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Abstract 

The classical transportation problem (CTP) is a particular kind of optimization problem. It involves determining the most cost-

effective way to transport a uniform product from several suppliers (sources) to several consumers (destinations). In the real-world 

scenario, transportation of goods often involves fulfilling the demand of multiple destinations from a single source. However, a 

source can fulfill the demand of multiple destinations, which is known as bulk transportation problem. Sometimes, the shipment of 

these goods involves some fixed cost along with a variable cost. Generally, in logistics and transportation, a fixed charge denotes 

an unchanging expense incurred each time a shipment is sent from one location to another, irrespective of the shipment's volume. 

Fixed charges can include costs such as setup costs, handling costs, loading or unloading costs or any other costs that remain 

constant regardless of shipment volume. This fixed cost was earlier incurred in the context of classical transportation problems 

only. In literature, the fixed cost was not introduced in the bulk transportation problem (BTP) which should be an essential part of 

the BTP in the current scenario. Considering this gap, the fixed cost is taken as a step function, which uses some fixed costs for 

each route and keeps them constant until a particular number of quantities is reached after which it increases in multiple. The 

branching method in modified form is used to solve the numerical problem, which then converges upon the optimal solution.  

 

Keywords- Bulk transportation problem, Step fixed charge, Branch and bound, Transportation problem. 

 

 

 

1. Introduction 
The classical transportation problem was first introduced in the field of operational research by Hitchcock 

(1941) and the goal was to optimize the cost of shipment of goods from sources to the destinations. This 

area has since been extensively researched by other researchers, leading to the development of novel models 

and methods. A number of various theories were given by Hammer (1969), Sharma and Swarup (1977) and 

Ahmed et al. (2014) to minimize the time or cost accounted in the movement of commodities from sources 

to destinations, based on the specification of the decision maker. This problem was further extended to 

multiple objectives with a motive to optimize the total cost, time, consumption of limited resources and 

many more. For this reason, several algorithms and approaches were put into place by many of the research-

ers, namely Aneja and Nair (1979) and Purusotham et al. (1984). Later, it was discovered that it is necessary 

to minimize time and cost when moving goods. However, moving goods involves a variety of vehicles, 

each with different cost and time. These factors were taken into account, and numerous algorithms were 
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developed by authors like Haley (1963), Junginger (1993) and many others to make the process easier. 

After the findings were examined further, Hirsch and Dantzig (1968) discovered that each shipment entails 

an extra setup cost for transportation, which is referred to as a fixed cost. Moreover, several techniques 

were covered, including the approximation approach of optimization by Kuhn and Baumol (1962), the 

ranking of extreme points by Murty (1968), and the low-tech methodology employed by Sandrock (1988) 

to acquire the optimized cost. Later, Adlakha et al. (2010) used a branching method to find the optimum 

solution to solve the fixed charge transportation problem. The variant of a fixed charge problem is a step 

fixed charge transportation problem, in which the fixed cost is correlated with the volume sent. It was 

studied by Kowalski and Lev (2008) and a model was developed to obtain the best solution for the industry. 

This topic was further studied by El-Sherbiny et al. (2021) who constructed a mathematical model and an 

algorithm to solve it. Sanei et al. (2017) demonstrated the problem's applicability by using the Lagrangian 

relaxation approach. 

 

The first writers to address the bulk transportation issue, which is widely used in daily life, were Maio and 

Roveda (1971). In this problem the demand of bulk goods is fulfilled by only one source, however the 

source can supply to multiple destinations. Later, when it became necessary to tackle a problem with more 

than two objectives, this BTP required an algorithm or model. This prompted (Prakash et al., 2009) to create 

two new algorithms that aid in obtaining the pareto optimal solutions by reducing the overall cost and time 

by giving priority to the cost, hence assisting the decision-maker in selecting the optimal course of action.  

