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This research paper presents a case study of a food chain in Pakistan that aims
to transport its bakery products from the manufacturing unit in Islamabad to
remote northern regions of the country while minimizing the total cost of
distribution and transportation. The study employs various analytical
methods, including linear programming, network optimization, and

simulation modelling, to identify the optimal transportation solution that
considers geographical barriers, infrastructural limitations, seasonal
fluctuations, and regulatory constraints. The research delves into the
underlying factors that contribute to the complexity and challenges of
delivering goods to remote areas and explores the potential benefits of
adopting a more holistic and integrated approach to transportation
management. The study provides valuable insights and actionable
recommendations for the Pakistani food chain and contributes to the broader
field of transportation and logistics management.
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1. Introduction

The rapid growth of global trade and the increasing complexity of international supply chains
have highlighted the importance of efficient transportation and logistics management in today's
business environment. In this context, the ability of manufacturing companies to effectively transport
their products to customers, particularly in remote or underdeveloped regions, has emerged as a
critical determinant of their competitiveness and overall success [1,2]. Such logistical challenges can
be particularly daunting for companies that lack the necessary resources or expertise to manage their
transportation operations in-house, necessitating the involvement of specialized third-party logistics
(3PL) providers [3].

This research paper offers an extensive case study of a prominent Pakistani food chain brand that
encounters complex transportation challenges in delivering its bakery items to customers in remote
areas. The primary objective of this case study is to identify the most effective and efficient
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transportation strategies for the company's products, considering the logistical constraints and
challenges associated with operating in these regions [4]. To address this problem, we employ a
comprehensive suite of operational research techniques, including linear programming, network
optimization, simulation modeling, multi-criteria decision analysis, and heuristic algorithms. These
methodologies enable us to systematically evaluate and compare various transportation strategies,
considering factors such as cost, delivery time, reliability, environmental impact, and the company's
overall supply chain performance [5,6].

Therefore, if a company wants to move its five different products to five different places at five
different times, then it can create a complex problem for the manufacturing company. Every
manufacturing company would want to minimize the cost of the production unit to save money and
increase profit. Transportation companies have different ways to move goods from source to
destination. In our analysis, we delve into several alternative transportation solutions, such as the
use of different transport modes (e.g., road, rail, air, and maritime), consolidation of shipments,
strategic location of distribution centers, implementation of advanced technologies to optimize
routing and scheduling, and collaboration with local partners to leverage their knowledge and
expertise in operating in remote regions [7,8]. Furthermore, we explore the potential benefits of
adopting a holistic and integrated approach to transportation management, incorporating elements
of risk management, sustainability, and resilience into the decision-making process [9,10]. This
approach recognizes the interdependencies and trade-offs between various transportation
decisions, as well as their implications for the company's broader supply chain performance and long-
term competitiveness [11]. Through our exhaustive investigation, we aim to provide valuable insights
and actionable recommendations to the Pakistani food chain brand, as well as other manufacturing
companies facing similar transportation challenges in remote areas. Additionally, this research
contributes to the wider body of knowledge in the field of transportation and logistics management,
emphasizing the significance of operational research methodologies in tackling complex, real-world
problems and informing decision-making processes [12].

The main idea of this study is to find out the best way to transport the bakery items of a famous
Pakistani food chain brand in remote areas, where transportation is not easy. Moreover, our research
underscores the need for collaborative partnerships between manufacturing companies,
transportation service providers, and other supply chain stakeholders to develop innovative and
sustainable transportation solutions that cater to the unique logistical requirements of remote
regions [13,14]. Such collaborative efforts can facilitate the development of more efficient, resilient,
and environmentally friendly supply chains, which not only enhance the competitiveness of
individual companies but also contribute to the socioeconomic development and well-being of
remote communities [15].

This paper is structured as follows: Section 2 overviews the related literature, while the next
section presents the methodology as well as methods to find primary feasible solutions. Section 4
gives results, while the last section provides the conclusions.

