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ABSTRACT As the global economy continues to grow, the need for transportation also grows.
Transportation researchers are developing new methods for integrating new technologies into existing
transportation systems and for addressing the associated challenges. This paper addressed bi-objective fixed
charge solid transportation problem that consider two objectives minimizing the total transportation cost,
including fixed and variable costs, and minimizing the total transportation time. It is a challenging
optimization problem, as it is difficult to find a solution that simultaneously minimizes both objectives.
Additionally, the problem with bi-objective fixed-charge solid transportation problem (BOFCSTP) under
uncertainty with neutrosophic concept is presented here. This problem constructed with all the parameters
such as cost, fixed-charge, source availability and requirements as neutrosophic values. Neutrosophic sets
are efficiently handling the indeterminacy and imprecise data in many fields and single-valued neutrosophic
sets are extension and simpler form of NS. Further, to convert the neutrosophic values to crisp values a
ranking function is used. To solve the considered BOFCSTP different approaches are employed namely,
neutrosophic linear programming, neutrosophic goal programming, fuzzy goal programming to get the
compromised solution to the problem. Additionally, a real-life problem is given with numerical example and
the results compared with the different approaches.

INDEX TERMS Transportation problem (TP), Multi-objective transportation problem (MOTP), fixed- charge solid
transportation problem (FCSTP), Neutrosophic set (NS), Single-valued neutrosophic set (SVNS).

I. INTRODUCTION

The transportation problem is a mathematical
optimization problem that seeks to minimize the cost
of transporting goods from a set of supply points to a

uncertainty. This is important because there are many
factors that can affect transportation, such as weather,
traffic conditions, and equipment failures. By
developing models that can handle uncertainty,

set of demand points, subject to capacity constraints at
each supply point and demand point. It is one of the
most fundamental and well-studied problems in
operations research, with applications in a wide range
of industries, including logistics, transportation,
manufacturing, and retail. Solid transportation
problems or models (STPs or STMs) are a type of
transportation model that considers the volume or
weight of the goods being transported, in addition to
the distance and cost of transportation. STMs are used
in a variety of industries, including mining,
construction, and agriculture, to optimize the
transportation of goods from origin to destination.
Then researchers developed STMs that can handle
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businesses can make more informed decisions about
transportation planning and operations. To handle the
uncertainty in any real world problem fuzzy set (FS)
was introduced [1] and intuitionistic fuzzy set (IFS)
was developed by Atanassov [2] followed by L. A.
Zadeh where FS have membership function and IFS
have both membership and non-membership function
of the element in the set.

The fixed charge solid transportation problemis a
variation of the classic transportation problem that
involves shipping a homogeneous product from
multiple suppliers to multiple destinations while
considering fixed charges associated with using
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certain suppliers or facilities. Similar to the traditional
transportation problem, the goal is to minimize the
total transportation cost. However, in this case, the
cost involves not only the variable cost of shipping but
also fixed charges associated with using particular
sources or facilities. Commonly used in logistics and
supply chain management to optimize the routing of
goods while considering fixed charges associated with
suppliers or facilities. Applicable in various industries
such as manufacturing, distribution, and retail to
optimize transportation costs while accounting for
fixed expenses. Molla-Alizadeh-Zavardehi [3]
addressed fuzzy FCSTP and used neighborhood
search (VNS), simulated annealing (SA) and hybrid
VNS methods to solve the problem. Bo Zhang et.al.
[4] developed expected value model, chance-
constrained programming model and measure-chance
programming model for fixed-charge STP with
uncertain values. Lin Chen et.al. [5] presented a bi-
criteria STP problem with fuzzy values and solved
using goal programming.

A. LITERATURE SURVEY

Stefan Chanas [6] presented a TP with all the supplies,
demands as fuzzy values and used the technique of
parametric programming to solve the FTP. Palanivel
[7] presented fuzzy traveler problem with trapezoidal
fuzzy number. Sujeet Kumar Singh and Shiv Prasad
Yadav [8] solved TP with triangular intuitionistic
fuzzy numbers using accuracy function to convert the
fuzzy numbers to crisp numbers. I. Deli and Y. Subas
[9] proposed a method to solve SVN decision making
problem employing single-valued trapezoidal and
single-valued triangular neutrosophic  numbers.
Kalaivani and palanivel [10] employed SVTNNs to
solve a transportation problem proposing new ranking
function to defuzzify the SVTNNSs. Jency and
palanivel [11] addressed a transportation problem
during disaster under uncertainty with help of fuzzy
triangular numbers. STP under uncertain environment
was developed by F. Jimenez and J.L. Verdegay [12]
in 1998 presented two problems considering one with
interval data as interval STP and other with vague data
as fuzzy STP. F. Jiménez and J.L. Verdegay presented
a fuzzy STP (FSTP) problem [13] and used
evolutionary algorithm to solve the FSTP. Ali
Ebrahimnejad and Jose Luis Verdegay [14] solved
intuitionistic fuzzy transportation problem(FTP) by
converting the problem to deterministic model and
solved by employing fuzzy programming approach.
Hosna Mollanoori et.al. [15] solved capacitated solid
step fixed-charge transportation problem by
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employing two methods simulated Annealing (SA)
and Imperialist Competitive Algorithm (ICA). Amrit
Das et.al [16] proposed de-fuzzification method to a
type-2 fuzzy number with application bi-objective
STP. Abhijit Baidya and Uttam Kumar Bera [17]
proposed a fully fuzzy STP for improved freight and
cargo management for government agencies in
uncertain environments through sustainable, efficient,
and effective transportation operations. Sankar Kumar
Roy and Sudipta Midya [18] presented a multi-
objective fixed-charge STP (FCSTP) with triangular
intuitionistic fuzzy number and obtained the
compromise solution using intuitionistic linear
programming. Sankar Kumar Roy etal. [19]
discussed  multi-objective  multi-item  FCSTP
(MOMIFCSTP) with fuzzy-rough parameters. The
considered MOMIFCSTP is  converted to
deterministic model, solved by three different
approaches namely, weighted goal programming,
fuzzy programming and TOPSIS. Hamiden Abd El-
Wahed et.al. [20] solved multi-objective fractional
two-stage STP with all the parameters as fuzzy
numbers. Divya Chhibber etal [21] solved a
intuitionistic ~ fixed-charge ~ STP  with  fuzzy
programming approach. Arijit Mondal et.al.[22]
presented multi-objective multi-item multi-choice step
fixed-charge solid transportation problem with
intuitionistic fuzzy values for all the parameters and
solved by introducing new method called intuitionistic
fuzzy game-theoretic method. Shubham singh et.al.
[23] solved MOSTP by chance constraint
programming under stochastic environment and
utilized the fuzzy programming (FP) to obtain the
solution to the numerical problem. Saibal Majumder
et.al. [24] proposed a uncertain MOMIFCSTP models
and solved using three different methods. Pravash
Kumar Giri et.al. [25] developed a MIFCSTP with
budget constraint problem and solved using genetic
algorithm.

