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INTRODUCTION

The transportation problem (TP) is one of the well-
known concepts of operations research. The main aim of TP
is to optimize the objective function by shipping the prod-
ucts from various sources to different destinations. TP was
introduced by Hitchcock [1] in 1941. In 1947, Koopmans
[2] developed the procedure for determining the optimal
solution. Fractional TP (FTP) is the generalization of TP
used for optimization (maximization and minimization)
in which ratio of objective functions such as profit to cost,
actual expense to standard expense, profit to time and
cost to time, inventory to sale respectively. Fractional TP
was first introduced by Swarup [3] in 1966 by the ratio
of minimizing the cost and maximizing the service in the
supply chain. The FTP is a challenging task that optimizes
the ratio of one or more functions simultaneously and has
received extensive attention from both theoretical and
practical viewpoints. In real life situations, some param-
eters of FTP are imprecise due to various factors such as
inadequate understanding of the problem domain, flaws in
information, erroneous estimations and so on which affect
the transportation cost. The launch of new products affects
the demand for older products. The supply is affected
when someone changes the demand suddenly by email or
through an online system. Fuzzy numbers are applied to
transport with these types of uncertain FTP such types of
FTP is known as Fuzzy FTP. This imprecision can signifi-
cantly affect the quality and reliability of optimization solu-
tions. To deal with this uncertainty, Zadeh [4] was the first
to introduce the fuzzy sets (FS) which provide the degree of
membership function (MF). In reality, fuzzy sets effectively
manage uncertainties caused by vagueness or partial mem-
bership of elements within a set, it cannot address all types
of uncertainty found in various real-world problems, such
as those involving incomplete data. In this case, Atanassov
[5] introduced the intuitionistic fuzzy set (IFS) for handling
both the degree of MF and non-MF (NMF). If the parame-
ters of FTP are represented in intuitionistic fuzzy numbers,
then the FTP is termed as a intuitionistic FTP. The IFS han-
dles both the MF and NME, but it is unable to handle inde-
terminacy. To resolve this, the concept of the neutrosophic
set (NS) was introduced by Smarandache [6] which deals
with both the degree of truth MF and falsity MF in addi-
tion to the indeterminacy degree. If the parameters of FTP
are represented in neutrosophic numbers, then the FTP is
termed as a neutrosophic FTP.

LITERATURE REVIEW

This section contains the literature review of fractional
TP, fuzzy FTP, intuitionistic fuzzy FTP and neutrosophic
FTP. Joshi and Gupta [7] proposed a new methodology for
solving the fractional TP with varying supply and demand.
Raina et al. [8] utilized the Karush-Kuhn-Tucker algo-
rithm for solving the fractional TP. Bas et al. [9] extended

the new iterative algorithm for solving the linear fractional
TP. Arora and Jaggi [10] utilized fuzzy programming and
goal programming approaches for solving the bilevel inter-
val fractional TP. Munot and Ghadle [11] proposed the
Ghadle-Munot algorithm for solving fractional TP. The
aspirational level approach has emerged as one of the most
effective approaches to solve multi-objective optimiza-
tion problems in recent decades in multiple criteria deci-
sion-making problems. The concept of an aspiration level
defines the minimum acceptable standard for each objec-
tive. This aspiration level guarantees that the solution meets
the required criteria for each objective. If the solution fails
to meet the aspiration level for any objective, the lower
bound of the problem is adjusted, and the optimization
process is repeated until the preferable solutions are found.
Each objective is assigned an aspiration level, which can
help prioritize them based on the decision makers (DMs)
preferences. The proposed approach supports the DMs by
adjusting the lower bound in problem related to weather
conditions, land availability, optimal wind speed, envi-
ronmental impact and high efficiency. It also enables the
modification of production, maintenance and operational
costs for windmill turbines. By optimizing these factors, the
solution helps the DMs to make the right choices in finan-
cial and corporate planning. Mohamed [12] introduced the
aspiration level membership objectives that incorporated
fuzziness into the decision-making framework. Seikh et al.
[13] proposed the aspirational level approach for solving
the matrix games including the intuitionistic fuzzy goals
and pay-offs. Sharma et al. [14] proposed the fuzzy aspira-
tional approach for solving the fuzzy multi-objective frac-
tional TP.

In real-world TP, parameters are unpredictable due
to various factors, such as incomplete data, market fluc-
tuations, environmental influences and so on. Kocken
and Tiryaki [15] proposed compensatory fuzzy aggrega-
tion operators to solve the multi-objective linear TP. Liu
[16] studied the bounds of TP for solving fuzzy fractional
TP. Safi and Gasemi [17] studied the chance constrained
method for solving the linear fractional TP under uncertain
environment. Anukokila and Radhakrishnan [18] applied
the goal programming approach for solving the fractional
TP under fuzzy environment. Bhatia et al. [19] proposed
the Mehar approach to obtain the fuzzy optimal solution
for solving the linear fractional TP under fuzzy environ-
ment. Akram et al. [20] proposed a new approach to solve
the fractional TP under interval valued fermatean fuzzy
environment. Sheikhi and Ebadi [21] utilized the simplex
method for solving the fractional TP under fuzzy environ-
ment. Akhtar and Islam [22] utilized bipolar fuzzy pro-
gramming approach to solve the linear fractional TP under
bipolar fuzzy environment. Bharati [23] developed a new
methodology to solve the fractional TP under trapezoidal
intuitionistic environment. The operators and properties of
single-valued neutrosophic sets (SVNS) were analysed by
Wang et al. [24]. Deli and Subas [25] addressed the special
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forms of single valued trapezoidal neutrosophic numbers
(SVTrNNs) and solved the multi-criteria decision-mak-
ing using weighted aggregation operator. Khalifa et al. [26]
proposed a new method to solve the neutrosophic qua-
dratic fractional TP. Khalifa et al. [27] applied the least cost
method using Kuhn Tucker’s condition to solve the frac-
tional TP under neutrosophic environment.

