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Abstract. Distribution is the activity of distributing goods from a company to consumers 

to maintain the continuity of the company. Distribution of fertilizer by land transportation 

to the warehouse location requires the shortest path and distance. The shortest route from 

the problem of distributing fertilizer to warehouse locations can be searched using the 

Dijsktra algorithm and the Ant Colony Optimization Algorithm (ACO). Our research 

discusses how to determine the optimal route using the Dijkstra algorithm and the Ant 

Colony Optimization algorithm for the fertilizer distribution route problem so that all 

fertilizer warehouse locations can be served. Distribution of fertilizer via land 

transportation to the warehouse location requires the shortest route and distance. 

Evaluation of these two algorithms was carried out on a real example of fertilizer 

distribution in the city of Palembang. The solutions of these two algorithms were compared 

and it was found that the Djikstra algorithm showed more optimal results than the Ant 

Colony Optimization algorithm for the fertilizer distribution route problem. 

Keywords: distribution, Dijkstra algorithm, Ant Colony Optimization algorithm, vehicle 

routing problem 

1 Introduction 

Indonesia is known as an agricultural country with the majority of the Indonesian population 

working as farmers. Farmers need fertilizer to increase production yields. The role of fertilizer 

companies as distributors is important in the fertilizer distribution process. Distribution is a 

marketing activity that seeks to facilitate the delivery of goods into the hands of consumers 

effectively. Fertilizer companies must prepare fertilizer stocks that exceed the provisions so that 

distribution throughout the region can be carried out because at any time there could be a surge 

in demand by farmers. Distribution is the activity of distributing goods from a company to 

consumers to maintain the continuity of the company [1–3]. 

The fertilizer distribution system to each warehouse location is visited once by one vehicle in 

one fertilizer distribution process. Distribution of fertilizer by land transportation to the 

warehouse location requires the shortest path and distance. The shortest route from the problem 
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of distributing fertilizer to warehouse locations can be searched using the Dijsktra algorithm and 

the Ant Colony Optimization Algorithm (ACO). The Dijsktra algorithm is an exact and effective 

method for searching shortest path while the ACO algorithm is a metaheuristic method [4,5]. 

Dijkstra's algorithm was introduced in 1959 by Dutch Scientist Edsger Wybe Dijkstra [6]. 

Dijkstra's algorithm is a well-known classical shortest path selection or optimal path in routing 

problems in planning for a single source shortest path problem, which can effectively calculate 

the shortest path to all destinations [7–9]. Dijkstra's algorithm solves the problem of finding the 

shortest path from a point in the graph (source) to the destination [10–12]. 

Determining the shortest route in the fertilizer distribution route problem is also solved using 

the ACO algorithm which adopts the behavior of ants to travel from the nest to the food source 

based on the pheromone trail on the path that has been traversed. There are studies that have 

compared the ACO algorithm with Dijkstra's algorithm such as [13]  and [14]. 

This research will discuss the optimal route for determining fertilizer distribution routes using 

the Dijkstra algorithm and the ACO algorithm. 

2 Research Methods 

This research uses the Dijkstra algorithm and the Ant Colony Optimization algorithm to 

determine the shortest route for fertilizer distribution. The beginning of this research is to 

describe distance data between distribution locations using Google Maps. The steps of Dijkstra's 

algorithm are as follows: 

Form a weighted graph matrix 𝑊 (𝐺) = [𝒂𝒊 𝒋]  and determine the vertex that will be the starting 

vertex. Initialize 𝐿 = { } as a set of permanent vertices of 𝑉(𝐺))  that have been selected for the 

shortest route and 𝑉(𝐺) = {𝑣2, 𝑣3, … , 𝑣𝑛 } is a weighted graph with its vertices. 

For the initial iteration, given 𝐷(𝑉) = 0. At the initial node 𝑣1  is the departure node or first 

permanent node and at the other nodes it is symbolized ∞, 𝐷 (𝑣2 ) =  𝐷 (𝑣3 ) = ⋯  𝐷 (𝑣𝑛 ) =
 ∞. This indicates that the shortest route from the permanent node 𝑣1  to the other nodes has not 

been found. and the symbol ∞ in the solution is considered a very large number. 

