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Abstract

PT. Fatih Amanah Sejahtera, a sharia property company, faced uneven internet bandwidth distribution and a lack of centralized monitoring,
impacting productivity. This research aimed to implement effective bandwidth management and develop a web-based monitoring system
for near real-time monitoring. The method used was the Network Development Life Cycle (NDLC) up to the monitoring stage, with PPPoE
authentication for PCs/Laptops and Hotspot for mobile devices, and bandwidth management using Queue tree with Hierarchical Token
Bucket (HTB). A web application was developed using Laravel for monitoring and management via Mikrotik API. The results
demonstrated even and proportional bandwidth allocation, significant improvements in Quality of Service (QoS) parameters, and a
functional web monitoring system for efficient network management, thereby enhancing company productivity.
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1. Introduction

PT. Fatih Amanah Sejahtera (Fatih Group) is a sharia property company whose daily operations are highly dependent on internet access.
Divisions such as Marketing, Sales, Content Creation, Finance, Human Resources, and Production rely on the internet for communication,
data processing, and other essential tasks. With the internet’s unlimited reach, employees can easily exchange information, collaborate,
and establish partnerships. However, the increasing reliance on internet connectivity also raises the importance of bandwidth management
to ensure smooth and stable operations across the organization [1].The intensity of internet usage across all divisions often results in
problems with connection stability, particularly in bandwidth distribution. Some divisions may experience smooth and uninterrupted
access, while others encounter slow or limited connectivity. This inequality in access directly impacts work productivity and efficiency
[2]. Moreover, the absence of a web-based system capable of near real-time bandwidth monitoring further complicates the situation, often
leading to inefficient use of network resources. Without proper monitoring and control, the company faces challenges in maintaining an
equitable and reliable internet experience for all users [3].

To solve these issues, this research proposes a structured and comprehensive network management solution. Authentication methods will
be tailored according to the type of device: Point-to-Point Protocol over Ethernet (PPPoE) will be applied for laptops and PCs to create
separate connection sessions for each device, making it easier to monitor and control usage [4]. Meanwhile, authentication for smartphones
will be managed through a Hotspot system. This distinction ensures that all users can be properly identified, controlled, and allocated
bandwidth according to their needs [5].In addition, bandwidth management will be enhanced using the Queue Tree mechanism with the
Hierarchical Token Bucket (HTB) method. This approach provides dynamic, fair, and proportional bandwidth allocation across divisions.
Complementing this setup, a web-based management application will be developed, offering real-time traffic monitoring, simplified
configuration, and efficient policy enforcement [6]. With this solution, network administrators can manage resources more effectively
without direct access to Mikrotik devices, ensuring structured, transparent, and efficient network management that supports the company’s
operational goals [7].

2. Research Methodology

2.1. Network Development Life Cycle (NDLC)

The development model used in this research is the Network Development Life Cycle (NDLC). It is a method applied in the development
or creation of a network infrastructure that enables the monitoring of network statistics and performance. The Network Development Life
Cycle consists of six stages: analysis, design, simulation prototyping, implementation, monitoring, and management [8].
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Fig. 1: Network Development Life Cycle (NDLC)

