

0, otherwise

If b=cin TrFN A= (a,b,c,d), then it becomes TFN A= (ab,c).

Definition 2.4: An IFS in a non-empty set X is denoted by A" and defined as A’ = {<x, Hii sV > X € X} ,
where ,,, v, : X —[0,1], are denoted as degree of membership and degree of non-membership

functions respectively. The function h(x)=1- -V <L, VxeX called the degree of hesitancy in Al

The single valued neutrosophic numbers [SVNN] introduced by Deli and Suba [64] in 2014.

Definition 2.5: A SVNS is denoted and defined as AN ={x, T, (x),I; (x),F; (x)/xeX}, where for each
generic point x in X, TA\' (x) called truth membership function, I, (x) called indeterminacy

membership function and F/3N (x) called falsity membership function in [0,1] and

0ST, (x)*+I; ()+F; (x)<3. For continuous SVNS A = [(T, ()], (x),F; (1))/x, xeX. For

Ay

discrete values, SVNS can be written as A, = Z”:<TA (x),1; (x),F; (xi)> /x,, x;, eX.

i=1

i

Fig. 1: Neutrosophic set

Definition 2.6 ([15]): Let x be a generic element of a non empty set X. A neutrosophic number A, in
X is defined as A, ={(x, T, (x),I; (x),F; (x))/xeX}, V T; (0, I; (x) and F; (x) belongs ]°0,1°[

where TAN X 0,17, 1 i, : X >0, 1°[ and FAN : X —>]07, 1 are functions of truth-membership,

indeterminacy =~ membership  and  falsity-membership  in A respectively  with

N
0<T, ()+1, ()+F, (x)<3"

Definition 2.7 ([17]): Let X be a nonempty set. Then an interval-valued neutrosophic set [[VNS] A;,V

of X is defined as:

AY (el e D[ R ) wex)
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where [T;N ,T;’N ], [I;N ,IZN ] and [FjN ,FXN J c[01] VxeX T?t\« = inf(TAN ), TXN = sup(TAN ) ;
IEN = inf(IAN ), IgN = sup(IAN ) and F/%N = inf(FAN ), FXN = sup(FAN )

Fig. 2: Interval-valued neutrosophic set

Ay Ay

Definition 2.8: Let AY ~{(w[T2 18 T[15 19 J[FL B ]):x e X] be VNS, then
U

(i) Ay isemptyif T; =T, =0,I; =I; =LF; =F;

Ay Ay

=1, vxe X.

(ii) let 0=(x,0,1,1) and (x,1,0,0).

The interval-valued numbers and their operational properties are most valuable to survey for
interval-valued neutrosophic numbers [I[VNeNs]. Here we are given some impotent operations & facts
about Interval valued numbers.

Definition 2.9 ([65]): An interval on R is defined as A =[a",a"]={a:a" <a<a®,aeR}, where a"in left

limit and 4° is the right limit of A, it may also be defined as A=(a_,a,)={a:a.-a, <a<a +a,aeR},

R, L R_ L
(a”+a’) (”—2“) is width of A.

where a, = in centre a, =

Definition 2.10 ([66, 67): Let A(x)=[a",a"]={x:a" <x<a"}, then A(x)is called an interval number.
A(x) is positive interval if 0<a"<x<a". Let A(x)=[a",a"] and B(x)=[b",b"] be two interval

numbers, then the following operational properties are holds:

(i) A=Bs a' =b", a' =b";
(ii) A+B=[a"+b", a" +b"]; A-B=[a"-b", a" -b"];
(iii) AxB < [min{ab", a"b",a"b", a"b"}; max {a"b", ab¥,a"b", a"b"}];

(iv)  pA=[pa",pa"), u>0.

Definition 2.11 ([35]): The interval-valued trapezoidal neutrosophic number [IVTrNeN]) is a special

case of NS on the real line R. Let 4,,4,,4,,4, € R such that 4, <a, <a, <a, then
~IV L u L u L u
iy = <(al,az,513,114);[u§.NV Moy J’[vﬁh“ i ][wﬁkv W J>,

is IVTrNeN, where [u;v ,u;fv } are upper and lower bound of the truth-membership degree function

Uy, [vﬁﬁv ,v;,’v } are upper and lower bound of the indeterminacy-membership degree function Uy and
N N N N
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[w;w ,wgfv} are the upper and lower bound of the falsity-membership degree function Wy in [0,1]
respectively, whose truth-membershipT, (x), indeterminacy-membership I, (x), and a falsity-

membership E, (x) are defined as follows:

x—a, az—x+vﬁlv(x—a1)
Uy , fora, <x<a,, N , fora, <x<a,,
AN a, —a,
Uy, fora,<x<a,, U, fora, <x<a,,
Ty(x)=q ™ Ly(x)=9 ™
ﬁIV ﬁIV
v a,—x N x—a,+v,, (a, —x)
Uy , fora,<x<a, N , fora,<x<a,,
v \a,—a, a,—a,
0, forx<a, and x>a,. 1, forx<a, and x>a,.
az—x+wﬁg(x—a1)
, fora, <x<a,,
a, —a
Wy s fora, <x<a,,
Fy(0)=1 "
x—a,+w., (a4, —x)
bl , fora,<x<a,
a, —a,
1, forx<a, and x >a,.