2. Literature Review

Ajibade & Babarinde [16] introduced the concept of using transportation techniques to identify
the most cost-effective means of shipping commodities from various supply sources to different
demand destinations. This innovative approach highlighted a practical method for determining the
lowest shipping costs for goods between multiple locations. Various researchers have investigated
different methods and models to solve transportation problems to further explore and refine this
idea. Shipping operations are impacted by disruptions, which can decrease schedule reliability and
potentially raise the overall cost of delivering cargo at the required destination points [16,17]. In
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destination points, the frequent mentions include the capacity mismatch between the points of
destination and logistics tasks, shortages of labor and equipment, as well as weather events [18].

Gumuskaya et al. [19] emphasize the significance of coordination and conflicting incentives in
logistics operations, particularly concerning the emergence of congestion. Loch & Silva [20] examined
the concept of degeneracy in initial simple feasible solutions for transportation issues. They
discovered that the preliminary simple solutions obtained were not necessarily fundamental and
required comparison with degenerated variables. They employed the least-cost technique to
determine transportation problem solutions at different levels to investigate the presence of
degenerated variables. They proposed a mathematical model that could be applied iteratively to find
transportation problem solutions. Their research demonstrated that the least-cost method and
Vogel's approximation method were the most appropriate techniques for solving larger
transportation issues. This finding significantly contributed to the optimization of transportation cost
calculations in various scenarios. Kumaraguru et al. [21] and Verma & Vanita [22] conducted a
comparative study of different methods for solving transportation problems. Their research
ultimately determined that the zero-suffix method achieved optimal results in their numerical
example. However, they acknowledged that no single method could be universally considered the
best or most optimal solution for all transportation problem scenarios. Afroz & Hassan [23] and Bera
& Mondal [24] explored a computer-based technique for addressing transportation issues. They
found that manual calculations using existing methods became increasingly time-consuming as the
number of variables increased. Consequently, implementing mathematical software to automate
calculations proved to be a significant time-saving measure. This discovery emphasized the
importance of incorporating technology in solving complex transportation problems, streamlining
the process, and ultimately reducing overall costs.

Overall, the reviewed literature illustrated the ongoing development and refinement of methods
and models for solving transportation problems. These studies have contributed valuable insights
into identifying cost-effective shipping solutions and have highlighted the potential for technological
advancements to further optimize the transportation industry.

3. Methodology
3.1 Transportation and Distribution Problem

Transportation and distribution problem helps in decision-making processes within the realm of
managing extensive enterprises or structured systems [25,26]. The biggest challenge in production
distribution and transportation is to find out a schedule that can minimize the transporting cost of
the products from the source points to different destination points by several suppliers. The model
must be in a balanced form before we start working on the solution. It means that the sum of supply
must be equal to the total demand. If it is not balanced, then it will not be possible to find out the
best optimal solution for this issue. An extra dummy row or column can be added in the table to
balance the data.

3.2 Mathematical Statement of Transportation and Distribution Problem

The transportation issue falls within the category of linear programming problems and can be
effectively addressed by employing the simplex method. It finds significant application in resolving
challenges about multiple sources of products and diverse destinations for goods. The problem
statement provides the necessary information about the quantity demanded by each destination,
which serves as a crucial factor in determining the optimal transportation plan. In this problem, we
are given the cost of shipping a single unit of goods from a non-origin location (i.e., a plant or
warehouse) to a non-destination point (such as a distribution center or another intermediate
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location). This information is critical to the formulation of the transportation model, as it helps in
understanding the underlying cost structure and the potential trade-offs in the transportation
process. It is important to note that the non-origin and non-destination locations are intermediate
points in the transportation process, which may further influence the total shipping cost. The primary
objective of this research is to determine the minimum total shipping cost that can be achieved while
adhering to the given constraints and meeting the demand of each destination. This can be
accomplished by employing linear programming techniques, which involve the formulation of a
mathematical model that represents the problem scenario. The model will consist of decision
variables, an objective function, and a set of constraints. The decision variables in this case will
represent the quantity of goods to be transported from each plant to each destination or
intermediate location.

