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Load balancing plays a crucial role in ensuring efficient workload
distribution and maintaining stable performance in web service systems.
This study presents the design and experimental evaluation of a round robin—
based load balancing system implemented in a multi-client local area
network (LAN) environment using NGINX as a centralized controller. The
system consists of three physical machines, comprising one load balancer
and two backend servers hosting identical web applications. Multiple clients
generate simultaneous hypertext transfer protocol (HTTP) requests, which
are distributed alternately to the backend servers using the default round
robin mechanism provided by NGINX. Experimental evaluation was
conducted under three workload scenarios of 50, 100, and 200 concurrent
requests. The results show that the round robin algorithm consistently
distributes requests evenly between the backend servers. The average
response time increased from approximately 110 ms at 50 requests to 165 ms
at 100 requests and 290 ms at 200 requests, indicating stable performance
under light to moderate load conditions. These findings demonstrate that the
proposed system is lightweight, modular, and easy to deploy in resource-
limited environments. The implementation is particularly suitable for
campus-scale networks and small institutional settings, serving as a practical
platform for local server deployment, academic applications, and
experimental learning in networking and distributed systems.
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1. INTRODUCTION

Computer networks play a vital role in modern information systems, with the client—server model
being one of the most widely adopted architectures for delivering web-based services, data-driven
applications, and cloud platforms [1]-[4]. In this model, multiple client devices access centralized services
hosted on servers, enabling efficient resource sharing, centralized management, and scalable service delivery
across the networked environments. The client—server paradigm provides a structured approach for handling
user requests, simplifying system maintenance, and allowing services to be accessed concurrently by multiple
users. Consequently, this architecture has become the fundamental foundation for modern web services and

distributed computing systems.

The rapid growth of digital services, including academic information systems, e-commerce
platforms, and institutional web applications, has significantly increased the number of concurrent users
accessing these services. As user demand grows, servers are required to handle a high volume of simultaneous
requests, which may lead to performance degradation when the system resources are not managed efficiently.
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In small-to medium-scale environments, such as campus networks, laboratories, and organizational
local area networks (LANS), web services are often deployed on a limited number of servers. When multiple
clients simultaneously access a single server, workload concentration may occur, resulting in increased
response times, resource contention, and potential service disruption [5], [6]. Figure 1 illustrates a typical
scenario in which multiple clients access a single server within a LAN, highlighting the potential for
performance bottlenecks under concurrent-access conditions.
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Figure 1. lllustration of multi-client access to a single-server architecture in a LAN

Load balancing is a widely used mechanism for addressing these challenges by distributing client
requests across multiple backend servers. By allocating workloads more evenly, load balancing reduces the
risk of server overload, improves fault tolerance, and enhances system scalability and availability [3], [7], [8].
Various load balancing strategies have been proposed in the literature, ranging from simple static algorithms
to more complex dynamic and adaptive approaches. Among the most widely used static methods is the
round-robin algorithm, which distributes incoming requests sequentially among the available servers [9]-
[11]. Owing to its simplicity, deterministic behavior, and ease of configuration, the round robin remains a
popular choice for practical implementations, particularly in environments with limited resources.

Several empirical studies have reported that deploying lightweight load balancers, such as NGINX
or HAProxy, improves throughput stability and reduces service latency in multi-user access scenarios,
particularly in LAN-based web service architectures. Previous studies commonly evaluate load balancing
performance using metrics such as response time, request success rate, throughput, central processing unit
(CPU) utilization, and memory consumption under varying numbers of concurrent connections [12]-[15]. In
addition, comparative evaluations have been conducted among static algorithms (round robin, least
connections, and IP hash), where round robin frequently demonstrates fair request distribution and stable
performance when backend servers have comparable hardware specifications and homogeneous service
profiles [9], [16], [17]. Prior research also indicates that adopting a load balancer as a single entry point
improves service availability and resilience because requests may be redirected when one backend server
becomes overloaded or unavailable [3], [18]. These findings suggest that simple scheduling-based
mechanisms remain effective for improving service reliability in small-scale institutional networks, provided
that the system is designed and evaluated using realistic LAN traffic loads, rather than purely simulated
environments.

