
M  A  T  H  L  I  N  E 
JURNAL MATEMATIKA DAN PENDIDIKAN MATEMATIKA 

ISSN 2502-5872 (Print) 

ISSN 2622-3627 (Elektronik) 

 

 
 

521 

 

Volume 8 Number 2, May 2023, 521-532 

 

DETERMINATION OF CRITICAL NODE IN THE JAVA SUMATRA 

KALIMANTAN SUBMARINE CABLE COMMUNICATION SYSTEM 
 

Haliza Suci Rachmadini1*, Amril Aman2, , Bib Paruhum Silalahi3 
1,2,3Departement of Mathematics, IPB University, West Java Province, Indonesia 

 

*Correspondence: halizasrhaliza@apps.ipb.ac.id    
 

 

ABSTRACT  
Disruption of the Java Sumatra Kalimantan (Jasuka) submarine cable communication 

system significantly impacted the smooth flow of communications. To reduce the impact, 

the detection of critical nodes in the network uses the critical node detection method to 

identify the most important nodes in the Jasuka network. This study aims to apply the 

critical node detection method as integer linear programming on the Jasuka network to 

obtain critical nodes by minimizing the number of paired connections on the nodes. The 

data in this research comes from the Jasuka network, represented as nodes and edges, and 

then analyzed using Python 3.11 software. The results showed that the critical node of the 

Jasuka submarine cable communication system is located at index 5 and 14 or the landing 

point Dumai, Riau and Palembang Jambi. The critical node on the Jasuka network can be a 

reference for Telkom Indonesia to pay special attention to the landing point because the 

damage will impact the entire network. 
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PRELIMINARY 

Indonesia is the largest archipelagic country in the world. According to data (Badan 

Pusat Statistik, 2022), Indonesia has more than 17,000 islands and a long coastline. 

Geographical conditions like these make Indonesia need a reliable communication system 

to connect islands and remote areas to other regions, both within and outside the country 

(Tarayana et al., 2021). One effective solution that can be used to overcome these 

geographical constraints is a submarine cable communication system. This system is also 

known as a submarine cable network, a cable network located under the sea that is used to 

transmit data and connect two or more points between islands and countries that cross 

oceans and seas (Mamatsopoulos et al., 2020). This submarine cable network has a crucial 

role in global communications. Most data transmitted via the Internet uses a submarine 

cable network because of its high speed (Nugraha et al., 2019). Besides that, internet users 

file:///C:/Users/haliz/Downloads/halizasrhaliza@apps.ipb.ac.id
http://doi.org/10.31943/mathline.v8i2.422


 

 

 

522 Determination of Critical Node in The Java Sumatra Kalimantan Submarine Cable 

Communication System 

in Indonesia have increased yearly; in 2023, it will reach 215 million people, an increase of 

1.17% compared to the previous period (Asosiasi Penyelenggara Jasa Internet Indonesia, 

2023). 

Communication between islands and remote areas becomes more accessible and 

faster with submarine cables. In addition, this submarine cable also enables reliable and 

high-quality Internet and telephone access throughout Indonesia, including in the regions 

that are difficult to reach by land telecommunication networks. According to (Iswara & 

Afriansyah, 2022), underwater cables were first introduced in Indonesia in 1990, and since 

then, submarine cables have continued to develop into critical infrastructure in Indonesian 

telecommunications. Indonesia already has many submarine cable networks connecting 

with countries such as Singapore, Malaysia, Australia, the United States and Europe. In 

Indonesia, many submarine cables have been built, including the Jasuka cable owned by 

Telkom Indonesia. Jasuka is a submarine cable connecting three major islands in 

Indonesia: Java, Sumatra and Kalimantan. 

 

Figure 1. Jasuka Submarine Cable Communication System 

However, submarine cable networks are vulnerable to threats like earthquakes, 

tsunamis, sea storms, and human activities. If one of the cables is cut, data exchange 

cannot occur (Haryanto et al., 2019), and if there is damage to the submarine cable 

network, it will require a lot of repair costs (Gasica et al., 2021). Therefore, it is necessary 

to monitor and maintain submarine cable networks periodically. 

