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Abstract:

In today's technology-driven world, the efficient management of digital networks has become
crucial. To this end, automated tools have been developed to handle various networking tasks such
as port scanning, WHOIS retrieval, traceroute operations, subnet calculations, speed evaluations,
router configurations, DNS resolutions, and IP verifications. This paper presents a new set of
utilities created using Python and integrated seamlessly into the PyQt5 framework. The graphical
interfaces of these tools are user-friendly, making them accessible to individuals with varying levels
of technical expertise. The utilities underwent a rigorous evaluation in a GNS3 simulated
environment, utilising custom scripts to ensure adaptability and reliability in scenarios reflective
of real-world network conditions. The research emphasises the importance of automation in
contemporary network management, identifies gaps in existing solutions, and offers a fresh
perspective on network utility development. The paper provides a comprehensive historical
trajectory of network configuration tools, highlighting the evolution of automation while
addressing ethical, legal, and professional considerations. The utilities presented in this paper have
been meticulously developed, tested, and evaluated to provide reliable and efficient solutions to
common networking challenges.

Keywords: Network Automation, Utility Development, GNS3 Integration, Network
Configuration

1. Introduction

In the swiftly evolving domain of network management, the need for efficient and integrated tools
has never been more paramount. With the world progressively becoming interconnected, networks
are the veins of our digital ecosystem. However, as these networks become intricate, so do the
challenges associated with their management. Such complexities underscore the transition from
mere conceptualisation to tangible realisation in software development.

This paper offers an in-depth exploration into the labyrinth of designing, developing, and validating
a suite of network utilities tailored for the modern digital age. Such tools are pivotal in ensuring
that networks, the backbone of our digital world, are efficient, secure, and adaptable. From the
intricacies of development environments to the nuances of graphical interfaces, from the
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meticulousness of error handling to the rigour of real-world testing, this paper delves deep into
every facet of the software development lifecycle for network utilities.

While the technicalities are essential, it is also crucial to gauge the broader implications of these
utilities. How do they stack up against existing solutions? What are the real-world ramifications of
deploying these tools? Moreover, how resilient are these utilities in an era defined by cyber threats?

By the end of this exploration, the aim is to provide tools and a comprehensive perspective on the
challenges, triumphs, and future potential in network management. As the digital landscape
transforms, so must our tools, approaches, and paradigms, ensuring we are always a step ahead,
navigating the complexities with precision and foresight.

This paper embarks on a comprehensive exploration of network utility development, beginning
with the foundational setup of the development environment, highlighting the merits of Python and
the integration capabilities of the PyQtS framework with GNS3. Each utility's conception,
challenges, and design considerations are meticulously detailed, emphasising the importance of a
user-centric graphical interface that underscores the symbiosis of design and functionality. A
dedicated section unravels the strategies employed for robust error and exception handling,
ensuring a seamless user experience. The rigorous testing phase, pivotal to software validation, is
dissected—covering everything from unit to security testing. The discourse then shifts to a
comparative analysis, situating our utilities within the larger landscape of existing solutions and
contemplating their real-world implications and broader impacts. Finally, the paper culminates in
reflections and forward-looking recommendations, championing the evolving nature of network
automation.

2. Background and Related Work
2.1 Historical Context

In the nascent stages of networking, the ecosystem was dominated by manual interventions. The
landscape was characterised by network administrators navigating through command-line
interfaces (CLIs) for device setups, management, and troubleshooting. This hands-on approach,
although effective in the early days, started showing signs of inefficiency and susceptibility to
errors as networks burgeoned in complexity. The advent of advanced protocols and an expanding
suite of services and applications accentuated the need for a more streamlined approach.

2.2 Literature Review

The discourse on network evolution has been well-documented in academic and industry literature
over the past few decades. A discernible trend towards automation in networking has been captured
in various studies and reports (Mortensen, 2022) (Attaran, 2023). This transition to automation was
not merely a result of technological advancements but a necessary response to the escalating
intricacies of modern networks. As the literature suggests, automation ushered in many benefits,
ranging from heightened efficiency and reduced human errors to unparalleled scalability and
uniformity across network operations (Bradai, 2020) (Arzo, 2021).



2.3 Related Work

Parallel to these discussions, there has been a surge in research dedicated to the tools and
methodologies propelling the shift to network automation. Platforms like Ansible have garnered
significant attention for their prowess in configuration management and automation (Mary
Johnston Turner, 2019). Another pivotal player has been Python. With its arsenal of libraries,
notably Netmiko, it has offered a versatile platform for network automation tasks (Choi, 2021).
The concept of Software Defined Networking (SDN) also carved out a significant niche, presenting
a blueprint for more adaptive and programmable network configurations (Michel, 2021).

