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1. Introduction

The need for human needs for communication and information needs encourages the rapid
advancement of communication and information faesitiRapid progress in the world of information and
communication has led to the development of various means of communication and information networks.
Computers are one of the communication and information management tools that are growing very rapidly.
By using a computer network that can connect between one computer and another, computers are a reliable
means of communication and information in the current era of sophistication of communication and
information facilities [1].

One form of the developmenf computer networks is the Internet. The ease of communication and
information facilities provided by the Internet makes the implementation of the Internet a superior means in
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every institution. The more students, the easier it will be to get the meapsarect to Internet services,
allowing the use of the Internet among academics to increase.

The development of Internet use on campus will automatically affect the need for bandwidth. To run
the Internet smoothly, an adequate bandwidth quota is neddbd. usage exceeds the existing bandwidth
service, the smooth Internet network will be stalled or stopped. The cessation or stagnation of Internet
network services will certainly interfere with the process of comfort of lectures and student services on
campus [2].

For this reason, an anticipation is needed to avoid overloading bandwidth usage capacity. In order
for Internet network traffic to continue running, a redundancy scenario is needed where the system will
continue to run even if there are compadsethat are not working, such as the availability of overloaded
bandwidth. Bandwidth capacity optimization can be done by increasing the bandwidth source by applying the
load balancing function.

So that if one ISP experiences problems in providing Intesewvice or if there is traffic density in
Internet use on campus, there will be a backup of the system that can solve the problem. One way to
overcome this problem is to implement load balancing where bandwidth is increased by adding different
Internet grvice providers (ISPs). Where currently on campus has not implemented load balancing as a means
of anticipating bandwidth needs. Implementing load balancing means increasing bandwidth from different
ISP sources but with management management remaining\btiethis step, the bandwidth that enters the
campus comes from two different ISPs but is managed with one management [3].

Dependence on Internet services with one ISP company has the potential to experience disruptions
where if one day the ISP compang&rvices are down, the network that is its customers will automatically
also be down, for that the need for bandwidth backup is necessary to maintain the smooth availability of
Internet services. It is possible to optimize bandwidth usage in Internet. Bptimization can be done by
utilizing the load balancing setting path to balance when traffic is full where the main path will be backed up
with another path from the backup ISP [4].

A case study conducted by Muhammad Dedy Haryanto and Imam Riadi #@€1 the title
"Network Analysis and Optimization Using Load Balancing Techniques (Case Study: Muhammadiyah
Palembang Campus)" is in line with this research so that it can be used as a reference. Based on the tests
carried out in this study, the optimapplication of load balancing is achieved. The implementation of load
balancing can run without changing the existing network, and makes the connection run more optimally if
there is an increase in network traffic due to the balanced division of comrmkectées.

From the experiments carried out, it was concluded ltteed balancingworks well when one
connection source is off, then thackupwill automatically run by taking the connection from the second
source. Optimization that can be appliedldad balancing in the Muhammadiyah Palembang campus
network can be done by dividing the path that is balanced between the amauatrobandwidthand the
sparebandwidth So thebackup speed will be the same as the main connection speed. Choosing th8Right
source provides optimization when network outages occur at the spuwe@er So backupsdon't
experience the same problem because they come dtbwer providers The largebackup bandwidtlused to
backup the main network provides optimization whiem main network experiences problems, the backup
connection speed will remain smooth to use becthesbandwidth islso large[5].

Along with the development of information technology, the need for a reliable and efficient
computer network is increasings good network must be able to provide optimal performance despite
significant load spikes. However, one of the main challenges in network management is the uneven
distribution of workloads, which can lead to bottlenecks, decreased performance, angistenfailures.

Load balancing techniques are an important solution in overcoming this problem. Load balancing allows for
an even distribution of network traffic across multiple servers or resources, thereby improving efficiency[6],

reducing response timeand optimizing resource usage. In this context, research on network analysis and

optimization using load balancing techniques is very relevant to ensure stable and reliable network
performance.

2. Research Methods

The method used in this study to analyamed optimize the network uses the load balancing
technique. The methodology applied includes research design, network system design, selection of load
balancing techniques, procedures carried out, and methods of processing data obtained from system
testing7].

2.1 Research Design

This study uses an experimental approach with the aim of testing the performance of the network
system after the application of the load balancing technique. The experimental method was chosen because it
allows direct measurement nétwork performance under controlled conditions. In this study, the author will
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apply the load balancing technique to the network system that has been designed and measure the difference
compared to the network condition without the load balancing teohnithis approach makes it possible to
identify the direct impact of load balancing techniques on network performance, such as increased
throughput, reduced latency, and increased availability. The experiment was carried out using network
simulations thatliowed full control over the relevant variables [8].