 

Tanwar and Chauhan (2020), Chauhan and Khanna (2021) and Shivani et al. (2023) determined the cost-

time trade-off pair when the multi-dimensional BTP involves two or more indices, such as vehicles, with 

the goal of minimizing transportation cost and time. This helps the industrialist to find the best solution that 

will contribute to increase profit. A novel algorithm that can be applied in all unavoidable situations to find 

the optimal cost-time trade-off pair for the BTP with more than two modes was determined by Chauhan et 

al. (2022). Further, Mallah et al. (2023) observed the need to optimize cost where there is waiting or delayed 

time in case of loading and stocking goods. Moreover, a mixed integer programming model was developed 

by Gao et al. (2024) to optimize dry bulk shipping's overall revenue. Miyoba et al. (2024) reviewed several 

bulk transportation models in order to address environmental concerns. 

 

Kaushal and Arora (2017) expanded the fixed charge BTP for a situation when the requirement for only a 

portion of the specified number of terminals is satisfied. Further, Kaushal and Arora (2018) considered the 

bulk transportation problem, for which the Lexi-search method was used in a fixed charge BTP to achieve 

the optimal solution. Later, Ai et al. (2023) used a hyper heuristic algorithm to optimize cost and time 

considering setup cost, wastage cost, loading and unloading cost for the multi-objective bulk transportation 

problem.  

 

In this paper a new concept is introduced in the BTP, which uses some fixed cost. This fixed cost is kept 

constant until a particular number of quantities is reached after which it increases in multiples. Several 

approaches are used in the literature to address the bulk transportation problem, but the fixed cost as a step 

function which is applicable in the real world has not been considered. This gap in the literature served as 

an inspiration for the introduction of step fixed cost in the BTP and the modified branch and bound method 

is utilized to get the best feasible solution. Additionally, using the suggested method, a comparison between 

the best answer is done on the numerical solution solved by Kowalski and Lev (2008). 

 

1.1 Salient Features 

• The incorporation of fixed cost as a step function into BTP is a novel approach in this paper. 
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• Modified branch and bound technique is used to obtain a number of efficient solutions for step fixed cost 

BTP. 

• This allows the decision maker to select the best possible optimal solution based on their requirements. 

 

This paper is organized as follows: In Section 2, the mathematical formulation of the step fixed cost BTP 

is expressed. In Section 3, the modified branch and bound technique is explained as a solution to the nu-

merical problem. Additionally, Section 4 displays the numerical solution that was obtained by applying the 

suggested methodology. Section 5 presents a comparison of the numerical solution obtained by Kowalski 

and Lev (2008) using this technique. Section 6 shows the result obtained on solving the numerical problem. 

Further the conclusion displaying the novelty, goal, future scope, applicability and limitations is given in 

Section 7. 

 

2. Mathematical Formulation of the Problem 
In this fixed charge bulk transportation problem, the demand Bj (j = 1, 2,…n) of n destinations and the 

supply Ai (i = 1, 2,….m) available at each of the m sources are considered. The cost Cij (i = 1, 2,…m; j = 

1, 2,….n) of the shipment between each source i and destination j is provided. In this paper, an additional 

cost which is a set up cost or fixed cost Fij has been considered. This is the cost which does not depend on 

the quantity of goods being shipped. When any origin i satisfies the requirements of any terminal j, the 

value of the variable Xij (i = 1, 2, 3,....m; j = 1, 2, 3,....n) is 1. Since there is an extra expense in this case, 

the value of the variable Yij (i = 1, 2, 3,....m; j = 1, 2, 3,....n) is also taken 1. However, the value of the 

variable Xij is 0 if the ith source is not fulfilling the jth destination's requirements. Additionally, since there 

has not been any goods movement from the ith source to the jth destination, the value of the variable Yij is 

also taken 0. The goal of the proposed problem is to reduce the overall cost of transportation, and it is 

represented by Z. In this case, a single source can supply any number of destinations to meet their needs, 

but the demand of the destination is fulfilled by a single source. Assumed values Ai, Bj, Cij, and Fij are non-

negative values. 