Sensitivity analysis (SA) is the process of analysing
the changes in the objective functions and right hand side
constraints on the optimal value of the objective functions
and their validity ranges. The purpose of SA is to identify
the sensitivity ranges without affecting the current opti-
mal compromise solution, which minimizes the possibil-
ity of errors. Midya and Roy [28] performed the SA of the
parameters in the multi-objective fixed charge TP. Ghosh
et al. [29] examined the SA of the supply, demand and con-
veyance parameters for type-2 multi-objective fixed charge
solid TP (FCSTP). Ghosh et al. [30] carried out the SA for
multi-objective FCSTP under intuitionistic environment.
Midya and Roy [31] investigated the SA of the right hand
side constraints for multi-stage multi-objective FCSTP
under intuitionistic environment. From the above literature
review, the comprehensive list related to fractional TP using
transformation approaches in order to reduce the computa-
tional complexity is shown in Table 1.

From the above Table 1, it is clear that the majority of
the work is focused on transforming two level to single
level, multi-objectives to single objective. To the best of our
knowledge, transformation of objective functions into the
constraints approaches have received less attention. These
are already known in the literature. Taking all these gaps
into consideration, this study aims to fill this gap by the
neutrosophic aspirational approach (NAA) which is pro-
posed to transform the objective functions into the con-
straints and to obtain the optimal compromise solution and
preferable solutions.

The motivation and contribution of this study are given
as follows:

» In some situations, transforming objective functions
into constraints helps the DMs by reducing computa-
tional complexity in decision-making problems and
decreasing the cognitive load required to interpret
trade-offs. This leads to faster convergence and improve
overall outcomes. This motivates us to propose the
transformation approach namely, neutrosophic aspira-
tional approach (NAA) in this article which is a nov-
elty of this study to transform the objective functions
into the constraints for solving the fractional TP under
neutrosophic environment. Each approach has its own
strengths and weaknesses, and the specific approach is

Table 1. Literature survey for fractional TP using transformation approaches

References Parameters nature  Approaches Usage of Transformation approaches
Cr F IF NF
Joshi and Gupta [7] v New methodology To transform two level mathematical model of
FTP into one level of FTP
Raina et al. [8] 4 Karush-Kuhn-Tucker algorithm -
Basetal. [9] v Iterative algorithm -

Arora and Jaggi [10] '
Sharma et al. [14] v

Liu [16] v Bounds of TP

Fuzzy programming and goal
programming approaches

Fuzzy aspirational approach

To transform multi-objective FTP into single
objective FTP

To transform objective functions of fuzzy FTP
into constraints of fuzzy FTP

To transform two level mathematical model of
fuzzy FTP into one level of fuzzy FTP

Safi and Gasemi [17] v Chance constrained method -

Anukokila and v Goal programming approach To transform multi-objective fuzzy FTP into

Radhakrishnan [18] single objective fuzzy FTP

Bhatia et al. [19] 4 Mehar approach -

Akram et al. [20] 4 New approach -

Sheikhi and Ebadi [21] v Simplex method -

Akhtar and Islam [22] v Fuzzy programming approach To transform multi-objective fuzzy FTP into
single objective fuzzy FTP

Bharati [23] v New methodology -

Present paper v" Proposed Neutrosophic To transform objective functions of FTP into

aspirational approach

constraints of FTP

Cr: Crisp; F: Fuzzy; IF: Intuitionistic fuzzy; NF: Neutrosophic fuzzy.
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chosen according to the nature of the problem and the
preferences of the DMs. The proposed approach is suit-
able for all the multi-objective optimization problems to
achieve the goals in the decision making situations.

» In this paper, we have considered the neutrosophic
fractional TP, where the objective function represents
the ratio of SVTrN transportation cost to the profit. As
uncertain data cannot be solved explicitly, sometimes
it provides the negative value for the decision variable
which violates the non-negativity constraints of the
decision-making problem. In this paper, first we have
applied the de-neutrosophication technique namely,
weighted possibility mean (WPM) [31] to convert the
neutrosophic FTP into its equivalent deterministic FTP.
Next, we have utilized the proposed transformation
approach namely, neutrosophic aspirational approach
to transform the objective functions into the con-
straints. Then using the LINGO software, the reduced
problem is solved to obtain the optimal compromise
solution. Finally, to determine the sensitivity ranges
of the constraints for the deterministic problem, the
sensitivity analysis is performed. To illustrate the prac-
ticability, efficacy and utility of the solution approach
using the proposed neutrosophic aspirational approach,
two numerical examples are provided and the compar-
ison was made with the existing approaches available
in the literature. The obtained solution provides valu-
able insights for minimizing the transportation cost
and maximizing the profit simultaneously to the DMs.
This approach assists the DMs to attain all the objective
functions up to the aspiration level, which symbolises
the actual achievement of the maximum possible value
to its corresponding membership value.

The paper is classified as: Section 2 deals with pre-
liminaries and mathematical formulation of neutrosophic
fractional TP. The solution approach using the proposed
neutrosophic aspirational approach was illustrated in
Section 3 to obtain the optimal compromise solution.
Section 4 presents the numerical illustrations, while Section
5 deals with the comparative analysis. Section 6 includes
the conclusions along with future scopes.

PRELIMINARIES AND MATHEMATICAL
FORMULATION

In this section, some basic definitions related to the NS
[6], SVN sets [24], SVIrNNs and their arithmetic opera-
tions [25] are presented.

Definition 2.1: Weighted Possibility Mean of single
valued trapezoidal neutrosophic numbers [32]

Let #=(st,s7,53,5:;k;,1.,m;) be single-valued trapezoidal
neutrosophic number and the possibilistic mean of truth,
indeterminacy and falsity MF denoted by g(7(a)), g(7(8))
and g(7(y)) respectively. The weighted possibility mean is
defined as B (7, ) in which the DM’s always aim to maximize

the degree of truth membership, minimize the degree of
indeterminacy and falsity membership, as follows:

B(F, u)=ng(F(a))+(1-1)g(F(8))+(1- ) (7 (v))

B 2 34
where g(7(a)) = [—A" 2% ;25"'* = ]k? .

g(F(ﬂ)):[ o

(281 + 87+ s34 287) = (st =87 =s] + 57 ) L —(sh+ 257 + 287+ s?)/}} d
an

g(F(V)):[ ;

(23} +s?+ si+ 23?) —(s; 7512 75? +s?)m, 7(3': + 25?4— 23?+ A?)m?}

Using Definition 2.1, the weighted possibility mean of
single valued trapezoidal neutrosophic number in frac-
tional form is as follows.