The objective function will aim to minimize the total cost of shipping, which is computed as the
sum of the individual shipping costs from each non-origin to each non-destination location, multiplied
by the corresponding decision variables. The constraints will ensure that the quantity supplied by
each plant, the quantity demanded by each destination, and the capacity of each intermediate
location are all considered. By solving this linear programming problem, we will be able to identify
the optimal transportation plan that minimizes the total shipping cost while meeting the demands of
all destinations. This research will contribute to the growing body of knowledge on transportation
optimization and has the potential to inform the development of more efficient and cost-effective
transportation strategies in various industries.

The objective function is given by:

Min ¥ Z}ilxij Cij- (1)
The demand constraint is given by:

Zjn:1 xj<ay i=12,.,m, (2)

while the supply constraint is given by:

Zglxij = bi]’, j = 1, 2, e, N (3)

The non-negativity constraints are:
x;=20i=12,..mj=12.,n (4)

3.3 Degeneracy

In the study conducted by Rao & Mishra [25], the researchers proposed that a particular condition
would emerge under specific circumstances in the context of their analysis. This condition occurs
when the total number of filled cells in each matrix is less than the sum of the number of columns
(m) and the number of rows (n), minus one (m+n—1). This finding has significant implications for the
understanding of the problem being investigated. Further examination of this condition reveals that
it can arise at certain points during the initial allocation process. Specifically, the condition may
manifest when the first entry in the matrix simultaneously satisfies the requirements for both
columns and rows. In other words, the initial allocation is such that it meets the criteria for both the
column and the row in which it is placed, without violating any constraints. Additionally, the
researchers identified another instance in which this condition can emerge. This occurs when the
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values that are being subtracted and added within the matrix are equal. In this case, the balance
between these values ensures that the condition is satisfied, and the matrix remains consistent with
the theoretical framework outlined in [25]. A specific condition arises when the number of filled cells
is less than the sum of the number of columns and rows minus one (m+n—1) [27]. This condition can
exist during the initial allocation process when the first entry meets both column and row
requirements, and/or when the subtracted and added values within the matrix are equal. These
findings contribute to a deeper understanding of the problem at hand and provide valuable insights
for further research in this field.

3.4 Basic Feasible Solution

A transportation problem is a well-studied optimization problem in operations research and
management science. It deals with the distribution of goods or resources from a set of origins or
sources (M) to a set of destinations or sinks (N), intending to minimize the total transportation cost.
The problem is commonly formulated as a linear programming model, with a solution space that
contains feasible allocations of goods between the sources and destinations. One of the key aspects
of analyzing and solving the transportation problem is determining the basic feasible solutions. These
solutions form the foundation for the optimization process, as they represent a subset of all possible
allocations that satisfy the constraints and conditions of the problem. In this context, a solution to an
M x N transportation problem is a basic feasible solution if the total number of allocations made
between the sources and destinations is equal to the sum of the number of sources and the number
of destinations minus 1 (i.e., M+N-1). This condition ensures that the basic feasible solution is non-
degenerate, meaning that it has a unique solution for each variable in the system. It is important to
identify basic feasible solutions because they play a crucial role in the optimization process, serving
as the starting point for the search for the optimal solution. In many cases, basic feasible solutions
can be found using well-established methods such as the northwest corner rule, the minimum cell
cost method, or Vogel's approximation method. Once a basic feasible solution is obtained, iterative
techniques such as the stepping stone method or the modified distribution method can be employed
to refine the solution and eventually reach the optimal allocation.

3.5 Optimal Solution

In the context of transportation and logistics optimization, a basic feasible solution is considered
optimal if it results in the lowest possible overall transportation cost. This is achieved by effectively
allocating resources and determining the most efficient routes to transport goods from their origin
to their destination points while satisfying supply and demand constraints. An optimal basic feasible
solution is instrumental in maximizing cost savings, streamlining supply chain processes, and
ultimately improving the overall performance of the transportation system. By carefully examining
and comparing multiple feasible solutions, decision-makers can identify the most cost-effective
strategy for their transportation needs, thereby significantly reducing expenses and enhancing the
economic efficiency of their operations.