Later, neutrosophic set (NS) was introduced with
three. membership functions called the truth, the
indeterminacy and the falsity membership function by
Smarandache [26] which helps to analyze the problem
with indeterminate, incomplete data. Rizk M. Rizk-
Allah et.al. [27] addressed neutrosophic MOTP and
solved the problem by neutrosophic compromise
approach, solving the TP for the membership
functions of the neutrosophic set where all the
parameters are taken as neutrosophic numbers. A.
Thamaraiselvi and R. Santhi [28] proposed
defuzzification function to convert the neutrosophic
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values to crisp values and solved the neutrosophic TP.
Firoz Ahmad and Ahmad Yusuf Adhami [29] solved
a multi-objective nonlinear transportation problem
(MO-NTP) using neutrosophic compromise solution
approach. Further, single-valued neutrosophic set
(SVNS) was introduced which is the simplest form of
NS and it helps the researchers to concentrate more on
the problems with incomplete, undefined data in real-
life. Binoy Krishna Giri and Sankar Kumar Roy [30]
presented multi-objective green 4-dimensional fixed-
charge transportation problem (MG4FTP) with all the
parameters as single-valued trapezoidal neutrosophic
numbers and solved by utilizing neutrosophic
programming. Hamiden abd el-wahed khalifa et.al.
[31] proposed a new approach KKM approach to solve
the TP.Anish Kumar et.al. [32] proposed MOTP with
uncertain normal distribution and solved using
hyperbolic programming approach. Veeramani et.al
[33] discussed a multi-objective fractional TP and
obtained the compromise solutions to the problem
using neutrosophic goal programming. Vishwas Deep
Joshi et.al. [34] presented a multi-objective linear
fractional transportation problem (MOLFTP) under
neutrosophic environment then solved the problem for
its three membership functions. . Ovidiu Cosma et.al.
[35] proposed a heuristic algorithm to solve two-stage
STP. Nengmin Wang et.al. [36] addressed a problem
shipment of hazardous materials during emergency
situation with bi-objective vehicle routing model and
solved using two-stage exact algorithm based on &-
constraint method. Shyamali Ghosh etal. [37]
addressed a problem in the waste management area
with multiple objectives to develop the optimum TP
model with neutrosophic numbers. Sajida Kousar et.al.
[38] discussed a crop production problem with
neutrosophic elements and solved using neutrosophic
fuzzy linear programming method. Sarfaraz
Hashemkhani Zolfani et.al. [39] presented an efficient
analysis technique with input and output satisficing
(EATWIQS) method based on Type-2 Neutrosophic
Fuzzy Numbers. Nada A. Nabeeh [40] have been
discussed about SVNs for resolving MCDM problems
in many real-world situations. Soumen Kumar Das
et.al. [41] addressed multi-facility location—allocation
model for a two-stage solid logistics network with
type-2 neutrosophic numbers. Soumen Kumar Das and
Sankar Kumar Roy [42] proposed a hybrid approach
based on locate-allocate heuristic and the neutrosophic
compromise programming to obtain the solution to
facility location to the TP. Md Samim Aktar et. al. [43]
discussed a 4D-TP with multiple objectives and
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different methods are used to convert the MOTP to
single objective TP namely weighted sum technique,
max-min Zimmermann technique and neutrosophic
programming technique. Further, Generalized
Reduced Gradient method used to solve the problem.

TABLE 1 LITERATURE SURVEY OF FC-STP

Authors name Year N.O' qf' Methods
Objectives
Sankar Kumar Multi Intuitionistic
Roy and Sudipta | 2019 obiective fuzzy
Midya [18] ! programming
Pravash Kumar 2018 Single Genetic
Giri et.al. [25] objective algorithm
Neutrosophic
Rizk M. Rizk- | o o | Mult gr‘:)mf;a”r;'f:
Allah et.al. [27] objective gramming
Approach
(NCPA)
Ahmad Yusuf Multi
. 201 L NCPA
Adhami [29] 019 objective c
Neutrosophic
programming
Binoy Krishna Multi (NP) and
Giri and Sankar 2022 obicective Pythagorean
Kumar Roy [30] L hesitant fuzzy
programming
(PHFP)
Fuzzy,
Neutrosophic
Sajida Kousar 2023 Multi and
et.al [38] objective Intuitionistic
linear
programming
_ Multi Neutrosophic
Veeramani etl.al . goal
[33] 2021 | objective programming
Fractional TP (NGP)
Multi-
objective
Vishwas Deep linear
Joshi et.al. [34] 2022 fractional NCPA
transportation
problem
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Neutrosophic
linear

Shyamali Ghosh 2023 Multi- programming
et.al. [37] objective and e-
constraint
method
MU“.I- Neutrosophic
Elsayed Badr objective goal
2022 | integer linear .
et.al. [45] . programming
programming (NGP)
model
Surapati
Pramanik and Multi-
Partha Pratim 2019 objective NGP
Dey [46]

B. MOTIVATION AND CONTRIBUTION OF THE

WORK

» In the literature [44] addressed a TP with
neutrosophic parameters and [18], [33] are
presented MOTP and also employed various
techniques to solve TP.