1 2 3 4,
(swswsf’swkwlf-rmf) .

- be single-valued trape-
(5757287287 s hy ol )
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Problem Description

In transportation systems, the shipment of products
from different sources to various destinations is a signif-
icant challenge. To address this, we consider a fractional
transportation problem where the objective function is
formulated as a ratio of transportation cost incurred and
the profit generated for shipping goods from each source to
each destination. A major challenge in real-world transpor-
tation problems is the presence of uncertainty, imprecision
and indeterminacy in various parameters such as sup-
ply, demand, cost and profit. To effectively manage these
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uncertainties, we incorporate a neutrosophic environment,
where all parameters are represented using single-valued
trapezoidal neutrosophic numbers. The problem is for-
mulated with m sources supplying goods to n destinations,
where each source has a certain capacity, and each destina-
tion has a specific demand. The decision variables deter-
mine the quantity of goods transported from each source to
each destination while ensuring that the total cost-to-profit
ratio is minimized or optimized based on the specific prob-
lem constraints. The primary goal is to determine the opti-
mal compromise solution for efficiently transporting the
products from m sources to n destinations.

Notations

a'=(a.a},a),a'sa], a’, a) single valued trapezoidal
neutrosophic supply at i origin

by'=(b}, b}, b, b3 b7, b7, b)), single valued trapezoidal
neutrosoPhlc demand at ]‘h destination.

c/ (Cy’cy’ct/’ct/’cl/ G

) objective function of single
valued trapezoidal neutrosophic transportation cost from
i source to ]““ destlnatlon

By =(py> i P> Py P> Py ). objective function of sin-
gle valued trapezoidal neutrosophic transportation profit
from i* source to j" destination.

x;: quantity of products transported from i source to
j™ destination.

Formulation

Let there be ‘m’ sources and 0" destinations that are
employed to transport the electronic gadgets from vari-
ous sources to different destinations. This research article
considers the neutrosophic fractional TP where the ratio of
the transportation cost to the transportation profit as the
objective function. The DMs goal is to reduce the trans-
portation cost and increase the profit of electronic gadgets
transported from various sources to different destinations.
The mathematical formulation of neutrosophic fractional
TP [27] is given as follows.

(G,) Minimize Z" (x)= ‘m

Subject to
x, <@ ,i=12,.,m (1)
=1
x,2bY,j=1,2,..,n )
i=1
N .
x; 20" for alli, j (3)

In the problem (G,), the objective function represents
the ratio of transportation cost that would be minimized

and the profit that would be maximized. The constraints
(1), (2) and (3) display as source, demand and nonnegativ-
ity restriction respectively.

Deterministic Formulation of Problem (G1)

There are various de-neutrosophication techniques
available in the literature. In this paper, an accurate repre-
sentation is achieved by the weighted possibility mean [32],
which enables the quantification of the certainty associated
with each parameter. The weighted possibility mean is uti-
lized to transform the neutrosophic FTP (G, ) into its deter-
ministic FTP (G,). The reduced problem (G,) is written
based on [33-35] as follows.

m n
3
ER( (CIJ’CII’CU’C'I’CU’C’I ’Cy)xij)
i

(G,) Minimize ® (Z"(x))= —
1 2 3 4 A 2 3
ER[ (P,-,-apl;,-»P,-j»P,-jaPij aP,-j ’pij )xy)
i=1 j=1

Subject to

n

12 3 4. 0 2 3\ -
inj ® (al’ai’ai’ai’ai »a; 54, )’l= 1,2,..,m
el

m

Z

b1 b2 b3 b4 b" b b ), j=12,..,n
N for alli,j

where ® (Z"(x))=Z (x)

As in [14], split the problem (G,) into two sub-prob-
lems in which the numerator is considered as minimizing
objective function (G;) and the denominator is considered
as maximizing objective function (G,).

Z Z CU’CU’CU’CII’CU ’Cl] ’C

i=1 j=1

(G,) Minimize R (Z)) (x ’)x;

Subject to
PR

1 72 723 74.7/1 7.2 7.3\ -
= R(B),62,00,b%507) b7, 07), j=1,2,00m

1 2 3 4, /1 2 3\
R(a;,a’,a’,a';a,a”,a7),i=1,2,..,m

N for alli, j

n

N 2 3 4 /1 2 s3
(G) Maximize R (Z;)( (P> Py Dy Py P P> ) X,

(3

i=1 j=1

Subject to
n
1 2 3 4, /1 2 /3 .
ny. <R(a,,a’,a,a’;a a7, a),i=1,2,...m
jel
m
1 22 73 74,701 7.2 7.3\ -
le.j > R(b),07,b),b5b b7 b)), j=1,2,..,n

N for alli, j
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where ® (Z (x))=Z, (x)and R(Z)) (x))=Z,, (x)

In real life, there are almost no problems where objec-
tive functions and constraints are fixed from the beginning,
sometimes we need to transform them according to the cir-
cumstances. In that situation, it is necessary to transform
the objective functions into constraints. To handle this,
we have proposed the neutrosophic aspirational approach
based on membership goal for aspiration level [12] which is
used to transform the objective functions into constraints.
The solution approach using the proposed neutrosophic
aspirational approach has been discussed in the next
section.

Solution Approach

In this section, we present the solution approach using
the proposed neutrosophic aspirational approach which
transforms the objective functions into the constraints. This
approach is based on membership goal for aspiration level
[12] by maximizing the degree of truth and indeterminacy
and by minimizing the degree of falsity. The procedure of
the solution approach using the proposed neutrosophic
aspirational approach which proceeds as follows:

Step 1 Formulate the neutrosophic fractional TP
(NFTP) (G,).

Step 2 Transform the neutrosophic fractional TP (G;)
into its equivalent deterministic fractional TP (G,) using
the weighted possibility mean (WPM) [32]. In WPM, u be
any value between 0 and 1. Here we have chosen y = 1.