The existence of several nodes in the network is essential to maintain connectivity 

and continuity of network functions. Therefore, identifying these nodes as critical nodes in 

the network is very important to understand how the network functions and optimize its 

performance so that prevention and recovery measures can be carried out more effectively 
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and efficiently. One of the methods used to identify influential nodes in this network is to 

perform critical node detection. 

The problem in determining critical node detection is identifying nodes with a 

crucial role in a network. In this context, a network can refer to various things, such as a 

biological network (X. Liu et al., 2019), a disaster Network (Hassan et al., 2020), a security 

network (W. Zhang et al., 2020), network forest landscapes (Yemshanov et al., 2021), 

social networks (Ajam & Seyedaghaee, 2021), transportation networks (Wang et al., 2021), 

power grids (Y. Liu et al., 2022), communication Networks (Atat et al., 2022), and so on. 

Recently, many search methods have been proposed to identify influential critical 

points in networks. Such as detecting critical nodes in complex networks with a cascade 

model with a multi-objective approach (L. Zhang et al., 2020). Determining critical nodes 

with a heuristic approach genetic algorithm (Alozie et al., 2021). Utilizes centrality 

measures to identify essential nodes in complex networks (Ugurlu, 2022). Using 

combinatorial and heuristic optimization techniques detects critical nodes in in-flight 

networks (H. Zhang et al., 2022). Finding critical nodes by comparing the heuristic and 

integer linear programming methods results in integer linear programming being more 

effective than the heuristic method (Faramondi et al., 2018). 

In this study, the problem of determining critical nodes will be modelled as integer 

linear programming (ILP) and then applied to the Jasuka submarine cable communication 

network and solved using Python software version 3.11. The ILP model produces optimal 

critical points expected to become a reference for Telkom Indonesia to give special 

attention to these critical points. 

 

METHODS 

The data used in this study came from secondary data obtained from Submarine 

Cable Map pages. The data is a map of the Jasuka submarine cable communication 

network owned by Telkom Indonesia. The landing point on the Jasuka submarine cable 

network is represented as a node and connected with an optical fibre cable that is presented 

as an edge and then transformed into a graph shape. The stages of this study are as follows: 

1. Describe the problem of the Jasuka submarine cable communication system. 

2. Formulate critical node detection mathematical models in the form of Integer Linear 

Programming. According to (Winston, 2014), ILP is a linear programming problem that 

allows some or all decision variables to be integer values. In this problem, the Jasuka 

submarine cable communication system, the decision variable is 0-1. 
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3. Perform compatibility testing of the critical node detection mathematical model with 

several test cases whose solutions are known using the help of Python software. 

4. Apply the critical node detection mathematical model to the Java Sumatra Kalimantan 

submarine cable communication system. These steps can be seen in Figure 2. 

 

Figure 2. Research Procedure Chart 

 

RESULT AND DISCUSSION 

Problem Description of the Jasuka Cable Communication System 

After experiencing several problems, most recently, on 21 September 2021, the 

Telkomsel and Indihome networks experienced disruptions caused by a disturbance in the 

Jasuka submarine cable system. This disturbance causes the flow of communication to be 

not smooth. To minimize disruption to the entire Jasuka system, Telkom Indonesia needs 

to anticipate by maintaining critical nodes so that damage does not have too much impact 

on the whole network. A mathematical model is formed to determine critical nodes in the 

network. Critical node detection is based on the landing point that connects the network. 

Therefore, the mathematical model constructed aims to identify critical nodes by 

minimizing the number of paired connections on network nodes that significantly influence 

the network. 

