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On behalf of the Program Committee, we would like to thank all participants of “The International 
Conference on Mathematics, Computational Sciences and Statistics (ICoMCoS) 2020” hosted by 
Department of Mathematics, Universitas Airlangga. 

2020 has been a very challenging year due to Covid-19 pandemic, in which for the sake of safety and 
well-being of all participants, our initial plan to held ICoMCoS 2020 in Surabaya, Indonesia, has been 
converted to be fully delivered virtually. Nevertheless, while we may all be physically distant, we 
hope we can still connect intellectually. 

The theme of ICoMCoS 2020 is “Mathematics, Computational Sciences and Statistics for a Better 
Future”. With increasing complexities of our world today, Mathematics, Computational Sciences and 
Statistics have become powerful tools to elucidate all the complexities as well as provide the solution. 
ICoMCoS 2020, in a more detail outfit, is designed to provide a multidisciplinary forum for promoting 
and fostering interactions between mathematics (Analysis and Geometry, Algebra and Combinatoric, 
Applied Mathematics), computational sciences (algorithm analysis, network security and 
cryptography, artificial intelligence and machine learning, knowledge discovery and data mining, 
machine translation, image processing), and statistics (statistical theory, statistics modeling, 
forecasting methods, multivariate methods, econometrics, biostatistics, actuarial sciences) as well as 
related methodologies in studying various phenomena in the area. 

We would like to say thanks to all authors who have submitted the paper to our proceedings. We also 
thank the scientific committee members and all of the reviewers for all supports during the conference 
and the preparation of the proceedings. As the scientific manuscripts of the conference, we provide the 
AIP Proceedings which contains the high-quality paper selected by a blind review process. We 
apologize to the authors if this process creates inconvenience.  

Last but not least, there have been enormous collective efforts being put to run ICoMCoS 
2020, in one form or another, so, on behalf of the Program Committee, let me take this 
opportunity to express my high appreciation to all of those that have contributed. 

 
 

 Cicik Alfiniyah, PhD 
ICOMCOS 2020 Program Committee Chair 
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Abstract. Indonesia has a vast sea area and consists of many islands, so shipping companies are very beneficial for 

Indonesia's people. This study aims to estimate parameters and analyze mathematical models of shipping company 

competition between three shipping companies in Surabaya. This model is a differential equation and uses the Lotka-

Volterra mathematical model. In this study, the estimation of model parameters is done using the genetic algorithm 

method based on the number of container production transported by shipping companies. The mathematical model is then 

analyzed by finding the equilibrium point and checking its stability by substituting the parameter value from the 

estimation results. The results of this mathematical simulation model show that the three companies exist in the future, 

and competition between the three companies still occurs. 

INTRODUCTION 

Shipping companies are one type of business that provides services in the form of shipping goods between 

islands using ships [1]. Indonesia has a vast sea area and consists of thousands of islands. Therefore, the presence of 

a shipping company is beneficial for the Indonesian people in the inter-island shipping business. Some parties 

consider that shipping services via sea shipping are more desirable than through aviation business because of the 

lower shipping rates [2]. 

The Port of Tanjung Perak Surabaya is one of the centers of shipping activities in Indonesia. There are various 

shipping companies that service inter-island shipping in Indonesia. Delivery of goods is carried out through 

containers transported using ships. Surabaya's Tanjung Perak Harbor consists of several terminals. Each terminal at 

the Port of Tanjung Perak Surabaya has a function to support the activities of shipping companies engaged in 

domestic goods shipping services [3]. 

Pelindo III is a state-owned company engaged in port services, showing a definite increase in work. According to 

Pelindo III, most of the activities at the Port of Tanjung Perak Surabaya experienced an increase, whereas Pelindo 

III had the highest increase in container loading and unloading activities. Based on Pelindo III data, the number of 

container flows in 2018 increased by 8.5 percent compared to the previous period in 2017. Furthermore, the increase 

in container shipments in the first semester of 2019 doubled compared to the same period last year [4]. Increased 

container loading and unloading activities at the Tanjung Perak Port Surabaya terminal show that there is also an 

increase in performance at various shipping companies in Surabaya. Each shipping company will compete for 

customers. 