Step 3 Split the problem (G,) into two subproblems (G;)
and (G,) in which the numerator is considered as minimiz-
ing objective function and the denominator as maximizing
objective function.

Step 4 Solve the subproblems (G;) and (G,) of deter-
ministic fractional TP to obtain the optimal solution using
the zero point method [34]. Then using the obtained opti-
mal solution, the pay-off matrix is created in Table 2.

Step 5 Transform the objective functions of (G;) and
(G,) into the constraints using the proposed transforma-
tion approach namely, neutrosophic aspirational approach
based on membership goal for aspiration level [12]. The
proposed approach enhances transportation systems by
addressing uncertainty, improving adaptability, and setting
realistic goals to ensure efficiency and flexibility. It enables
intelligent, data-driven, and flexible decision-making to
develop sustainable, efficient and future-oriented transpor-
tation systems. The technique of the proposed approach is
as follows:

Table 2. Pay-off matrix

an Zdr
an an (an) Zdr (Xm')
Xdr an (Xdr) Zdr (Xdr)

Step 5a Consider the truth, indeterminacy and falsity
membership function (MF) (24-26) for the minimization
objective function (G;) available in [33]. Based on the prob-
lem G; [33], the truth MF T, (z,, (x)), indeterminacy MF
Ig (z4 (x)) and falsity MF F, (z4 (x)) for the maximization
objective function (G,) are as follows.

1 z,(x)>U}
2, (0-L,
]:7 (Zdr ('x))= W’Lgr SZa'r('x) SU;; (4)
dr — Har
0, z,(x) <L,
1 z,(x)>U}
z,(x)-L,
Iﬂ (Zdr (x)) = wa Lilr = Zdr(x) SU(gr (5)
0, z, (x) < L,
1, z,(x) <L,
Ub -z, (x
F (2 ()= {2720 g <50l @
dr — Hdr
0, 2, (x)>U}

where U] and L, are UB and LB for truth MF of G,, U},
and L, are UB and LB for indeterminacy MF of G, and U,
and L, are UB and LB for falsity MF of G,.

Step 5b Consider the UB and LB for truth, indetermi-
nacy and falsity MF (21-23) for the problem (G;) and (G,)
are available in [33]. The truth and indeterminacy MF for
the problem (G;) are available in the problem (P,) [33].
Based on the problem (P,) [33], the falsity MF for the prob-
lem (G,), truth, indeterminacy and falsity MF for the prob-
lem (G,) are shown in Table 3.

Step 6 Solve the reduced problem using LINGO soft-
ware to obtain the optimal compromise solution (OCS).
Finally, to compute the neutrosophic OCS substitute the
optimal allocations of (G;) and (G,) in the problem (G,).
The proposed aspirational approach assures that the solu-
tion attained is satisfactory for all objective functions. If the
solution is not satisfied with the DMs expectation for each
objective, the lower bound is adjusted. Then go to Step 7.

Step 7 Change the lower bound for G, to the new value
which lies between Z,,(X,,) < Z,;,(X) < Z;,(X,). Then go to
Step 5 and the process is iterated until the best suitable OCS
for the problem is attained.

Step 8 Determine the sensitivity range for the supply
and demand constraints in the optimal allotment using
[30]. The calculated range helps the DMs to identify that
how much variations in the input values for a given variable
impact the results for the problem. Figure 1 represents the
flowchart for the solution approach.

The proposed approach for solving the fractional TP
under neutrosophic environment is illustrated using the
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Table 3. UB and LB for truth, indeterminacy and falsity MF for (G;) and (G,)

For the problem G3 For the problem G4
Maxa-f+y (4) Maxa-B+y )
Subject to : Subject to:
Truth MF Truth MF
z,(x) <UL -a (Ul -L,)[33] a <T, (z,(x))Where
z, (x)-L,
T, (2, () = =775+
’ Uy - L,
a < Zyy (Tx) _f;r
Udr - Ldr

2, () 2a (Uy, ~Ly, )+ L,
Indeterminacy MF (5) Indeterminacy MF (8)
z (x)sU' -p(U' -L' )[33 z,, (x) - L,

L (X)<U, -8 ( nr nr) (33] p <1, (z,(x))where I (z, (x))- %
Udr - Ldr
5L,
U;V - L{if

2028 (UL L)+ I,

Falsity MF (6) Falsity MF )
_Ir Ut -
V< F (2, () where F, (, () - 2T y < (2, () where £, (2, () - D2l
! Unr - Lnr ! Udr - Ldr

F
JERC RN
ut -t
z,(0) 2y (U, -L,)+ L,
along with the constraints (1) - (3)
azy,azp,a+B+y<3,a Byel[0l]

< UdFr -2, (%)
Uy~ L,
20 (<UL (UL -15)
along with the constraints (1) - (3)
azyazp a+B+y<3,a Bvyec[0l]

Figure 1. Flowchart for the solution approach.

Is DM satisfied?  Yo$
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two numerical examples that are given in the following sec-
tion. The data of Example 1 is taken from [27] and Example
2 is taken due to our preference.

Numerical Example 1

Every year, online shopping sites transport the elec-
tronic gadgets throughout the world. In these, Amazon is
one of the main sites for online shopping. There are three
retailers from whom the electronic gadgets can be trans-
ported from Tamil Nadu, New Delhi and West Bengal to
the four customers namely, Hyderabad, Gujarat, Assam and
Mumbai. In order to increase the profit, electronic gadgets
must be transported to every retailer in bulk. Due to var-
ious unforeseen factors like conditions of road, weather,
traffic, price variations and so on, the parameters are con-
sidered as neutrosophic numbers. The yearly capacities of
the electronic gadgets are d,', @, and @, units and the yearly
requirements of the electronic gadgets are B, bY, bY and b
units respectively. Let us assume that the ratio of minimiza-
tion of transportation cost (¢, ") to the maximization of the
profit (p;) as the objective functlon to transport the elec-
tronic gadgets. The goal of the fractional TP is to reduce the
transportation cost and increase the profit simultaneously.
The problem (G,) is modelled as fully SVTrN fractional TP
where all the coefficients of transportation cost, profit, sup-
ply and demand constraints are shown in Table 4.

