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Educational computer laboratories require a reliable and well-structured network 

infrastructure to support learning activities and efficient resource management. 

However, many laboratory networks are still implemented using a single network 

segment, which can lead to high broadcast traffic and reduced network performance 

as the number of connected devices increases. This study proposes the design and 

implementation of a multi-segment Local Area Network (LAN) infrastructure based 

on institutional needs in an educational computer laboratory environment. The 

proposed network architecture consists of four laboratory rooms with a total of 160 

computers, where each laboratory operates within a different IP network segment 

while remaining interconnected through routing mechanisms. Network devices such 

as the MikroTik RB750Gr3 hEX router are used to manage gateway functions, 

DHCP services, and network address translation (NAT) for internet connectivity. The 

implementation is evaluated through connectivity tests between laboratory networks 

and internet access tests. The results show that all laboratory networks successfully 

communicate with each other without packet loss and demonstrate low latency 

values, indicating stable network performance. In addition, internet connectivity tests 

confirm that all laboratory networks can access external resources reliably. These 

findings demonstrate that the proposed multi-segment LAN infrastructure improves 

network organization, scalability, and manageability within educational computer 

laboratory environments. 
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INTRODUCTION 

Computer laboratories play an essential role in supporting technology-based learning activities in educational institutions. 

Various academic activities such as programming practice, network configuration, multimedia processing, and data 

analysis rely heavily on the availability of stable and well-managed network infrastructure. As the number of connected 

devices in educational laboratories continues to grow, managing network performance and stability becomes an 

increasingly important challenge[1]. 

 

In many educational environments, laboratory computers are often connected within a single local area network (LAN) 

infrastructure. While this approach simplifies network deployment, it can lead to several operational problems when the 

number of devices increases significantly. High broadcast traffic, network congestion, and difficulties in network 

management are among the most common issues found in large-scale laboratory networks[2]. These problems may 

negatively affect the quality of learning activities that depend on reliable network connectivity. 
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One approach to addressing these challenges is the implementation of network segmentation, where the network is divided 

into several smaller segments based on operational requirements. Network segmentation helps reduce broadcast domains, 

improve traffic management, and enhance network security. By separating devices into different network segments, 

administrators can manage network resources more efficiently while maintaining system stability[3]. 

Several studies have explored the implementation of segmented networks to improve network performance and security 

in organizational environments. However, most existing research focuses primarily on enterprise or data center networks, 

while relatively limited attention has been given to the implementation of multi-segment LAN infrastructures in 

educational computer laboratory environments, particularly those that must accommodate a large number of client devices 

distributed across multiple laboratory rooms[4]. 

 

In addition, previous studies often emphasize either network segmentation or centralized network management without 

fully addressing the need for inter-laboratory connectivity within segmented network architectures. In educational 

institutions, laboratories often require both network isolation for performance management and connectivity for resource 

sharing and collaborative learning activities[5]. 

 

Therefore, this study proposes the design and implementation of a multi-segment LAN network infrastructure for 

educational computer laboratories based on institutional needs. The proposed approach divides the network into multiple 

segments corresponding to different laboratory rooms while maintaining connectivity between segments through routing 

mechanisms. This architecture aims to improve network performance, enhance network management efficiency, and 

support scalable network expansion within the institutional environment. 

 

The objective of this research is to design and evaluate a multi-segment LAN architecture that supports multiple computer 

laboratories with interconnected network segments. The study also analyzes network connectivity and performance to 

assess the effectiveness of the proposed network infrastructure in supporting educational computing environments. 

METHOD 

Research Design 

This study applies a network design and implementation approach to develop a multi-segment LAN infrastructure in 

educational computer laboratories. The research focuses on designing a segmented network architecture that allows each 

laboratory to operate within its own network segment while maintaining connectivity between laboratories. 

 
Fig 1. Research Methodology Flowchart 
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The research process consists of several stages, including network requirement analysis, network topology design, 

network implementation, and network performance evaluation. These stages ensure that the proposed network 

infrastructure can effectively support laboratory activities while maintaining stable network performance. 

 

To ensure a systematic development of the proposed network infrastructure, this study follows several structured research 

stages. Each stage is designed to support the planning, development, and evaluation of the multi-segment LAN 

architecture implemented in the educational computer laboratory environment. The stages begin with identifying the 

network requirements of the laboratory environment, followed by designing the network architecture based on the 

identified needs. After the design phase, the network infrastructure is implemented through the configuration of 

networking devices and addressing schemes. The implemented network is then tested to verify connectivity, latency, and 

overall functionality. Finally, the network performance is evaluated to determine the effectiveness of the proposed 

architecture in supporting laboratory operations. 