 

Mathematical model of BTP including fixed charge to minimize: 

Z =  {∑ ∑ CijXij +n
j = 1

m
i=1  ∑ ∑ FijYij

n
j = 1

m
i=1 }                                                                                                           (1) 

 

Subject to constraints: 
∑ BjXij ≤n

j=1 Ai          (i =  1, 2, 3, . . . m)                                                                                                                 (2) 

∑ Xij =m
i=1 1              (j =  1, 2, 3, . . . n)                                                                                                                  (3) 

Xij = 0 OR 1            (i =  1, 2, 3, . . . . m;  j =  1, 2, 3, . . . . n)                                                                                  (4) 

Yij = {
0,  if Xij = 0

 1,   if Xij > 0
                                                                                                                                            (5) 

 

Formulation of fixed cost Fij: Here, we have assumed that the fixed cost to open a route from i to j is fij,1, 

if the output is less than or equal to Aij. Further, a fixed cost increase of fij,2 units is incurred when the 

shipment exceeds Aij. 

 

As a result, Fij, the total fixed cost related to route from i to j is as follows: 

Fij = Bij,1fij,1 +  Bij,2fij,2                                                                                                                                         (6) 



Shivani et al.: A Simple Heuristic Approach for Step Fixed Charge Bulk Transportation … 
 

 

1305 | Vol. 9, No. 6, 2024 

Bij,1 = {
1,  if Xij > 0

 0, otherwise
  

Bij,2 = {
1,  if Xij > Aij

 0, otherwise
  

fij,1,  fij,2,  Fij,  Aij > 0  

 

Here, the variable cost along with the fixed cost which is incurred in the shipment of goods is represented 

by the Equation (1). The main goal is to minimize the total cost by fulfilling all the constraints from Equa-

tion (2) to Equation (5). 

 

Constraint 2 ensures that the total requirement for every destination is always smaller than or equal to the 

total availability across all sources.  

 

Constraint 3 rewrites the notion of bulk transportation mathematically so that only one origin may satisfy 

the requirements of each terminal. 

 

Constraint 4 and 5 must be implemented to allocate a real binary number value wherever the allocation is 

made. 

 

Constraint 6 shows the formulation of fixed cost as this fixed cost is imposed as a step function which 

means whenever the shipment exceeds the mentioned quantity Aij, the fixed cost is increased by fij,2. When-

ever it lies between 0 and Aij inclusively, only the fixed cost fij,1 is imposed. 

 

3. Algorithm 
The pursuit of optimal solutions to combinatorial problems often involves the utilization of a branch-and-

bound procedure. In this approach, a binary decision tree is constructed, with each node associated with a 

lower bound. The process involves "fathoming" each node by selecting a specific Xij, creating nodes that 

represent solutions where Xij equals 1, and others where Xij equals 0. 

 

Subsequently, the procedure identifies the destination with the minimum cost by examining variable costs 

within each row, starting from the first row. In cases where multiple costs are identical, the choice prioritizes 

destinations with the lowest sum of variable cost and fixed cost. The chosen node is assigned a value of 1, 

indicating a successful allocation, while the alternative branch is set to zero, signifying an unsuccessful 

allocation. 

 

If the allocation is successful, the next node with the minimum cost is chosen to fulfill the demand for the 

subsequent destination. The two branches are considered, depicting scenarios where allocation is made and 

where it fails. Conversely, if the allocation fails, the next node is selected based on the minimum cost among 

variable costs for all destinations in the first row. This iterative process continues until the demand for all 

destinations is met, and all routes are evaluated. Nodes where allocation is impossible are disregarded in 

this procedure. The flowchart for the provided algorithm is shown in Figure 1. 

 

The procedure is as follows: 

Step 1: It involves selecting the minimum Cij for the first row associated with the destination and creating 

branches to represent successful allocation (Xij = 1) and unsuccessful allocation (Xij = 0). 

 

Step 2: In case the allocation is successful, proceed to choose the next minimum cost related to the desti-

nation and iterate the branching process. 
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Step 3: In case the allocation is unsuccessful, choose the next minimum cost corresponding to either the 

same or another destination and repeat the branching process. 

 

Step 4: Continue this iterative process until the demand for all destinations is satisfied, disregarding nodes 

where allocation is deemed impossible. 

 

 
 

Figure 1. Flow chart of the algorithm. 

