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Abstract

This comprehensive study delves deeply into the intricate process of optimizing fish product distribution routes in the
expansive Western Kenya region, with an explicit focus on understanding and refining the operational strategies employed by
Victory Farm Limited. Leveraging the Hungarian Method, celebrated for its unparalleled effectiveness in the realm of
combinatorial optimization, the research endeavors to meticulously evaluate and fine-tune the shortest and most efficient
transportation routes for seamlessly ferrying fish products from Kisumu Logistic Center to a myriad of distribution depots and
retail markets scattered across the Western Kenya region's diverse landscape. Through an exhaustive analysis that spans road
networks, logistical constraints, and the ever-evolving dynamics of market demand, this study systematically identifies and
delineates optimal routes that not only minimize the distance traversed but also significantly mitigate associated transportation
costs, all while steadfastly adhering to stringent standards for punctuality and product quality. Furthermore, by synergistically
integrating sophisticated mathematical modeling techniques, meticulously executed through Python programming, with a
robust foundation of real-world data meticulously sourced from Victory Farm Limited, this research endeavors to provide
invaluable insights and pragmatic recommendations aimed at fortifying and enhancing the overall efficiency and profitability
of fish product distribution operations throughout Victory Farm Western Kenya depots. In essence, the anticipated outcomes of
this study transcend the realm of theoretical conjecture, poised instead to catalyze tangible advancements in the sustainable
development of the region's burgeoning aquaculture sector, thereby fostering a lasting legacy of economic prosperity and
environmental stewardship for generations to come.
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1. Introduction

The distribution of fish products plays a vital role in the
economic development and food security of regions with
significant aquaculture and fishing industries [11]. In West-
ern Kenya, where the aquaculture sector has been rapidly
expanding in recent years, optimizing the distribution routes
of fish products is crucial for maximizing efficiency and re-

ducing costs. Efficient distribution routes not only ensure the
timely delivery of fresh fish to consumers but also contribute
to the sustainability of the supply chain by minimizing trans-
portation-related losses and environmental impacts. There-
fore, there is a pressing need to evaluate and optimize the
shortest routes possible for the distribution of fish products
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in the Western Kenya region.

The significance of optimizing distribution routes in the
context of the fish industry is underscored by the challenges
posed by the perishable nature of fish products and the geo-
graphical characteristics of the region [13]. Fish, being high-
ly perishable, require swift transportation from production
sites to consumer markets to maintain their freshness and
quality. Moreover, Western Kenya's diverse terrain, including
rural areas with underdeveloped infrastructure and limited
access to transportation networks, presents additional chal-
lenges in ensuring efficient distribution of fish products [14].
Addressing these challenges requires a systematic evaluation
of transportation routes to identify the shortest paths that
minimize both distance and travel time while considering the
constraints imposed by infrastructure and logistics.

According to [3], optimizing distribution routes for fish
products aligns with broader objectives of enhancing agricul-
tural value chains and promoting economic growth in Kenya.
The aquaculture sector has been identified as a key driver of
economic development, contributing to food security, poverty
alleviation, and job creation in the country [4]. By improving
the efficiency of fish product distribution, it is possible to un-
lock the full potential of the aquaculture industry in Western
Kenya, thereby stimulating economic activity, increasing in-
comes for fish farmers and traders, and improving livelihoods
for rural communities [10]. Therefore, the evaluation of the
shortest route possible in fish product distribution holds signif-
icant implications for the socioeconomic development of the
region.

In light of these considerations, this study aims to conduct
a comprehensive evaluation of the shortest route possible for
the distribution of fish products in the Western Kenya region.
By leveraging Geographic Information Systems (GIS),
mathematical optimization techniques, and empirical data on
transportation networks and market demand, the research
seeks to identify optimal distribution routes that minimize
transportation costs, reduce delivery times, and ensure the
freshness and quality of fish products. Through this endeav-
or, the study intends to contribute valuable insights and prac-
tical recommendations for enhancing the efficiency and sus-
tainability of fish product distribution in Western Kenya,
thereby supporting the growth and development of the aqua-
culture sector in the region.