4. Results
Table 1 shows the distance of different destinations from the company’s manufacturing unit. We
denoted the destinations Gilgit with P1, Chitral with P,, AJK with P3, and Swat with Pa.
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Table 1

Distance of different places from the
manufacturing unit

Destination  Gilgit Chitral AJK Swat
Distance (km) 516 389 133 235

Table 2 shows the estimated transportation cost suggested by five different suppliers; i.e., S1, Sz,
53, 54, and Ss.

Table 2

Transportation costs quoted
by different suppliers to four
different places

Suppliers P1 P2 P3P

S1 50 110 65 170
Sz 48 90 50 155
S3 52 100 55 160
Sa 55 105 70 165
Ss 60 125 75 185

Table 3 shows the quantity offered to each supplier per month.

Table 3

The available quantity for each supplier
Suppliers S1 S2 S3 Sa Ss
Quantity 7000 8200 5250 3900 5100

Table 4 shows the demand required by the four destinations per month.

Table 4

The demand of the destinations

Destination P1 P2 P3 P4
Demand 4000 1000 9000 5000

By combining the values from Tables 1-4, the following model for deciding an optimal solution
to cut the transportation cost of bakery products to different destinations is formed (Table 5), where
D* stands for demand and A* denotes the availability, with Ya; = 29,450 and Y.b; = 19,000, so

Table 5

Demand and availability

Suppliers  P1 P, Ps Pas A"
S1 50 110 65 170 | 7000
S2 48 90 50 155 | 8200
S3 52 100 55 160 | 5250
Sa 55 105 70 165 | 3900
Ss 60 125 75 185 | 5100
D" 4000 1000 9000 5000 —
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We have added a dummy place Ps with the requirement of 10,450 units and zero transportation
cost, as displayed next for the balanced transportation problem in Table 6.

Table 6

Addition of one destination for balancing

Suppliers  P: P, Ps P4 Ps AT
S1 50 110 65 170 0 7000
S2 48 90 50 155 0 8200
S3 52 100 55 160 0 5250
Sa 55 105 70 165 0 3900
Ss 60 125 75 185 0 5100
D" 4000 1000 9000 5000 10,450 -

In this study, we have meticulously implemented five distinct methodologies to obtain the
preliminary basic feasible solutions, each catering to diverse problem domains and optimization
criteria. These methods are strategically designed to provide a comprehensive understanding of the
solution space, thereby contributing to the robustness and reliability of the overall research
outcomes. The methods are:

i.  Northwest corner;
ii. Least cost;
iii.  Vogel approximation;
iv. Row minima;
v.  Column minima.

4.1 Northwest Corner Method

The following steps are involved in this method:

Step 1 — Initialize the first cell: Begin by allocating the first cell in the top-left corner of the
transportation matrix, following the northwest corner rule. Assign the value x;; to the minimum of
a; and b; (x;; = min(aq, by)) [28,29], where a, represents the supply of the first row and b,
represents the demand of the first column.

Step 2 — Update rows and columns: Determine if x;; equals a4 or b;. If x;4 is equal to a4, it means
that the first row's supply has been satisfied. In this case, delete row 1 and update the demand of
the first column by subtracting a, from b, (b; =b; — a4). If x;1 equals b4, it signifies that the demand
of the first column has been met. Consequently, cross out column 1 and update the supply of the
first row by subtracting b, from a, (a; = a; — by).

Step 3 — Handle degenerate cases: If a4 is equal to b; (x;; = a; = b;), it implies that both the
supply of the first row and the demand of the first column have been satisfied. As a result, delete
both row 1 and column 1. This situation indicates a degenerate initial basic feasible solution, meaning
at least one basic variable will be zero. Thus, there will be fewer than m + n — 1 positive basic
variables in the basic feasible solution.

Step 4 — Repeat the process: Continue to iteratively perform Steps 1-3 until all supply and
demand values have been exhausted. This process can only be completed if the problem is balanced,
meaning that the total supply equals the total demand.