𝐷 = (𝑣𝑗 ) represents the shortest route vertex from 𝑣𝑖 to 𝑣𝑗 , for 𝑖 = 2,… , 𝑛; 𝐷 = (𝑣𝑗 ) =

𝑊 (𝑣𝑖, 𝑣𝑗 ) and represents 𝑊 (𝑣𝑖, 𝑣𝑗 )  the weight of vertices 𝑣𝑖 to 𝑣𝑗 . From the permanent node 

𝑣1 consider the neighboring nodes that are traversed directly from 𝑣1  with the edge weight from 

node 𝑣𝑖 to 𝑣𝑗  being 𝑊(𝑣𝑖,, 𝑣𝑗)for 𝑗 = 2,… , 𝑛. The destination node 𝑣𝑛 ∉ 𝐿 which means 𝑣𝑛 has 

not been selected in the set of 𝐿 shortest route solutions. For 𝑣𝑗 ∈ 𝑉 − 𝐿,, each node that is 

directly adjacent to the permanent node 𝑣1  is calculated: 

𝐷(𝑣𝑗 ) = Min { 𝐷 (𝑣𝑗 ), 𝐷 (𝑣1 ) + 𝑊 (𝑣1,𝑗)} (1) 

The smallest value of 𝐷(𝑣𝑗 ) is taken as 𝐷(𝑣𝑘 ) with node 𝑣𝑘 ∈ 𝑉 − 𝐿 as the next permanent 

node and is included in the solution set 𝐿 = 𝐿 ∪ {𝑣𝑘 } and is not considered again in next 

iteration. The value 𝐷(𝑣𝑘 ) is the starting node in the next iteration. 

The iteration stops until the destination node becomes a permanent node again or 𝑣𝑗 ∈ 𝐿. 



 

 

 

 

Ant Colony Optimization is a metaheuristic algorithm for solving combinatorial problems 

which is widely applied to goods distribution problems [15–19]. 

ACO algorithm is inspired by the behavior of ants to search for food sources in order to obtain 

an optimal solution. Ants will work together globally between all colonies together [20–22]. 

The ACO algorithm works as follows: In the first stage, m ants are placed to search for a new 

route at n points and find information about the state of the route passed to find the destination 

[23]. The ant's work process begins to spread randomly. If the ants have found a food source, 

they return and leave pheromones as a food trail. The pheromones found by other ants are 

followed in their footsteps to find the same path. The food is carried by the ants to their nest in 

a path filled with pheromones for the ants to pass along the same path. If more ants follow the 

same path, the path becomes stronger. For long paths, the pheromone scent is not stronger than 

for short paths. This process of pheromone inheritance is known as stigmery, pheromones are 

an environmental modification process that not only aims to remember the way back to the nest, 

but also for ants to communicate with their colony. 

The ACO algorithm in general is preparing the visiting route for each ant, calculating the route 

length for each ant, and calculating pheromones for the next iteration. The advantage of the 

ACO algorithm is that this algorithm always finds a solution that is close to optimal for all 

problems and is able to provide value with a single solution for several tests. The procedure for 

the ACO algorithm is as follows: 

2.1 Determine the visibility matrix or inverse of the distance  

𝜂𝑖𝑗 = 
1

𝑑𝑖𝑗
  (2) 

In here, 𝜂𝑖𝑗 is the visibility or inverse of the distance 𝑑𝑖𝑗 , 𝑑𝑖𝑗  is the distance between distribution 

nodes, 𝑖 is the index of the origin and 𝑗 is the destination node index.  

 

2.2 Probability of ant k walking from node i to node j 

𝑝𝑖𝑗
𝑘 = 

(𝜏𝑖 )
𝛼 (𝜂𝑖𝑗)

𝛽

∑  (𝜏𝑖𝑗)
𝛼
 (𝜂𝑖𝑗)

𝛽

𝑗 𝜖 𝐽𝑖
𝑘

 (3) 

In Equation (3), 𝑝𝑖𝑗
𝑘  is the probability for ant 𝑘 to walk from node 𝑖 to node 𝑗,  𝜏𝑖𝑗 is the intensity 

for the ant pheromone trail,  𝐽𝑖
𝑘 is the set of points visited by ant 𝑘 which is at node 𝑖,  𝛼 is a 

condition for controlling the intensity of ant trails (𝛼 ≥ 0) and  𝛽 is the visibility control provision 

(𝛽 ≥ 0). 

 

2.3 Cumulative Probability 

𝑞𝑘 = 𝑞𝑘−1 +  𝑝𝑖𝑗  (4) 

In Equation (4),  𝑞𝑘 is the cumulative probability 𝑘, 𝑞𝑘−1 is the cumulative probability 𝑘 – 1for 

𝑘 = 2, … , 𝑛 and 𝑝𝑖𝑗  is the probability of an ant walking from node 𝑖 to node 𝑗. 