In the dynamic landscape of agricultural and food distribu-
tion systems, optimizing transportation routes is fundamental
for ensuring efficient delivery of perishable goods and mini-
mizing operational costs [9]. Within the Western Kenya re-
gion, where aquaculture has emerged as a significant eco-
nomic driver, the distribution of fish products presents
unique logistical challenges due to the region's diverse ter-
rain and varying levels of infrastructure development. The
evaluation of the shortest route possible in fish product dis-
tribution is imperative for enhancing the competitiveness and
sustainability of the aquaculture sector in the region, particu-
larly with the rising demand for fresh fish products both do-
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mestically and internationally.

According to [5] Hungarian Method refers to a combinato-
rial optimization algorithm used to solve assignment prob-
lems, such as determining the shortest route for distributing
fish products. This method efficiently identifies the optimal
assignment of tasks, in this case, determining the most cost-
effective route for transporting fish from production centers
to distribution hubs and retail markets. The Hungarian Meth-
od has been widely utilized in logistics and transportation
planning due to its ability to find the best solution in poly-
nomial time [7]. By applying this mathematical technique,
Victory Farm Limited (VF) can minimize transportation
costs and optimize route efficiency, ultimately enhancing the
overall performance of its supply chain operations.

In addition, the Traveling Salesman Problem, which is a
classic optimization problem relevant to Victory Farm's dis-
tribution network. In this context, TSP refers to finding the
shortest possible route that visits a set of given locations (in
this case, Victory Farm's depots across Western Kenya) ex-
actly once and returns to the starting point. The objective is
to minimize the total distance traveled by the delivery vehi-
cles while ensuring that all destinations are visited. TSP has
significant applications in transportation logistics, including
route planning and vehicle scheduling [1]. By addressing the
TSP within its distribution network, Victory Farm Limited
can improve route efficiency, reduce fuel consumption, and
enhance the timely delivery of fish products to customers,
thereby maximizing operational efficiency and customer
satisfaction.

Victory Farm Limited stands as a prominent player in the
aquaculture industry within Western Kenya, with a focus on
tilapia production. As a key stakeholder in the region's fish
supply chain, Victory Farm Limited serves as a prime candi-
date for applying innovative techniques to optimize distribu-
tion routes and streamline operations. The Hungarian Meth-
od, a combinatorial optimization algorithm renowned for its
efficiency in solving transportation and assignment prob-
lems, presents a promising approach for determining the
shortest routes in fish product distribution [7]. By integrating
this mathematical technique with real-world data specific to
Victory Farm Limited's distribution network, this study aims
to provide actionable insights for improving the efficiency
and cost-effectiveness of fish product distribution in Western
Kenya.

The evaluation of distribution routes using the Hungarian
Method offers a systematic approach to address the complex
spatial and logistical challenges inherent in fish product dis-
tribution [15]. By considering factors such as distance, travel
time, road conditions, and logistical constraints, this method
facilitates the identification of optimal routes that minimize
transportation costs while ensuring timely delivery and prod-
uct quality. Moreover, the application of this technique ena-
bles stakeholders to make informed decisions regarding route
planning, resource allocation, and supply chain management,
thereby enhancing the overall competitiveness and resilience
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of the aquaculture sector in Western Kenya [6].

Furthermore, the outcomes of this study hold broader im-
plications for sustainable development, economic growth,
and food security in Western Kenya. Efficient distribution
routes not only contribute to reducing post-harvest losses and
improving market access for fish farmers but also stimulate
economic activity along the supply chain, creating employ-
ment opportunities and fostering socioeconomic develop-
ment in rural communities [4]. By leveraging innovative
approaches such as the Hungarian Method and collaborating
with key industry stakeholders like Victory Farm Limited,
policymakers and practitioners can work towards building a
more resilient and inclusive agricultural sector that harnesses
the full potential of aquaculture for driving positive change
in the Western Kenya region.