 

 

4. Numerical Problem 
In a bulk transportation matrix, the demand for ‘n’ destination is taken as Bj (j = 1, 2,…n) and the supply 

for ‘m’ sources is taken as Ai (i = 1, 2,….m). The variable cost to transport the goods from each of the 

source i to destination j is taken as Cij (i = 1, 2,…m; j = 1, 2,….n) and the fixed cost which is taken as Fij (i 

= 1, 2,…m; j = 1, 2,….n) is shown in another matrix for the same number of sources and destinations, and 

the same quantity of demand and supply as the first matrix. This fixed cost is presented as tuples (fij,1, fij,2) 

in the second matrix, implying that the second fixed charge will only be applied if the quantity needed at 

the destination exceeds a threshold determined by Aij. This paper considers a 3 * 5 matrix with 3 suppliers 

(S1, S2, and S3), 5 destinations (D1, D2, D3, D4, and D5), variable cost Cij, available stock Ai at each source 

and each destinations requirement Bj and these are presented in Table 1. For every source-destination ele-

ment, the fixed costs Fij are expressed as (fij,1, fij,2) in Table 2. The first fixed cost, fij,1 is included whenever 

Xij > 0 and the second fixed cost fij,2 is added along with the first fixed cost, if Xij > Aij where Aij = 12 is the 

threshold value. 

 
Table 1. Representation of cost ($unit) of bulk transportation problem. 

 

 

Destination  

D1 D2 D3 D4 D5 Ai 

Source 

S1 15 13 7 9 5 25 

S2 1 7 12 9 12 30 

S3 22 20 6 11 13 35 

 Bj 10 12 15 8 10  
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Table 2. Representation of fixed cost ($unit) of bulk transportation problem. 
 

 Destination 

D1 D2 D3 D4 D5 

Source 

S1 (9, 5) (1, 3) (3, 4) (8, 5) (12, 7) 

S2 (7, 5) (10, 5) (12, 4) (5, 3) (4, 4) 

S3 (3, 4) (18, 12) (4, 6) (2, 3) (14, 4) 

 

 

 
 

Figure 2. Branches obtained on making the first allocation to the node X15. 

 

 

As demonstrated in Figure 2 to Figure 5, the branch and bound approach has been used to solve the nu-

merical problem mentioned in Table 1 and 2.  

• The boxes shaded in peach indicate the final total cost acquired on fulfilling the demand of all destinations 

through a certain route.  

• The boxes in whiteish silver indicate that the allocation is made to the destination by a specific source.  
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• The lighter, red-shaded boxes indicate that the procedure cannot be continued and should be disregarded.  

• The blue boxes indicate that more branches are displayed either on the designated figure or has been 

described after Figure 5. 

 

 
 

Figure 3. Branches obtained on making the first allocation to the node X13. 

 

 

Figure 2 describes how the allocation is made to fulfill the demand of each destination initiating the process 

from the node X15 with the least cost. Further the algorithm of branch and bound is applied and two branches 

are considered at every node, one showing the allocated node, and another shows the unsuccessful alloca-

tion. On applying the algorithm some of the solutions that are obtained are shown in Figure 2. The alloca-

tion at the nodes X15, X21, X33, X22, X24; X15, X21, X33, X22, X14; X15, X21, X33, X22, X34; X15, X21, X33, X12, 

X24; X15, X21, X33, X12, X34; X15, X21, X33, X32, X24; X15, X21, X33, X32, X14; X15, X21, X33, X32, X34; X15, X21, 

X13, X22, X24; X15, X21, X13, X22, X34; X15, X21, X13, X32, X24; X15, X21, X13, X32, X34; X15, X21, X23, X14, X32; 
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X15, X21, X23, X34, X12; X15, X21, X13, X34, X32 resulted in the cost 72, 75, 71, 69, 68, 93, 96, 92, 70, 69, 91, 

90, 108, 80, 104, respectively. 

 

 

 
 

Figure 4. Branches obtained on making the first allocation to the node X14. 

 

 

Figure 3 shows the first allocation is made at X13 because the allocation at X15 is not made. Further, it is 

divided into two more branches which denotes the successful allocation at X21 and an unsuccessful alloca-

tion at X21. Later the algorithm is applied at each node, and the total cost Cij = 72, 106, 91, 102, 85, 86, 96 

and 97 corresponding to the route obtained through the allocation to nodes- X13, X21, X14, X25, X12; X13, X21, 

X14, X35, X32; X13, X21, X34, X25, X32; X13, X21, X34, X35, X32; X13, X22, X24, X25, X11; X13, X22, X24, X25, X31; 

X13, X22, X24, X35, X11 and X13, X22, X24, X35, X31. 
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Figure 5. Branches obtained on making the first allocation to the node X12. 