Suppose there is a submarine cable communication network. The network has 

several submarine cable landing points, represented as nodes. Each landing point will be 

Problem description Jasuka 

Problem Formulation 

Test the model in an example case where the solution is known using 

Python 

Model application on the JASUKA submarine cable communication 

system and looking for model solutions using Python 
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connected to other landing points via fibre optic cables represented as edges. Thus, the 

submarine cable communication network, which consists of a collection of nodes and 

edges, will form a graph. The following presumptions are used to restrict the challenge of 

identifying critical nodes in the Jasuka network: 

1. The landing point is predetermined 

2. There is one additional node between the nodes on the Palembang landing point and 

Jambi landing points 

Determining critical nodes in the Jasuka network using the critical node detection 

method will be formed into integer linear programming to identify the most crucial landing 

points in the Jasuka network. Critical node detection on the Jasuka network aims to 

determine critical nodes that can be used as a reference for PT. Telkom Indonesia is giving 

special attention to the landing point to minimize disruption to the entire Jasuka network. 

Problem Formulation 

Based on the problem already described, it is possible to formulate the problem of 

critical node detection on the Jasuka submarine cable communication system as an ILP. 

Here is the formulation of the problem: 

Index 

 = landing point;  

Table 1. Landing Point Index 

 Landing point 

 Medan, Sumatera Utara 

 Tebing Tinggi, Sumatera Utara 

 Rantau Prapat, Sumatera Utara 

 Bandar Bukit Tinggi, Malaysia 

 Dumai, Riau 

 Batam, Kepulauan Riau 

 Pontianak, Kalimantan Barat 

 Tanjung Pandan, Bangka Belitung 

 Tanjung Pakis, Karawang, Jawa Barat 

 Jakarta 

 Bandar Lampung, Lampung 

 Baturaja 

 Pelembang, Sumatera Selatan 
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 Landing point 

 Palembang-Jambi 

 Jambi 

 Pekanbaru, Riau 

 Padang, Sumatera Barat 

 Sibolga, Sumatera Utara 

 

Set 

 =  set of nodes in the network 

 =  set of edges in the network 

Parameter 

 = the number of critical nodes to be identified 

Decision Variable 

 =  

 =  

Objective functions 

The objective function of this problem is to minimize the number of node-pairing 

connections, which is used to identify the critical nodes that play an essential role in the 

network. 

 

 

Constraints 

The constraints used in this problem are as follows: 

1. Ensure that if an edge connects two nodes and both nodes are not critical, the two must 

be on the same component. 

  

2. Triangle inequality, ensuring there is connectivity on the graph (If node   is connected 

to  node  and node  is connected to the node , then node  must also be connected to 

node ) 
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3. Critical Node Limits 

 

4. Binary Variables 

  

  

Test Models 

A model test is carried out to ensure that the formulation of the mathematical 

problem above is fulfilled. Test the model using a simple network example where the 

solution or critical point is known. Each network has nodes which are landing points and 

edges connecting landing points. Critical nodes significantly influence the connections 

between other nodes in the network. If the node is removed from the network, the 

connection between the nodes will be lost. The network is tested to test the model's 

suitability with a parameter value of B=1. 

The test will be performed on a star network. Figure 3 shows a network of star 

network graphs whose edges are connected only to one node. In this case, because the 

network is relatively small, the critical node is located at node one because all the edges 

are connected to node 1. 

 

Figure 3. Star Network 

 

Furthermore, Figure 3 will be tested using Python software. 

1. Enter data, data in the form of index nodes connected from the star network in Figure 3, 

and node  is connected to node . 
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Table 2. Data Input Star Network 

i j 

1 2 

1 3 

1 4 

1 5 

1 6 

 

2. Enter the command to display the resulting graph from the input data. The output results 

can be seen in Figure 4. 

 

Figure 4. Star Network Graph 

3. Then a search for critical nodes is carried out using the Python programming language, 

and the results are represented in Figure 5. From this figure, node one is selected as a 

critical node. It can be seen if node one is used as a critical node. 

 

Figure 5. Critical Node in Star Network 
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Because the results obtained in the model test with examples of cases where 

solutions are known using Python, the results are the same as available solutions. The 

model and program are undoubtedly correct. Therefore, the following model can be 

applied to the Jasuka cable sea communication system. 

Model Applications on Java Sumatra Kalimantan Submarine Cable Communication 

System 

Based on data from the Jasuka in Table 1 and the formulation of the problem 

described then, the model will be applied to the Jasuka submarine cable communication 

system using Python software. A graph is obtained, which can be seen in Figure 6. 