The round-robin algorithm does not consider the current server load, processing capacity, or
network conditions when allocating requests [19]. Although this static characteristic limits its adaptability in
heterogeneous or highly dynamic environments, previous studies have demonstrated that round robin
achieves fair workload distribution and stable performance in systems with homogeneous server capacities
and moderate traffic levels [5], [11], [20]. Extensions, such as weighted round-robin, have been proposed to
enhance distribution by assigning predefined weights based on server capacity; however, these approaches
remain static and require prior knowledge of system characteristics [3], [21].

Recent research has explored advanced load balancing approaches, including controller-based
architectures [22], optimization and meta-heuristic techniques [22]-[24], and software-defined networking
(SDN)-based methods [10]. Although these approaches offer improved adaptability and performance in
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complex environments, they often introduce higher system complexity, additional control overhead, and
reliance on cloud-based or specialized infrastructures.

Despite extensive research on load balancing algorithms, many existing studies predominantly rely
on simulation-based evaluations and cloud computing platforms or SDN environments. Although these
approaches provide valuable insights into scalability and adaptability, they often involve complex
infrastructures that are not easily accessible in small-scale or resource-constrained settings. Consequently,
experimental investigations of lightweight, easily deployable load-balancing mechanisms in real LAN
environments remain relatively limited, particularly for educational institutions and campus-scale
deployments [21], [22].

In response to this gap, this study presents the design and experimental evaluation of a round-robin-
based load balancing system implemented in a multi-client LAN using NGINX as a centralized load
balancer. The proposed system consists of one controller node and two backend servers and is evaluated
under different request load scenarios to analyze the request distribution and response time behavior. Rather
than introducing a new algorithm, this study demonstrates the practical effectiveness of a simple and widely
used load balancing approach in a real LAN environment, while providing a lightweight, reproducible, and
educational prototype suitable for academic and institutional use.

2. RESEARCH METHOD

This study applies an experimental system-based methodology to evaluate the round-robin load-
balancing algorithm in a real LAN environment. The proposed implementation uses a centralized controller
that is accessed by multiple concurrent clients. This section describes the research design and system
architecture used for the performance evaluation.

2.1. Research design

The research design focuses on the practical implementation and experimental evaluation of a round
robin—based load balancing mechanism in a small-scale LAN. This study does not propose a new algorithm,
but evaluates the performance of a widely used static strategy when deployed on physical devices under
concurrent client requests. The system consists of three computers connected in a LAN: one node acts as a
centralized controller using NGINX, while two nodes function as backend web servers. Client hypertext
transfer protocol (HTTP) requests are forwarded alternately from the controller to the backend servers
following the round robin policy. The architecture is controller-based rather than an autonomous multi-agent
system, making it suitable for resource-constrained environments such as campus laboratories and small
institutional networks [25].

2.2. System architecture

This subsection describes the logical structure of the system and the interactions between its
components. The architecture represents a simplified load-balancing topology commonly used in small-scale
web service deployments. The system consists of the following components: i) clients (multi-client): multiple
clients simultaneously generate HTTP requests to the controller using request simulation tools;
ii) centralized controller: a centralized node running NGINX, responsible for distributing incoming requests
to backend servers using the round robin algorithm; and iii) backend servers: two web servers (server 1 and
server 2) that process client requests and return responses through the controller. This architecture is designed
for local deployment and ease of implementation. Its primary advantages include simplicity, controllability,
and suitability for laboratory-based experimentation without requiring complex virtualization or cloud
infrastructure. The overall system architecture is shown in Figure 2.

2.3. System workflow

This subsection explains the operational workflow of the system, starting from when a client sends a
request until a response is received by the client. The workflow demonstrates how round robin logic is
applied at the controller level. As illustrated in Figure 3, the system operates according to the following
sequence: i) clients send simultaneous HTTP requests to the controller; ii) the controller receives the
incoming requests; iii) requests are forwarded alternately to server 1 and server 2 based on the round robin
algorithm; iv) backend servers process the requests and generate responses; and V) response data and
interaction logs are recorded for performance analysis. This workflow is inspired by modular task
distribution concepts and is centralized and lightweight to suit small-scale experimental environments. Two
primary performance metrics are observed in this study, they are workload distribution: to evaluate whether
client requests are evenly distributed between the two backend servers according to the round robin principle
and response time to number of requests: to analyze the impact of increasing request numbers on system
response time.
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2.4. Testing scenarios

