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Abstract: In this work, a multi-objective fixed charge bulk transportation problem (MOFCBTP) is considered that involves
optimizing the transportation of bulk commodities from multiple sources to multiple destinations. The considered problem
involves reducing the delivery cost and time simultaneously while satisfying supply and demand constraints and considering
fixed charges associated with each transportation route. This problem is commonly encountered in logistics and supply chain
management. Prior to this research, no work has been found on MOFCBTP in the literature. A method has been proposed in
this work to provide acceptable optimal solutions of the problem. Finally, a numerical example is solved by using the proposed

method to show the practical application of the method.

Keywords: bulk transportation problem; fixed charge; multi objective optimization; optimal solution; zero suffix method;
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1.Introduction

Bulk transportation refers to the movement of large
quantities of goods or materials, such as coal, grains,
oil, chemicals, etc., from one location to another.
This type of transportation typically involves the use
of specialized equipment, such as trucks, trains, or
ships, that can handle large volumes of cargo
efficiently. Bulk transportation presents unique
challenges that must be carefully managed to ensure
that goods are delivered on time and in good
condition.  Effective management of bulk
transportation requires  careful planning,
coordination, and optimization of resources,
including transportation routes, modes of transport,
and storage facilities. This involves the use of
sophisticated algorithms and models to identify the
most efficient and cost-effective solutions to
transport goods, taking into account factors such as
cost, time, distance, supply, and demand variability.

Bulk transportation problem (BTP) refers to the
challenge of designing and implementing
transportation strategies that can efficiently and
effectively move large volumes of goods or
materials from one location to another. This problem
has important implications for the competitiveness
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of industries, the cost and availability of goods, and
the sustainability of transportation systems. In this
problem, the cost of transportation does not depend
upon the quantity of the material to be delivered.
Initially, Maio and Roveda [1] presented the concept
of BTP with a least cost objective. Srinivasan and
Thompson [2] proposed an approach comprising
two stages for solving the problem solved by Maio
and Roveda [1].

The single-objective BTP is extended into the multi-
objective BTP (MOBTP), which has two objectives:
minimizing the cost and time of transportation.
Here, as there are two objectives, cost and time,
which are to be minimized, the optimum solution
can only be a trade-off between the two.

Prakash and Ram [3] used the branch and bound
technique to reduce the cost and duration of
transportation simultaneously. They converted the
MOBTP into a single-objective BTP using priority
factors. Prakash et al. [4] discussed Pareto optimal
solutions to MOBTP. Prakash et al. [5] presented an
efficient heuristic to get pareto optimal solutions of
MOBTP. Prakash et al. [6] presented a method
based on the lexicographic minimum to attain cost-
time trade-offs of MOBTP by considering a
sequence of prioritized MOBTPs whose solution
gives the set of all cost-time trade-offs of MOBTP.
A lexicographic minimum is used to solve the
prioritized MOBTPs.

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(4), 3009-3014 | 3009



A problem in which a fixed charge is associated
between each delivery point and the receiving point
is called a fixed-charge transportation problem
(FCTP). This charge is added to the transportation
cost for moving a specific quantity of a commodity.
This charge may be the cost of renting a vehicle, toll
charges, arrival charges at airplane terminal, set-up
charges needed for assembling the item, and so
forth.

Balinski [7] presented an approximate method for
the solution of FCTP. Cooper and Drebes [8]
presented two heuristic methods for solving
moderate-sized linear programming problems with
fixed charges and demonstrated that the heuristic
methods provide an optimal solution in more than
90% of the cases and a very near optimal solution in
the remaining cases. Hirsch and Dantzig [9]
discussed FCTP and demonstrated that FCTP has a
concave objective function and a bounded convex
feasible region. Steinberg [10] presented exact
methods on the basis of the branch-and-bound
method, but the presented methods cannot be used
to manually solve an FCTP. It requires a lot of
distributions to find a solution to a problem of size 4
by 4.