2.4 Contemporary Techniques in Network Automation

An amalgamation of innovative techniques marks the modern era of network automation:

YANG and NETCONF stand out as stalwarts, offering a standardised approach to network
operations modelling (Schonwalder, 2010). Tools that initially found their footing in the application
deployment sector, such as Docker and Kubernetes, have seamlessly integrated into the network
automation realm, enhancing agility in operations. Terraform has emerged as a beacon of
infrastructure-as-code, championing declarative network configurations (De Carvalho, 2020)
Lastly, the significance of GNS3, predominantly a network simulator, has been elevated due to its

automation testing capabilities, making it indispensable for the development and validation
(Nedyalkov, 2023).

2.5 Comparative Analysis

Amidst the array of tools and techniques, it is crucial to delve into a comparative analysis. For
instance, while Ansible's YAML-based playbooks offer a user-friendly interface, making it a
favourite among network engineers without an extensive programming background, Python
provides a more flexible albeit complex landscape. Although lauded for agility, tools like Docker
and Kubernetes introduce a new layer of complexity in network configurations, warranting
meticulous management.

3. Development Environment Setup

In the intricate landscape of software development, selecting an appropriate environment is pivotal.
Python emerged as the language of choice for this project, prized for its simplicity, versatility, and
expansive library ecosystem. This decision facilitated rapid development and prototyping,
especially given Python's rich array of networking-specific libraries. Complementing Python's
backend prowess was the PyQt5 framework, seamlessly integrated to provide a user-centric
graphical interface. Renowned for its ability to create intuitive GUI applications, PyQt5 bridged
the gap between Python's robust functionality and the end-user experience. The project's focus on
practical, real-world use required thorough testing in authentic network environments. It was
integrated with GNS3, a widely recognised network simulator, to meet this need. GNS3 provided
the unique capability to simulate complex network setups, allowing us to validate the utilities in
conditions that mirrored actual network scenarios. Additionally, we employed the Git version
control system alongside a Continuous Integration and Deployment (CI/CD) pipeline to streamline



the development process and ensure iterative refinement. This combination ensured that every
modification was continuously validated, fostering efficiency and reliability in the development
cycle.

4. Methodology

The methodology implemented in this research served as the backbone for developing and
accessing network configuration utilities. Designed to be iterative and adaptable, this approach
emphasised continuous improvement and considered user feedback at every stage.
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Figure 1: Working Methodology

Central to the methodology was the selection of appropriate tools and technologies. Python was
the preferred choice, renowned for its adaptability, expansive libraries, and robust community
support. The Graphical User Interface (GUI) was crafted using PyQt5, known for creating
dynamic, adaptable user interfaces with real-time update capabilities.
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Figure 2: GUI developed using PyQt5

GNS3 played a pivotal role in the simulation, providing a platform to emulate intricate network
topologies and test many scenarios.
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Figure 3: network topology simulated in GNS3

A design of network tools was developed to ensure the utilities' effectiveness. The Port Scanning
utility leveraged Python's extensive libraries to scan a specified range of ports. In contrast, the DNS
Lookup utility utilised the socket module to map domains to their IP addresses. The Traceroute
Utility was designed to analyse the paths packets took within a network, and the Router
Configuration Automation employed Python scripts within GNS3 to automate router
configurations.
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Figure 4: Port Scanning process
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Figure 5: Interface of the DNS Lookup utility
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Figure 6: Schematic of the Traceroute Utility's working mechanism
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This research was foundational to legal, social, ethical, and professional considerations. The project
strongly emphasised data privacy, security, and stringent adherence to industry standards. Project
management was meticulously carried out, focusing on a user-centric design. The development of
utilities was modular, allowing for ease of updates and maintenance. Regular feedback loops were
integrated, and progress was monitored based on predefined milestones. Testing and evaluation
were rigorous. A comprehensive strategy involving unit and integration tests was employed,
especially in simulated environments like GNS3. Evaluation criteria revolved around functionality,
User Interface (UI) intuitiveness, performance metrics, and error-handling capabilities. Feedback
played a crucial role, with iterative refinements made based on inputs from user testing and expert
evaluations.

Challenges inevitably arose. Integrating the developed utilities with existing systems like GNS3
presented hurdles. Crafting a user interface catering to novices and experts was a delicate balancing
act. Real-time network simulations demanded accuracy and responsiveness, especially with
utilities like router configuration. Security was paramount, given the sensitive nature of network
information. These challenges, however, were transformed into learning opportunities, with
solutions derived from extensive research, expert consultations, and iterative design.

In reflection, the chosen methodology was a harmonious blend of literature-informed insights and
ethical principles. Executed with diligent project management and rigorous evaluation, the process
created a robust suite of network utilities aptly suited for real-world applications.