2.2 Network System Design

Network system design is the process of planning and designing a computer network infrastructure
to meet the specific needs of an organization or individual. This design coveosisvaispects, from
hardware and software selection, network topology, protocols used, to security and scalability [9].

The network systems analyzed in this study are designed using aselieet servebased network
topology. This topology was chosen besa of its flexibility in managing data traffic between various
network nodes. In this design, a central server acts as the primary distribution point to manage requests from
multiple connected clients. The system tested includes multiple network dewv@tess routers, switches,
and servers that will be configured to implement load balancing techniques. The use of appropriate hardware
and software is essential to ensure that the experiment can be run effectively. Routers and switches are used
to regulatethe flow of data between devices, while servers will be responsible for load sharing using a load
balancing algorithm [10].

2.3 Load Balancing Techniques Used

In this study, the load balancing technique applied is a softhased technique, using rourmbin
and least connection algorithms. The rowadin algorithm was chosen for its simplicity in distributing the
load evenly among multiple servers or resources, while the least connection algorithm was chosen for its
ability to optimize load distribution baden the number of active connections.

A roundrobin algorithm will simply divide the load alternately to each server or node in the
network, while the least connection algorithm will focus more on the server with the smallest number of
connections, allowig for more efficient balancing when multiple servers experience load spikes. These two
techniques will be tested to see which one is more optimal in improving network performance in different
scenarios [11].

2.4 Research Procedure

This research is carried outhrough several main steps which include system design,
implementation, and evaluation. The first step is to design a network system with aciente¢opology and
configure the necessary hardware and software. After that, a load balancing algoaipipfieis to the central
server to divide the load of incoming data traffic.

The testing process is carried out by simulating a large enough data traffic and observing the
network's response to various types of loads. The test was carried out under tittorsondith active load
balancing and without load balancing. Measurements are made against network performance parameters such
as response time, throughput, and connection failure rate [12].

Tests were conducted in a variety of scenarios to evaluateldemvbalancing techniques can
optimize load distribution on more complex networks. Each experiment records data related to network
performance, which will be used for further analysis.

2.5 Research Variables

In this study, some of the variables measured aatyzed include:

a) Response Time: The time it takes for the server to respond to requests from clients.

b) Throughput: The amount of data that can be transmitted in units of time, which measures the
efficiency of the network.

c) Network Availability: The percentagef time that the network can operate without interruption or
failure.

d) The success of load balancing can be seen from the increase in network throughput and availability
values as well as reduced response times, especially iddadmetwork conditions.

2.6 Data Processing Methods

The data obtained from the test will be analyzed using descriptive statistical techniques to see the
trend of network performance under both conditions (with and without load balancing). In addition, a
comparative analysis betweéme two load balancing techniques tested (renofdn and least connection)
will be carried out to see which algorithm gives the best results in terms of efficiency and effectiveness.

The analysis method also includes the use of graphs to visualize ceongaretween measured parameters,
such as response time and throughput, across different load conditions. This evaluation will provide a clear
picture of how load balancing can affect overall network performance.
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3. Results and Discussion

The results of the test and analysis were carried out to assess the effectiveness of the application of
load balancing techniqueis the network system being tested. The test was conducted using two load
balancing algorithms, namely roundbin and leastannection, to compare network performance before and
after the technique was applied.

3.1 Overview of the running system

The need for the internet at this time is increasing, because more and more internet users are looking
for information, news, and being wbeas a communication medium. The internet has become a
communication medium that is increasingly popular with users and has become a daily necessity, the
development of communication technology makes communication more effective and efficient. In addition,
the internet can also facilitate the work of its users to communicate remotely and from close ranges.

Along with the development of the internet and its increasing users, it causes internet users in a network to
want an optimal and maximum network ofdmet networks provided for its users. The internet at this time

has been widely used by government agencies, institutions and schools to improve the services provided by
these institutions or institutions, the use of the internet in the school enviroismesed to improve the
teaching and learning process carried out in the school and improve the services of the school, but because of
the large number of students, teachers, and employees who use the internet freely or irregularly it causes
traffic load The internet network in the school has become larger and uncontrollable.

Therefore, the Quality of Service (QOS) network at the school needs to be improved in order to get
maximum network and bandwidth, one of which is by using the Load Balancing methadearitandwidth
management, where this Load Balancing combines 2 networks from different internet service providers into
one, with the aim of distributing the traffic load to each ISP in a balanced manner. The implementation of
Quality Of Service (QOS) ia solution to manage the bandwidth used on the network so that users who use
the network do not consume bandwidth freely (Mair & Ariska, 2018). Network topology is a structured
design or design connecting between nodes in a network where network togalelgged to the mechanism
used in managing these nodes in accessing the network (Wardi et al., 2020).