VF Western Kenya Branches Delivery Plans

The harvest of fish at Victory Farm's, the processing phase
occurs directly at the farm site. This integrated approach to
processing allows for immediate handling of the freshly har-
vested fish, minimizing delays and maintaining the quality of
the product. At the farm processing facilities, the fish under-
go cleaning, gutting, and packaging according to industry
standards. By conducting processing activities on-site, Victo-
ry Farm Limited ensures that the fish are prepared for trans-
portation efficiently and in a manner that preserves their
freshness and integrity throughout the supply chain.

Subsequently, the processed fish products are transported
to the Kisumu Logistics Center (KLC), which serves as a
central hub for further aggregation and distribution. Upon
arrival at KLC, the fish products are stored in cold rooms to
maintain their freshness before being dispatched to Victory
Farm's depots across the Western Kenya region. The distri-
bution is facilitated by delivery cars, which transport the fish
to various depots strategically located to serve local markets
and retail outlets. This centralized distribution network al-
lows Victory Farm Limited to effectively manage inventory
and meet the demands of customers in different regions of
Western Kenya, ensuring timely and reliable access to high-
quality fish products. Overall, the integration of on-farm
processing with centralized distribution through KLC and
delivery cars optimizes the efficiency and effectiveness of
Victory Farm's supply chain, enhancing customer satisfaction
and market competitiveness.

The establishment of a centralized logistics center like
KLC serves as a strategic hub for aggregating and storing
fish products before further distribution to retail markets and
other end consumers [12]. This approach streamlines the
logistics operations of Victory Farm Limited, allowing for
better inventory management and coordination of transporta-
tion activities. Additionally, the utilization of a cold room at
the logistics center underscores the company's commitment
to maintaining the freshness and quality of its fish products,
thereby meeting the stringent demands of consumers for
high-quality seafood in the Western Kenya region.

2. Phases of the Hungarian Method

The Hungarian Method employs a two-phase approach to
solve assignment problems efficiently [7]. In the initial phase,
the method involves conducting row reductions and column
reductions to simplify the problem. This step aims to identify
potential assignments and reduce the overall complexity of the
problem. Once the reductions are completed, the second phase
begins, where the solution is optimized through iterative pro-
cesses. In this phase, the method iteratively evaluates and ad-
justs assignments to minimize costs or distances, gradually
converging towards the optimal solution. By following these
two distinct phases, the Hungarian Method provides a system-
atic and effective approach to solving assignment problems,
ensuring accurate and efficient allocation of resources.

2.1. Phase One

Step 1: Consideration of the Given Distance Matrix Model

diy dip diz . dip

d21 d22 d23 d2n
A=l - . . .

dnl an dn3 dnn

Step 2: Adjustment for Rectangular Matrices

In cases where the number of rows is not equal to the
number of columns or vice versa in the given problem, a
dummy row or column is introduced. The assignment costs
for these dummy cells are uniformly set to zero, ensuring
consistency in the matrix structure.

Step 3: Matrix Reduction Procedure

The matrix is systematically reduced by selecting the min-
imum element }7; d;;in each row and subtracting it from
other elements within that row. This reduction process sim-
plifies the matrix by diminishing the values, facilitating sub-
sequent computations for optimal assignment.

2.2. Phase Two

Step 4: Column-wise Matrix Reduction

The new matrix is further reduced column-wise using the
same method as outlined in Step 3, focusing on the smallest
element Z;-l:l djl- in each column that does not contain zero.
This iterative reduction process ensures the continued simpli-
fication of the matrix, enhancing the efficiency of subsequent
computations.

Step 5: Optimality Assessment

An assessment is made to determine optimality by draw-
ing the minimum number of lines required to cover all zeros
in the matrix. This step evaluates the current state of the ma-
trix and its alignment with the desired optimal solution.

Step 6: Decision Point
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If the number of lines drawn equals the total number of
rows or columns (n), indicating optimality, the process pro-
ceeds to Step 9. However, if the lines drawn are fewer than n,
suggesting further refinement is needed, the process advanc-
es to Step 7 for additional adjustments.

Step 7: Iterative Refinement

Identify the minimum element d;in the entire matrix that
is not covered by lines. Subtract this minimum element
d;from all other remaining elements not covered by lines,
and add d; at the intersection of lines. Elements covered by a
single line remain unchanged. Repeat Steps 5 and 6 sequen-
tially until optimality is achieved.