The stages of the NDLC method are explained as follows:
1. Analysis:
Identification of network problems and requirements based on observations and interviews, consisting of:
Problems: Unequal bandwidth distribution across divisions and the absence of a centralized monitoring system.
Hardware Requirements: Mikrotik RB750Gr3 router as the main gateway, PPPoE & Hotspot server, and Queue Tree/HTB manager.
Software Requirements: A Laravel-based web application to monitor and manage the network through API integration with Mikrotik.
Bandwidth Needs: 10 Mbps for standard divisions (Marketing, Sales, Finance, HR) and 30 Mbps for high-demand divisions (Content
and Production).
2. Design:
Creation of a detailed network and system design, consisting of:
Network Topology: Hybrid model combining star and wireless extensions, with Mikrotik as the center.
Monitoring Website: Web interface design to display traffic statistics, manage users, and apply site-blocking policies.
3. Simulation Prototyping:
Testing configurations and applications before real implementation, consisting of:
Router Simulation: Using VirtualBox to run Mikrotik RouterOS for PPPoE, Hotspot, and bandwidth management testing.
Web Application: Developing the Laravel-based monitoring system on localhost and integrating it with the Mikrotik virtual router via
APIL.
4. Implementation:
Applying the validated prototype in the real environment, consisting of:
Network Setup: Installation and configuration of Mikrotik Router and Access Points, implementing I[P, NAT, PPPoE, Hotspot, and
Queue Tree.
Website Deployment: Migrating the Laravel application to production hosting, configuring the database, adjusting API connections,
and performing final testing.
5. Monitoring:
Continuous observation of bandwidth usage and network performance using the web dashboard. This includes Quality of Service
(QoS) testing and real-time traffic monitoring.
6. Management:
Ongoing administration of the implemented system, consisting of:
User Management: Adding/removing PPPoE and Hotspot accounts.
Policy Control: Applying site-blocking rules and adjusting bandwidth allocation as needed.
Efficiency: Ensuring fair, dynamic, and proportional bandwidth distribution using PPPoE, Hotspot, Queue Tree, and HTB methods.

3. Result and Discussion

The current network topology at PT. Fatih Amanah Sejahtera distributes internet connections directly to each division without structured
bandwidth management. This approach results in unequal access among users, particularly when multiple divisions are active
simultaneously, leading to unstable connectivity. The existing network architecture also lacks user authentication and prioritization
mechanisms, which causes uncontrolled bandwidth usage and performance degradation during peak traffic [9].

To address these issues, a new hybrid topology was designed, combining a star model with wireless extensions. In this proposed system,
the internet connection from the Internet Service Provider (ISP) is routed through a Mikrotik device that serves as the central controller.
The Mikrotik router manages bandwidth, network security, and IP allocation, while distributing connections evenly across two floors using
Wireless Routers configured with PPPoE for laptops and PCs, and Hotspot authentication for mobile devices [10]. Supported by a 100
Mbps ISP connection from MyRepublic with a 1:1 upload/download ratio, this architecture ensures efficient bandwidth management and
real-time monitoring through the integration of a web-based system with Mikrotik, resulting in more stable and controlled network
performance [11].
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Fig. 2: Proposed Network Architecture
3.1. Network Hardware and Software Specifications Requirements

The hardware and software specifications used in the proposed network design are essential to support effective bandwidth management
and monitoring. The hardware includes a Mikrotik router as the central network manager, an ISP modem as the main internet gateway, and
access points for connection distribution. The software consists of the operating system, Winbox for Mikrotik configuration, and a web-
based application developed for monitoring and management [12]. The complete proposed hardware and software specifications are as
follows:
Table 1: Proposed Hardware and Software Specifications
No Hardware I Model | Function

Functions as the central network management
device, handling bandwidth allocation using Queue

1 Mikrotik Router RB750Gr3 (hEX) Tree and HTB. It also serves as the PPPoE and
Hotspot server for user authentication, as well as the
main gateway in the network system.

Used as an access point for Wi-Fi distribution.
Operated in Access Point mode to broadcast the

2 TP-Link Access Point TL-WR840N Hotspot network, allowing client devices to connect
and authenticate through the Hotspot feature on
Mikrotik.

Used as an access point for Wi-Fi distribution.
Operated in Access Point mode to provide

3 ZTE Access Point F609 connections for PPPoE users, where authentication
is handled through the PPPoE server on Mikrotik.