 

 

Figure 4 shows that since there was an unsuccessful allocation at the node X15 and X13 so the node with the 

next least cost is considered which is X14 and the allocation is made. Further the branches are extended on 

applying the algorithm and the total cost Cij = 86, 72, 83, 96, 84, 108, 95 and 119 corresponding to the route 

obtained through the allocation to nodes- X14, X21, X33, X22, X35; X14, X21, X33, X12, X25; X14, X21, X33, X12, 

X35; X14, X21, X33, X25, X32; X14, X21, X23, X25, X12; X14, X21, X23, X25, X32; X14, X21, X23, X35, X12 and X14, 

X21, X23, X35, X32. 
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Figure 5 illustrates how the node with the next lowest cost, X12, is taken into consideration and the alloca-

tion is made, as there was a failed allocation at X15, X13 and X14. 

 

Further the branches are extended on applying the algorithm and the total cost Cij = 68, 79, 67, 78, 90, 84, 

85, 95 and 96 corresponding to the route obtained through the allocation to nodes- X12, X21, X33, X24, X25; 

X12, X21, X33, X24, X35; X12, X21, X33, X34, X25; X12, X21, X33, X34, X35; X12, X21, X34, X23, X35; X12, X33, X24, 

X25, X11; X12, X33, X24, X25, X31; X12, X33, X24, X35, X11 and X12, X33, X24, X35, X31. 

 

The Figure 2 to Figure 5 does not display the branches that were disregarded or did not yield the best 

value. However, after the allocation is made to X15 and when it was not possible to allocate to the next 

minimal cost at X21, the path taken is X15, X33, X22, X24, and X11 and the cost gained through this route is 

$88. Furthermore, $89 is acquired through X15, X33, X22, X24, and X31 for the unsuccessful allocation at X11. 

The allocation at X14, and X31 yielded a total of $92 after the successful allocations at X15, X33, and X22, and 

unsuccessful allocation at X24. On the other hand, X34, and X11 are allocated when X14 = 0 and X15 = 1, X33 

= 1, and X22 = 1, yielding a result of $87. When allocation at node X11 is unsuccessful, allocation is made 

at X31, and $88 is the resultant cost. Following a successful allocation at nodes X15, X33, and X24, allocation 

to X12, and X31 are conducted to obtain $86. Additionally, nodes X11, and X32 are allocated when the allo-

cation at node X12 = 0, resulting in a total cost of $109. Cij = $85 is obtained from the nodes X15, X33, X34, 

X12, and X31’s successful allocation, and Cij = $108 is obtained from the route X15, X33, X34, X11, and X32's 

successful allocation. After allocating to X15 distinct routes are followed without allocating to X21 and X33. 

The successful allocation is made at node X13, which was the next least cost to be considered. The next 

allocation at nodes X22, X24, and X31 results in a total cost of $87, while the nodes X22, X34 and X31 receive 

a total cost of $86 when they assign the binary value 1. Additionally, allocations were made at nodes X24, 
X32, X31, yielding a total of $108. However, the another set of successful nodes X34, X32 and X31 resulted in 

$107. The provided algorithm is followed to obtain the different cost through different paths. The Cij = 

$104, $99, $100, $98, $127, $97, $120 and $121 is obtained by taking the path X15, X22, X14, X23, X31; X15, 

X22, X34, X23, X11; X15, X22, X34, X23, X31; X15, X24, X23, X12, X31; X15, X14, X23, X32, X31; X15, X34, X23, X12, 

X31; X15, X34, X23, X11, X32 and X15, X34, X23, X32, X31, respectively. 

 

The given algorithm is used to choose the next least cost when the allocation at the initial least cost at the 

node X15 is not considered. The next node at X13 is chosen and an allocation is made. Additionally, the node 

X21 is used to make the allocations to the first destination. The allocations at the destinations 2, 4 and 5 are 

made via various routes, leading to varying costs. These routes are X22, X24, X35; X22, X14, X35; X22, X34, 

X35; X24, X25, X32 and X24, X35, X32 which leads to the total cost of $80, $83, $79, $92 and $103, respectively. 