 

Table 1. Research Stages 

Stage Description 

Requirement 

Analysis 

Identification of laboratory network needs including number of devices and connectivity 

requirements 

Network Design Designing a segmented LAN architecture for multiple laboratories 

Implementation Configuring routers, switches, and IP addressing scheme 

Testing Conducting connectivity and latency tests 

Evaluation Analyzing network performance and stability 

 

Network Environment 

The study was conducted in a computer laboratory environment consisting of four laboratory rooms. Each laboratory 

contains 40 personal computers, resulting in a total of 160 computers connected to the network infrastructure. Each 

laboratory room is equipped with one router and one unmanaged switch to distribute network connectivity to all computers 

in the room. The router used in each laboratory is MikroTik RB750Gr3 hEX, which functions as the gateway for the 

laboratory network and manages several network services such as Dynamic Host Configuration Protocol (DHCP), 

Network Address Translation (NAT), and routing. The routers in each laboratory are connected through the institutional 

network backbone, allowing the laboratory networks to communicate with one another while maintaining separate 

network segments. 

 

The use of a dedicated router in each laboratory is an important design consideration in supporting the implementation of 

a multi-segment LAN infrastructure. Unlike a network that relies solely on switches, the presence of routers enables the 

separation of network segments through different IP subnets while still allowing controlled communication between them. 

This segmentation helps reduce broadcast traffic within the network and improves overall network performance, 

particularly in environments with a large number of connected devices such as computer laboratories. 

 

Furthermore, routers provide advanced network management capabilities including routing control, network address 

translation (NAT), and dynamic host configuration protocol (DHCP) services. These features allow each laboratory 

network to operate independently while maintaining connectivity with other laboratory networks and external internet 

services. By using routers such as the MikroTik RB750Gr3 hEX in each laboratory, the network infrastructure becomes 

more flexible, scalable, and easier to manage. This design also simplifies troubleshooting and network maintenance 

because each laboratory network can be monitored and configured separately without affecting other segments. 

Table 2. Network Devices Used in the Laboratory Infrastructure 

Device Type Model Function Quantity 

Router MikroTik RB750Gr3 hEX Gateway, routing, DHCP, NAT 4 

Switch Unmanaged Switch Network distribution to PCs 4 

Personal Computer Desktop PC Client devices in laboratories 160 

 

Network Architecture Design 

The network architecture proposed in this study adopts a multi-segment LAN design, where each laboratory operates in 

a different IP network segment. This approach aims to reduce broadcast traffic, improve network management efficiency, 

and maintain network stability when a large number of devices are connected.Each laboratory network uses a private IPv4 
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Class C address with a different network ID. This configuration creates separate broadcast domains for each laboratory 

while allowing inter-network communication through routing mechanisms.  

 

The proposed network infrastructure adopts a multi-segment LAN architecture in which each laboratory operates within 

a separate network segment. This segmentation reduces broadcast traffic and improves network management efficiency. 

Although the networks are logically separated, routing mechanisms allow communication between laboratories. The 

overall architecture of the proposed network infrastructure is illustrated in Figure 2. 

 
Fig 2. Multi-Segment LAN Architecture for Educational Computer Laboratories 

To support the implementation of the multi-segment LAN architecture, each laboratory network is assigned a different 

IPv4 Class C network segment. This addressing scheme allows logical separation between laboratory networks while 

maintaining connectivity through routing mechanisms. Each laboratory network is configured using a /26 subnet mask to 

accommodate the number of connected devices while allowing additional addresses for network management. The 

addressing scheme used in this study is presented in Table 3. 

Table 3. The network addressing scheme 

Laboratory Network Address Subnet Mask Gateway Number of Computers 

Laboratory 1 192.168.10.0/26 255.255.255.192 192.168.10.1 40 

Laboratory 2 192.168.20.0/26 255.255.255.192 192.168.20.1 40 

Laboratory 3 192.168.30.0/26 255.255.255.192 192.168.30.1 40 

Laboratory 4 192.168.40.0/26 255.255.255.192 192.168.40.1 40 

 

Network Implementation 

The network implementation stage involves configuring routers and switches to support segmented network operation 

and inter-laboratory communication. After the network architecture was designed, the next stage involved implementing 

the proposed infrastructure in the laboratory environment. The implementation process focused on configuring the 

network devices in each laboratory to support segmented network communication while maintaining connectivity 

between laboratories and external networks. Each laboratory network was configured using a dedicated router to manage 

local network services and inter-network communication. 

 

The routers used in this implementation were MikroTik RB750Gr3 hEX devices installed in each laboratory. These 

routers were configured to function as gateways for their respective network segments. The configuration process 

included assigning IP addresses to router interfaces, defining subnet parameters based on the addressing scheme, and 

establishing routing paths to enable communication between the laboratory networks. 