5. Utility Development

The core of this project revolved around developing a suite of network utilities tailored to address
a myriad of networking challenges. Embarking on this journey required a meticulous
understanding of the technical and practical aspects of networking. Each utility, from port scanning
to DNS lookups, was conceptualised with a dual focus: to provide robust functionality and to align
with real-world networking scenarios.



The development process began with a thorough needs analysis, identifying gaps and inefficiencies
in existing tools. This analysis informed the algorithmic choices, ensuring the utilities were
efficient and scalable. As the utilities took shape, design considerations were paramount. The goal
was to ensure that each tool was standalone in its efficacy and harmoniously integrated within the
suite. Challenges were inevitable. For instance, ensuring real-time responsiveness in the port
scanning utility or maintaining accuracy in the DNS lookup process required iterative refinements.
Throughout the development process, the user's perspective is of utmost importance. Feedback
loops were incorporated to ensure continuous addressing of the users' needs and pain points. It
resulted in a collection of utilities catering to the intricacies of networking and resonating well with
end-users. The suite of tools effectively bridged the gap between technical robustness and practical
utility, leading to high user appreciation.

6. Graphical User Interface Development

In today's digital age, the success of any software tool is heavily dependent on its user interface.
While the backend operations ensure functionality, the Graphical User Interface (GUI) often
determines user adoption and satisfaction. Recognising this, significant emphasis was placed on
developing an intuitive and user-centric GUI for the suite of network utilities. The design process
began with understanding the diverse user base, ranging from network novices to seasoned
professionals. This diversity demanded a straightforward layout for beginners yet comprehensive
enough for experts. The interface was meticulously organised, ensuring that each utility was easily
accessible, with clear indicators and feedback mechanisms. Seamless interaction between the user
interface and the backend algorithms was critical to ensuring real-time responsiveness and accurate
results display. Customisation options were also introduced, allowing users to tailor the interface
to their preferences, which enhanced the user experience and catered to the varied tasks and
scenarios that users might encounter. Throughout the GUI development process, iterative feedback
and refinement were crucial. User testing sessions were conducted, and feedback was integrated to
ensure that the interface was aesthetically pleasing and functionally robust, aligning with the
practical needs of network management.

7. Error and Exception Management

Ensuring the reliability of software goes beyond its primary functionalities. It encompasses
anticipating potential pitfalls and handling them gracefully. Much effort was invested in error and
exception management in developing the network utilities suite.

Understanding that errors are inevitable, especially in a domain as complex as network
management, the strategy was to be proactive rather than reactive. The first step involved
categorising potential errors, ranging from user input mistakes to backend processing anomalies.
By organising these errors, specific handling mechanisms were developed for each type, ensuring
that when an error occurred, it was addressed efficiently without causing disruptions. Furthermore,
descriptive error messages were integrated to enhance user experience and facilitate
troubleshooting. Instead of generic error prompts, users were provided with clear, actionable
feedback, guiding them on possible corrective measures.



Continuous improvement was another pillar of our error management strategy. Patterns were
identified by monitoring and logging exceptions, leading to refinements in the software and the
error-handling mechanisms. This iterative approach minimised errors over time and fortified the
utilities against unforeseen challenges, ensuring resilience and reliability in diverse network
scenarios.

8. Real-time Testing with GNS3

In network utility development, the theoretical soundness of an application is just one side of the
coin. The other equally important facet is its performance in real-world scenarios. The GNS3
(Graphical Network Simulator-3) platform was leveraged for real-time testing to bridge the
theoretical design and practical utility gap.

GNS3 offers a dynamic environment where network configurations can be mimicked, enabling the
simulation of real-world networking scenarios without needing physical hardware. By integrating
our suite of utilities with GNS3, we could emulate diverse network topologies, from simple setups
to more intricate configurations, and test our tools under these varying conditions. This hands-on
approach provided invaluable insights into how each utility would perform when deployed in a
network.

Issues like latency, data throughput, and integration with other network components were closely
monitored. The objective was to ensure that utilities functioned as intended and harmonised
seamlessly with existing network infrastructures. Through continuous iterations within the GNS3
environment, the developed utilities were fine-tuned, ensuring they were resilient, adaptable, and
ready for deployment in real-world settings. This rigorous testing regimen fortified the tools against
potential challenges and solidified their reliability across many network scenarios.

9. Code Refinement

Software development is about producing a working solution and ensuring the underlying code is
efficient, readable, and maintainable. After the initial phase of utility development, the focus shifted
towards refining the codebase. This process was paramount in enhancing the overall performance
and ensuring the sustainability of the utilities for future adaptations and improvements.