» [38] addressed a crop production problem with
various factors as neutrosophic numbers. This
motivated us to address the TP in a neutrosophic
environment in the agricultural sector.

» Though advancements in exploring diverse bi-
objective problems across various contexts, their
application to unravel demanding agricultural
transportation challenges has been covering. This
study.

» This study bridges this gap by tackling a real-
world transportation issue faced by farmers,
demonstrating the potential of this approach in the
agricultural domain.

» A BO-FCSTP problem is presented optimal
solution the transportation problem  of
transporting different types grains from different
farms to different silos using different types of
conveyance.

» This BO-FCSTO under neutrosophic
environment to deal with uncertainties in the
processing of data due to indeterminacy.

» The neutrosophic values can be converted to crisp
values while retaining the inherent neutrosophic
characteristics of the data by employing the
existing ranking value.

» Three different methods are used to solve the

considered problem Neutrosophic linear programming
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problem (NLPP), Neutrosophic Goal programming
(NGP) and Fuzzy Goal Programming (FGP).

» The effectiveness of the three methods are
discussed with help of sensitivity analysis for different
cases.

The paper is structured into eight distinct sections.
Section 1 serves as the introduction, providing an
overview of the research study along with an extensive
review of relevant literature. In Section 2, the
fundamental definition of neutrosophic sets is
presented, accompanied by a discussion on a ranking
function aimed at converting neutrosophic numbers
into crisp values. Section 3 presents the mathematical
formulation of the model FCSTP. Following this,
Section 4 offers an in-depth exploration of the various
solution methodologies employed within the study.
Section 5 delves into a practical application scenario,
analysing the transportation of different grains from
farms to silos within the framework of FCSTP. This
section concludes with a comprehensive examination
of the results obtained through different
methodological approaches. Sections 6 and 7 focus on
sensitivity analysis and comparative  studies,
respectively, utilizing different case scenarios and
ranking functions. Finally, Section 8 provides a
concise conclusion, summarizing the findings and
implications derived from the study.

II. PRELIMINARY CONCEPTS

This sections includes all the basics elements to build
up this article. The following definitions helps the
readers to understand more about the NS.

Definition 1 [26]:

Let X be anon-empty set. Then a NS &N of X is

defined as

& = {(x, agn (x), B, yw ()] €
X, agn (x), Bew (x), yen (x) €170, 17},

Where agzv(x), /)’gzv(x), and ]/gN(X) are the truth
membership function, an indeterminacy membership
function, and a falsity function, and there is no
restriction on the sum of
agn (), ﬁgzv(x), and ygzv(x), S0 0<
agn (x)+Pev (x) + yen (x) < 37 isa nonstandard unit

Interval.
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Definition 2 [29]

Let X be a non-empty set. A SVNS &y, is defined
as &gy = {x, Az oy (), Brgy (%), Vg, (X)X € X} where
g, (%), Bz, (%) and yg , (x) € [0,1] for each x €
Xand 0 < ag., (x) + Bz, (x) + vg, (x) < 3.

Definition 3 [29]

Let @1, 9,03 ¢, € R such that ¢, < ¢, < @3 <
@, and ag, B3, v € [0,1]. Then an SVTNNs is
defined as @ = (@1, 92, 93, 904); a5, B3, v5) 1s @
special neutrosophic set on the real line set R, whose
truth membership, indeterminacy membership, and
falsity membership functions are given as follows:

x—%)
a~( , <x<
["sz—(pl 1 v

agz , <x<
e (x)={ P _ () @3
@ a~((p4 x) 9 <x <
|k“’ Qa—3y) TET T T
0, otherwise

(02— x+ Bs(x — @)

, <x<
00 — 01 P1 )

_ <x<
vﬁ~(x)=<ﬁ“’ P2 SX=Ps
@ X — @y + By (ps —x) pa<r<o
P4 — @3 A

1, otherwise

() _X+V<7:(x_(l’1)

<x<
n, —n, P11 =X =@

Y& , <x<
Wm(x):{ P (%) P3
x_‘P2+V<7;(<P4_x) 0 < x < 0,

Py — P3 ' T

1, otherwise

Where —0 < ,u%(x) + v%(x) +wy, (x)<1+,x €

Q.
Definition 4 [47]

LEt g = ((61' 02' 03' 04): aaf ﬁ’éf V”e’) and fi =
((11,M2,M3,M4); a5, By, vz)  be two single valued
trapezoidal neutrosophic numbers and k # o, then

Addition:
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6+ 1= (6, + 11,05 + 12,05 + 13,0, +14); a5
Aag, B V By Yo V Vi)

Difference:

6 — 1 = ((61 — 14,6, — 0,03 — 13,0, — 11); Ay
Product:
o1
(((91771' 0212, 0313,0414); ag A az, g V By, Yo V Vﬁ))
(d; >0,d, >0)
((81M4, 0213, 8312, 04m1); g A a, B V By Yo V Vi)
(d, <0,d, > 0)

((04n4,03M3,02m5,60:11); ag A s, Bz V By, Yo V Vi)
(d, <0,d, <0)

Division:
6/7
(((91/774 ,602/M3,03/M2,04/11);
ag Aoz, Bg V B Ye V Vi
_ { ((94/774 ,03/M3,02/M2,601/11);
ag AN ag, Bg V By Ve V Yy
((94/771 ,03/M2,02/13,61/14);
t ag A ag, B V B Ve V Vi

y(dy > 0,d, > 0)

)
I
y(dy < 0,d, >0)}
y(dy < 0,d, < o)J

Scalar product:

ké _ {((kgl) ng; k93l k94)) a@! ﬁ@,Y§)(k > 0)}
<(k94-l k93l k921 kel)l aal ﬂa,Y§)(k < 0)

Definition 5 [10]

Let Agyand Bgy be two SVNNSs. The ranking of
Agyy and Bg,y by the R (.) on the set of SVNNs is
defined as follows.