Walker [11] presented a simple heuristic to provide
a solution to small problems. There is an advantage
of solving small problems manually, as it gives a
comprehensive knowledge of how to get an optimal
solution. Sadagopan and Ravindran [12] presented a
dual approach for solving the FCTP. Sandrock [13]
presented a simple method for solving a small FCTP
wherein the fixed charge is connected with the
supply points rather than routes. Sun et al. [14]
presented a tabu search approach for the FCTP.
Adlakha and Kowalski [15] proposed a simple
heuristic to solve small FCTP. The first part of the
heuristic can be applied to solve the large FCTP.
Kowalski and Lev [16] considered the cost as a step
function in a FCTP and presented a heuristic method
for the solution. Raj and Rajendran [17] introduced
fast heuristic approaches for FCTP and showed the
efficiency of the proposed heuristic approaches over
some existing methods.

Adlakha et al. [18] presented an analytical branching
approach based on the computation of an upper
bound and a lower bound. In the presented method,
the number of branch stages is independent of the
size of the problem. Farag [19] presented a modified
Vogel’s method to obtain a solution that can be used
as a lower bound for the optimal solution of FCTP.

Singh and Singh [20] presented a modified particle
swarm approach for FCTP. Kaushal and Arora [21]
are the first one who considered the fixed charge
BTP (FCBTP) and presented a method for solving
the problem. Later on, Kaushal and Arora [22]
discussed an extension of FCBTP and presented a
Lexi-Search algorithm for solving the problem.

Multiple objectives in FCTP that conflict with one
another make up the multi-objective FCTP
(MOFCTP). These objectives may include not only
minimizing transportation costs but also minimizing
the number of vehicles used, minimizing time,
minimizing the carbon footprint, maximizing
customer satisfaction, and so on. Therefore,
MOFCTP is a challenging problem that requires
sophisticated methods to generate and evaluate
solutions that satisfy the multiple conflicting
objectives.

Roy et al. [23] studied a MOFCTP having
parameters as random rough variables, and three
different approaches have been proposed to provide
an optimal solution. Roy and Midya [24] proposed a
mathematical model of a multi-objective fixed-
charge solid transportation problem (MOFCSTP) in
which parameters are triangular intuitionistic fuzzy
numbers. Haque et al. [25] formulated a MOFCSTP
with parameters that are closed intervals and devised
a method based on the interval’s parametric
perception.

MOFCBTP is an extension of MOFCTP when
transportation cost does not depend upon the
quantity of the commodity being delivered.
MOFCBTP has significant practical relevance, as it
provides  decision-makers with a  more
comprehensive understanding of the trade-offs
between different objectives and helps them make
decisions. It is to be noted that several researchers
have worked on MOFCTP, but no work is available
in the literature on MOFCBTP prior to this work.
The practical significance of this problem motivates
us to do work on it and develop some efficient and
effective algorithm for solving the MOFCBTP.

The following are the goals of this research work:
To formulate a MOFCBTP.

To propose a solution approach for solving the
MOFCBTP.

To validate the proposed solution approach by
applying on numerical example.
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2.Notations and assumptions

The problem is developed using the notations and
presumptions listed below:

m  The number of supply points,
n  The number of demand point,
S1:82, 83, e, S The set of supply points,
Dy, Dy, Ds, ..., D, The set of demand points,
a; (i=1,2,3,.....,m) The quantity of product
available at the i supply point,
b;j (j=1,2,3, ....,n) The demand of product
at the j demand point,
cij The cost of bulk transportation for i'" supply
point to j demand point,
t;; The time of transportation from i supply
point to j" demand point,

fij The fixed charge associated with the route

from i supply point to j" demand point,

x;; The decision variable taking value 1 if jth

supply point is used to meet the demand of ji
demand point and 0 otherwise,

VA Obijective function
Assumptions
a; >0,bj >0,¢; >0, t;; >0and f;; >
0 Vij.
3.Mathematical Model of MOFCBTP

The objective of the presented model of MOFCBTP
is to minimize both the cost and time of bulk
transportation while satisfying the constraints. There
are m supply points and n demand points, and any of
the supply points can transport to any of the demand

points at a transportation cost of Cjj along with a
fixed charge fj;.
The proposed model for MOFCBTP is as follows:

Minimize

m n
Z=|C= ZZ(Cijxij + fijyii), T

i=1j=1

= max{tij:xij = 1}

subject to the constraints

Yhoibixi < a(i =123, ,m)  (2)
f’;lxij = 1(] = 1,2,3, .....,n) (3)
xij=1or0 (4)
_ 1, xl-j *0 5
)’ij_{o’xij:() ®)

and a;, bj,cij,tl-j,and fl] = 0, v l,]

4 Efficient Solution Pairs: Let the given
MOFCBTP be optimized by keeping cost at first
priority and time at second priority, and let (C1, T1)
be the first cost-time solution pair. Then, the (Cz, T2)
solution pair of MOFCBTP is said to be the 2™
efficient cost-time solution pair if there does not
exist any solution pair (C, T) of MOFCBTP such
that C;<C<C; and To<T<T;.

5.Solution Procedure for MOFCBTP

We will solve the problem by keeping minimization
of cost including fixed charge at first priority and
time at second priority. For solving MOFCBTP, we
have proposed the modified version of Sudhakar et
al. [26]:

The steps listed below generate the solution pairs of
MOFCBTP:

Step 1 Put the given MOFCBTP in tabular form.

Step 2 Convert the cost and fixed charge of
transportation into a single Balinski [7] cost matrix
. fyj .
using Cj; = ¢jj + —- where m;; = min (a;, b;).
mi]-
Step 3  Construct the table by leaving all the time
entries.

Step 4 Remove all the cell-entries from the table
for which a; < bj as the transportation is bulk.

Step 5 Subtract the row minimum entry from each
of the entries of the concerned row to get the row
reduced form. Do the same for each column also to
get column reduced form.
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Step 6 Determine the suffix value for each zero by
dividing the sum of adjacent elements of zero by the
number of adjacent elements that are sum up and
write the suffix values in brackets in the concerned
zero-cells.

Step 7 (a) Make allocation at the zero-cell that has
the largest suffix value. If there is a tie between the
largest suffix values, then choose that zero-cell
(from the zero-cells for which tie exists) for
allocation where transportation cost including fixed
charge is minimum. If again there is a tie, then
choose that zero-cell (from the zero-cells for which
tie exists) for which the maximum can be allocated.
If again there is a tie, then choose any zero-cell from
the zero-cells for which tie exists.

(b) Remove the j demand point whose demand has
been fulfilled and update the availability of the it"

supply point.

Step 8 Repeat Steps 4-7 until all demand points
meet their demands.

Step 9 Let (Cy, T1) be the 1%t cost-time solution
pair.

Step 10 Delete entries of the cells from the Table
obtained in Step 2 for which ¢;; = T;.

Step 11 Repeat Steps 3-7 until all demand points
meet their demands.

Step 12 Let (Cz, T2) be the 2" cost-time solution
pair.

We can obtain subsequent cost-time solution pairs
by replicating the exact procedure used to generate
the 2" cost-time solution pair.

6.Application
To validate the proposed methods, a numerical
example is provided in this section.

6.1 Numerical Example

Example 1. In the numerical example, the cost of
bulk transportation and the fixed charge in rupees
and the time of transportation in hours are
considered. It is desired to minimize the total
transportation charge and time of transportation
simultaneously.

Table 1 Transportation cost, fixed charge and time
of transportation (ci]-, fij, ti]-)

(32111) [ (31,131) [ 21

Ss [ (2992) | (2484)
b; | 10 9

12 7

D1 D2 Ds Ds a;

Si | (2445) | (2563) | (328.2) | (2384) |15

S; | (257.4) | (31,13,2) | (27,6,3) | (28,10,3) | 14

Applying Steps 2,3,4, and 5 successively, we obtain
the Tables 2,3,4 and 5 respectively shown below.