The competition of several shipping companies can be modeled using the Lotka-Volterra competition model 

application. The Lotka-Volterra competition model is a model that describes the competition of two species for food 

sources [5]. The model has also applied to describe the Korean stock market competition [6], competition of retail 

industry in Taiwan [7], retailing formats competition [8], and bank competition in Indonesia [9]. 

The application of mathematical models can be interpreted in real problems if the model's parameter values can 

be known. In this research, we apply the Lotka-Volterra competition model to describe the competition dynamics of 

shipping companies in Surabaya. We also perform parameter estimation on the proposed model using genetic 

algorithm method. Moreover, we carried out stability analysis on the model by substituting the parameter values 
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obtained from the estimation results and finding the equilibrium point of the model. We perform the stability 

analysis of every equilibrium of the model, and we simulate the model to study the competitive conditions of the 

three companies in the future. 

THE COMPETITIVE MATHEMATICAL MODEL 

The competitive dynamics model of shipping companies in Surabaya uses the Lotka-Volterra competition model. 

The mathematical model of shipping company competition in Surabaya consists of three compartments, namely ��, ��,  and ��. Here ��, ��,  and �� are the number of first company, second company and the third company

container production respectively. The model is built on the following assumptions: 

(1) There are only three competing shipping companies.

(2) Competition between the three selected shipping companies and other shipping companies can be ignored.

This is due to the amount of container production from the three companies is far greater when compared to

the production of containers from other shipping companies.

(3) The number of container production of each shipping company grows logistically.

(4) Promotion effect of every company could be represented into logistic growth model.

(5) Every company does not need to rent some ships from other companies.

The mathematical model of the competition dynamics of shipping companies in Surabaya consists of twelve 

parameters. Table 1 presents a description of the parameters used in the model.  

TABLE 1. Parameters description of the shipping companies’ competition mathematical model 

Notation Description Unit �� Maximum production volume of the first container company box �� Maximum production volume of the second container company box 

�� Maximum production volume of the third container company box 

	� The production volume growth rate of the first company 
1

���ℎ
	� The production volume growth rate of the second company 

1
���ℎ

	� The production volume growth rate of the third company 
1

���ℎ
��,� The reduction growth rate of the first company due to 

competition of the first and second companies 

1
���ℎ . ���

��,� The reduction growth rate of the first company due to 

competition of the first and third companies 

1
���ℎ . ���

��,� The reduction growth rate of the second company due to 

competition of the first and second companies 

1
���ℎ . ���

��,� The reduction growth rate of the second company due to 

competition of the second and third companies 

1
���ℎ . ���

��,� The reduction growth rate of the third company due to 

competition of the first and third companies 

1
���ℎ . ���

��,� The reduction growth rate of the third company due to 

competition of the second and third companies 

1
���ℎ . ���

The variables ��, ��, �� represent number of container productions. Hence��, ��, �� ≥ 0.

The parameters ��, ��, ��, 	�, 	�, 	�, ��,�, ��,�, ��,�, ��,�, ��,�, ��,� are quantities that represent rate, so we assume��, ��, ��,	�, 	�, 	�, ��,�, ��,�, ��,�, ��,�, ��,�, ��,� > 0.

Carrying capacity parameter represents maximum of container production number of each company. Hence, the 

carrying capacity parameters are not affected by the other shipping company. From the assumptions, the 
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mathematical model of the competition dynamics of shipping companies in Surabaya could be represented in the 

following ordinary differential equation system: 
���
�� �  	��� �1 � ��

��� � ������� � ������� , (1) 

���
�� �  	��� �1 � ��

��� � ������� � ������� , (2) 

���
�� �  	��� �1 � ��

��� � ������� � �������. (3) 

Equation (1) represents the rate of change in the number of container production from the first company per unit 

time. The number of container production for the first company increased due to the growth rate in the company's 

production. On the other hand, the number of container production in the first company decreased due to the 

competition of the first company with the second and third companies. 

Equation (2) describes the dynamics of the number of container production of the second company per unit time. 

The number of container production for the second company logistically increased due to the growth rate of the 

company. In contrast, the number of container production in the second company decreased due to the competition 

of the second company with the first and third companies. 

Equation (3) describes the change rate of the container production number of the third company per unit time. 

The number of container production for the third company logistically increased due to the growth rate of the 

company. On the other hand, the number of container production in the third company decreased due to the 

competition of the third company with the first and second companies. 