Step 8: Zero Allocation and Iterative Assignment

Select any row or column containing a single zero and
make an assignment. Eliminate remaining zeros in that row
or column. Repeat this process until all assignments are
completed. Continue iteratively until all available assign-
ments have been made.

Step 9: Assignment and Evaluation

Record the assignment results and determine the minimum
distance, cost, and time achieved. It is important to note that

if there is no single zero allocation, indicating the existence
of multiple possible solutions, the overall cost will remain
consistent across different allocation sets.

The Distance Minimization.

The distance minimization phase is introduced through Ta-
ble 1, which meticulously documents the distances between
various depots within the Western Kenya region. This table
serves as a foundational dataset, providing essential insights
into the spatial relationships and connectivity among depots,
crucial for optimizing transportation networks. For instance,
the entry "KLC to Mbale" denotes a distance of 36.6 kilome-
ters between Victory Farm KLC and VF Mbale depot, illus-
trating the physical distance between these key logistical de-
pots. It's noteworthy that the data presented are in kilometers,
facilitating a quantitative understanding of the distances in-
volved in inter-depot travel. By comprehensively documenting
these distances, the table offers valuable information for deci-
sion-makers in logistics and supply chain management, ena-
bling strategic route planning and resource allocation to mini-
mize transportation costs and enhance operational efficiency.

3. Data for the Distances Between the Depots

Table 1. Phase one Data for the distances between the depots.

From
KLC Mbale Bungoma Kondele Siaya

To
KLC - 36.6 99.6 3.6 69.3
Mbale 36.6 - 78.9 223 58.1
Bungoma 99.6 78.9 - 97.4 81
Kondele 3.6 223 97.4 - 67.2
Siaya 69.3 58.1 81 67.2 -
Nyalenda 6.8 25.6 98.9 4.8 69.1
Luanda 322 22.1 66.5 31.1 36
Mumias 73.1 52.5 27.8 74.8 54.6
Kakamega 58 26.5 59.5 48.9 84.6
Majengo 27.8 3.7 84.8 18.6 54.4
Chavakali 35.8 4.4 75.7 26.6 62.5

3.1. Reduction of Rows in the Distance Matrix

Nyalenda Luanda Mumias

Kakamega Majengo Chavakali

6.8 32.2 73.1 58 27.8 35.8
25.6 22.1 52.5 26.5 3.7 4.4
98.9 66.5 27.8 59.5 84.8 75.7
4.8 31.1 74.8 48.9 18.6 26.6
69.1 36 54.6 84.6 544 62.5
- 32.6 72.5 52.2 21.9 30
32.6 - 40.1 48.6 18.4 26.5
72.5 40.1 - 33.1 583 493
522 48.6 33.1 - 30.2 22.1
21.9 18.4 583 30.2 - 8.1
30 26.5 493 22.1 8.1 -

During this phase, the smallest value in each row is subtracted from all elements within that respective row. This procedure
is aimed at reducing the matrix, effectively transforming the smallest value in each row to zero, as illustrated below.
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0 33 96 0 657 32
329 0 752 186 544 219
718 511 0 696 532 711

0 187 938 0 636 1.2
333 221 45 312 0 331

2 208 941 0 643 O
13.8 3.7 481 127 176 14.2
453 247 0 47 268 44.7
359 44 374 268 625 301
241 0 811 149 50.7 182
314 0 713 222 581 256

3.2. Reduction of Column Distance Matrix

28.6 69.5 544 242 322
184 488 228 O 0.7
387 0 317 57 479
275 712 453 15 23
0 186 486 184 265
278 67.7 474 17.1 252
0 217 302 O 8.1
123 0 53 305 215
265 11 0 8.1 0
147 546 265 O 4.4
221 449 17.7 3.7 0

Likewise, during this stage, the minimum value within each column is deducted from all elements in that specific column.
This action aids in further diminishing the matrix by ensuring that the smallest value in each column is adjusted to zero.