4 LAN/UTP Cable Cat6 UTP Connects network devices.

5 RJ-45 Connector RJ-45 Standard Serves as the connector for LAN cables to plug into
network ports.

6 Crimping Tool St{indgr RI-45 Used to attach RJ-45 connectors to UTP cables.

Crimping Tool

7 LAN Tester LAN Cable Tester U§gd to test LAN cable connections to ensure proper
wiring.

8 Mikrotik Power Adapter 12V DC 1A Provides power to the Mikrotik router.

Provides additional power sources for network

9 Extension Power Socket 4 Outlets .
devices.

3.2. Mikrotik Router Configuration

The first step in configuring the Mikrotik RB750r2 router as the central network manager is setting up the basic configuration, IP addresses,
and NAT for internet access. The router is reset to default to avoid conflicts, and interfaces are renamed for clarity: "WAN-Ether1"
(receiving IP from ISP via DHCP Client), "LAN-Ether2" (10.10.10.1/24 for the local network), "Hotspot-Ether3" (192.168.100.1/24 for
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the Hotspot network), and "PPPoE-Ether5." This setup provides unique identities for each network segment, enabling proper routing,
gateway functionality, and easier traffic management for administrators. DHCP servers are configured to automatically assign IP addresses:
dhepl for LAN (10.10.10.2-10.10.10.254) and dhcp2 for Hotspot (192.168.100.2—-192.168.100.14), along with DNS servers (8.8.8.8,
1.1.1.1) and appropriate gateways to ensure smooth connectivity [13].
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Fig. 3: Mikrotik Router Configuration Part 1

For internet access, NAT (Network Address Translation) is applied using masquerade on "WAN-Ether1," allowing private IP addresses in
the local network to be translated into a public IP for outbound traffic. A specific NAT masquerade rule is also configured for the Hotspot
network (192.168.100.0/28), ensuring Hotspot clients can access the internet as well. This configuration enables seamless connectivity for
both LAN and Hotspot users, with automatic IP management and internet access through the public IP provided by the ISP [14].
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Fig. 4: Mikrotik Router Configuration Part 2

3.3. User Authentication Implementation

The user authentication implementation on the MikroTik router distinguishes and manages internet access based on device type and division
needs: PPPoE for laptops/PCs and Hotspot for mobile devices. A PPPoE Server is configured on ether4 and ether5 with division-based
profiles. Divisions like Marketing, Sales, Content, and Production use standard DNS servers (8.8.8.8, 1.1.1.1), while Finance and HR
divisions are filtered via NextDNS through DNS-over-HTTPS. Each profile includes specific IP address pools, and PPPoE Secrets ensure

that only registered users with unique usernames and passwords can establish connections, providing structured IP allocation and controlled
access [15].
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Fig. 5: User Authentication Implementation Part 1

DNS configuration integrates NextDNS filtering for selected divisions. The router is set to allow remote DNS requests with standard
servers, while Finance and HR traffic is redirected to NextDNS using firewall NAT rules for content filtering. Other divisions bypass this
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redirection and use standard DNS without restrictions. This setup enables domain name resolution and enforces tailored filtering policies

per division, simplifying the application of firewall rules for targeted IP groups [16].
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Fig. 6: User Authentication Implementation Part 2

For mobile devices, a Hotspot Server is implemented on the Hotspot-ether3 interface with a custom login page (fatih.group.com). A
dedicated Wi-Fi SSID broadcasts the Hotspot network, redirecting connected users to the login portal for authentication. Each division has
its own Hotspot user profile with separate IP address pools and optional rate limits. This ensures that only authorized users with valid
credentials can access the network, while maintaining clear segmentation and control across different user groups.
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Fig. 7: User Authentication Implementation Part 3

3.4. Bandwidth Management Implementation (Queue Tree, Hierarchical Token Bucket (HTB), and PPPoE)

The bandwidth management is optimized through the combined use of Queue Tree with the Hierarchical Token Bucket (HTB) method for

Hotspot users and Rate Limit on PPPoE profiles for laptop and PC users. For Hotspot traffic,

Firewall Mangle rules are applied to mark

packets based on the IP range of each division (e.g., Marketing, Sales, Finance, etc.). These marks are then used in a Queue Tree
configuration, where a parent queue limits the total Hotspot bandwidth, and child queues distribute it across divisions. Each division
receives a defined maximum bandwidth and priority level, ensuring fair allocation and traffic prioritization during congestion.
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Fig. 8: Bandwidth Management Implementation Part 1