PARAMETER ESTIMATION OF THE COMPETITION MATHEMATICAL MODEL 

In this section, we determine the parameter values of the mathematical model for the dynamics of shipping 

company competition in Surabaya. The parameter is estimated using the genetic algorithm since the exact solution 

of the model in equations (1)-(3) could not be determined [10, 11]. The data used to estimate the parameters is data 

on the number of container production or the number of containers by shipping companies every month from 

October 2018 (� � 0) to September 2019 (� � 11). The data are presented in Figure 1, Figure 2 and Figure 3,

respectively. 

 (c) 

FIGURE 1. Number of container production data of the first company. 
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FIGURE 2. Number of container production data of the second company. 

FIGURE 3. Number of container production data of the third company. 

The parameter values are selected such that the parameters produce the smallest error value. In this article, we use 

MAPE (Mean Absolute Percentage Error) as an objective function. MAPE value is given by  

� 1
3 " #$��,%∗ � ��,%��,% $ ' $��,%∗ � ��,%��,% $ ' $��,%∗ � ��,%��,% $()

%*� . 
Here is the average of relative error (MAPE),  is the number of data, ��,%, ��,% , ��,% are data on the number of

container production from the first, second, and third companies at the i-month, respectively. Moreover, ��,%∗ , ��,%∗ , ��,%∗
are the predicted number of container production from the first, second, and third companies at the i-month obtained 

from the model solution in equations (1)-(3), respectively. Here + � 1,2,3, … , .
The parameter estimation process is done through several trials, where the best objective function value is equal to 

0.11994 or 11.994%. The best parameter values of the parameter estimation process are presented in Table 2. 
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TABLE 2. Best parameter values 

Parameter Parameter values 

	� 0.17036 

��� 3.96. 10/0
�� 30566 

��� 4.58. 10/0
	� 0.56306 

��� 5.59. 10/0
�� 26775 

��� 6.27. 10/0
	� 0.22156 

��� 2.27. 10/0
�� 22296 

��� 7.39. 10/0

A comparison of model calculation results with real container production data for the first, second, and third 

companies is presented in Figure 4, Figure 5, and Figure 6, respectively. 

FIGURE 4. Comparison between the data and predicted result of the first company container production number 

FIGURE 5. Comparison between the data and predicted result of the second company container production number 
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FIGURE 6. Comparison between the data and predicted result of the third company container production number 

Figure 4 shows the difference between data and the predicted results of the first company. The predicted results 

of container production are seen to have decreased around the value of 28,000 boxes. Figure 5 shows in the sixth to 

the last month between real data and estimated graphs approaching the same value. The predicted results of 

container production in the second company are seen to have decreased around the value of 26,000 boxes. Figure 6 

shows the value of total container production between the real data and the estimation results are quite close to the 

beginning and end of the data. The predicted results of the third company's container production are also seen to 

have decreased around the value of 20,000 boxes. Results of the model prediction are much different from the 

container production data for the three companies in the eighth month (May 2019). May 2019 coincides with 

Ramadan month (fasting month), where the number of container production of every shipping company in Surabaya 

was decrease. This decrease in production on Ramadan month (fasting month) is seasonal phenomenon in the port of 

Tanjung Perak, Surabaya.  

By substituting the parameter values in Table 2 into equations (1) - (3), a mathematical model of shipping 

company competition in Surabaya takes the following form  
���
�� � 0.17036�� �1 � ��

�3455� � 3.9553 ∗ 10/0���� � 4.581 ∗  10/0���� (4) 

���
�� � 0.56306�� �1 � ��

�5004� � 5.5918 ∗ 10/0���� � 6.265 ∗ 10/0���� (5) 

���
�� � 0.22156�� �1 � ��

���:5� � 2.2739 ∗ 10/0���� � 7.387 ∗ 10/0���� (6) 

The mathematical model of the shipping company competition in Surabaya in equation (4) - (6) has eight 

equilibrium points, namely: 

(1) The equilibrium point when all three companies go bankrupt ;�<��, ��, ��= � <0,0,0=.
(2) The equilibrium point is that only the first shipping company has container production, while the second

and third companies have experienced bankruptcy ;�<��, ��, ��= � <30566, 0, 0=.