Table 2 Balinski [7] cost matrix along with time of

transportation (Cl-- =i + &, tij)

mi]

D1 D2 D3 Da4 a;

Si | (2445) | (2573) | (3272) | (24.1,4) | 15

S: | (25.7.4) | (3242) | (2753) | (294.3) | 14

S: | (29.9.2) | (24.94) | (329.1) | (329,1) | 21

b |10 9 12 7

Table 3 Balinski [7] cost matrix
D1 D2 D3 Da a;

S1 244 25.7 32.7 24.1 15

S2 25.7 324 275 29.4 14

Ss 29.9 24.9 32.9 32.9 21

b 10 9 12 7

Table 4 Row reduced cost matrix

D1 D2 Ds D4 a;
Si 0.3 1.6 8.6 0 15
S2 0 6.7 1.8 3.7 14
Ss 5 0 8. 8 21
bj 10 9 12 7

Table 5 Column reduced cost matrix
D1 D2 D3 D4 a;

S1 0.3 1.6 6.8 0 15

S2 0 6.7 0 3.7 14

Ss 5 0 6.2 8 21

b- 10 9 12 7

For each zero-cell, the suffix value is written in
brackets in the concerned cell, as shown in Table 6.
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Table 6 Reduced cost matrix along with suffix
values of zero-cells

D1 D2 Ds 2} a;
S1]03 1.6 6.8 0(5.25) | 15
S2|04) |67 0(5.85) | 3.7 14
S3 |5 0(5.97) | 6.2 8 21

bj 10 9 12 7

Make allocation at the zero cell (3, 2) as this cell has
the largest suffix value, removing the demand point
D2, and updating the table. The updated Table 7 is
shown below.

Table 7 Reduced cost matrix after 1st allocation
D1 D2 Ds | q;

S1 0.3 6.8 0 15

S2 0 0 3.7 14

Ss 5 6.2 8 12

b 10| 12 7

Applying Steps 5 and 6 successively to get the
reduced cost matrix along with suffix values for
each zero-cell shown in Table 8.

Table 8 Reduced cost matrix with suffix values for

zero-cells
D1 D3 D4 a;
S1 0.3 6.8 0(5.25) | 15
S| 00.1)| 0(2.93) 3.7 14
Ss | 0(0.6) 1.2 3 12
b; 10 12 7

Making allocation at the zero-cell (1, 4) as this cell
has the largest suffix value 5.25, removing the
demand point Ds, and updating the table. The
updated Table 9 is shown below.

Table 9 Reduced cost matrix after 2nd allocation
D1 D3 a;

St - - 8

S2 0 0 14

Ss 0 1.2 12

b; 10| 12

Continuing in the same way, finally we get the
decision variables x5, X35, X,3 and xq4.

The overall minimum transportation charge
including fixed charge and time of transportation
when time is kept at 2" priority for minimization are
Ci1 =134 and T, = 4, respectively.

Thus, the 1% solution of MOFCBTP is (Cy1, Ty) =
(134, 4).

To obtain the subsequent solution of MOFCBTP,
delete the entries of the cells for which t;; > T; =
4 from the Table 2. We get the cost-time matrix
shown in Table 10.

Table 10 Balinski [7] cost matrix along with time

of transportation (CU =¢j+ ﬁ ti]-)

mi]
D1 D2 D3 D4 a;
St | - (25.7,3) | (32.7,2) | - 15
S2 |- (32.4,2) | (27.53) | (29.4,3) 14
Ss | (29.9,2) | - (32.9,1) | (32.9,1) 21
bj 10 9 12 7

Repeat Steps 3 to 7 successively until all demand
points meet their demands. The decision variables
are as follows: x5, x1,, X,3 and x5, and the overall
minimum transportation charge including fixed
charge and time of transportation when time is kept
at 2" priority for minimization are C, = 146 and T»
= 3, respectively. Thus, the 2" solution of
MOFCBTP is (Cz, T2) = (146, 3).

Continuing in the same way, the 3 and last solution
of MOFCBTP is (Cs, T3) = (166, 2), and the decision
variables are x3q, X5,, X153 and xs,4.

7.Conclusion and future work

Research on MOFCBTP has been carried out for the
first time in literature. In such problems, there are
two types of costs, namely, transportation costs and
fixed charges associated with each route. The
objectives are of a conflicting nature, as when
someone wants to reduce the cost of transportation,
time increases, and vice versa. To handle this type
of problem, it is better to provide more flexibility in
solution pairs to the decision maker so that he/she
can opt for the solution that suits him/her best. The
proposed method is simple to understand and apply
on numerical problems of different sizes without any
complex calculations. This study may be carried
forward by including the cases when there are more
than one indices.
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