I R£A~SVN) > REBSVN) iﬁi Agyn >~ Bsyn
. R(ASVN) = R(BSVN) iff Asyn = Bsyw
Definition 6 [10]

The ordering > and < between any two
SVNNSs Ag,yand By are defined as follows.

I. Agy = Bgyy iff Agyy > Bsyy O Asyy = By
II. Agy < Bgyy iff Asyy < Bsyy OF Agyy = Bsyn
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Definition 7

Let {Agyy, i = 1,2,...,n} be a set of SVNNs. If
R(Asyw) < R(Bsyy) for all i, then the SVNNs Agyy,
is the minimum of {Agyy,i =1,2,..,n}

Definition 8

Let {Asyn,, i = 1,2,...,n} be aset of SVNNs. If
R(Agyn) = R(Bsyy) forall i, then the SVNNs Agyy,
is the minimum of {Agyy,i =1,2,..,n}

Definition 9

De-fuzzification methods are used to convert the
fuzzy values to crisp value to reduce the problem as a
crisp problem to solve the problems. Here, to convert
the neutrosophic values to crisp value the ranking
function called score function is used. Let A =
((ay,ay,a3,a,4);T,1,F) be the SVTNNs. Then the
score function S(A) [48] is given as,

1
S(A) =@ +a+as+a) x24T —1-F]

. MATHEMATICAL MODEL FOR BI-OBJECTIVE

FCSTP

To transport non-homogenous products from different
sources to different destinations with certain condition
in TP, we consider a multi- objective (two) fixed —
charge solid transportation problem. However, there
are constraints on the quantities of products available
for transport from the sources, the requirements at the
destinations and the vehicles have limited capacities to
transport a particular products. Two objective
functions are taken, first objective function is to
minimize the total transportation cost and second
objective is to minimize the total transportation time
with respect to the set of constraints. The aim is to
obtain optimal solution for transporting non-
homogenous [ products from m sources to n
destinations using the k conveyances at shipping cost
C{}kl per unit product in such a way that all objectives
are optimized simultaneously. Fixed-charge F{}’kl is
fixed for shipping [ products from source i to
destination j means of k conveyance and each source
has S} units of [ products as supply and at each
destination has R} units of [ products as requirement
and each conveyance transport [ product from source
i to destination j has E units pf capacity.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

Notations:

The following notations are used to formulate the
proposed model.

%[}, amount of I** product to be transported from i*"
source to j* destination through k" conveyance

Clla- cost per unit of I** product to be transported

from " source to j* destination through k'
conveyance

F}i- fixed cost of I** product to be transported from
i" source to j* destination through k" conveyance

£~ time to transport 1" product from i** source to
jt" destination through k*" conveyance

ah - total supply at i*" source

b}\- total demand at j*" destination
&l - capacity of k" conveyance

L- total quantity of " product
Model 1:

(1 = m1zn 1Zp 12 (Cukl jkz)x{\;l'kz(l)
12 12 1Zk 1tl]le(xL]kl) 2

Subject to the constraints,

For e Xl X < @ff,i=123,..,m  (3)
121 Zie= 1Zi’1fﬁm>bz,1—123 (4
X B T 2 &R,k =123,..,p (5)

o1 Zim1 T g S L1=123,...9  (6)

% = 0,Vi, j, k,1 )
5 _(Lif Xiji >0
T(x”kl) B { 0, otherwise ®)

With the feasibility condition of this TP,

LD

i=1 j=1

VOLUME XX, 2024
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k=11=1 j=11=1
Factaries Comveyance Warehouse
1t

FIGURE 1. Transportation model for STP

IV. SOLUTION METHODOLOGY:

In multi-objective optimization problem, there does
not always exist a solution which is the best for all the
objective functions. That is the solution will be the
best for one objective function and that may be worst
for another objective function. The objective functions
are conflicting to each other and hence the solutions
cannot simply compare to each other. For this cause,
we discuss three methods for solving neutrosophic
MFSTP as follows:

+ Neutrosophic linear programming problem
(NLPP),

+ Neutrosophic goal programming (NGP)

% Fuzzy goal programming (FGP)

4.1 Neutrosophic linear programming problem
(NLPP)

NLPP to derive the compromise solution of multi-
objective decision making problem. To solve the
proposed model 1 using NLPP, we describe the
following steps as:

Step 1: Transform the neutrosophic optimization
problem into crisp problem using the definition.
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Step 2: Each objective is solved individually with
subject to all the constraints.

Step 3: Determine the positive and negative solution
to find the upper and lower bound for each objective
function by pay-off matrix.

TABLE 2. PAY-OFF MATRIX

61 ¢
X3 (XD 1£10.¢69)
X3 (XD $2(X3)

Step 4: Determine the truth, indeterminacy and falsity
membership functions by setting the tolerance and
constructing the according to bounds.