For PPPoE users, bandwidth is controlled directly through Rate Limits defined in each PPP profile. Divisions such as Marketing, Sales,
Finance, and HR are assigned 10 Mbps, while Content and Production divisions receive 30 Mbps. This setup guarantees consistent upload
and download speeds per division, ensuring structured bandwidth distribution across both Hotspot and PPPoE connections.
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Fig. 9: Bandwidth Management Implementation Part 2

3.5. Web-Based Monitoring System Implementation

The web-based network monitoring system was developed as a centralized platform for administrators to oversee bandwidth usage and
manage Mikrotik configurations without direct device access. Built using the Laravel V9.52.20 framework with PHP V8.1.25 and MySQL
managed via phpMyAdmin, the application integrates database design, user interface development, and Mikrotik API interaction to provide

effective monitoring and control.

Fig. 10: Web-Based Monitoring System



1758 Journal of Artificial Intelligence and Engineering Applications

3.6. Network Performance Testing (Quality of Service — QoS) and Bandwidth Allocation

The QoS testing aimed to verify that bandwidth was distributed according to the configured max-limit on the Queue Tree for Hotspot users
with HTB and the Rate Limit applied to PPPoE profiles for laptops and PCs. Priority settings in the Queue Tree ensured fair bandwidth
allocation during network congestion. Testing was conducted over three days with three sessions per day (morning, afternoon, and evening),
totaling nine tests to capture accurate performance data under varying conditions. The summarized results demonstrate stable and effective
bandwidth management using HTB and Queue Tree for both PPPoE and Hotspot authentication, confirming that bandwidth allocation
across divisions was fair, proportional, and supportive of overall company productivity.

Table 2: Bandwidth Testing Results for PPPoE and Hotspot

Division Device Planned Download | Average Download Result | Planned Upload | Average Upload Result | Priority Remarks
Type (Mbps) (Mbps) (Mbps) (Mbps) (Hotspot)
Marketing  Hotspot 10 9.07 N/A N/A 2 Optimal
Sales Hotspot 10 9.17 N/A N/A 2 Optimal
Content Hotspot 30 27.97 N/A N/A 1 Optimal
Production  Hotspot 30 28.08 N/A N/A 1 Optimal
Finance Hotspot 10 9.08 N/A N/A 3 Optimal
HR Hotspot 10 9.06 N/A N/A 3 Optimal
Marketing ~ PPPoE 10 9.38 10 9.15 N/A Optimal
Sales PPPoE 10 9.16 10 8.98 N/A Optimal
Content PPPoE 30 28.32 30 28.37 N/A Optimal
Production ~ PPPoE 30 28.43 30 28.52 N/A Optimal
Finance PPPoE 10 8.97 10 9.1 N/A Optimal
HR PPPoE 10 9.06 10 8.94 N/A Optimal

4. Conclusion

Based on the research and implementation of bandwidth management using the Hierarchical Token Bucket (HTB) method with a web-
based system at PT. Fatih Amanah Sejahtera, two main conclusions can be drawn. First, the system successfully allocated bandwidth evenly
and efficiently by combining PPPoE for laptop/PC users and Hotspot with Queue Tree and HTB for mobile users. Rate Limits in PPPoE
profiles and max-limit with priority in Queue Tree ensured proportional bandwidth distribution across divisions. QoS testing results—
covering delay, jitter, throughput, and packet loss—were all in the “Very Good” or “Optimal” category, proving stable internet access and
improved productivity by solving previous issues of unequal distribution and connection instability. Second, the web-based system
developed with the Laravel framework and integrated with the Mikrotik API provided a centralized platform for near real-time monitoring
and management. It enabled administrators to view bandwidth statistics, manage PPPoE and Hotspot users, and control blocked sites via
DNS filtering, significantly improving efficiency and simplifying network management.

Given the time limitations of this study, several aspects remain unexplored and can be considered for future development. Suggested
improvements include adding client application and website monitoring, implementing automatic site blocking based on categories or
blacklists, enabling WAN disconnection notifications via email or messaging apps, logging internet speed history for trend analysis, and
enhancing the reporting module for detailed historical data per division or user. These enhancements would provide deeper insights, faster
response to connectivity issues, and more effective long-term network capacity planning.
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