The Load Balancing technique does not increase the amount of network bandwidth due to the
accumulation of the 2 ISPs, but the Load Balancing is a tgeanised to divide the traffic load from the two
bandwidths so that it can be used in a balanced manner (Mustofa & Ramayanti, 2020), the Load Balancing
technique has several methods used to divide the load of network traffic on microtic routers, In the
application of Load Balancing there is an algorithm used for the distribution of the load to match the server
behind it, one of which is by using Nth, Nth is one of the methods used in Load Balancing, Nth is an integer
(N number) of the division of networkoonections that will be mangled to the route that is used as Load
Balancing, in this nth method uses a round robin algorithm, where the distribution of the burden is divided
fairly or equally.

In addition to the Load Balancing technique, user bandwidthagement is also needed to regulate
the distribution of connections or traffic load on a network, this bandwidth management aims to regulate the
size or small path of each data packet that passes through the network, this bandwidth management reduces
or prevents the occurrence of free internet use on a network. By using the Load Balancing method and
network bandwidth management in a school, it can be used optimally and optimally and the distribution of
bandwidth can be used fairly and equitably. The desigthe network topology of load alanccing and
bandwidth management can be seen in Figure 1 below.

Figure 1. System Overview
Figure 1. is an overview of the system depicted with a network topology that desa#dre8alancingand
Bandwidthmanagement tniques. The topology design uses 2 different ISPs that are combined into one on
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the microtik router, on the microtik router there is also a configuration that regulates the anwdunt
bandwidthgiven to students, employees, and teachers with differedviadth sizes. Networks that have
been combined into one usitige Load Balancingmethod can be deployed through switchesaccess
pointsthat connectlientswith servers A server computethat is connected throughswitchthat provides a
variety of information and client data securitlye switchis used to connedhe routerwith several different
devices,the access pointn the topology is used to connect devices thatwisgless technologguch as,
mobile phonedapbps, tablets, etc.
3.2 Diagram Fishbone

Supporting to clarify the research carried out from the problems obtained so that the results are in
accordance with what is expected in this study, the research is described using a fishbone diagram to analyze
the causef a problem or condition as shown in figure 2 below.

Figure 2. Diagram Fishbone

Figure 2. is a fishbone diagram that describes the flow or stages carried out in the Load Balancing
and Bandwidth Management study. The first stage of this studgated in the fin in the section above,
which describes the stage of the research method, at the stage of the research method is the stage that
determines the research method that will be used to solve the problem in the research, the stage of the
researh method uses two methods, namely Load Balancing and Bandwidth Management, Load Balancing in
the study using the Nth method, and in Bandwidth Management using the Per Connection Queue (PCQ)
method

The second stage is located in the lower fin which desgribe device used in the research, in the
device part there are two parts of the device used, namely hardware and software, in the hardware device
used, namely Router, Switch, Access Point, and Mikrotik, in the software device used are Wireshark and
Winbox. The third stage is located in the upper fin section which describes identification, in the identification
section describes the activities carried out to collect data from libraries and reliable sources or from the
library of related research that haseh carried out previously, in the identification section there are two
parts, namely network data and research time.

The fourth stage is network design, in the network design section it is an activity to design a
research flow that is carried out in aotance with the problems and literature studies obtained previously,
the design stage of this research aims to achieve the research objectives that have been set or as a guideline
for researchers in the research process, in the design section thersiggaldsign of the network topology
that will be implemented at the research case study site. The fifth stage is the provision of means to conduct
research that has been described at the research design stage, the implementation stage is the giage to reali
the research design stage to get a product resulting from the research conducted, in the implementation
section there are two parts, namely device installation and configuration, in the device installation there are
several necessary devices such ast&seu Switch, and Access Point, in the configuration section there are
microtic devices used to run the Load Balancing and Bandwidth Management methods. The sixth or last
stage is located on the fin at the bottom which describes the testing stagejnibestage is the stage that is
carried out at the end of the stages carried out in the research, the system that has been previously created
will be tried and tested to assess the results obtained from the implementation of the system that has been
createl, this testing stage is also carried out documentation of the results obtained to ensure that the research
carried out gets the results that have been carried out expected.

3.3 Description of Implemented Systems

The network system applied in this study cotssif several main devices, namely servers, routers,
switches, and clients connected in a sephent topology. A central server serves to manage requests
received from clients, while routers and switches are used to distribute data traffic acrossdhe ne

In this experiment, two load balancing techniques were tested: -robivd and least connection.

The roundrobin algorithm divides the load alternately between servers, while the least connection prefers the
server with the smallest number of conimts to optimize load distribution. Each server used has the
capacity to handle multiple client connections simultaneously.
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