Lif ¢ < L,
U — Gy ()
Ty (6400) = 5 ﬁ,if I, < ¢, (0) < U}
0,if ¢y (x) = Uy,
Lif ¢y < L{IJ
Uy — Gy ()
Iy (ffu(x)) = %,if Ly < {(x) < Uy,
T
0,if i, (x) = U},
Lif ¢ < Lﬁj
Uy — Gy()
Fy (((p(x)) =4 %,i}” LY < () < Uy

0,if ¢j,(x) = Uf

Here Uy, = Uy, and L, = Ly, the upper and
lower bounds for truth membership function, U{l, =
LY, +(Uy, — LY) ey, Ly, =LY, the upper and lower
bound for indeterminacy membership function, ULﬁ =
Uy, LYy = LY, +(Uy, — LY) fy, the upper and lower
bounds for falsity membership function where
eyand f,, are tolerance.

Step 5: Choose the values for a, b and c in [0,1] for
each neutrosophic number as the truth, indeterminacy
and falsity degrees respectively.

Step 6: Constitute the NLPP from Model 1.
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Using the above steps for NLPP the given Model 1 is
transformed into Model 2. From Model 2 the Model 3
is obtained.

Model 2:
Maximize T, (({,, (x)) (W =12)
Maximize I, ($,()) (b = 1,2)

Minimize Fy, (;’p(x)) (W =12)
Subject to (3)-(8)
Model 3:
Maximize a
Maximize b
Minimize c

Subject to

a+b+c<3,a+b+c=0,a=b,a=>
c,and a,b,c € [0,1], (@=1,2),

Constraints (3)-(8).

The simplified model 3 derives the compromise
solution to the considered problem by transforming
into Model 4.

Model 4:

maximizea+b —c

Subject to ¢y, (x) + (U, — Ly)a < Uy,

3, (0 + (UL — Li)b < U,

3y () = (Uy, = Ly)c < Uy,
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a+b+c<3,a+b+c=0,a=b,a=
c,and a,b,c € [0,1], (=1, 2),

Constraints (3)-(8).

Step 7: Solve the model 4 using LINGO 19.0
iterative solver.

4.2 Neutrosophic goal programming (NGP)

For neutrosophic goal programming
problem the neutrosophic decision set is formulated
as,

K J
Dy = (ﬂ Gk> (6 | = 07509 1), o)

k=1 j=1

Further the formulate the goal programming [46] and
solve using LINGO19.0.

4.3 Fuzzy goal programming (FGP)

All minimizing type of a multi objective
linear programming problem is of the form

min[¢; (x), (%), ..., G (x)]
hj(x) <b,j=1tom

Then the fuzzy decision set can be defined as, D =
G N C where D is fuzzy decision, G fuzzy goal and C
fuzzy constraints. The fuzzy goal programming model
[45] formulated and solved using LINGO 19.0 .

V. REAL-LIFE EXPERIMENT

In this section we include a real-life problem of
transporting grain from multiple farms to multiple
silos. The fixed charge in this case could be the cost of
loading and unloading the grain at each farm and silo.
FCSTPs are often complex and difficult to solve. This
is because the number of possible transportation routes
and schedules can be very large, especially for
problems with many origins and destinations. One of
the biggest challenges in transporting grain from
multiple farms to multiple silos is finding the most
efficient and cost-effective transportation route. This
is because there are many possible routes, and each
route has its own pros and cons. For example, a route
that is shorter may be more expensive, while a route
that is longer may be less expensive. Another
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challenge is ensuring that the grain is transported in a
timely manner. This is important because grain is a
perishable commodity and can spoil if it is not stored
properly. It is also important to ensure that the grain is
transported without damage. Transporting grain from
multiple farms to multiple silos is a complex problem
that involves a number of factors, including:

» The distance between the farms and silos
» The volume of grain to be transported

» The type of transportation mode to be used
» The cost of transportation

» The time it takes to transport the grain

A number of different transportation modes can
be used to transport grain from multiple farms to
multiple silos. The cost of transporting grain from
multiple farms to multiple silos varies depending on a
number of factors, including the distance to be
traveled, the volume of grain to be transported, and the
type of transportation mode used. Overall, the problem
of transporting grain from multiple farms to multiple
silos is a complex one that involves a number of
factors.

Agricaitural farm Grains Grain farm

FIGURE 2. Transporting grains to silos from farms

In this problem two different type of grains are
transported from two different farms to four different
silos through two different vehicles. The objectives are
to minimize the total transportation cost and time with
subject to set of constraints. The transportation cost,
availability and demand of grains at the farms and
silos, the total amount of different grains, capacity of
the conveyance are taken as single-valued trapezoidal
neutrosophic numbers. The total time to transport the
grains from farms to silos taken as crisp values. Total
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amount of grains at farm {a}= (9550, 10800, 12000,
20870; 0.9, 0.4,0.2) and a} = (4500, 4900, 5330, 6150;
0.6, 0.2, 0.1}m, the amount of grains required at the
silos {b¥= (3420, 5100, 6000, 6350; 0.7, 0.2, 0.2), bY'=
(5700, 7600, 8510, 9500; 0.8, 0.4, 0.1), bY = (3200,
4500, 5480, 6460; 0.7, 0.4, 0.1), bY= (2450, 3020,
3900, 4200; 0.5, 0.1, 0.1)}, the total capacity of the
conveyance { eN= (8200, 9550, 10060, 10800; 0.6,
0.2,0.2) and e} = (7390, 8500, 9600, 10000; 0.9, 0.4,
0.2)} and the total amount of grains { LY =( 9880,
10400, 10900, 21000; 0.8, 0.4, 0.1) and LY=( 11100,
13800, 15720, 22000; 0.7, 0.2, 0.2)}.

Using the de-neutrsophication function all the
neutrosophic values are converted to crisp value and
the objective functions and constraints are given
below. The considered problem is solved by three
different approaches NLPP, NGP and FGP using the
LINGO 19.0 iterative software.