On the other hand, the next least cost, corresponding to the node X22, is selected to make the successful 

allocation if the allocation at X21 = 0. Following that, the successful allocations to various nodes in various 

routes- X14, X25, X31; X14, X35, X31; X34, X25, X11; X34, X25, X31; and X34, X35, X31 resulted in the costs Cij = 

$90, $100, $84, $85 and $96, respectively. Additionally, when the allocation to nodes X21 and X22 was 

failed, X24 received the allocation. The next step is to select the additional nodes for the different routes, 

which produced distinct Cij = $108, $109, $110 and $120 for the routes X13, X24, X25, X11, X32; X13, X24, 

X25, X32, X31; X13, X24, X35, X11, X32; and X13, X24, X35, X32, X31, in that order. When the allocation at the 

chosen node X24 fails, the allocation is made via the paths X13, X14, X25, X32, X31; X13, X14, X35, X32, X31 and 

X13, X34, X25, X32, X31. The costs associated with these routes were $112, $123 and $108, respectively. 

 

If the allocation at the node X15 and X13 is not taken into consideration, the next least cost is selected using 

the provided algorithm. The next minimum cost is at node X14 for which the value 1 is assigned. Further, 

the allocation is made to different routes through various nodes- X14, X33, X22, X25, X11; X14, X33, X22, X25, 

X31; X14, X33, X22, X35, X11; X14, X33, X22, X35, X31; X14, X33, X25, X12, X31; and X14, X33, X25, X11, X31. The 
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total cost for these routes is $90, $91, $101, $102, $88 and $108, respectively. In the event that the allocation 

at X33 = 0, the node X22 which has the next lowest cost, is chosen to make the successful allocation. After 

that, the cost $114 is obtained if the allocation is made to the nodes X23, X35 and X31. Furthermore, X23 was 

given the allocation in case the allocation to nodes X33 and X22 failed. The last phase involves choosing the 

additional nodes for each of the various routes, resulting in unique Cij values of 121, 134, 135, 111, 134 and 

135 for the routes X14, X23, X25, X12, X31; X14, X23, X25, X11, X32; X14, X23, X25, X32, X31; X14, X23, X35, X12, 

X31; X14 X23, X35, X11, X32; and X14, X23, X35, X31, X32. 

 

The provided approach is used to select the next least cost if the allocation at nodes X15, X14 and X13 is 

failed. The next minimum cost is at node X12, for which the value 1 is assigned. The allocation is made to 

different routes through various nodes, X33, X34, X25, X11; X33, X34, X25, X31; X33, X34, X35, X11; and X33, 

X34, X35, X31. These routes cost a total of $93, $94, $94, and $95, in that order. However, after the successful 

allocation at the node X12, the allocation at X33 fails, the next least cost at the node X24 is selected and the 

value 1 is assigned. The route followed after this allocation are X23, X35, X11 and X23, X35, X31, which re-

sulted in the total costs of $103 and $104. Further, following the same procedure, the route which resulted 

in the costs $95, $96, $106 and $107 are X12, X34, X23, X25, X11; X12, X34, X23, X25, X31; X12, X34, X23, X35, 

X11, and X12, X34, X23, X35, X31. 

 

An unsuccessful allocation at X15, X13, X14, X12 would result in the program assigning values of Cij = $87, 

$99, $86, $97, $109, $107, $118, $109, $135, $129, $140, for routes X11, X33, X22, X24, X25; X11, X33, X22, 

X24, X35; X11, X33, X22, X34, X25; X11, X33, X22, X34, X35; X11, X33, X24, X25, X32; X11, X33, X34, X25, X32; X11, 

X33, X34, X35, X32; X11, X22, X34, X23, X35; X11, X24, X23, X35, X32; X11, X34, X23, X25, X32 and X11, X34, X23, 

X35, X32, respectively. A subsequent computation failure at node X11, would cause successful value assign-

ment at node X21. The costs obtained after making the successful allocation to different nodes for various 

routes X21, X33, X22, X24, X35 and X21, X33, X22, X34, X35 is 82 and 81, respectively. 