In the code refinement phase, several vital strategies were employed. First, redundant code
segments were identified and eliminated, ensuring each code line served a purpose. Second,
algorithms and routines identified as performance bottlenecks underwent optimisation, leading to
faster execution times and reduced resource consumption. Code readability was another focal
point; descriptive variable names were used, functions were modularised, and comprehensive
comments were added to aid any future developers or collaborators understand the logic and flow.
Moreover, best coding practices were followed, and code was consistently formatted to maintain a
uniform structure throughout the utilities. This made the code easier to debug and facilitated
smoother collaboration among developers. This refinement process resulted in a streamlined,
efficient, and maintainable codebase primed for both current utility and future extensions.
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10. Testing and Evaluation

The significance of rigorous testing and evaluation in software development cannot be understated.
As the utilities were developed, ensuring their functionality, reliability, and resilience in diverse
scenarios became imperative. The process was multifaceted, encompassing a range of tests tailored
to validate different aspects of the utilities.

Initially, unit testing was employed to validate the minor testable parts of the utilities, ensuring that
each functioned as intended in isolation. This laid the foundation for subsequent integration testing,
where combinations of utilities were tested together, identifying potential disruptions or
interferences that might arise when utilities were used concurrently or in rapid succession. Special
attention was devoted to scenarios that simulated real-world use cases, allowing for a
comprehensive evaluation of how the utilities would perform under typical operational conditions.
User experience assessment was another critical facet of the review. Feedback from users who
interacted with the utilities was collected and analysed. Their insights provided invaluable
information about the system's usability, intuitiveness, and overall performance. Performance
benchmarking further gauged the utilities' effectiveness, comparing them against industry
standards and benchmarks.

Lastly, a thorough security analysis was conducted. Given the ever-evolving nature of cyber threats,
ensuring that the utilities were resilient against potential vulnerabilities was crucial. This involved
proactive measures to secure the code and reactive efforts to detect and respond to threats. The
culmination of these tests and evaluations provided a holistic understanding of the utilities'
capabilities, strengths, and areas for improvement. This comprehensive evaluation validated the
utility suite's efficacy and identified further refinement and enhancement avenues.

11. Discussion and Analysis

The domain of network automation is vast and continually evolving, making it paramount to
position the developed utilities within this broader context. This paper's discussion and analysis
phase is a reflective lens, juxtaposing the development, testing, and evaluation results against
current industry standards and practices. Drawing comparisons with existing tools and solutions in
the market, the utilities' distinct features and functionalities were highlighted, pinpointing areas
where they excelled and places where they diverged. Such a comparative analysis provided
valuable insights into the project's unique value proposition, advantages, and potential areas for
further enhancement. One of the critical discussions revolved around the real-world implications
of these utilities. While essential, the theoretical underpinnings and simulated test environments
had to be weighed against the practicalities and challenges of real-world network scenarios. Factors
like scalability, adaptability, and the utilities' potential to revolutionise network management tasks
in different contexts were critically analysed. Feedback from users offered another dimension to
the discussion. Their firsthand experiences, challenges, and satisfaction with the utilities provided
a user-centric perspective, often revealing nuances that might not have been immediately apparent
from a purely technical standpoint. In essence, this section delved deep into understanding the
broader implications of the research, its place in the current landscape, and the potential ripple
effects it might have in shaping the future of network automation and management.
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12. Conclusion and Recommendations

The journey of conceptualising, developing, testing, and evaluating a network utility suite has been
challenging and enlightening. The importance of efficient, user-friendly, and secure network
management tools cannot be overstated as the digital landscape continues evolving rapidly. This
research project aimed to address this pressing need, offering a comprehensive suite of utilities
designed with a blend of functionality, user experience, and adaptability at its core. In conclusion,
the developed utilities have demonstrated significant potential in streamlining network
management tasks, bridging gaps identified in existing tools, and offering innovative solutions
tailored to the needs of modern digital infrastructures. The integration with platforms like GNS3,
the user-centric design approach, and the emphasis on real-world applicability have all contributed
to the project's success. However, as with all technological endeavours, there is always room for
growth and improvement. The findings include a few recommendations for future research and
development. While GNS3 integration proved invaluable, exploring compatibility with other
simulation platforms could widen the utilities' applicability. As cyber threats evolve, so should
security measures. Future iterations could delve deeper into sophisticated security protocols,
ensuring the utilities remain robust against emerging threats. Providing users with customisation
options could enhance the user experience, allowing for more tailored network management
solutions. Exploring utilities designed for specific industry sectors, like healthcare or finance, could
open up new avenues for application. This research has laid a solid foundation, but network
automation is vast, with countless opportunities to explore. As the digital world continues to grow,
it is hoped that this project will serve as a beacon, guiding further innovations in network
automation and management.
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