 

In addition to basic interface configuration, each router was configured with Dynamic Host Configuration Protocol 

(DHCP) services to automatically assign IP addresses to client devices within the laboratory network. The DHCP server 

distributes IP addresses, subnet masks, default gateway information, and DNS settings to connected computers, thereby 

simplifying network management and reducing the need for manual configuration on each client device. 

To enable internet connectivity for all laboratory computers, Network Address Translation (NAT) was configured on the 

routers. NAT allows multiple internal private IP addresses within the laboratory networks to access external networks 

through a single public IP address. This mechanism ensures efficient use of public IP resources while maintaining secure 

communication between internal and external networks. 
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Furthermore, routing mechanisms were implemented to allow communication between different laboratory network 

segments. Static routing entries were configured on each router to define the paths to other laboratory networks. Through 

this routing configuration, computers located in one laboratory can communicate with devices in other laboratories when 

necessary, while still maintaining logical separation between network segments. The implementation of these 

configurations ensures that the multi-segment LAN infrastructure operates efficiently, supports inter-laboratory 

communication, and provides stable internet connectivity for all computers within the educational laboratory 

environment. 

Table 4. Router Configuration Parameters 

Parameter Description Configuration 

Router Device Router used in each laboratory MikroTik RB750Gr3 hEX 

Interface IP 

Address 

Default gateway address for each laboratory network 192.168.x.1 

Subnet Mask Network segmentation mask 255.255.255.192 (/26) 

DHCP Server Automatic IP address assignment for client PCs Enabled 

DHCP Range Range of IP addresses assigned to client devices 192.168.x.10 – 192.168.x.62 

NAT Internet access for internal networks Masquerade 

Routing Interconnection between laboratory networks Static Routing 

 

Table 4 presents the main configuration parameters applied to the routers in each laboratory network. The table describes 

the networking device used, the essential network configuration parameters, and the mechanisms that support 

communication within and between laboratory segments. The routers deployed in this study serve as the primary gateway 

devices that manage network traffic, distribute IP addresses, and regulate connectivity between internal networks and 

external internet services. 

 

The configuration parameters include the assignment of gateway IP addresses, subnet mask settings, and DHCP server 

configuration for automatic IP address allocation to client computers. In addition, Network Address Translation (NAT) 

is implemented to enable internal private networks to access external internet resources efficiently. Static routing rules 

are also configured to establish communication paths between the different laboratory network segments. 

By defining these configuration parameters, the proposed network infrastructure can operate in a structured and 

manageable manner. Furthermore, documenting the router configuration in this form provides clarity regarding the 

network implementation process and enables other researchers or network administrators to replicate the configuration in 

similar educational laboratory environments. 

 

Network Testing and Evaluation 

After the network infrastructure was implemented, a series of tests were conducted to evaluate the performance and 

functionality of the proposed multi-segment LAN architecture. The testing phase aimed to ensure that the network 

configuration operated as expected, that communication between laboratory networks functioned properly, and that 

internet connectivity was stable for all connected devices. Several evaluation methods were used in this study, including 

connectivity testing, latency measurement, and internet access verification. 

 

The first stage of testing involved connectivity verification using the ping test. This test was performed to determine 

whether devices within the same laboratory network and across different laboratory segments could communicate 

successfully. The ping test sends Internet Control Message Protocol (ICMP) packets from one host to another and 

measures whether a response is received. Successful responses indicate that the routing configuration between network 

segments is functioning correctly. 

 

The second evaluation focused on latency measurement, which represents the time required for a data packet to travel 

from a source device to a destination device and return to the sender. Latency values were observed during ping tests 

conducted between computers located in different laboratory networks as well as between laboratory computers and 

external internet hosts. Lower latency values indicate more efficient network communication and better overall network 

performance. 
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The final testing stage involved verifying internet connectivity for all laboratory networks. Each laboratory computer was 

tested to ensure that it could access external internet resources through the configured gateway. This test confirmed that 

the routers correctly implemented network address translation (NAT) and routing mechanisms, enabling internal private 

networks to communicate with external internet servers. Through these testing procedures, the functionality and 

performance of the implemented multi-segment LAN infrastructure could be evaluated comprehensively. The results of 

these tests provide insights into the effectiveness of the proposed network design in supporting reliable communication 

within educational computer laboratory environments. 

RESULTS AND DISCUSSION 

Results 

The connectivity test results show that all laboratory networks are able to communicate successfully with other laboratory 

segments. The ping tests produced an average latency of approximately 1 ms with no packet loss, indicating that the 

routing configuration between network segments operates effectively. Furthermore, internet connectivity tests 

demonstrate that all laboratory networks can access external internet hosts with stable latency values ranging from 18 to 

20 ms. These results confirm that the implemented network architecture successfully supports both internal 

communication between laboratory networks and external internet access. 