 

If the values determined at nodes X15, X13, X14, X12, X11 is nil, the costs for the routes X21, X33, X24, X25, 

X32;   X21, X33, X24, X35, X32 ; X21, X33, X34, X25, X32 ; X21, X33, X34, X35, X22; X21, X34, X25, X23, X32; and X21, 

X34, X23, X35, X32; would be Cij = $92, $103, $91, $81, $82, $114, respectively. However, if value at node 

X21 is nil, then the next least cost would be assigned to node X33. In such case, distinct Cij = $88, $99, $87 

and $98 would occur for routes X33, X22, X24, X25, X31; X33, X22, X24, X35, X31; X33, X22, X34, X25, X31; and 

X33, X22, X34, X35, X31 respectively. 

 

If the allocation has failed at Nodes X15, X13, X14, X12, X11, X21 the next minimum cost is considered using 

the algorithm resulting in costs Cij = $109 and $110 for path X33, X24, X25, X32, X31 and X22, X23, X34, X35, 

X31 respectively. 

 

Breakdown of allocation at nodes X15, X13, X14, X12, X11, X21, X33, X22 would result in the program assigning 

no allocation at these nodes hence using the algorithm, the costs reproduced would be Cij = $132 and $120 

for paths X24 , X23, X35, X32, X31 and X23, X34, X25, X32, X31, respectively. 

 

It can be observed that the total cost incurred to fulfill the demand of all destination through different ways 

are 67, 68, 69, 70, 71, 72, 75, 78, 79, 80, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 

99, 100, 101, 102, 103, 104, 106, 107, 108, 109, 110, 111, 112, 114, 118, 119, 120, 121, 123, 127, 129, 

132, 134, 135, 140. However, the least possible total cost is through the route X12, X21, X33, X34, and X25 

and the cost is $67. 
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5. Comparison 
In the literature, the step fixed cost has not been employed in the bulk transportation problem to the best of 

our knowledge. Kowalski and Lev (2008) applied a step fixed cost in the classical transportation problem. 

Kowalski and Lev (2008) presented a numerical problem that is represented in Table 3. It is a 3 * 3 matrix 

with 3 destinations (D1, D2, and D3) and 3 suppliers (S1, S2, and S3) where the variable cost Cij, demand Bj 

and available stock Ai are provided. The fixed costs Fij for each source-destination element are written as 

(fij,1, fij,2) in Table 4. Whenever Xij > 0, the first fixed cost, fij,1 is included. If Xij > Aij, where Aij = 5, is the 

threshold value, the second fixed cost, fij,2, is included as well. 

 

 
Table 3. Representation of cost matrix. 

 

  Destination  

  D1 D2 D3 Ai 

Source 

S1 1 3 1 18 

S2 2 2 3 35 

S3 2 1 2 19 

Bj 10 30 10  

 

 
 

 

Table 4. Representation of fixed cost matrix. 
 

  Destination 

  D1 D2 D3 

Source 

S1 (10, 20) (10, 10) (10, 30) 

S2 (10, 30) (10, 20) (10, 20) 

S3 (10, 20) (10, 30) (10, 10) 

 

 

The numerical problem given in Table 3 and Table 4 has been solved using the modified branch and bound 

strategy. 

• The boxes with peach shading represent the overall cost incurred in meeting demand for every destination 

along a particular route. 

• The whiteish silver boxes signify that a certain source is responsible for allocating the funds to the des-

ignated place. 

• The lighter, reddish-hued boxes signify that the process is not viable and therefore to be ignored. 

• More branches are shown on the assigned figure, as shown by the blue boxes. 

 

Figure 6 to Figure 7 shows the solution obtained by using the given technique for the numerical problem 

given by the Kowalski and Lev (2008) as per the constraints of classical transportation problem. 

 

The two optimal solutions obtained by Kowalski and Lev (2008) are $190 and $180. However, on employ-

ing this technique of modified branch and bound, the best solution obtained in this paper is $190 and $170. 

 

To the best of our knowledge, no prior literature has ever examined the bulk transportation problem in 

conjunction with step fixed cost. Consequently, this problem has been resolved below in Figure 8 to Figure 

9 by utilizing the provided technique and applying the bulk condition. 
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Figure 6. Branches obtained on making the first allocation to the node X11 and X13. 