 

Figure 6. Jasuka Submarine Communication Network Graph 

Then a search for critical nodes in the Jasuka communication network was carried 

out using the Python programming language as in the model test, and the results are 

represented in Figure 7. With B=1, the network is still connected as one component. 

 

Figure 7. Critical Node if B=1 in Jasuka Submarine Communication Network 
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Then a search for critical nodes was carried out by changing the parameter B = 2. 

The critical nodes were found at indexes 5 and 14, landing points in Dumai, Riau, and the 

Palembang-Jambi Section in Figure 8. The two critical nodes divide the network into two 

components. 

 

Figure 8. Critical Node in Jasuka Submarine Communication Network 

 

CONCLUSION 

According to the findings of this study, it would be possible to determine the 

critical nodes in submarine communication systems by creating mathematical models in 

the form of linear integer programming. With this model, the critical nodes on the network 

can be identified so that they can be kept connected and the network remains connected. 

The model application results on the Jasuka submarine cable communication network 

showed that the critical node is located on index number 5 and 14, which means that the 

critical node on the Jasuka network is located at the landing point Dumai, Riau and 

Palembang-Jambi. Therefore, protection should be provided to such critical nodes to 

ensure the communication system continues functioning correctly and efficiently.  

 

REFERENCES 

Ajam, L., & Seyedaghaee, S. N. (2021). Enhanced Critical Node Detection in Social 

Networks. Computing and Informatics, 40(6), 1422–1443. 

https://doi.org/10.31577/cai_2021_6_1422 

Alozie, G., Arulselvan, A., Akartunalı, K., & Pasiliao, E. (2021). A Heuristic Approach for 

The Distance-Based Critical Node Detection Problem in Complex Networks. Journal 

of the Operational Research Society, 73, 1. 

https://doi.org/10.1080/01605682.2021.1913078 

Asosiasi Penyelenggara Jasa Internet Indonesia. (2023). Survei Internet APJII 2023. 

https://survei.apjii.or.id/ 



 

 

  

531 Haliza Suci Rachmadini, Amril Aman, Bib Paruhum Silalahi 

Atat, R., Ismail, M., & Serpedin, E. (2022). Most Critical Nodes-Based Attack Strategies 

Comparison in Interdependent Power-Communication Networks. 2022 3rd 

International Conference on Smart Grid and Renewable Energy (SGRE), 1–6. 

https://doi.org/10.1109/SGRE53517.2022.9774057 

Badan Pusat Statistik. (2022). Luas Daerah dan Jumlah Pulau Menurut Provinsi 2022. 

https://www.bps.go.id/ 

Faramondi, L., Setola, R., Panzieri, S., Pascucci, F., & Oliva, G. (2018). Finding Critical 

Nodes in Infrastructure Networks. International Journal of Critical Infrastructure 

Protection, 20, 3–15. https://doi.org/https://doi.org/10.1016/j.ijcip.2017.11.004 

Gasica, T. A., Khomsin, K., & Yuwono, Y. (2021). Studi Geomatika untuk Rekomendasi 

Jalur Kabel Laut di Selat Bali. Jurnal Teknik ITS, 10(2), 65–70. 

https://doi.org/10.12962/j23373539.v10i2.69953 

Haryanto, B. S., Sujatmoko, K., & Hambali, A. (2019). Perencanaan Sistem Komunikasi 

Kabel Laut Jasuka Link Alternatif Tanjung Pakis-Pontianak. E-Proceeding of Applied 

Science, 4679–4686. 

https://openlibrarypublications.telkomuniversity.ac.id/index.php/engineering/article/vi

ew/10804 

Hassan, A., Ahmad, R., Ahmed, W., Magarini, M., & Alam, M. M. (2020). Managing 

Critical Nodes in UAV assisted Disaster Networks. 2020 17th Biennial Baltic 

Electronics Conference (BEC), 1–5. https://doi.org/10.1109/BEC49624.2020.9276993 

Iswara, R., & Afriansyah, A. (2022). Arrangement of Submarine Cables and Pipelines as 

Part of Marine Spatial Planning in Indonesia. Jambe Law Journal, 5(1), 1–38. 

https://doi.org/10.22437/jlj.5.1.1-38 

Liu, X., Hong, Z., Liu, J., Lin, Y., Rodríguez-Patón, A., Zou, Q., & Zeng, X. (2019). 