when a4, >0, ay =<(a1,az,a3,a4 );[u%vv,u;{ J,[vé,wv,vﬁ”ﬁ J,[w%,w%v }>, is called positive IVTrNeN,

denoted by d, >0, and if a, <0,then i becomes a negative IVTrNeN, denoted by ay >0. If a,=a,,
~ L u

then IVIrNeN is reduces interval-valued triangular neutrosophic number [IVTriNeN], denoted as
iy = <(a1,u2,u3);[uﬁ,v Ul }[UL ot }[wL ,wh, ]>
On the basis of [8, 41, 58], we will take here the twelve components of IVIrNeNs i.e.

&;\"/1 - <|:{(al’bl’cl’dl);u/}w }’{(elffl'gwhl);vaw }'{(ll’ml’nl’pl);wﬁw ”> guided as [, <e <a <m <f <

b<n <g <c <p <h <d.

Fig. 3: Interval-valued trapezoidal neutrosophic number

2.1. Operational Laws on IVTrNeNs

Let ﬁIAZ =<[{(al,bl,cl,dl);u%vl},{(el,fl,gl,hl);vﬁfwv1 },{(ll,ml,nl,pl);wﬁ,NV1 }D and
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~IV .
iy, = <U(g b,,c, d Uy },{ €, 18,1, },{(lz,mz,nzlpz);wﬁ% ”> be two IVIrNeNs with
twelve Components where u |v [ uv 1”4le j|/ u. |v = |:u§uv xu;{uv :| ; Uﬁlv = |:U§LIV :U;fnv :|/”Uﬁ|v = |:U§LIV 1’0;{le } ;

N2 N2 Ny Ny Ny N2 N2 N2

and w,, = [wﬁ.v sl ] SW, = [wﬁ.v s } , then the following operations hold:
Ny ) iy Ny iy Ry

Addition of IVTrNeNs:

{(a +a,,b +b,,c +c d+d) ,V/\u,v}, ]

7
2771 ay, Ny
v ~IV

ay +iy = {(e]+ez,f]+f2,g]+g2,h]+h2);vﬁg] v,v},

N,

{(11 +1,,my+m,, n+n,,p, +p2)"wﬁ1'\‘,/ v Wy }
1 N2

Negative of IVTrNeN:

(et ot o et |

Subtraction of IVTrNeNs:

{(al—dz,b]—cz,cl—bz,d] ity Aty }

Ny

ﬁ;\‘]/l ﬁ;\\]/z = {(el_hz’fl_nggl fz/ - ) {\V an :r

I —

Scalar multiplication of SVTrNeN:
<{(Aa1,Abl,Acl,/\d1);uﬁ,v }{( e, Af,,Ag,, AR, ),v } {(Al m,, Any, Ap, );w., }> if A>0
<{(/\dl,/\cl,/\b1,/\a1) Sy, },{(/\hl,)\gl,/\ﬂ,/\el) 0, },{(/\pl,/\nl,/\ml,)\ll) W, }>if A<0

Multiplication of IVTrNeNs:
(a,.a,,b.b,,c,c,,d.d,);(e e, f,-f,,8,-8, 1 1, )i (1 1y, mymy,n n,,p,p, )

/\"IV_

Uy Al |/ Oy VO || Wy V0, if d, >0,d,>0,h, >0,h,>0,p, >0,p, >0 ’
v e (ul dz’bl C2fC1 b2fd1 [12) (el'hwﬂ'nggrfwhl'ez);(11'P2'm1'n2/”1'm2/p1'lz)

a, .4, = T 7 ,
NN Uy N |y Uy VO || Wy VW, if 4, <0,d,>0,h, <0,h, >0,p, <0,p, >0
(d1 dZ’CI Cz’bl'bz’al'az);(hl‘hz’gl'gZ’fl'fz’el'ez);(Pl'Pz’nl'HZ’ml'mZ’ll'lz)

Uy Al |/ O VU || Wy VW if d <0,d,<0,h, <0,h, <0,p, <0,p, <0 ’
Inverse of SVTrNeN:
(1111}[1111]{1111)
s s T A A IV /vulv /wﬁlV 7
d’c b a J\h g f e p, n, om; 1 My
~IV) _ if a, b,>0,c,>0,d, >0,e,>0,f, >0,g, >0,h, >0,I, >0,m, >0,n, >0,p, >0,
1