The experimental evaluation was not intended to achieve maximum throughput but to assess the
system stability in distributing workloads and maintaining acceptable response times under varying request
volumes. Three testing scenarios were defined to represent light, moderate, and heavy load conditions. The
detailed workload configuration for each scenario, including the number of generated requests and its
corresponding load category, is summarized in Table 1. These scenarios reflect typical access patterns
observed in small-scale LAN environments such as academic laboratories and internal organizational
networks.
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Table 1. Workload testing scenarios

Number of requests  Load category Description
50 Light load System tested under light request volume
100 Moderate load ~ System tested under medium request volume
200 Heavy load System tested under heavy request volume

2.5. Implementation environment

Prior to conducting performance testing, the hardware and software components used in
implementing the proposed load balancing system are summarized in Table 2. The system is deployed on a
LAN consisting of three main nodes: 1 controller node and 2 backend servers hosting the same web
application.

Table 2. System implementation components

Component Technology used
Web server Actual website application accessed via HTTP protocol
Load balancer NGINX configured to run round robin logic
Request simulation Apache benchmark (ab), Postman runner, or Python HTTP request script
Programming language  Not required for the controller, since logic is handled by NGINX
Network LAN
Operating system Linux (recommended)/Windows
Monitoring NGINX logging, response time capture, and Wireshark

To support reproducibility, the hardware specifications of the devices used in the experimental setup
are summarized in Table 3. All nodes were deployed on physical machines within the same LAN to ensure
consistent network conditions during testing. In this configuration, NGINX functions as a centralized
controller that receives all client requests and distributes them alternately to the two back-end servers using
the default round-robin strategy. Each backend server hosted the same web application and could be accessed
directly; however, all experimental requests were routed through the controller to ensure a controlled and
observable request distribution. The integration of a physical LAN infrastructure and a real web server
provides a deployment environment that closely represents those used in campus laboratory settings, small
data centers and local operational environments [12], [26], [27].

Table 3. Hardware specifications of experimental nodes
Node CPU RAM Storage Operating system
Controller  Intel Core i5 (4 Cores) 8 GB  SSD 256 GB  Linux Ubuntu 20.04
Server 1 Intel Core i5 (4 Cores) 8GB  SSD 256 GB  Linux Ubuntu 20.04
Server 2 Intel Core i5 (4 Cores) 8GB  SSD 256 GB  Linux Ubuntu 20.04

3. RESULTS AND DISCUSSION
3.1. Overview of testing

The developed system was evaluated in a LAN environment using three main devices: one
centralized controller acting as a load balancer using NGINX and two backend servers hosting identical web
applications. Multiple clients, simulated through benchmarking tools, accessed the application concurrently
via the controller. The primary objective of the testing was to evaluate whether the system could distribute
workloads evenly across the backend servers and to analyze the impact of increasing request volumes on
overall system response time. The experiments were conducted under three workload scenarios consisting of
50, 100, and 200 simultaneous requests. Each scenario was executed three times to ensure result consistency
and reliability. The collected metrics included the number of requests handled by each backend server and
the average response time recorded for each workload level.

3.2. Round robin working mechanism

The round robin algorithm is a simple and widely used load balancing strategy designed for
environments with relatively homogeneous server resources. In the proposed system, the round robin
mechanism was implemented through the default upstream configuration in NGINX, which automatically
forwards incoming requests alternately to each backend server. Conceptually, the round robin logic is
formulated as:

Design and evaluation of a simple load balancing prototype using the round robin ... (Muh. Fahmi Rustan)



1126 O ISSN: 1693-6930

server_list = [Serverl, Server2]
current_index =0

function handle_request(request):
target_server = server_list[current_index]
forward request to target_server

current_index = (current_index + 1) % length(server_list)
In the NGINX configuration, this logic is realized through the following upstream directive:

upstream backend_servers {
server 192.168.1.2; # Server 1
server 192.168.1.3; # Server 2

}

server {

listen 80;

location / {

proxy_pass http://backend_servers;
}

}

This configuration, each incoming request is forwarded sequentially to the backend servers in a cyclic order.
The mechanism is stateless and does not consider real-time server load or resource utilization, making it
lightweight and suitable for local network environments with limited complexity.

3.3. Round robin load distribution

Workload distribution is a critical metric for evaluating the effectiveness of the round robin
algorithm. Based on NGINX access logs and backend server monitoring, the system consistently distributed
requests evenly between the two servers across all test scenarios. Table 4 presents the number of requests
received by each server under different workload conditions.