 

 

 

 

2.4 Random number 

A random number (𝑟) generated between 0 and 1 with 

𝑞𝑘−1 < 𝑟 ≤  𝑞𝑘 (5) 

3 Result and Discussion 

It is assumed that the road conditions are smooth and not congested, it is assumed that the 

distance between location i and location j is the same as the distance between location j and 

location i or is considered symmetrical, and distribution of fertilizer to customers uses land 

transportation in one operation. 

Fertilizer distribution location visited by one vehicle. Fertilizer factory as the central point of 

distribution aimed at several warehouse locations such as Os Warehouse in Palembang, 

Palembang fertilizer storage warehouse, Tanjung Api-Api warehouse Palembang, Lubuk 

Linggau fertilizer storage warehouse, Belitang Martapura warehouse, Martapura fertilizer 

storage warehouse and Lahat warehouse.  

Data on distance to warehouse locations and distances between other warehouse locations using 

google maps is presented as follows: 

𝑑𝑖𝑗 =

[
 
 
 
 
 
 
 

0 0,95 15 37 313 241 242 229
0,95 0 15 36 504 241 241 228
15 15 0 26 302 241 241 228
37 36 26 0 298 263 242 250
313 504 302 298 0 321 263 144
241 241 241 263 321 0 322 175
242 241 241 263 322 0,65 0,65 175
229 228 228 250 144 175 175 0 ]

 
 
 
 
 
 
 

 (6) 

3.1   Dijkstra Algorithm 

Based on the distance data from equation (6), then a directed weighted graph is formed to 

represent fertilizer distribution locations and the distance between locations as in Figure 1. 

 

Fig. 1. Fertilizer distribution route on the graph 



 

 

 

 

The matrix 𝑾 (𝑮) whose input is the weight of the location of warehouse 1 to other warehouses 

and for the entry ∞ (undefined) symbolizing no arc to other locations is presented as follows 

𝑊 (𝐺) =  

[
 
 
 
 
 
 
 

∞ 0.95 15 ∞ 313 241 ∞ 229
0.95 ∞ 15 36 ∞ 241 241 ∞
15 15 ∞ 26 302 ∞ ∞ 228
∞ 36 26 ∞ 298 263 263 ∞

313 ∞ 302 298 ∞ ∞ ∞ 144
241 241 ∞ 263 ∞ ∞ 0,65 ∞
∞ 241 ∞ 263 ∞ 0,65 ∞ 175

229 ∞ 228 ∞ 144 ∞ 175 ∞ ]
 
 
 
 
 
 
 

 (7) 

Initialization, 𝐿 = { } as a set of permanent vertices of 𝑉(𝐺))  that have been selected for the 

shortest route and  𝑉 = {𝑣2, 𝑣3, … , 𝑣8 }. The starting point or point 1 is determined as the first 

permanent point and given a value of zero, 𝐷(𝑣1) = 𝐷(1) = 0. Nodes are not yet permanent 

and are directly adjacent to permanent node 1 or node 1 is located at location 1 for other nodes, 

𝐷 = (𝑣4 ) =  ∞ and 𝐷 = (𝑣7 ) = ∞. Meanwhile, the point that is directly adjacent to permanent 

point 1 or node 1 is located at location 1 which has the value  𝐷 = (𝑣2 ) = 𝑊 (𝑣1, 𝑣2 ) = 0.95, 

𝐷 = (𝑣3) = 𝑊 (𝑣1, 𝑣3 ) = 15, 𝐷 = (𝑣5 ) = 𝑊 (𝑣1, 𝑣5 ) = 313, 𝐷 = (𝑣6 ) = 𝑊 (𝑣1, 𝑣6 ) =

241, 𝐷 = (𝑣8 ) = 𝑊 (𝑣1, 𝑣8 ) = 229for i = 2, 3, 4, 5, 6, 7, 8. The destination node  𝑣𝑖 ∉ 𝐿 can 

then be calculated using Equation (1) for j = 2, 3 ,4 ,5 ,6 ,7, 8 is obtained 𝐷(𝑣2 ) = 0,95, 

𝐷(𝑣3 ) = 15, 𝐷(𝑣5 ) = 313, 𝐷(𝑣6 ) = 24, 𝐷(𝑣8 ) = 229. 

Based on the results of calculations using the Dijkstra algorithm, the fertilizer distribution route 

results are as follows: Fertilizer factory – Os warehouse in Palembang – Palembang fertilizer 

storage warehouse – Tanjung Api-Api warehouse in Palembang – Belitang Martapura 

warehouse – Martapura fertilizer storage warehouse – Lahat warehouse – Lubuk Linggau 

fertilizer storege warehouse– Fertilizer factory with total distance traveled 937.60 km. 