0 293 586 0 481 2 163 585 491 205 315
309 0 378 59 368 207 61 378 175 0 0
698 474 0 569 356 699 264 0 264 533 472

0 15 564 O 46 0 152 602 40 113 223
313 184 76 185 0 319 O 7.6 433 14.7 258

0 171 567 0 467 0 155 56.7 421 134 245
118 0 107 O 0 13 0 107 249 0 7.4
433 21 0 343 92 435 0 0 0 268 208
339 07 0 141 449 289 142 O 0 4.4 0
221 0 437 22 331 17 24 436 212 O 3.7
294 0 339 95 405 244 98 339 124 O 0

3.3. Assignment

This assignment describes Victory Farm’s fish delivery
route in their various depots in Western region.

This route outlines a specific path with each location serv-
ing as a stop along the journey [8]. The sequence starts and
ends at KLC and passes through various other locations in-
cluding Kondele, Nyalenda, Majengo, Mbale, Chavakali,
Kakamega, Mumias, Bungoma, Luanda, and Siaya.

The notation = typically signifies a directional relation-
ship or movement from one location to another, with a task
of visiting a set of depots exactly once and returning to the
starting depot while minimizing the total distance traveled.

The optimal route is as below.

KLC= Kondele = Nyalenda =Majengo = Mbale =
Chavakali = Kakamega = Mumias = Bungoma = Luan-
da= Siaya=> KLC

The total optimal route covered during VF fish delivery
process reduces the distance to an impressive 293.2 kilome-
ters. This contributes to a more environmentally sustainable
delivery network.

3.4. Visualizing Optimal Route
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The graphical representation of these TSP solution using
the Hungarian Method involves creating a graph where each
node represents a depot, and edges represent the distance
between the depots [2]. Each depot in the TSP is represented
as a point on the graph. The coordinates of these points cor-
respond to the location of each depot in the real world. Edges
are drawn between pairs of depots to represent possible
routes between them. The length of each edge corresponds to
the distance between the connected depots. After applying
the Hungarian method to find the optimal route, the path
with the shortest distance is highlighted on the graph. This is
typically done by drawing a line through the depots in the
order they are visited in the optimal route.

The graph below provides a visual representation of the
optimal route traveled by the salesman, allowing for easier
understanding and analysis of the solution.

This graph is plotted using the live coordinates of the vari-
ous depot having latitude on the y-axis against the longitude
on the x-axis.

Note: Negative latitude in the y-axis of the live coordi-
nates during plotting typically indicates that the depots are
located south of the equator. Latitude is measured north or
south of the equator, with positive values indicating locations
in the northern hemisphere and negative values in the south-
ern hemisphere.
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A graphical presentation of the optimal distance traveled
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Figure 1. Visual representation of the shortest route.

4. Conclusion

The optimization of fish product distribution routes by
Victory Farm Limited, as demonstrated by the impressive
reduction in distance to 293.2 kilometers, underscores the
company's commitment to efficiency and sustainability in its
supply chain operations. By leveraging mathematical tech-
niques such as the Hungarian Method, Victory Farm has suc-
cessfully identified the shortest and most cost-effective route
for delivering fish products from its branches in Western
Kenya to various depots across the region. This optimization
not only minimizes transportation costs but also reduces fuel
consumption and greenhouse gas emissions, contributing to
environmental conservation efforts. Additionally, the stream-
lined distribution process enhances the overall freshness and
quality of the fish products, ensuring customer satisfaction
and loyalty in a competitive market landscape.

Furthermore, Victory Farm's application of innovative lo-
gistics solutions, including the utilization of a centralized
logistics center and delivery vehicle for last-mile distribu-
tion, exemplifies the company's strategic approach to en-
hancing operational efficiency and market reach. By integrat-
ing on-farm processing with centralized distribution hubs,
Victory Farm optimizes resource utilization and inventory
management, thereby improving the resilience and respon-
siveness of its supply chain to market fluctuations and con-
sumer demand. Overall, Victory Farm's commitment to ex-
cellence in supply chain management not only drives busi-
ness success but also contributes to the socioeconomic de-
velopment of Western Kenya by providing reliable access to
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nutritious and high-quality fish products for local communi-
ties.
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