Supplies: @' = (190, 250, 260, 300; 0.7, 0.2, 0.1),
a) = (340, 380, 447, 500; 0.7, 0.2, 0.1) and @, = (283, 300,
350, 4005 0.7, 0.2, 0.1)

Demands: 5" = (157, 163, 169, 178; 0.7, 0.1, 0.2),

= (340, 380, 446, 500; 0.7, 0.1, 0.2), 1;3V = (157, 163, 169,
178;0.7,0.1,0.2) and Z;;V = (190, 250, 260, 300; 0.7, 0.2, 0.1)

Transportation cost:

&Y = (14, 17,21, 28; 0.7, 0.1, 0.2); cl = (28, 30, 35, 44;
0.9,0.2,0.6); 013—(10 16 18,20;0.8,0.1,0.1); 014—(17 25
30, 35; 0.7, 0.2, 0.4); &2 = (18, 20, 22, 25; 0.8, 0.2, 0.7); €1y =
(14, 17, 21, 28; 0.9, 0.1, 0.1); 52]\; = (31, 35, 40, 45; 0.6, 0.4,
0.5); & = (16, 18, 20, 26; 0.8, 0.2, 0.7); €1 = (18, 21, 23, 26;

Table 4. Neutrosophic transportation cost (¢;') to profit (7;)

D.
i
S, D, D, D, D, Supply
N N ~N N
S ‘i ‘i Ci3 Clq ~N
1 N N N N a,
P P Prs Pu
~N ~N N ~N
S €1 Cx Cy Cy ~N
2 N N N N a,
P P P P
~N ~N ~N ~N
S G ‘3 G Cy ~N
3 N ~N N N a;
P P Ps3 P4
N N LN N
Demand b, b, b, b,

0.8,0.2, 0.6); G0y = (14, 18, 20, 24; 0.6, 0.4, 0.5); &5 = (25, 30,
35, 40; 0.6, 0.2, 0.3); 5;21 = (18,21, 23,26;0.8,0.2,0.6)

Neutrosophic Profit:

i = (25, 30, 35, 40; 0.6, 0.2, 0.3); Py = (17, 25, 30, 35;
0.7,0.2,0.4); P = (28, 30, 35, 44; 0.9, 0.2, 0.6); Py = (18, 20,
22, 25; 0.8, 0.2, 0.7); Py = (18, 20, 22, 25; 0.8, 0.2, 0.4); Pay
= (14, 18, 20, 24; 0.6, 0.4, 0.5); f?Z = (23, 27, 30, 35; 0.7, 0.2,
0.4); p = (17, 25, 30, 35; 0.7, 0.2, 0.4); P = (23, 28, 30, 34;
0.7,0.2,0.4); P = (25, 30, 35, 40; 0.6, 0.2, 0.3); P = (14, 17,
21,28;0.9,0.1,0.1); ﬁﬁ =(14,17,21,28;0.7,0.1,0.2)

Now compute the weighted possibility mean using the
possibilistic mean values of truth, indeterminacy and falsity
ME. Using Definition 2.1, the representation of weighted

possibility mean for the first cell S from Table 4 is as

follows: oy
ulg(@i(a))]+(1-x)
& [el@e)+g(@ v)]

Pl w[eg(Bl(a))]+(1-n) (10)

Using Definition 2.1, the possibilistic mean of truth MF
is as follows:
K
(a)) 6 } ’

[0+ 257+ 257+ s i
6 i
(14)+ 2(17)+ 2(21)+ 28
6
(25)+2(30)+ 2(35)+ 40
6

Mol 2 3 4
S; +28; + 282+ S

}(0.6)2

Using Definition 2.1, the possibilistic mean of indeter-
minacy MF is as follows:

(28t +57+ 50+ 287 ) (st =57 -s) + s7)1

8(@ (8)) 6

(Bl (8) [(2s%+s?+.\€+ 258) = (st -s7 -5 + 7)1,

~(st+2s7+ 250+ 57) 17 }

~(st+2s7+ 250+ 57) I
6

(2(14)+ 17+ 21+ 2(28)) - (14 -17 =21+ 28)(0.1) - (14 + 2(17) + 2(21)+ 28)(0.1)°
6 2007 20

[(2(25)+ 30+ 35+ 2(40)) - (25 -30 35+ 40)(0.2) - (25+ 2(30) + 2(35)+ 40)(0,2)11 312 31

6

Using Definition 2.1, the possibilistic mean of falsity
MEF is as follows:

2sh+ st s)+ 25)) = (st —s7 =l 4 st m;

(
2(@) (r) 6

—(sp+ 287+ 2504 sf)m,ll

g(ph(v) B [(Zs,l w57+ 57+ 250) =(st -s7 =]+ sP)m;
6

~(st+2s7+ 257+ s} )m? ]

(2(14) + 17+ 21+ 2(28)) - (14 =17 =21+ 28)(0.2) - (14 + 2(17) + 2(21)+ 28)(0.2)°
_ 6 1941 _19

[(2(25)+30+ 35+ 2(40)) - (25 =30 -35+40)(0.3) = (25 +2(30) + 2(35)+ 40)(0.3)° } 295730
6
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By substituting the values of possibilistic mean of truth,
indeterminacy and falsity MF in eqn.(10), we obtain

1 (10) + (1= )(20+19)
u(12) + (1 -4 )(31+30)

~N
cll

N
P

(11)

where y be any value between 0 and 1. Here p = 1 is
chosen to reduce the weighted possibility mean of neutro-

sophic fractional TP into its deterministic fractional TP,

N
S
N

P
the values of possibilistic mean of truth, indeterminacy and

falsity MF of the other cells in Table 4. The reduced deter-
ministic fractional TP using WPM is shown in Table 5.

The above problem is unbalanced, so balance it. Next
as in Step 3, split the problem into two subproblems in
which the numerator is considered as minimizing objective
function and the denominator is considered as maximizing
objective function which are given below (Table 6).