By following these detailed steps, the northwest corner rule algorithm can be effectively
employed in a research paper to determine an initial feasible solution for transportation problems.
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The Northwest corner method is a straightforward and efficient technique used to solve
transportation problems. Below, we provide a comprehensive and detailed step-by-step guide for its
implementation:

i.  Balancing the problem: Start by examining if the given transportation problem is balanced
or unbalanced. A problem is considered balanced if the total supply equals the total
demand; otherwise, it is unbalanced. If necessary, balance the problem by adding a
dummy row or column to account for the difference between supply and demand;

ii. Initializing allocation: Begin at the top-left corner cell of the transportation table. Allocate
the maximum number of units possible, which is equal to the minimum value between
the available supply and demand in the current cell;

iii.  Adjusting supply and demand: Update the supply and demand values in the corresponding
rows and columns by subtracting the allocated units from the initial supply and demand
figures;

iv.  Moving horizontally: If the demand for the current cell has been satisfied, move to the
next cell in the same row and the second column;

v.  Moving vertically: If the supply for the current cell has been satisfied, move to the next
cell in the same column and the second row;

Vi. Deleting columns: Once the demand in a column has been met, remove the column from
the transportation table;
vii.  Deleting rows: Once the supply in a row has been met, remove the row from the
transportation table;
viii.  Iterative process: Continue the allocation process, moving horizontally or vertically as

required and deleting rows or columns as needed, until all the supply and demand
guantities are satisfied.

The obtained initial feasible solution was: X;; = 4000, X;, = 1000, X;; = 2000, X,; = 7000,
X,4 = 1200, X3, = 3800, X35 = 1450, X,5 = 3900, and X55 = 5100, with a total transportation
cost of 1,588,000.

4.2 Least Cost Method

This technique works by applying operation on the least cost value of the full transportation
table. The allocation order is initiated from the lowest cost to the last [30,31].

The following steps are involved in this method:

Step 1 — Select the cell, which has the least cost value ¢;; and then assign maximum value to the
cell by taking x;; = min(a;, b;).

Step 2 — If x;; = a;, the i-th row should be erased. Otherwise, if x;; = b;, then the j-th column
must be deleted.

Step 3 — Repeat Steps 1-—2 with a reduced matrix till all the supply and demand are distributed.

The obtained initial feasible solution was: X;5 = 7000, X,; = 4000, X,3 = 750, X,5 = 3450,
X33 = 5250, X, =900, X,3 = 3000, X5, = 100, and X5, = 5000, with a total transportation cost
of 1,760,250.
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4.3 Vogel’s Approximation Method

Vogel's approximation method is a step-by-step process utilized to compute an initial basic
feasible solution for transportation problems. This method is preferred over other methods
examined in the paper as the initial basic feasible solution derived from it is either the optimal
solution or near optimal. Although somewhat more intricate than other methods, it incorporates the
concept of penalty cost [32,33]. The comprehensive steps for executing VAM are provided below:

Step 1 — Determine the lowest cost ¢;; and the next lowest cost ¢;, for each row. Subsequently,
calculate the penalty cost by finding the difference between c; and c;;. Display these values
alongside the transportation tableau. Continue to compute the variances for each column.

Step 2 — Identify the largest penalty cost, which is the greatest difference among the rows or
columns. In the event of a tie, select any one of them randomly. Let the largest penalty cost be in the
i-th row and let ¢;; represent the smallest cost in that row. Allocate x;; = min(a;, b;), and either
eliminate or cross out the i-th row or the j-th column.

Step 3 — Compute the new penalty cost for each row or column of the reduced matrix. Repeat
Steps 1-2 until all demand and supply requirements are met.

The obtained initial feasible solution was: X;; = 4000, X;, = 1000, X;; = 2000, X,; = 7000,
X,4 = 1200, X3, = 3800, X35 = 1450, X,5 = 3900, and X55 = 5100, with a total transportation
cost of 1,584,000.