Computational Methods for Identifying the Critical Nodes in Biological Networks. 

Briefings in Bioinformatics, 21(2), 486–497. https://doi.org/10.1093/bib/bbz011 

Liu, Y., Song, A., Shan, X., Xue, Y., & Jin, J. (2022). Identifying Critical Nodes in Power 

Networks: A Group-Driven Framework. Expert Systems with Applications, 196, 

116557. https://doi.org/10.1016/j.eswa.2022.116557 

Mamatsopoulos, V. A., Michailides, C., & Theotokoglou, E. E. (2020). An Analysis Tool 

for the Installation of Submarine Cables in an S-Lay Configuration Including “In and 

Out of Water” Cable Segments. Journal of Marine Science and Engineering, 8(1), 1–

18. https://doi.org/10.3390/jmse8010048 

Nugraha, D. R., Damayanti, T. N., & Hartaman, A. (2019). Perancangan Penggunaan 

Penguat Optik Jaringan Sistem Komunikasi Kabel Laut (SKKL) pada Jaringan 

Broadband di Tanjung Pakis Karawang. E-Proceeding of Applied Science, 1661–

1671. 

https://openlibrarypublications.telkomuniversity.ac.id/index.php/appliedscience/article

/view/9569 

Tarayana, A. E., Budi, I. M. P., & Pranindito Dadiek. (2021). SKKL Performance Analysis 

of Submarine Cable Communication System (SKKL) Edfa - Soa Amplifier Link Java 

– Bali Using Optisystem. Journal of Telecommunication, Electronics, and Control 

Engineering (JTECE), 3(1), 48–53. https://doi.org/10.20895/jtece.v3i1.148 

Ugurlu, O. (2022). Comparative Analysis of Centrality Measures for Identifying Critical 

Nodes in Complex Networks. Journal of Computational Science, 62, 101738. 

https://doi.org/https://doi.org/10.1016/j.jocs.2022.101738 

Wang, L., Zheng, S., Wang, Y., & Wang, L. (2021). Identification of Critical Nodes in 

Multimodal Transportation Network. Physica A: Statistical Mechanics and Its 

Applications, 580, 126170. https://doi.org/10.1016/j.physa.2021.126170 



 

 

 

532 Determination of Critical Node in The Java Sumatra Kalimantan Submarine Cable 

Communication System 

Winston, W. L. (2014). Operations Research Applications and Algorithms. 

www.duxbury.com 

Yemshanov, D., Liu, N., Thompson, D. K., Parisien, M. A., Barber, Q. E., Koch, F. H., & 

Reimer, J. (2021). Detecting Critical Nodes in Forest Landscape Networks to Reduce 

Wildfire Spread. PLoS ONE, 16(10), 1–30. 

https://doi.org/10.1371/journal.pone.0258060 

Zhang, H., Zhao, J., Wang, J., & Zhu, P. (2022). An Optimization Method for Critical 

Node Identification in Aviation Network. Frontiers in Physics, 10, 944136. 

https://doi.org/10.3389/fphy.2022.944136 

Zhang, L., Xia, J., Cheng, F., Qiu, J., & Zhang, X. (2020). Multi-Objective Optimization of 

Critical Node Detection Based on Cascade Model in Complex Networks. IEEE 

Transactions on Network Science and Engineering, 7(3), 2052–2066. 

https://doi.org/10.1109/TNSE.2020.2972980 

Zhang, W., Liu, K., Sheng, W., Du, S., & Jia, D. (2020). Critical Node Identification in 

Active Distribution Network Using Resilience and Risk Theory. IET Generation, 

Transmission & Distribution, 14(14), 2771–2778. https://doi.org/10.1049/iet-

gtd.2019.1781 

 