By step 4, the above deterministic fractional TP is
solved using zero point method [34] to obtain the opti-
mal solution. The optimal solution of transportation cost
of electronic gadgets Z,. (x) is 5177 at the allocations x,;
=82, xy5 = 41, x,, = 40, x5 = 41, x5, = 123, x5, = 162, x4, =
2 and the rest are all zero. Similarly, the optimal solution

then we obtain

10
= —. In the same manner, we compute

Table 5. Deterministic c;; to p; using WPM

D;
s, D, D, D, D, Supply
10 27 10 13 123
5 2 13 27 14
14 16 14 13 204
% 1“7 14 13
14 7 12 14 162
5 412 16 10
Demand 82 204 82 123

of transportation profit of electronic gadgets Z,, (x) is 7426
at the allocations x;, = 40, x,; = 82, x;, = 1, x5, = 82, x,,4
=122, x5, = 162, x,, = 2 and the rest are all zero. Using the
obtained optimal solutions of Z,, (x) and Z, (x) the pay-off
matrix is constructed in Table 7.

Table 7. Pay-off matrix

an Zdr
X, 5177 6488
X, 5781 7426

Following Step 5, transform the objective functions
into the constraints using the proposed transformation
approach namely, neutrosophic aspirational approach. We
can calculate the UB and LB for truth, indeterminacy and
falsity MFs for the problem (Gj;) and (G,) based on [33].

Using the eqns (4) to (9) the formulation is given as
follows:

(Gs) Max o -+ y

Subject to:

10x;; + 27x), + 10x,5 + 13x), + 14x,; + 16x,, + 14x,5 +

13x,, + 1405, + 7x5, + 1255 + 1455, < 5781 — « (604)

10x;, + 27x1, + 10x;3 + 13x7, + 14x,; + 16x,, + 14x,5 +
130, + 1453, + 7055 + 12x35 + 145, < 5177 + 5, — B (s,,,)

100¢;; + 27x75 + 10x;5 + 13x,, + 142, + 16,5, + 14%,3 + 13x,,
+ 1405, + 73, + 1255 + 14x,, 2y (604 — t,,) + 5177 + £,

120, + 13x, + 27x)5 + 14xy, + 145, + 7xy, + 14%,5 +
13x,, + 14x5; + 12x5, + 16x55 + 10x5, = o (938) + 6488

1200, + 13x), + 27x)5 + 14xp, + 14x5, + 7xy, + 14%,5 +
13,4 + 140057 + 1225, + 16255 + 10x54 2 B (s,5,) + 6488

12x); + 135, + 27x 5 + 145, + 140y, + 7%y, + 14,5 + 13x,,
+ 14x5; + 12x3, + 1635 + 10x3, < 7426 — y (938 — 1)

along with the constraints (1) - (3)

azpa2Ba+f+y<3,a B y€E01]

By step 6, using the LINGO software, the above prob-
lem is solved to obtain the OCS. The optimal allocations

Table 6. Minimization function z,, (x) and Maximization function z, (x)

Minimization function z,, (x)

Maximization function z;, (x)

D.
i
S, D, D, D; D, Supply D, D, D, D, Supply
Sl 10 27 10 13 123 12 13 27 14 123
S2 14 16 14 13 204 14 7 14 13 204
53 14 7 12 14 162 14 12 16 10 162
Demand 82 204 82 123 82 204 82 123
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for the problem are as follows: The quantity of shipment of
the electronic gadgets are 6 gadgets transported from Tamil
Nadu to Hyderabad (i.e., x;; = 6), 82 gadgets from TN to
Assam (i.e., x5 = 82), 35 gadgets from TN to Mumbai (i.e.,
x4 = 35), 76 gadgets from New Delhi to Hyderabad (i.e.,
Xy, = 76), 40 gadgets from New Delhi to Gujarat (i.e., x,,
= 40), 88 gadgets from New Delhi to Mumbai (i.e., x,, =
88), 162 gadgets from West Bengal to Gujarat (i.e., x5, =
162) and 2 gadgets from Karnataka to Gujarat (i.e., x,, = 2)
and the rest are all zero. The obtained optimal compromise
solution of transportation cost of electronic gadgets Z,,
(x) is 5317 and transportation profit of electronic gadgets
Z, (x) is 7208. Hence, the neutrosophic OCS of the ratio
of transportation cost to the profit of electronic gadgets is
(7103,8989,10164,12229;0.7,0.4,0.7)
(10550,12640,14632,17143;0.6,0.4,0.7)

Based on DMs perception, if the above solution is not
satisfied to the DMs expectation for each objective then go
to Step 7.

Using Step 7, change the lower bound which lies between
6488 < Z,, (x) < 7426 and then repeat Step 5 to obtain the
preferable solutions. Now we choose 6489 as a lower bound,
then the problem (G;) is changed to the problem (Gy),

(Gg) Maxa-B+7y

Subject to:

10x,, + 27x1, + 10x;5 + 13x), + 14x,; + 16x,, + 14x,5 +

13x,, + 1405, + 7x5, + 12x55 + 1455, < 5781 — « (604)

10xy; + 27x), + 10x,5 + 13x, + 14x,; + 16x,, + 14x,5 +
13x,, + 14%5, + 7%35 + 12%35 + 14%5, < 5177 + 5, — B (5,,)

10x); +27x1, + 1005 + 1354 + 140y, + 16,5, + 14,5 + 13x,,
+ 1405; + 7x3, + 125, + 1453, 2y (604 — t,,) + 5177 + ¢,

12y, + 13x, + 27x)5 + 1dxy, + 14,5, + 7xy, + 14%,5 +
13x,, + 145, + 12x5, + 16x55 + 10x5, = « (937) + 6489

125, + 13x), + 27x)5 + 14xp, + 14x5, + 7xy, + 14%,55 +
13x,, + 1405, + 12x5, + 16x55 + 10x5, 2 3 (s,) + 6489

125 + 1355 + 275 + 144 + 14,5, + 7x5, + 14%,3 + 13x,,
+ 14x; + 12x5, + 16135 + 10x;, < 7426 — y (937 — £,,)
along with the constraints (1) - (3)
azyazfa+f+y<3 o B y€[01]

Therefore, the obtained preferable solution to the above
5317
7208
the preferable solutions by changing the lower bound within

the limits 6488 < Z ;. (x) < 7426. Here, randomly some of the
limits of lower bound are changed and the obtained prefer-
able solutions are shown in Table 8.