>0,

11}[1111}[1111} >
_ _— 7| T 7 /ulv /Uulv /wlv 7
b c 1 f'l gl ] l] m. n pl an Ny AN

if a,<0,b, <0,c, <0,d, <0,¢, <0, f, <0,g, <0,h, <0,I, <0,m, <0,n, <0,p, <O0.
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Division of SVTrNeNs:

a] b1 C] d] . 61 ﬁ g'l h] . l] 1 nl 1 .
— T T s 7| Uy AUy || O VO || Wy VW
d c b a hy g f, e )J\p, n, m L )L™ L W W L N

if d >0,d,>0,h, >0,h,>0,p, >0,p, >

0
i (e alfha halfpmmmb)l T 0 e v
Nl 4 7 4 4 4 4 4 4 4 4 4 4 ﬁIV ﬁlV 4 ﬁIV ﬁIV 7 alV ﬁIV
- = d ¢ b a hy g fi e )\p, n m [ )L™ v L ™ v L ]
i
0

7
7
7

e if d <0,d,>0,h <0,h,>0,p, <0,p, >

7

7

1 1

d C2 bZ aZ . hZ gZ fZ eZ . pZ nZ 2 l .
Ty Ty | Uy AUy || Oy VO || Wy VU
a, b c d e, fi g M )\L m o on op )L™ L Nt L N

if d, <0,d, <0,h, <0,h, <0,p, <0,p, <0

Wher uﬁl\( N uﬁl‘/ = |:min(u§uv 7 usuv )/min(u;ulv 7 u;ulv ):| 7 vﬁlv VO, = |:maX(U;;”V 7 vﬁLle )/ maX(U;”V 7 v’lz:t{ﬂv ):|
and w[ll\/ \4 wﬁl‘/ = l:max(w;uv /ng!V )lmax(w;{uv /w;{uv ):|'
(7,11,16,21);[0.6,0.8] (6,11,13,20);[0.7,0.8]
Example 2.1.1: let &f\‘,’l ={(6,10,15,20);[0.3,0.4] ) and 5?1/2 =( (5,10,12,18);[0.4,0.5] ) be two IVTrNeNs,
(5,9,14,19);[0.4,0.6] (3,8,11,16);[0.5,0.6]
(13,22,29,41);[0.6,0.8] (-13,-2,5,15);[0.6,0.8]
then ay +ay =((11,20,27,38);[0.4,0.5] ), &y —ay =( (-13,-2,5,15);[0.4,0.5]
(8,17,25,35);[0.5,0.6] (-11,-2,6,16);[0.5,0.6]
(42,121,208, 420);[0.6,0.8] L1y (0.35,0.85,1.45,3.50);[0.6,0.8]
~IV ~IV Iy
@y ay =( (30,100,180,360);(0.4,0.5] ), —-={( (0.33,0.83,1.50,4.00);[0.4,0.5]
(15,72,154,304);[0.5,0.6] N \(0.31,0.81,1.75,6.33);[0.5,0.6]

(35,55,80,105);[0.6,0.8]
54 =( (30,50,75,100);[0.3,0.4]
(25,45,70,95);[0.4,0.6]

3. Score and Accuracy functions of IVIrNeNs

Definition 3.1: Sahin [69] used the score function concept to find comparison between two IVTrNeNs.
Greater of score function value demonstrate the greater of IVITNeN. According the base of [70] the

score and accuracy functions of an IVTrNeN 7,; can be defined as follows:

v 1(8+(a +b +c +d )= (e, + f+8 +h)
S aN ):E

aN aN aN aN

L u L u L u
(l ]X(2+uagv +uﬁL\111v —O0w —U0 y —W 1y _w~utv)
— +m, +n +p ) !
1 1 1 1

S(a, ) €[0,1]. The accuracy function A(dy ) €[-1,1] is defined as:

1
~IVy _ & 1 _ _ _ L ua L _.u _ L .U
A(aN - 4 (al + bl + Cl + d] l] ml nl p] )X (2 + uﬁkf‘/ + uﬁNUrIV Uﬁgv Uﬁglv wdk,"/ wﬁgzv )

Definition 3.2 Let 4, and ﬁ:{z be any two IVTrNeNs, then one has the following comparison:

(a) If s(ay) <SGy )= ay <dy,

(b) If S(ay)=>S(ay,) with A@y ) <A@y ) = &y <ay , Ay )> A@y ) = @ >a,; and
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A@ay)=A@y)) then ay =ay .

Example 3.1. Let 4 =((7,11,16,21),(6,10,15,20),(5,9,14,19);[0.6,0.8],[0.3,0.4],[0.4,0.6]) and
ay, =((6,11,13,20),(5,10,12,18),(3,8,11,16);[0.7,0.8],[0.4,0.5],[0.5,0.6]) be two SVTrNeNs, then

the score and accuracy function S(ﬁi‘,f ) =-4.95833, A(’TAZ )=5.1 and S(afvv2 )=-9.375, A(ﬁf\‘,/z) =4.875.

Here S(d )>S(dy, ) and A(dy )> A(dy ) implies thatd, >dy .

4. Neutrosophic Transportation Problem [NTP] and its Mathematical formulation

In a TP, if at least one parameter such as cost, demand, or supply is in form of neutrosophic
numbers, then TP is termed as NTP. An NTP has neutrosophic availabilities and neutrosophic demand
but the crisp cost is classified as NTP of type-1, if NTP has crisp availabilities and crisp demand but
neutrosophic cost, is classified as NTP of type-2. If all the specifications of TP such as cost, demand, and
availabilities are a combination of crisp, triangular, or trapezoidal neutrosophic numbers, then it is
classified as NTP of type-3. In last if all the specifications of TP must be in neutrosophic numbers form,
then TP is said to be NTP of type-4 or fully NTP.