N = 121.82 xx;;111 + 56 xx;11, + 122.05
X121 + 111 * x99, +98.43
X111 + 112 * X454, +130.07
X121 + 140.44 * x15,5, + 55
X1311 + 108 * x43,, + 110
X1321 + 113 * x43,5, + 134.55
* X1411 +90.87 * X141,
+100.02 * X347 + 87.56

* X490 + 9845 * x5, + 133
* Xg112 + 150 % X515, +105.49
* Xp120 + 122.82 * X951

+ 125.06 % X515 + 142 % Xy59¢
+ 103.03 * x,,,, + 158.85

* Xp311 T 189.99 % x93,
+122.22 * x,35; + 109.34

* Xo399 + 140.50 * x54q4

+ 105.20 * xp41, + 98.43

* Xogoq + 134.55 * X540,

* ¥ ¥ ¥ ¥
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{3 =3%Xy9011 + 2% X102 + 1% Xyq09 + 1.5

* X1122 + 3% X211+ 2% X910
* Xy311 + 1 * X931 + 2% X399

X1121 T X1122 T X221 +

X1222 T X1321 T X1322
X1421 T X1422 T X2121
X2122 T X2221 T X2222

X2321 t X2322 T X421
Xp4ny < 1700

+ 4+ +

* Xig12 F 2% X1+ 4 * Xiago
* Xpp11 F 2% Xpp1p + 2 % Xpppq
* Xaz22 + 3% Xpa11 +4 % Xpa12
+ 2 % Xpup1 F 2% Xpup;

X1111 t X1121 T X1211 T X221+ X1311 T X1321
X1411 T X1421 T X2111
X2121 T X2211 T X2221

X2311 T X2321 T X2411
Xp421 < 2500

+ 4+ +

X1112 T Xy122 t X1212 T X1222 + X312 T X322
t X1412 T X1422 T X2112
Tt Xz122 t Xz212 T X222
+ X312+ X2322 T X412
+ Xpapp < 2500

Subject to,

X1111 T X1112 T X1211 T X1222 T X1311 T X1322

xijkl,Vi,j,k,l

X2111 T X2112 + X211t X222+ X2311 T X232
X1111 T X121 F Xp122 t X1122 + X2111 T X2121
X1211 T X1221 T X222 + X211t X221 + X222
<500
X1311 T X1321 T X1322 + X2311 T X2321 + X322
<900
X1411 T X421 F Xqa22 T X411 T X2421 + X422
< 650
FIGURE 3a. Optimal distribution using NLPP method
X1111 T X1112 T X¥1211 T X1212 + X1311 T X1312
t X411 T X1a12 T X2111
T Xz112 t X2211 T X2212
T Xp311 t X2312 + X411
+ X412 < 1850
TABLE 3 NEUTROSOPHIC COST PER UNIT
=1
k=1 k=2
j=1 | (58,77, 89,120; 09,04 02) (57,68, 80,100; 0.7, 0.2, 0.2)
j=2 (49, 67, 76, 90; 0.8, 0.3,0.2) (88, 100, 108, 115; 0.5, 0.1, 0.1)
7=3 | (29,38, 40, 44;0.9, 0.4, 0.2) (100, 110, 115, 126; 0.7, 0.3, 0.1)
10
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i=1 j=4 | (68,78, 92 102; 06,02 0.1) (56, 66, 71, 85; 0.6, 0.2, 0.1)
j=1 | (53,62, 77,105,804, 0.1) (71, 82, 91, 105; 0.9, 0.3, 0.3)
j=2 | (66,7989, 114;0.7,02, 0.2) (77,81, 94, 105; 0.9, 0.3, 0.3)
i=2 j=3 | (99,110,118, 136; 06,02, 0.1) | (60, 73,88, 98;0.7,0.2, 0.2)
j=4 | (80,90, 115,120;0.8,03,0.2) | (69,77,87,98;08,0.3,0.2)
=2
k=1 k=2
j=1 | (35 42,50,5505,01,01) (66, 78, 90, 120; 0.6, 0.2, 0.1)
j=2 | (66,78,88,99;07 03, 01) (97,105,118,130; 0.6, 0.2, 0.2)
j=3 | (50,70, 81,102; 0.8, 0.3, 0.2) (79, 90, 102, 112; 0.7, 0.2, 0.2)
i=1 j=4 | (55 60,73 86,0803 02) (56, 66, 80, 98; 0.5, 0.1, 0.1)
j=1 | (81,92 100,111;05,0.1,0.1) (71, 82, 91, 100; 0.9, 0.3, 0.3)
j=2 | (80,90,101,110;0.7,0.3,01) | (69, 75,88, 98;0.38,0.3,0.2)
i=2 j=3 | (120,130, 138, 148;0.5,0.1, 0.1) | (79, 86, 99, 102; 0.6, 0.2, 0.1)
j=4 | (60,7289, 100;07,0.2,02) (98, 105, 110, 117; 0.9, 0.4, 0.2)
TABLE 4 NEUTROSOPHIC FIXED CHARGE COST
=1
k=1 k=2
j=1 | (59,69,76,96;09,04 0.2) (55, 65, 74, 98; 0.7, 0.2, 0.2)
j=2 | (30,44,58,70;08,03,0.2) (60, 74, 85, 110; 0.6, 0.2, 0.1)
j=3 | (29,30, 40,50; 09,04, 0.2) (22,30, 43,51; 0.7, 0.3, 0.1)
i=1 j=4 | (77,82, 90,102;0.6,02 0.1) | (44 50, 64, 80;0.6,0.2, 0.1)
j=1 | (39,45,58 73,08, 04 0.1) (90, 100, 110, 120; 0.6, 0.2, 0.1)
j=2 | (56,62, 76,87,0.7,02 0.2) (83,97, 101, 118; 0.9, 0.3, 0.3)
i=2 j=3 | (66,74, 86,110;06,02 01) | (66, 75,82, 103;0.5,0.1, 0.1)
j=4 | (63,80,86,97;08, 03, 0.2) (39, 42, 49, 57; 0.8, 0.3, 0.2)
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=2
k=1 k=2
j=1 (20, 32, 40, 44;0.5,0.1,0.1) (35, 46, 62, 88; 0.6, 0.2, 0.1)
j=2 (44, 54, 66, 98; 0.7, 0.3, 0.1) (67, 74, 82, 108; 0.6, 0.2, 0.1)
j=3 (40, 55, 69, 84; 0.8, 0.3, 0.2) (38, 50, 62, 73;0.7,0.2,0.2)
i=1 j=4 (42, 46, 54, 61; 0.8, 0.3, 0.2) (30, 36, 41, 50; 0.5, 0.1, 0.1)
j=1 (59, 79, 87,92;0.5,0.1,0.1) (39, 52,61, 69;0.9,0.3,0.3)
j=2 (47,56, 79, 82; 0.7, 0.3, 0.1) (39, 50, 56, 66; 0.8, 0.3, 0.2)
i=2 j=3 (97, 104, 123, 130; 0.7, 0.2, 0.2) (40, 44, 50, 70; 0.6, 0.2, 0.1)
j=4 (44, 56, 60, 70; 0.7, 0.3, 0.1) (54, 64, 76, 85; 0.4, 0.2)