The procedure is iterated until the best suitable OCS for
the problem is attained. The obtained optimal compromise
solution and the preferred solutions by using our proposed
approach are depicted graphically in Figure 2.

Figure 2 depicts that the preferable solutions remains
consistent between the range from 6488 to 6599. It increases
with the increment of range from 6600 to 7400 and then
slightly increases with an increment of range from 7401 to
7426. Our proposed approach provides the optimal com-
promise and preferable solutions which helps the flexibility
to DMs by selecting their preferred solution from available
choices based on their financial support.

As in Step 8, we calculate the sensitivity ranges of a; and
b; for the actual values of g; and b; which are specified in
Table 9.

From Table 9, we analyse that the solution remains opti-
mal between the sensitivity ranges. If the limit exceeds or
subceeds the obtained sensitivity ranges, then the solution
is not optimal. This sensitivity ranges helps the DMs to
identify that how much variations in the input values for a
given variable impact the results for the problem.

problem is =0.737. In the same manner, we can find

Numerical Example 2

Every year, Global wind turbine companies transport
windmill fans throughout the world. There are three manu-
facturing companies where the windmill fans can be trans-
ported from Suzlon Energy Ltd, Orient Green Power Ltd
and Wind world India Ltd to the four customers namely,
Jaisalmer, Dhule, Vaspet and Osmanabad. In order to
increase the profit, windmill fans must be transported to
every retailer in bulk. Due to various unforeseen factors like
conditions of road, weather, traffic, price variations and so
on, the parameters are considered as neutrosophic num-
bers. The yearly capacities of the windmill fans are 4", a,’
and 4, units and the yearly requirements of the windmill
fans are 5", 5, b) and b’ units respectively. Let us assume
that the ratio of minimization of transportation cost (¢, ) to

Table 8. Preferable solutions of lower bound within the limits 6488 < Z, (x) < 7426

Limits of lower bound Preferable solutions

Limits of lower bound Preferable solutions

5317 5733
6488 = =0.737 7400 ——-=0.774
7208 7403
5317 5781
4 ——'=0.737 42 ——=0.778
6489 7208 7426 7426
6600 5329 0.738

7217
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Figure 2. Graphical representation of obtained optimal compromise solution and preferable solutions.

Table 9. Sensitivity ranges of a;and b

Values of a; and b; Sensitivity ranges of a;and b;

a, =123 123<a*<eo
a, =204 204 < a,* < oo
a; =162 162 < as* < oo
a,=2 2<a, <o

b, =82 0.1<b*<82
b, =204 0.1 <b,* <204
by =82 0.1 <bs*<82
b, =123 0.1<b,*<123

Table 10. Neutrosophic transportation cost (¢;') to profit
=N
(25)

D.
i
S, D, D, D, D, Supply
N N ~N N
S ‘i ‘i Ci3 Clq ~N
1 N N N N a,
P P Prs Pu
~N ~N N ~N
S €1 Cx Cy Cy ~N
2 N N N N a,
P P P P
~N ~N ~N ~N
S G ‘3 G Cy ~N
3 N ~N N N a;
P P Ps3 P4
N N LN N
Demand b, b, b, b,

the maximization of the profit (p;') as the objective func-
tion to transport the windmill fans. The goal of the frac-
tional TP is to reduce the transportation cost and increase
the profit simultaneously. The problem (G,) is modelled
as fully SVTrN fractional TP where all the coefficients of
transportation cost, profit, supply and demand constraints
are shown in Table 10.

Supplies: &' = (14, 16, 21, 23; 0.9, 0.5, 0.3), @, = (31, 36,
42, 48;0.8,0.2,0.1) and &, = (25, 30, 35, 36; 0.8, 0.2, 0.1)

Demands: 5" = (31, 35, 40, 45; 0.6, 0.4, 0.5), b = (18,
20, 22, 29; 0.9, 0.1, 0.2), 1;3N = (25, 30, 35, 40; 0.6, 0.2, 0.3)
and 5 = (14, 17, 21, 28; 0.9, 0.1,0.1)

Transportation cost:

&\ = (10,16, 18,205 0.5, 0.1, 0.1); &5 = (5, 7,9, 11; 0.9,
0.3,0.2); G = (14, 17, 21, 28; 0.5, 0.1, 0.2); & = (14, 18, 20,
24;0.3, 0.4, 0.5); Coy = (14, 18, 20, 24; 0.3, 0.4, 0.5); Coy = (14,
17, 21, 28; 0.5, 0.1, 0.2); G = (3, 5, 6, 8; 0.5, 0.3, 0.2); Cay =
(10, 16, 18, 20; 0.5, 0.1, 0.1); 53}\; = (14, 18, 20, 24; 0.3, 0.4,
0.5); Gy = (3, 5, 6, 8; 0.5, 0.3, 0.2); Cns = (10, 16, 18, 20; 0.5,
0.1,0.1); ¢y = (4, 5, 6, 7; 0.7, 0.3, 0.1)

Neutrosophic Profit:

Pl =(3,5,680.5,0.3,02); P =(4,5,6,70.7,0.3,
0.1); Py = (10, 16, 18, 20; 0.5, 0.1, 0.1); pyy = (5,7, 9, 11; 0.9,
0.3,0.2); par = (10, 16, 18, 20; 0.5, 0.1, 0.1); P = (4, 5, 6, 7;
0.7,0.3,0.1); pos = (5,7,9,11; 0.9,0.3, 0.2); sy = (14, 18, 20,
24;0.3, 0.4, 0.5); Py, = (14, 17, 21, 28; 0.5, 0.1, 0.2); sy = (4,
5,6,7;0.7,0.3,0.1); Pss = (4,5, 6,7; 0.7, 0.3, 0.1); Py, = (14,
18, 20, 24; 0.3, 0.4, 0.5)