4.1 Mathematical Formulation of NTP

In TP if uncertainty occurs in cost, demand or supply then it is more difficult to find the strict way
and time. During the current scenario of covid-19, it is very important for transporting the drugs and
medical equipment from one source to another destination in an unchallenging way. Keeping in mind
for social distancing the IVTrNeS has a deep concern and special features. To maintain this type of
impreciseness in cost to a transferred product from ith sources to jth destination or uncertainty in
supply and demand, the decision-maker introduces NTP with IVIrNeNs. Here we discuss NTP of
type-4 with IVTrNeNs in cost, supply and demand.

Let the cost and number of units and assumptions and constraints in NTP be defined as IVIrNeNs
that are transported from ith sources tojth destination. In the formulation of NTP the following
assumptions and constraints are required:

m total number of source point

n total number of destination point

i table of source (for all m)

j table of destination (for all n)

x) number of transported neutrosophic unites from ith source to jth destination
EiI/‘V Neutrosophic cost of one unit transported from ith source to jt destination
5?]7/ available neutrosophic supply quantity from it source

~;V required neutrosophic demand quantity to jth destination

CinV - [Cé, Czﬂ crisp cost of one unit quantity

V= [ Xk xu] number of transported crisp unites from it source to jt destination
ij ’

at a4 available crisp supply quantity from ith source

Y = [bL Y required crisp demand quantity to j* destination
]
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m

For balance of NTP » " =% a" ie. total supply is equal to total demand. The objective of this

i=0 j=0
NTP model is to minimize the cost of transported product. The mathematical formulation of NTP with
uncertain transported units, cost, demand and supply is as follows:

Minimum ZV = ZZNW v

i=0 j=0
n
Subject to ZSC,I]V ~a’,VvVi=1,23, ... ,m(sources),
j=0

n

Z”V bIV Nji=1273 ... ,n(destination),

where
(et 2oy @@y @y )il il | [(xy zo o sy ut | |
ey =A(ee oy ey amy ) ob ot | 5= (5 E Y R ) ) ok o |
() zom 2oy 2y )| w} (oo 5o 7 )l |
(3@ a0) 4@ Ay ); _uﬂv,uﬁf,] (B By by b@y) o | ]
3 = (3@ A0 Ay Ay ) ok o B - {(b@?,b(f) ()Y B ) [vzv,vjv]
(30 aom aony! &y )| why s | (B B Boy by )t s ]|

4.2. Steps for Balancing of NTP by Existing Method

The total transportation cost does not depends on the mode of transportation and distance, also the
framework of the problem will be denoted by either crisp or IVTrNeNs. For solution of NTP, first we
convert all IVTrNeNs into crisp values by using score function and so the NTP converted into simple
TP. After balancing by existing method, the following steps are required for solution of NTP:

Step 4.2.1: To change the each neutrosophic cost E{.V neutrosophic supply & and neutrosophic

demand b’v of NTP in cost matrix into crisp values by using score function (i, ).

Step 4.2.2: For balance TP, verify that the sum of demands is equal to the sum of supply ie. If

m IV n ~IV m IV n ~[V ., .
Zai <ZO:bj or Zolal. >Z(;b]. Vi,j the one can make sure to balance the TP, as
j= i= j=

Z”V > b, Vi,j, by adding a row or column with zero entries in cost matrix.
=0
Step 4.2.3: Verify that the sum of demands is greater than the supply in each row and the sum of
supplies are greater than the demand in each column, if ok go on step 4.2.4, otherwise go
on step 4.2.2
Step 4.2.4: Here we use the excel solver to solve the TP and obtained optimal solution.
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4.3. Steps for Balancing of NTP by MRCM

For balance the unbalance NTP, we use minimum row column method [MRCM] introduced by

Saini [45] as follows:
Step 4.3.1. Convert neutrosophic cost Ef}/ neutrosophic supply éfv and neutrosophic demand B;V of
NTP in cost matrix to crisp values by using score function S(dy, ).

Step 4.3.2 If NTP is unbalance i.e. ¥ a!" <or > ZB}V , Vi,j than we find

i=0 j=0

j(n+1)

CH Za’v and b ZB]’V @ excess supply,
j=0

or bl . = Zn:E»jV and &l = iéfv @ excess demand.
=0 i=1
The unit transportation costs are taken as follows:
Ef&m—rlrg]l}’}c 1<i<m, EZ“)J—Eg}C 1<j<n,
¢/=¢/,1<i<m,1<j<n, and &; . =0.

Step 4.3.3 Obtain optimal solutlon of NTP by excel solver. Let the neutrosophic optimal solution
obtained be ¥/, 1<i<m+1,1<j<n+1.