3.2   Ant Colony Optimization Algorithm 

At the beginning of solving the ACO algorithm, it is necessary to determine parameter values

which are referred to as initialization parameters such as 𝛼, 𝛽, 𝑛,𝑚, 𝑄, 𝜏𝑖𝑗 , 𝑁𝐶𝑚𝑎𝑥  as in Table 1. 

Table 1. Parameter 

Parameter Value 

𝑛 8 

𝛼 1 

𝛽 1 

𝜏𝑖𝑗  0.01 

𝑚 1 

𝑄 1 

𝑁𝐶𝑚𝑎𝑥 1 

The results of calculating the Visibility matrix between companies and distribution location 

nodes and between distribution location nodes using Equation (2) are in Table 2. 

 



 

 

 

 

Table 2. Visibility Matrix 

𝜂𝑖 𝑗 1 2 3 4 5 6 7 8 

1 0 1.0526 0.0667 0.027 0.0032 0.0041 0.0041 0.0044 

2 1.0526 0 0.0667 0.0278 0.002 0.0041 0.0041 0.0044 

3 0.0667 0.0667 0 0,0385 0.0033 0.0041 0.0041 0.0044 

4 0.027 0.0278 0.0385 0 0.0034 0.0038 0.0038 0.004 

5 0.0032 0.002 0.0033 0.0034 0 0.0031 0.0031 0.0069 

6 0.0041 0.0041 0.0041 0.0038 0.0031 0 1.5385 0.0057 

7 0.0041 0.0041 0.0041 0.0038 0.0031 1.5385 0 0.0057 

8 0.0044 0.0044 0.0044 0.004 0.0069 0.0057 0.0057 0 

 

where: Fertilizer factory as node 1, Os warehouse in Palembang as node 2, Palembang fertilizer 

storage warehouse as node 3, Tanjung Api-Api warehouse Palembang as node 4, Lubuk Linggau 

fertilizer storage warehouse as node 5, Belitang Martapura warehouse as node 6, Martapura 

fertilizer storage warehouse as node 7, Lahat warehouse as node 8 

Solution of the probability of fertilizer distribution between companies and distribution location 

points and between distribution location points using Equation (3) as in Table 3. 

Table 3. Probability of fertilizer factory 

𝑝𝑖 𝑗
1  1 2 3 4 5 6 7 8 

1 0 0.9057 0.0574 0.0233 0.0027 0.0036 0.0036 0.0038 

Calculation of the cumulative probability of fertilizer distribution is calculated using Equation 

(4) as in Table 4. 

Table 4. Cumulative probability of a fertilizer factory 

𝑞𝑘 1 2 3 4 5 6 7 8 

1 0 0.057 0.9631 0.9864 0.9891 0.9927 0.9961 1 

The random number (r) between 0 and 1 is 0.960244 which was generated from Microsoft 

Excel. Based on Equation (5).  It is obtained that the selected distribution location is Palembang 

fertilizer storage warehouse. The calculation process stops, once all points have been visited. 



 

 

 

 

The distance traveled for fertilizer distribution based on the Dijkstra algorithm and the ACO 

algorithm is presented in Table 5. 

Table 5. Fertilizer distribution routes 

Algorithm Travel route Distance (km) 

Dijkstra 

Algorithm 

Fertilizer factory – Os warehouse in Palembang – 

Palembang fertilizer storage warehouse – Tanjung Api-Api 

warehouse Palembang – Belitang Martapura warehouse – 

Martapura fertilizer storage warehouse – Lahat warehouse 

– Lubuk Linggau fertilizer storage warehouse – Fertilizer 

factory 

937.60 

Ant Colony 

Optimization 

Algorithm 

Fertilizer factory – Palembang fertilizer strorage warehouse 

– Lahat warehouse – Martapura fertilizer stroge warehouse 

– Belitang Martapura warehouse – Os warehouse in 

Palembang – Tanjung Api-Api warehouse – Lubuk 

Linggau fertilizer storage warehouse – Fertilizer factory  

1306.65 

The distance traveled with the Dijkstra algorithm is shorter than the distance traveled by the 

ACO algorithm. 

4 Conclusion 

The solution results of determining the route for fertilizer distribution vehicles using the ACO 

algorithm produce a greater distance than the distance used using the Dijkstra algorithm. The 

calculation process using the ACO algorithm is more complex than the Dijsktra algorithm. This 

is because the ACO algorithm is inspired by the behavior of ants who always look for better 

travel possibilities so they can reach the best solution. 
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