TABLE 5 TIME AS CRISP VALUE

=1 =2

k=1 k=2 k=1 k=2

i=1 j=1 3 1 2 15
j=2 3 2 2 4

j=3 4 1 35 2

j=4 3 15 3 2

i=2 j=1 4 3 4 1
=2 15 2 1 2

j=3 3 25 25 25

j=4 3 2 4 2

TABLE 7 OPTIMAL RESULTS USING ALL THREE DIFFERENT METHODS

S.No. Methods Optimal solution Objectives value

1 NLPP X111 = 1500; X150, = 900; X141 = 150; Xpp17 = 350; X505, = 150; | IV = 424960; Y = 9300
X242, = 500

2 NGP X1112 = 1300; X155, = 500; X135, = 550; X145, = 200; x,11, = 200; N =397918; ¢V = 9025
X3311 = 350; Xp45, = 450

3 FGP X111 = 1500; X150, = 900; X141 = 150; Xpp17 = 350; X555, = 150; | IV = 424960; Y = 9300
X242, = 500

12
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A. RESULT AND DISCUSSION

Solving the problem with help of three different
approaches NLPP, NGP and FGP the compromise
solution of the problem are depicted in the above
section. Therefore the values of the two objective
functions obtained using by three methods are
displayed below in the table 5. Comparing the results
of the method NLPP, NGP and FGP, we conclude that
the results obtained by NGP gives the better results
than NLPP and FGP methods. The detailed
distribution of the optimal solution to the problem by
the three different methods are given below table 6.
and in Fig. 3a, 3b, 3c and Fig. 4 shows the overall
results of the problem obtained by using the different
methods.

TABLE 6 COMPROMISE SOLUTIONS OF NLPP, NGP AND

FGP
S.No. | Methods o e
1. NLPP 424960 9300
2. NGP 367918 9025
3. FGP 424960 9300

FIGURE 3c. Optimal distribution using FGP method
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500000
400000
300000
200000
100000

0

z1 z2
NLPP NGP mFGP

FIGURE 4. Results using different methods

VI. SENSITIVITY ANALYSIS

Sensitivity analysis is a powerful tool that can be used
to improve the understanding of models and systems.
It is a technique used to identify how changes in the
input parameters of a model or system affect its output.
It can be used to identify important input parameters,
assess the uncertainty in model outputs, and make
informed decisions about model development and use.
It is a widely used tool in a variety of fields, including
engineering, finance, economics, and science.

Sensitivity analysis was used for this problem in
order to examine the results based on three different
situations with fixed parameters for time, cost, and
transportation. For each of the three situations, each
item's total quantity, demand, and availability are
adjusted; the results are presented in the graph below.
Among all the three the case 3 gives the optimal result.

TABLE 8 SENSITIVITY ANALYSIS

. Capacity | Total amount
Different | Availability | Demand | ofthe | of items
cases .

vehicles | transported
al=2500, | P1=2000. | o1_s500, | 1122500,
b2=1500,

caset 2=a500 | 371500 1 o o500 | 12=3500
as= b4=1000 | &= =
a1=3000, E;fﬁgg 0122900, | 11=2500,

case2 222500 b3=1050, 222600 | 12=3000
as= b4=1500 | &= =
a1=3000, E;figgb e1=2100, | 11=2000,

case’ 221000 b3=1200, 221900 | 12=2500
as= b4=800 | &= =

13
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TABLE 9 RESULTS FOR THE THREE DIFFERENT CASES

CASE 3
. NLPP NGP FGP
pifferent 500000
z1 z2 z1 z2 Z1 z2
400000
Casel | 718460 | 17000 | 676183 | 13850 | 433475 | 9400
300000
Case2 | 814954 | 17749 | 665815 | 14074 | 430073 | 10024
200000
Case 3 | 814954 | 17749 | 665815 | 14074 | 430073 | 10024
100000
—
0
z1 z2
CASE 1 NLPP NGP mFGP
1000000 FIGURE 5. Results using different methods for three different
cases
800000 Vil. COMPARATIVE STUDY
This section presents comparative study analysis of
600000 different ranking techniques which helps in de-
fuzzification of the neutrosophic values to crisp value.
400000 Some of the following ranking functions accuracy
function [48], Uma and Uthra’s ranking function [49]
200000 and Kalai and palanivel ranking function [10] are used
— to de-neutrosify the neutrosophic values in the
0 considered problem and the obtained optimal results
z1 22 using the different methods are presented in the table
10 and Fig. 7. Each of the three ranking functions
ENLPP ENGP = FGP yields distinct optimal solutions for the TP under
consideration, but the score function provides the best
optimal solution overall. This comparative analysis
demonstrates that all optimal results from the different
CASE 2 ranking functions exceed the optimal result obtained
by the score function alone (refer to Table 6).
700000 Specifically, for the considered BIFCSTP, the score
function offers the optimal solution across all three
600000 methods: NLPP, NGP, and FGP.
500000
400000 A. MANAGERIAL IMPLICATIONS
300000 It is crucial to acknovx_lledgfe the; significant potential
and consequences outlined in this study. The focus of
200000 this paper is a specific Transportation Problem (TP)
100000 within the agricultural sector, addressing various
0 - — uncertain  parameters  associated  with  the
21 2 transportation of grains from farms to silos. Different