Step 4.3.4 By assuming @, =0 and using the relation @~ ®v = 6;‘/ for basic variables, find the

values of all the dual variables G);IV ,1<i<m and \7'].”/ , 1<j<n+1,

Step 4.3.5. According to MRCM, & =&, and v v for1<i<m,1<j<n, obtain only central

1

rank zero duals.
5. Numerical Example

Let us consider a NTP of type-4 with three container (sources) say M,, M,, M, in which medical

equipment are initially stored and ready to transport in three different destinations (cities), say C,,C,,
C,with unit transportation cost, demand and supply are as IVTrNeN. The input data of NTP with
IVTrNeNs is given in table 1:

Table 1 M, Supply
C (7,12,21.5,28);[0.7,0.9], (7,11,15,19);[0.6,0.8] 5,10,14,19.5);[0.5,0.6], (9,19,28,34);[0.7,0.8],
1 (4,10,17.5,25);[0.4,0.5], (5,8,12,15);[0.4,0.5] (3,7.5,10,15);[04,0.6], (7,12,19,24);[0.4,0.5],
(2,8,15.5,22);[0.3,0.4] (3,5,7,11);[0.2,0.3] (1,4,7,10);[0.3,0.4] (3,8,11,16);[0.2,0.4]
C (5,11,16.5,21);[0.6,0.7), (2,4,7.5,10);10.6,0.7], (3,6,11,16);[0.7,0.9], 8,14,25,35);[0.7,0.8],
2 (3,8,12,16);0.3,0.5], (1,3,6.5,9);0.3,0.5], (1,5,9,14);[0.4,0.5), (4,10,18,28);[0.3,0.5],
(0,3,9.5,12){0.2,0.4] (-1,2,5,7);102,03] (-3,2,6,12);[0.3,0.4] (1,8,14,22);[0.3,0.4]
C (6,14,21,28);[0.8,0.9], (4,85,14,17);[0.6,0.8], (5,10,14,20);[0.7,0.9], (14,22,30,39);[0.6,0.8],
3 (4,11,18,25);[0.4,0.6], (2,6.5,11,15);[0.4,0.5], (3,8,9,15);[0.3,0.5], (12,18,25,34);[0.3,0.5],
(2,8,15,22);[0.3,0.4] (-2,2,7,11);[0.2,0.3] (-1,5,7,12);[0.2,0.4] (8,15,23,31);[0.2,0.4]
Demand (10,20,28,35);[0.7,0.9], 6,12,23,33);(0.7,0.8], (12,18,25,33);[0.7,09],
(4,12,22.5,29);[0.4,0.5], (4,10,19,28);[0.4,0.5], (9,16,23,30);[0.4,0.5],
(1,7,12,19;,[0.3,0.4], (2,8,15,24);(0.2,0.4] (5,14,20,27);[0.3,0.4]

With the help of score function, the cost, demand and supply of NTP i.e. in IVTrNeNs are convert
into the crisp numbers as follows:
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S(E")=-4.58333, S@EYy=-1, S@EV)=-0.11667,  S@")=-033333,  SEV)=-0.31667,
S(EY)=-0.16667, S(ZY)=-0.333333, S(@")=-2.50, S(E)=-4.66667, S(E)=-0.16667,
S(E)=-0.183333,

3

S(a)')=-8.83334, S(b)')=-0.58333, S(b)')=-4.66667, S(b\)=-8.0

The unbalance TP with crisp values shown in table 2:

Table 2 M, M, M, Supply
C -4.58333 -1 -0.11667 | -0.33333
C, -0.31667 | -0.16667 | -0.33333 -2.50
G, -4.66667 | -0.16667 | -0.18333 | -8.83334
Demand | -0.58333 | -4.66667 -8.0

In table 2, gafv =-11.6667, Z(;ij =-13.25, ie. Z{):B;V —Zolafv =1.58300, this shows that NTP is
i=l j= i= j=

unbalanced. The balance TP and the solution of NTP in crisp form by excel solver shown in table 3 and

table 4 respectively as follows:

Table 3 M, M, M, M, Supply
C -4.58333 -1 -0.11667 0 -0.33333
C, -0.31667 | -0.16667 | -0.33333 0 -2.50
C, -4.66667 | -0.16667 | -0.18333 0 -8.83334

Demand | -0.58333 | -4.66667 -8.0 1.58300

Table 4 M, M, M, M, Supply
C 1.91667 -3.83333 - 1.583 -0.33333
C, -2.5 - - - -2.50
C, - -0.83334 -8 - -8.83334

Demand | -0.58333 | -4.66667 -8.0 1.58300

The optimal solution of NTP in crisp form is Z_, =-2.55419. The solution of NTP with IVTrNeNs

shown in table 5:

Table 5 M, M, M, M, Supply

(-24,-6,12.5,25);[0.3,0.5], (-62,-12,43.5,88);]0.3,0.5] (-64,-24.5,24,69);[0.3,0.5], (7,12,19,24);0.4,0.5],

(-25,-5,14,27);[0.7,0.9], (~71,-14,49,104);[0.7,0.8] _ (-70,-21,33,80);[0.6,0.8], (9,19,28,34);[0.7,0.8],
(-23,-7,4,18);[0.3,0.4] (—60,-11,27,74);[0.2,0.4] (-58,-16,19,63);[0.2,0.4] (3,8,11,16);[0.2,0.4]