4.4 Row Minima Method

The row minima method for solving transportation problems is a simple and effective approach
that begins with the smallest cost cell ¢;; in the first row of the transportation matrix [34]. This
method allocates x;; = min(a4, b;), where a, represents the supply at the origin and b; represents
the demand at the destination. It has three primary cases that dictate its allocation process. These
cases are described in detail below:

i.  Ifthe demand of the destination is satisfied (x;; = b;), the first column is crossed out, and

the supply at the origin a, is updated to reflect the allocation by setting a; = a; — bj;

ii.  If the supply from the origin is exhausted (x;; = a,), the first row is removed from the
matrix, and the demand at the destination b; in the j-th columnis b; = b; — a;

iii.  If both the demands from the destinations and supplies from the origins are completely

satisfied (x,; = a; = b;), the first row and the j-th column are both removed from the

matrix.

The obtained initial feasible solution was: X;5 = 7000, X,; = 4000, X,3 = 750, X,5 = 3450,
X33 = 5250, X, =900, X,3 = 3000, X5, = 100, and X5, = 5000, with a total transportation cost
of 1,760,250.

4.5 Column Minima Method

The column minima method is an efficient technique for solving transportation problems, which
focuses on the column of the transportation problem [35]. The method initiates with the least-cost
cell ¢;;, in the first column and assigns x;; = min(a;, b;). Although it does not involve many steps,
it presents some cases that need to be addressed. These cases are elaborated below in a
comprehensive manner.
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i. Demand satisfaction at the destination: The demand of the destination is satisfied,
meaning that x;; = b;. Consequently, the first column is eliminated, and the value of g;
is updated to a; — b;. This signifies that the supply from the origin is reduced by the
amount of demand satisfied at the destination.

ii.  Exhausted supply from the origin: In this case, the i-th row is removed, and the demand
for by in the first column is adjusted to b; — a;. This adjustment reflects the reduced
demand at the destination due to the exhausted supply from the origin.

iii. Complete satisfaction of demands and supplies: This case requires the deletion of both
the i-th row and the first column, indicating that the supply and demand have been met
entirely, and further calculations within this row and column are no longer necessary.

The obtained initial feasible solution was: X;3; = 550, X;, = 1100, X;5 = 5350, X,; = 4000,
X,, = 1000, X,; = 3200, X33 = 5250, X, = 3900, and X55 = 5100, with a total transportation
cost of 1,597,000.

The total transport cost by Vogel’s approximation method is less than the other four methods.
The result comparison in graphical form is presented in Figure 1.

1,800,000

1,700,000 - =NWCM
uLCM
] VAM
B RMM
1,600,000 - = CMM
1,500,000 ] l

Fig. 1. Result comparison of all the approximation methods

This work performs a thorough investigation of the solution space by using these five approaches
to find viable solutions. The outcomes of each technique might be useful starting points for other
optimization procedures like transportation algorithms or sophisticated heuristics. Comparing the
results of several approaches can also reveal the advantages and disadvantages of each strategy
regarding certain problem areas and optimization criteria. It is important to recognize that the early
answers found using these techniques are only approximations at this point and might not accurately
represent the overall ideal solution. The efficiency of the selected approach depends on the traits,
restrictions, and goals of the challenge, as it does with every optimization problem. As a result, it is
advised to do more study and use optimization techniques to enhance and improve the discovered
solutions for use in actual applications in real-world circumstances. In conclusion, the careful use of
these five unique approaches enhances the robustness and trustworthiness of the study findings by
fostering a better comprehension of the transportation problem solution space. The knowledge
gathered from this study can pave the way for more sophisticated optimization techniques and help

10
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decision-makers in many sectors make well-informed decisions for effective resource allocation and
supply chain management.

5. Conclusions

Our research has identified an optimal solution for dairy product suppliers to minimize both
transportation and fuel costs. By comparing various approximation methods, we have determined
that the Vogel approximation method is the most effective for this specific food chain in Pakistan.
The comparative analysis, as depicted in the graph, underscores the superiority of the Vogel method
in terms of cost savings among the alternatives. By implementing this best practice, dairy product
suppliers can significantly reduce their operational expenses, thereby benefiting both their
businesses and their customers.

Ultimately, this research contributes to the development of efficient and sustainable supply chain
management practices in the dairy industry. Our findings can serve as a valuable resource for
businesses seeking to optimize their operations and improve their overall performance in the
competitive marketplace.
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