 

 

 

 

 
 

Figure 7. Branches obtained on making the first allocation to the node X22. 
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Figure 8. Branches obtained on making the first allocation to the node X11 and X13. 

 

 

 
 

Figure 9. Branches obtained on making the first allocation to the node X22. 
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The two optimal solutions obtained on applying the modified branch and bound method and fulfilling all 

the conditions of bulk transportation on the problem given by Kowalski and Lev (2008) is $85 and $105.  
 

6. Result 
This section shows the result obtained by applying the methodology which is used to optimize the bulk 

transportation problem with fixed cost. The fixed cost included in this paper has been added as a step func-

tion which means some additional cost is added in the variable cost whenever the allocation is made to a 

destination through a certain source till it reaches the certain quantity. In case, the allocation is greater than 

specified quantity, another fixed cost is added along with the first fixed cost to show whenever the allocation 

exceeds the quantity, there is some more extra cost which is required to be added. In order to solve this 

problem, we have employed the modified branch and bound technique to verify all feasible solutions for 

the transportation of products to all destinations and gives the decision maker the best option. The optimized 

cost obtained for the provided numerical is $67 through the route X12, X21, X33, X34, and X25. Since this 

issue has not been covered in the literature before, we looked at another numerical problem that (Kowalski 

and Lev, 2008) provided on the step fixed cost classical transportation problem for comparison, which we 

resolved using the modified branch and bound method. It has been noted that the solutions found in (Kow-

alski and Lev, 2008) transportation are $190 and $180. Nevertheless, the optimal solution found with the 

developed method is $190 and $170. Additionally, the same numerical is applied and solved while taking 

the bulk circumstances into account. The optimal result that was reached in this case is $85 and $105 which 

shows the authenticity of the proposed model and algorithm. 

 

7. Conclusion 
In this paper, a fixed charge which is a constant expense that is incurred with each shipment, has been 

incorporated for the first time in bulk transportation problem as a step function in addition to the variable 

cost. The methodology used in this paper is a modified version of branch and bound technique which fulfills 

the condition of BTP. The technique incorporated here is used for the first time for step fixed cost BTP, to 

the best of our knowledge. The technique used is more versatile as compared to the existing techniques such 

as zero suffix, Lexi-search method, extreme difference method, modified Vogel’s approximation method 

etc. It provides all the possible solutions which gives flexibility to the decision maker to choose the best 

possible solution as per their requirements or market constraints. This problem can further be extended 

where there is discount and penalty on early and late deliveries respectively and the modification can be 

incorporated in the objective function as a time constraint. Also, the extension can be done in the technique 

for providing options for single as well as multi-objective BTP. 

 

There are many different real-world applications for the step fixed cost bulk transportation problem such as 

transportation of coal, milk, wheat, grains, grocery items, sand, oil and minerals, etc. For example, a large 

grocery chain needs to supply several stores with products from local warehouses. Regardless of the amount 

of the load, each truckload has a set cost for fuel and driver compensation, along with variable expenses. 

Similar to this, a manufacturing business that ships raw materials from suppliers to production facilities 

must deal with both variable and fixed setup fees for each shipment. A beverage corporation is another 

example that pays ongoing handling costs for each delivery of its products from bottling plants to distribu-

tion centers. Through the optimization of bulk transportation problems with step fixed costs, these organi-

zations can reduce overall costs and enhance their operational effectiveness. In a market that is constantly 

changing, this optimization is essential for preserving competitive pricing and service quality.  

 

Although the bulk transportation problem offers benefits for optimization, it is not without limitations. The 

definition of bulk restricts to fulfill the demand of the destination by more than one source, however at some 

instances a source is unable to fulfill the complete demand of the destination so it is important to have 
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multiple sources out of which at least some other source can fulfil the demand. These systems also lack 

flexibility to adapt to fluctuating demand and routing changes, posing challenges in dynamic markets re-

quiring quick adjustments. The method employed in our paper is time consuming as the branches grows 

exponentially but it guarantees a best optimal solution since all the possibilities are verified. It might not be 

suitable to compute all possible solutions manually for complex and large number of constraints, however 

this can be overcome using some programming method. 
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