C 8,14,25,35);[0.7,0.8], _ _ _ 8,14,25,35);[0.7,0.8],
2 (4,10,18,28);[0.3,0.5], (4,10,18,28);[0.3,0.5],

(1,8,14,22);[0.3,0.4] (1,8,14,22);[0.3,0.4]

© _ (-19,-3,12,27),[0.7,09], (12,18,25,33);[0.7,0.9], _ (14,22,30,39);[0.6,0.8],
3 (~18,-5,9,25);[0.3,0.5], (9,16,23,30);[04,05], (12,18,25,34);[0.3,0.5],
(

(-19,-5,9,26);[0.2,0.4] (5,14,20,27);[0.3,0.4] 8,15,23,31);[0.2,0.4]

(4,12,22.5,29);[04,0.5 (4,10,19,28);[0.4,0.5, (9,16,23,30);[0.4,0.5], (-64,-24.5,24,69);]0.3,0.5],

Demand <(10, 20,28,35);[0.7, 0A9l,> 6,12,23,33);(0.7,0.8], (12,18, 25,33);[0.7,0.9], <(-70,-21,33,80); [0.6,0.8], >
(-1,7,12,19);[0.3,04], (2,8,15,24);0.2,0.4] (5,14,20,27);[0.3,0.4] (-58,-16,19,63);[0.2,04]

Rajesh Kumar Saini™ Atul Sangal? and Ashik Ahirwar3, A Novel Approach by using Interval-Valued Trapezoidal
Neutrosophic Numbers in Transportation Problem



Neutrosophic Sets and Systems, Vol. 51, 2022 245

(7,12,21.5,28);[0.7,0.91,\  /(-25,-5,14,27);[0.7,0.9], (7,11,15,19);[0.6,0.8]\ /(~71,-14,49,104);[0.7,0.8]
Zorp =( (4,10,17.5,25);[0.4,0.5], ).{ (-24,-6,12.5,25);{0.3,0.5], ) +( (5,8,12,15);[0.4,0.5] ).( (~-62,~12,43.5,88);[0.3,0.5]

(2,8,15.5,22);[0.3,0.4] (-23,-7,4,18);[0.3,0.4] (3,5,7,11);[0.2,0.3] (~60,-11,27,74);[0.2,0.4]

(-70,-21,33,80);[0.6,0.8], \ /(0,0,0,0);[0.6,0.8]\  /(5,11,16.5,21);[0.6,0.7],\ /8,14,25,35);[0.7,0.8],
+( (-64,-24.5,24,69);[0.3,05], }.( (0,0,0,0);[0.3,05], }+( (3,8,12,16);[0.3,05],  }.{ (4,10,18,28);[0.3,0.5],

<(-58 -16,19,63);[0.2,0.4] (0,0,0,0%;[0.2,0.4] (0,3,9.5,12);[0.2,0.4] (1,8,14,22);[0.3,0.4]
(4,85,14,17);[0.6,0.8],\ /(-19,-3,12,27);[0.7,09],\  /(5,10,14,20);[0.7,0.9],\ /(12,18,25,33);[0.7,0.9],
+( (2,6.5,11,15%;[0.4,0.5], ). (-18,-5,9,25);]0.3,0.5], }+{ (3,8,9,15);0.3,0.5],  }.{ (9,16,23,30);[0.4,0.5],

(-2,2,7,11);[0.2,0.3] (~19,-5,9,26);[0.2,0.4] (-1,5,7,12);[0.2,0.4] (5,14,20,27);[0.3,0.4]
(-648,94.5,1966.5,4586);[0.6,0.9],

(-403,19.5,1262.75,3218);[0.3,0.5],
(-193,-27,587,2084);[0.2,0.3]

ie. Z.. =

NTP

~—7.07292

Now we balance the unbalance CTP in table 2 by MRCM, the balance CTP with crisp numbers shown
in table 6 as follows:

Table 6 M, M, M, M, Supply
G -4.58333 -1 -0.11667 | -4.58333 | -0.33333
C, -0.31667 -0.16667 | -0.33333 | -0.33333 -2.50
C, -4.66667 -0.16667 | -0.18333 | -4.66667 | -8.83334
C, -4.66667 -1 -0.33333 0 -11.6667
Demand | -0.58333 -4.66667 -8.0 -10.0834
The solution of balance CTP as in table 7
Table 7 M, M, M, M, Supply
C, 10.75001 -4.66667 -8 1.5833 -0.33333
C, -2.5 0 0 0 -2.50
G, -8.83334 0 0 0 -8.83334
C, 0 0 0 -11.6667 | -11.6667
Demand | -0.58333 -4.66667 -8.0 -10.0834
The cost Zpprepy = 891364 .
The solution of corresponding balanced NTP shown in table 8 as follows:
Table 8 M, M, M, M, Supply
@ (-64,-35,-8,13);[0.7,0.9], 6,12,23,33);[0.7,0.8], (12,18, 25,33);[0.7,0.9], (-147,-49,61,157);[0.7,0.9], (9,19,28,34);[0.7,0.8],
1 <(48,-31,-5.5,13);[0»4,045],> <(4,10/19, 28);[0.4,0.5],> <(9,16, 23,30);[04,0.5], > <(-127,-4645,46,132);[044,0.5],> <(7 12,19,24);[0.4,0.5], >
(-54,-30,-11,10);[0.3,0.4] (2,8,15,24);[0.2,0.4] (5,14,20,27);[0.3,04] (-115,-33,36,120);[0.3,0.4] (3,8,11,16);[0.2,0.4]
C 8,14,25,35);[0.7,0.8], _ _ _ 8,14,25,35);[0.7,0.8]
2 <(4,10,18/28);[0.3,0.5],> <(4 10,18,28);[0.3,0. 5]>
(1,8,14,22);[0.3,0.4] (1,8,14,22);[0.3,0.4]
@ (14,22,30,39);[0.6,0.8], _ _ _ (14,22,30,39);[0.6,0.8],
3 (12,18, 25,34);[0.3,0.5], (12,18, 25,34);[0.3,0.5],
<(8,15,23,31);[042,0.4] > <(s 15,23,31);[0.2,0.4] >
C - - - (31,55,83,108);[0.6,0.8], (31,55,83,108);[0.6,0.8],
4 (23,40, 62,86);[0.3,0.5], (23,40,62,86);[0.3,0.5],
<(12,31,48,69);[0.2,0.4] > <(12,31,48,69);[0.2,0.4] >
Demand (10,20, 28,35);[0.7,0.9], 6,12,23,33);[0.7,0.8], (12,18,25,33);[0.7,0.9], (-39,34,116,188);[0.7,0.9],
<(4,12,22.5,29);[0.4/0.5],> <(4,10,19,28);[0'4,0,5],> <(9,16,23,30);[0A4,0A5], > <(41,15A5,86,155);[0,4/0.5],>
(-1,7,12,19);[0.3,0.4], (2,8,15,24);[0.2,0.4] (5,14,20,27);[0.3,0.4] (46,15,67,132);[0.3,0.4]

Rajesh Kumar Saini™ Atul Sangal? and Ashik Ahirwar3, A Novel Approach by using Interval-Valued Trapezoidal
Neutrosophic Numbers in Transportation Problem




Neutrosophic Sets and Systems, Vol. 51, 2022 246

(-64,-35,-8,13);[0.7,09], \ /(7,12,21.5,28);[0.7,09]\ /6,12,23,33);[0.7,0.8], \ /(7,11,15,19);[0.6,0.8]\ /(12,18,25,33);[0.7,0.9]\ /5,10,14,19.5);[0.5,0.6],
Zy e =\ (48,-31,5.5,13);[0.4,0.5], ).{ (4,10,17.5,25);[0.4,05], ) +( (4,10,19,28);0.4,05], ). (5,8,12,15);0.4,05] )+( (9,16,23,30);[0.4,05], ).{ (3,7.5,10,15);[0.4,0.6],
(-54,-30,-11,10);[0.3,0.4] | \(2,8,15.5,22);[0.3,0.4] (2,8,15,24);{0.2,0.4] | \(3,5,7,11);[0.2,03] (5,14,20,27);10.3,04] | \(1,4,7,10);[0.3,0.4]
(-147,-49,61,157);[0.7,0.9], (7,12,21.5,28);[0.7,09],\  /8,14,25,35);[0.7,0.8], | /(5,11,16.5,21);[0.6,0.7],\  /(14,22,30,39);[0.6,0.8],\ /(6,14,21,28);[0.8,0.9],
+( (-127,-46.5,46,132);[0.4,0.5], ).( (4,10,17.5,25);[0.4,0.5], )+( (4,10,18,28);[0.3,05], }.{ (3,8,12,16);[0.3,0.5],  )+( (12,18,25,34);{0.3,0.5], ).( (4,11,18,25);[0.4,0.6],
(-115,-33,36,120);[0.3,0.4] (2,8,15.5,22);[0.3,0.4] (1,8,14,22);{0.3,0.4] | \(0,3,9.5,12);[0.2,0.4] (8,15,23,31);[0.2,0.4] (2,8,15,22);[0.3,0.4]
(31,55,83,108);[0.6,0.8],\  /(0,0,0,0);[0.6,0.8],
+( (23,40,62,86);[0.3,05], ).( (0,0,0,0);[0.3,0.5],
(12,31,48,69);[0.2,04] / \(0,0,0,0);[0.2,0.4]
(-1230,-234,3221,7857.5);[0.6,0.9],
(-593,-297,1832.75,5793);[0.3,0.5], ) =~ —13.810
(-311,-264,1110.5,4340);[0.2,0.3]

Z

NTP(MRCM)

6. Comparative Study

To maintain physical distance during Covid-19 pandemic, we introduced here some advanced
version of neutrosophic numbers such as IVIrNeNs, which provides the better results in real life for
uncertainty and hesitation in place of crisp numbers. For practical application of NTP type-4, the
minimum cost of unbalanced CTP and NTP obtained by VAM and MRCM is summarized in table 9. It
is also clear from the table 9, that minimum cost of unbalanced CTP and NTP obtained by using MRCM
is far better than the existing method VAM. In figure 4, the bar graph represents the minimum cost of
CTP and NTP and their comparison for better one.