The results show that both backend servers received an equal humber of requests in every scenario,
which aligns perfectly with the deterministic nature of the round robin algorithm. As illustrated in Figure 4,
the workload distribution remains balanced regardless of the request volume. Since the algorithm does not
account for dynamic parameters such as server load or active connections, the request allocation remains
predictable and consistent.

Table 4. Request distribution across backend servers
Scenario (total requests)  Server 1 Server 2 Ideal distribution

50 25 25 25-25
100 50 50 50-50
200 100 100 100-100

Request Distribution Between Servers (Round Robin)
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Figure 4. Request distribution between backend servers using the round robin algorithm
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3.4. Response time to workload

Response time is a key indicator of web service performance. The experimental results indicate that
the average response time increased proportionally with the number of concurrent requests but remained
within acceptable limits for local network services. Table 5 summarizes the average response times obtained
for each workload scenario. For each workload scenario, the response time values reported in this section
were obtained by averaging the results of ten independent experimental runs.

Table 5. Average response time under different workloads
Scenario (total requests)  Average response time (ms)

50 110
100 165
200 290

As shown in Figure 5, the response time exhibits an upward trend as the workload increases. At 50
requests, the system achieved an average response time of 110 ms, which increased to 165 ms at 100 requests
and reached 290 ms at 200 requests. The system maintained stable performance under light to moderate loads
(up to 100 requests), with response times consistently below 200 ms. Under heavier load conditions, the
increase in response time is primarily attributed to hardware limitations and network contention rather than
the round robin mechanism itself. Similar behavior has been reported in previous studies focusing on static
load balancing in environments with balanced server capacities [19].

Average Response Time vs. Workload

Average Response Time

N
~
o

]
o
o

]
]
%

200

Response Time (ms)
—
]
&

150

125

50 Requests 100 Requests 200 Requests
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Figure 5. Average response time under varying request loads

3.5. Discussion and interpretation of results

Based on the experimental results presented in sections 3.3 and 3.4, the centralized-controller
implementation of the round robin load balancing algorithm achieved an even distribution of client requests
across the backend servers in all testing scenarios. The measured response times increased proportionally
with the number of concurrent requests, while remaining within acceptable limits under light to moderate
workloads. These results indicate that the system operates stably in a small-scale LAN environment with
homogeneous server configurations.

From an analytical perspective, the observed behavior is consistent with the deterministic nature of
the round robin algorithm, which forwards requests sequentially without considering real-time server load or
capacity. When compared conceptually with dynamic load balancing approaches such as least connection and
weighted round robin [20], [21], [28], the proposed implementation favors simplicity and predictability over
adaptivity. While dynamic algorithms can achieve better performance in heterogeneous or highly variable
environments, they require additional configuration, monitoring, and system overhead. In contrast, the
simplicity of round robin makes it suitable for controlled environments where ease of deployment and low
operational complexity are prioritized.

Despite the positive results, several limitations should be considered. The use of a centralized
controller introduces a potential bottleneck, as all client requests are processed through a single node.
Although this limitation was not critical in the experimental setup, it may affect scalability under higher
traffic conditions. Furthermore, the assumption of homogeneous backend servers limits the applicability of
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the system in environments with uneven server capacities. Therefore, the proposed system is most
appropriate for educational and small institutional networks, while deployment in real production
environments would require additional mechanisms such as adaptive routing, fault tolerance, and health
monitoring.

4. CONCLUSION

This study implemented and evaluated a round robin-based load balancing system deployed in a
LAN using a centralized controller and multiple backend servers. The evaluation focused on workload
distribution effectiveness and the impact of increasing request volumes on response time. Experimental
results showed that client requests were consistently distributed evenly across the two backend servers in all
tested scenarios, confirming the deterministic behavior of the round robin algorithm. The response time
analysis indicated stable performance under light to moderate workloads, with average response times
remaining below 200 ms for up to 100 concurrent requests.

Although response time increased under heavier loads (200 requests), the system continued to
operate within acceptable limits for LAN-based services, indicating that round robin remains practical for
environments with relatively homogeneous server resources and predictable traffic patterns. The proposed
approach offers simplicity, low implementation complexity, and ease of deployment without requiring cloud
infrastructure or advanced resource management. However, due to its static nature, round robin does not
adapt to real-time server conditions and may experience degradation during overloads or server failures.
Future work should integrate monitoring mechanisms and adaptive strategies (e.g., least connection or
weighted round robin) and extend evaluation to larger workloads and more diverse network conditions.
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