Table 5. Inter-Laboratory Connectivity Test Results 

Source 

Laboratory 

Destination 

Laboratory 

Destination IP Packets 

Sent 

Packets 

Received 

Packet 

Loss 

Average 

Latency 

(ms) 

Status 

Laboratory 1 Laboratory 2 192.168.20.10 4 4 0% 1 ms Connected 

Laboratory 1 Laboratory 3 192.168.30.10 4 4 0% 1 ms Connected 

Laboratory 1 Laboratory 4 192.168.40.10 4 4 0% 1 ms Connected 

Laboratory 2 Laboratory 3 192.168.30.10 4 4 0% 1 ms Connected 

Laboratory 2 Laboratory 4 192.168.40.10 4 4 0% 1 ms Connected 

Laboratory 3 Laboratory 4 192.168.40.10 4 4 0% 1 ms Connected 

 

Table 5 presents the results of the inter-laboratory connectivity tests conducted using the ping command. The tests were 

performed between computers located in different laboratory network segments to verify the effectiveness of the routing 

configuration. The results show that all laboratory networks successfully communicated with each other without packet 

loss. Each test transmitted four ICMP packets and received all responses, indicating stable network connectivity. The 

observed average latency was approximately 1 ms, which demonstrates that the implemented multi-segment LAN 

architecture provides efficient communication between laboratory networks. These results confirm that the routing 

configuration between network segments functions properly and supports reliable data transmission within the laboratory 

infrastructure. 

Table 6. Internet Connectivity Test Results 

Laboratory Destination 

Host 

Destination 

IP 

Packets 

Sent 

Packets 

Received 

Packet 

Loss 

Average 

Latency (ms) 

Status 

Laboratory 1 google.com 8.8.8.8 4 4 0% 18 ms Connected 

Laboratory 2 google.com 8.8.8.8 4 4 0% 19 ms Connected 

Laboratory 3 google.com 8.8.8.8 4 4 0% 20 ms Connected 

Laboratory 4 google.com 8.8.8.8 4 4 0% 19 ms Connected 

 

Table 6 presents the results of the internet connectivity tests conducted from each laboratory network to an external 

internet host. The tests were performed using the ping command to verify that the configured network infrastructure 

successfully provides internet access for all laboratory segments. The results indicate that all laboratories were able to 

reach the destination host without packet loss, demonstrating stable external connectivity. Each test transmitted four ICMP 

packets and received all responses successfully. The average latency ranged between 18 ms and 20 ms, which indicates a 

stable and responsive internet connection for all laboratory networks. These results confirm that the implemented routing 

and network address translation (NAT) configurations function correctly, enabling internal private networks to 

communicate with external internet resources. 
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Fig 3. Average Latency Between Laboratory Networks 

Figure 3 illustrates the average latency observed during connectivity tests between laboratory network segments. The 

results show that the communication between laboratory networks operates with very low latency, averaging 

approximately 1 ms for all inter-laboratory connections. This indicates that the routing configuration implemented in the 

multi-segment LAN architecture functions efficiently and supports fast communication between network segments. The 

low latency values also demonstrate that the proposed network infrastructure is capable of supporting educational 

laboratory activities that require stable and responsive network connectivity. 

 

Discussion 

The results indicate that the proposed multi-segment LAN architecture operates effectively in the educational laboratory 

environment. Inter-laboratory connectivity tests show successful communication between all network segments with no 

packet loss and very low latency, demonstrating that the routing configuration functions properly. Internet connectivity 

tests also confirm that all laboratory networks can access external resources with stable latency ranging from 18 ms to 20 

ms, which is adequate for common laboratory activities such as online learning and accessing web-based resources. In 

addition, the use of different IP subnets for each laboratory helps reduce broadcast traffic and improves overall network 

organization. Overall, the implemented multi-segment network design enhances network manageability, scalability, and 

reliability within the institutional laboratory infrastructure. 

CONCLUSION 

This study proposed and implemented a multi-segment LAN infrastructure for educational computer laboratories 

consisting of four laboratory rooms with a total of 160 computers. Each laboratory operates within a different IP network 

segment while remaining interconnected through routing mechanisms using routers such as the MikroTik RB750Gr3 

hEX. The testing results show that the network architecture provides stable communication between laboratory networks 

and reliable internet connectivity, with no packet loss and low latency values during connectivity tests. These findings 

indicate that the proposed multi-segment LAN design improves network organization, scalability, and manageability, 

making it suitable for supporting network infrastructure needs in educational laboratory environments. 
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