Table 9: Comparative Study
Balance of CTP by existing method Balance of CTP by MRCM
Zp =—2.55419 o) 021864

Balance of NTP by existing method Balance of NTP by MRCM

(-648,94.5,1966.5,4586);[0.6,0.9], (-1230,-234,3221,7857.5);[0.6,0.9],
Z,p = (-403,19.5,1262.75,3218);[0.3,0.5], Zmmen = (-393,-297,1832.75,5793);0.3,0.5],

(-193,-27,587,2084);[0.2,0.3] (-311,-264,1110.5,4340);[0.2,0.3]

~—7.07292 ~—-13.810

-7.07292

-8.91364

-13.81
mZ(CTP) mZ(NTP)

Figure 3: Comparison of results by chart
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8. Result and discussion

In this present study the optimal transportation crisp cost and optimal transportation neutrosophic
cost of unbalanced NTP using MRCM is minimum than the existing method in [30]. It is also verified
that in de-neutrosophication, the crisp values before and after conversion from neutrosophic to crisp
and crisp to neutrosophic are different. For the real life applications one can find the degree of result.
The best of minimum neutrosophic cost of unbalanced NTP is

(-1230,-234,3221,7857.5);[0.6,0.9],
ZNTP(MRCM) ={ (-593,-297,1832.75,5793);[0.3,0.5], ) i.e. total minimum transportation cost lies between -
(-311,-264,1110.5,4340);[0.2,0.3]

1230 to 7857.5 in the interval [0.6, 0.9] for level of truthfulness, -593 to 5793 in the interval [0.3, 0.5] for
level of indeterminacy and -311 to 4340 in the interval [0.2, 0.3] for level of falsity. uy, x100, v, " %100,

and W, x100 represents the degree of truthfulness, degree of indeterminacy and degree of falsity

respectively. Thus

_X+1230 )66 09],  for -1230 < x<—234,
1230 234
[0.6,0.9], for -234 < x <3221,
U =10 sesr5 s
[0.6,0.9], for 3221< x <7857.5,
7857.5— 3221
0, for otherwise.
(—297 — x) + (x + 593)[0.3, 05/ for -503< x <297,
593 - 297
(X) [0.3,0.5], for -297 < x <1832.75,
I l\ - —_ -
(x~183275) +(5793-0)[0.3,05] ¢ 1aa5 76\ < 5703,
5793 -1832.75
0, for otherwise.
(264 -0+ (x+31D[02,03] ¢ a1y pen
311-264
%) [0.2,0.3], for -264 <x<1110.5,
wF~IV = — -
(x=1110.5)+ (4340-0)[0.2,03] ¢ 11105 <y < 4340,
4340-1110.5
0, for otherwise.
where x denotes the total cost.
Table 10
X— -500 0 2000 3000 4000 5000 7000
Degree |
W %100 [43.976, 5.964] [60, 90] [60, 90] [60, 90] [49.919,74.879] | [36.978,55.467] | [11.097, 16.645]
Ty
o %100 [78.007, 84.290] | [30, 50] [32.969, 52.124] [50.632, 64.737) [68.307, 77.362] [85.983, 89.987]
Ly
w x 100 - [20, 30] [42.034, 49.280] [66.806, 70.956] [91.577, 92.630]
IE
i
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Degree of Truthness, Indeterminancy and Falsityness
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Figure 3: Degree of truthfulness, indeterminacy and falsity

The total neutrosophic cost from the range of -1230 to 7857.5 for truthfulness, -593 to 5793 for
indeterminacy and -311to 4340 for falsity are concluded by degree of truthfulness, degree of
indeterminacy and degree of falsity to schedule the transportation cost and budget allocation.

9. Conclusions and Novelty

Today in society, the concept of neutrosophic numbers is well linked to handling uncertainty or
vagueness in applied mathematical modeling. The current research paper is the study of unbalanced
CTP & NTP by introducing a new balancing approach MRCM to obtain an optimal solution where all
parameters and values of TP are as IVIrNeNs. The proposed ranking function provides a more
practical structure and considers the various characteristics of TP in a neutrosophic environment. Such
a type of transportation problem with IVIrNeNs and their comparison between the two methods are
not introduced earlier, and we hope that in the future, the proposed MRCM will be more applicable to
the multilevel programming problem, unbalanced multi-attribute transportation problem, and multi-
level assignment problems. The existing analysis will be a landmark for TP’s with generalization by
considering the pick value of truth, indeterminacy, and falsity functions and for schedule
transportation cost and budget allocation for the total neutrosophic cost, that concluded by a degree of
truthfulness, degree of indeterminacy, and degree of falsity.
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