(3) The equilibrium point is when only the second shipping company has container production, while the first

and third companies have experienced bankruptcy ;�<��, ��, ��= � <0, 26775, 0=.

(4) The equilibrium point is when only the third shipping company has the amount of container production

whereas, the first and second companies have experienced bankruptcy ;><��, ��, ��= � <0, 0 , 22296=.
(5) The equilibrium point when the first and second shipping companies have total container production

whereas, the third company has experienced bankruptcy ;4<��, ��, ��= � <28720, 26011 , 0=.

(6) The equilibrium point when the first and third shipping companies had total container production, while the

second company went bankrupt ;5<��, ��, ��= � <28787, 0 , 21637=.
(7) The equilibrium point when the second and third shipping companies have total container production, while

the first company went bankrupt ;0<��, ��, ��= � <0, 26169 , 20351=.

(8) The equilibrium point when all three shipping companies have total container production ;?<��, ��, ��= �
<27133, 25464 , 19728=.
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By using the eigenvalue approach, the equilibrium points ;�, ;�, … , ;0 are unstable while the equilibrium coexistence

point ;? is locally asymptotically stable. Since the coexistence equilibrium  ;? is asymptotically stable, then this

coexistence equilibrium will happen in real situation. 

Next, we present a numerical simulation to predict the number of container production and the dynamics of 

competition between the three shipping companies in the future. The simulation is conducted with several different 

initial values to compare the dynamics of the number of container production of the three shipping companies. This 

numerical simulation is performed from t = 0 until t = 50 (months). The results of numerical simulations of 

mathematical models of shipping company competition in Surabaya in equation (4) - (6) using production data in 

October 2018 as an initial value are presented in Figure 7. 

FIGURE 7. Dynamics of the container production of the shipping companies with an initial value of production data 

in October 2018 

Figure 7 uses data on the number of container production in October 2018 as the initial value. The initial value 

used in the parameter estimation process equal to 30,230 boxes, 27,434 boxes, and 23,632 boxes. The simulation 

results show that the number of container production from the three shipping companies tends to decrease. Various 

factors could cause this decrease. One of them is very influential, namely the variation of weather conditions each 

month. In the simulation results, there was a decrease in container production until the fifth month. However, after 

these conditions, the amount of container production tends to be constant towards the equilibrium value. 

Figure 8 presents results of numerical simulations of mathematical models of shipping company competition in 

Surabaya in equation (4) - (6) using production data in January 2019 as the initial value. Figure 8 uses data on the 

number of container production in January 2019 as the initial value of 25,235 boxes, 23,684 boxes, and 20,769 

boxes. The simulation results show that the number of container production from the first and second companies 

tends to increase. In contrast, the number of container production of the third company seems to have decreased. 

This is due to various factors, including economic factors, company internal factors, and weather factors that can 

affect the amount of container production of each company. From the simulation results, it can be seen that the 

dynamics of the number of container production of the three companies tend to be constant towards the equilibrium 

value at a certain time. 

Simulation results with different initial values show a changing trend in the number of container production that 

varies from each shipping company. This result shows that the initial value used in the simulation affects the 

simulation results. Uncertain conditions every month affect the number of container production of shipping 

companies so that monthly data is volatile. From the simulation results, the first shipping company tends to have a 

large amount of container production when compared to the second and third companies. Compared to the first and 

second companies, the third shipping company tends to have smaller container production. 

The simulation results in Figure 7 and Figure 8 show that the graph of the number of container production in 

Surabaya at a specific time will lead to an equilibrium value of coexistence i.e., the equilibrium point �;?<���,� ��,� ��= � <27133, 25464�, 19728=. This condition represents this situation occurs when the three shipping
companies continue to survive. Competition between the first, second, and third shipping companies will also 
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continue to occur over time. The three shipping companies must anticipate all possibilities that will occur and must 

have a new strategy to maintain the existence of the company's shipping activities. 

FIGURE 8. Dynamics of the container production of the shipping companies with an initial value of production data 

in January 2019 

CONCLUSIONS 

In this article, the mathematical model of the Lotka-Volterra competition has been successfully applied to 

explain the dynamics of the competition of three shipping companies in Surabaya. Numerical simulation results 

show that the equilibrium stable asymptotic equilibrium point associated with the three companies still exists, and 

competition between the three competition of shipping companies will continue to occur. 
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