Using Steps 2 to 6, the optimal allocations for the prob-
lem are as follows: The quantity of shipment of the windmill
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Table 11. Comparison of the OCS of the solution approach using the proposed NAA with the existing approaches

Solution approach FPA [10] FGPA [10]
using the proposed NAA
Example 1 Values of DV X, =6, x5 =82, X =41, x,; =82, X, =41, x,;=82,
X4 =35, x,, =76, X, = 41, x,, = 40, X, = 41, x,, = 40,
Xy, = 40, x,, = 88, Xyy = 123, X3, = 162, Xy4 = 123, x3, = 162,
X35 =162, x4, =2 Xy =2 Xy =2
0cs 33174 737 1770728 1770728
7208 7103 7103
Preferable v x x
solutions
Example 2 Values of DV X4 =15,%,, =6, X4 =15,%,, =12, X4 =15, %5, =12,
X5y =6, X535 =12, Xy3=12,%,, =1, Xy3=12,%,, =1,
Xyy=1,%3;=8,x3,=12 X3 =14,x3,=6 X33 =14,x3,=6
0cs 116_6 41 140_ 48 140 48
282 288 288
Preferable 4 x x
solutions

Note: *DV- Decision variable, *OCS-Optimal compromise solution, *FPA-Fuzzy programming approach, *FGPA- Fuzzy goal programming approach

fans are 15 fans are transported from Suzlon energy ltd to
Osmanabad (i.e., x;, = 15), 6 fans from Orient green power
Itd to Jaisalmer (i.e., x,; = 6), 6 fans from Orient green
power ltd to Dhule (i.e., x,, = 6), 12 fans from Orient green
power ltd to Vaspet (i.e., x,; = 12), 1 fan from Orient green
power ltd to Osmanabad (i.e., x,, = 1), 8 fans from wind
world India Itd to Jaisalmer (i.e., x5; = 8), 12 fans from
wind world India Itd to Dhule (i.e., x;, = 12) and the rest
are all zero. The obtained optimal compromise solution of
transportation cost of windmill fans Z,,, (x) is 116 and trans-
portation profit of windmill fans Z,, (x) is 282. Hence, the

neutrosophic OCS of the ratio of transportation cost to the
(572,760,868,1076;0.3,0.4,0.5)
(393,529,647,791;0.3,0.4,0.5)

profit of windmill fans is

Solution

0.729
0.728
0.727

Figure 3. Comparison between the proposed NAA and the
existing approaches for Example 1.

Comparative Analysis

Table 11 presents the results of optimal compromise
solution (OCS) obtained using various optimization meth-
ods such as neutrosophic aspirational approach (NAA),
fuzzy programming approach (FPA) [10] and fuzzy goal
programming approach (FGPA) [10]. These methods were
applied to the same numerical example to compare their
results with the goal of evaluating the effectiveness of each
approach to achieve the optimal results. The study demon-
strates that NAA attains competitive values of objective
function and obtains almost the same result as FPA and
FGPA.

Solution
approach
using
NAA
5
0.45
0.4 /*

035

FGPA“®

Figure 4. Comparison between the proposed NAA and the
existing approaches for Example 2.
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The OCS is calculated by dividing the value of numera-
tor by the denominator obtained by NAA, FPA and FGPA.
For better understanding, the comparison of obtained OCS
for Examples 1 and 2 of the solution approach using the
proposed NAA and the existing approaches is illustrated in
Figures 3 and 4 respectively.

From Table 11, Figures 3 and 4, it can be concluded
that the solution approach using the proposed NAA for
Example 1 provides OCS that are closer when compared
to FPA and FGPA and for Example 2, the obtained OCS
of the solution approach using the proposed NAA provides
better result than FPA and FGPA. The inclusion of neutro-
sophic parameters in our proposed approach increases the
accuracy of the obtained solution. When DMs are selecting
windmill fans, one may opt for a more cost-effective option
with lower long-term energy generation, while another
might prioritize a higher initial investment for better long-
term benefits. In these situations, our proposed approach
provides the optimal compromise and preferable solutions.
The preferable solutions for the problem is shown in Table
8. This helps the DMs to select their windmill fans using the
preferable solution whereas the other existing approaches
provide only the optimal compromise solution.

CONCLUSION

This study explores the neutrosophic fractional trans-
portation problem by simultaneously optimizing both
transportation cost and profit. To transform the neutro-
sophic problem into its deterministic problem, the weighted
possibility mean is applied. In the need of windmill fans for
the decision makers, the roles of objective functions and
constraints can change in the design, manufacturing and
operating wind turbines based on factors such as regula-
tory changes, market conditions, resource availability and
customer priorities. By adjusting these roles ensures that
design, production and operation of windmill fans remain
competitive and effective in a dynamic environment. So,
the neutrosophic aspirational approach is proposed, which
serves as a novel aspect of this paper, to convert the objec-
tive function into constraints. To demonstrate the effec-
tiveness and superiority of the proposed approach, we have
illustrated two numerical examples and solved to obtain the
optimal compromise solution. In addition to this, we obtain
the preferable solutions by changing the lower bound in
the problem using our proposed approach which helps the
decision makers for site characteristics such as weather pat-
terns, land availability, optimal wind speed, minimal envi-
ronmental disruption and high efficiency. It also allows to
change the production costs, maintenance costs and opera-
tional costs of the windmill fans. To enhance the efficiency
of the problem, the obtained solution assist the decision
maker in making the right choices regarding financial
and corporate planning. This study examines the neutro-
sophic single objective fractional transportation problem
by minimizing the transportation cost and maximizing

the profit. In real world, many decision-making problems
can be described as multi-objective optimization problems
since numerous competing objectives may be achieved at
the same time. In view of this for future research, one may
consider multi-objective four dimensional fixed charge
fractional transportation problem under neutrosophic
environment, neutrosophic multi-item multi-objective
four dimensional fixed charge fractional transportation
problem, neutrosophic multi-level multi-item multi-objec-
tive four dimensional fixed charge fractional transportation
problem and neutrosophic multi-stage multi-objective four
dimensional fixed charge fractional transportation prob-
lem. In addition to transportation problem, this approach
may also be applied to the assignment problem and the
travelling salesman problem.
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