types of grains are conveyed using various
NLPP ®mNGP HFGP transportation methods, each with a fixed charge for
transporting a unit of grain from farms to silos.
Traditional approaches have proven ineffective in

14
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finding the optimal solution for this particular
problem, known as BOFCSTP. The uncertainties
related to cost, supply, and demand are effectively
managed through the utilization of neutrosophic
numbers, particularly in the form of SVTNNs. The
paper concludes by discussing optimal solutions for

one parameter while keeping others constant,
providing a comprehensive understanding of the
problem's distinctions. Moreover the comparative
study with other few ranking functions is performed
which ensures the optimal solution obtained by Score
function. Finally the contribution and the future scope

each method, comparing them with alternative was discussed in the conclusion section.
approaches, and presenting a sensitivity analysis of the

problem. Different scenarios are explored by varying

TABLE 10 COMPARATIVE STUDY WITH DIFFERENT RANKING FUNCTIONS

Ranking Functions Methods Optimal solutions Objective Values

Accuracy function [48] NLPP X1111 = 3620; X155, = 1620; x;3,, = 3900; {1 = 22650034;
X1421 = 2800; X2112 = 770, X2211 = 3580 Q’ — 38280

. 1
A(A) = E(al +a, +a; +a,)

NGP xllll = 3300, x1222 = 5520, x1311 = 350, ({V = 2442494

2+T—-1+F
X[2+T-1+F] X1421 = 2800; Xp11, = 800; Xp31; = 3550

2N = 50080

FGP X1111 = 3300; X1222 = 5520; X1311 = 350; ({V = 2442494;

X1421 = 2800; X2112 = 800, X2311 — 3550 Q’ — 50080

Uma and Uthras ranking function | NLPP N =1476299;

X1111 = 4’000; X1222 = 800; X1322 = 5000;

49 .
[ ] X1421 = 4’00; X2112 = 600, X2211 = 2600 (N = 37000
7 =
R(4)
_latbtc+d) NGP X1111 = 4000; X;11, = 300; X145, = 800; = 1381944

(W+14—u+1—V) X1322 = 5000; X141 = 100; X254, = 2900;

N _
3 X422 = 1100 ¢ = 36000

FGP X1112 = 1200; X1211 = 3200; X1222 = 800; ({V = 1471634

x1322 = 5000; X2112 2800, X422 = 1200

7N = 41000

Kalaivani & Palanivel [10] NLPP X1111 = 6000; X155, = 2000; Xx;3,, = 5000; 7V = 3006211;
o X1421 = 1400; x5,1, = 1300; x5,41 = 700 N
A(A) = ((as +a,) — ((a, + ¢y = 48400

a,))*(2*T-1+F)

NGP X1111 = 4’000; X1222 = 4’060; x1311 = 2000; ({V = 2713754;

x1322 = 3000; X1421 = 14’00, X2111 — 700;

N _
X121 = 1300 {3 = 53500
FGP X1111 = 4000; X125, = 4060; x134; = 2000; (' = 2713754
X1322 = 3000; x4, = 1400; x5,11 = 700; . .
Xy121 = 1300 ¥ =53500;
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3500000 Comparative study
3000000
2500000
2000000
1500000 .
1000000 ' - |

500000

0 R e R . m_ = .
NLPP NGP FGP NLPP FGP NLPP NGP FGP

Accuracy function

Uma & Uthras function
& OBJ1 wOBJ2

Kalaivani & Palanivel

FIGURE 6. Results for comparative study using different ranking functions

VIIl. CONCLUSION

Transportation systems have become increasingly
complex in recent years due to globalization,
urbanization, and technological advancements. This
complexity has led to a growing need for efficient and
effective transportation planning and optimization
algorithms. So we need transportation to be more
efficient and sustainable, and because of e-commerce
and new transportation technologies. MOTP, MOSTP
and MOFCSTP are special cases of TP in real-life
transportations and this paper presented a BOFCSTP
of transporting grains from farms to different silos. To
find the efficient optimal solution the parameters such
as cost, fixed-charge, availability, demand are treated
as neutrosophic numbers and the transportation time is
taken as real number. Since fuzzy and intuitionistic
sets cannot handle the indeterminacy part of the data,
the neutrosophic set is employed to overcome the
challenge. The main aim of the paper is developing
neutrosophic mathematical model under uncertainty
with two objectives to minimize the transportation cost
and time with a numerical illustration of transporting
grains from farms to silos. Moreover, to obtain the
neutrosophic compromise solution to the neutrosophic
BOFCSTP three different approaches are used to solve
the BOFCSTP and the obtained results are discussed
with each other. This research can be further expanded
by applying it to different scenarios within the
framework of MOFCSTP, where parameters can be
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adjusted to match specific situations. Additionally, the
model can be adapted to various problem types,
including interval-valued models, multi-stage models,
and routing problems, all while maintaining the
neutrosophic environment for uncertainty handling.
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