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[bookmark: _Toc164859445]Introduction

In today’s world networking is everything. Whether it is casual conversation or the courses I am undertaking, none of this would be possible without the internet, one of, if not the most impactful inventions to date. Not to mention mobile networking and other such creations that are now indispensable. How and in what form things are sent, routed, and received is determined by network protocols. Networking will only become more intertwined with our everyday lives and understanding how protocols work will greatly benefit anyone in software engineering. Though the principles and ideas behind them are not necessary to understand, it will be a boon should the need to apply it arise. The creation of a well-built network that can stand the test of time can save time, money, and headache when newer ports and/or markets appear.

Protocols shape communication between devices and systems. They are usually called a protocol stack and they operate in different layers of networking accomplishing their own specific tasks. Common network protocols include: Transmission Control Protocol (TCP), Internet Protocol (IP) suite, Ethernet, Wi-Fi and Hypertext Transfer Protocol (HTTPS), etc.

From the above examples one can already see how network protocols are one of the most important things in our lives today. However, there are some luxury goods/capitals such as autonomous vehicles, advanced robotics and even some fields of medicine where certain qualities such as responsiveness are paramount which determines their choice and/or use of protocol.

Cybersecurity, protecting data and other transmissions across networks, naturally depends on protocols. There are protocols for encryption, namely Secure Sockets Layer (SSL) and the Transport Layer Security (TLS), that help to protect data that is being transported, they are used with authentication and access control protocols that ensure the integrity of the data and verify the identities of the attempted communications. By holding ourselves to the established standards we secure efficiency, security, stability and most importantly peace of mind. We will be going through different types of network protocols, what they do, where and some examples of the areas they affect. 


1. [bookmark: _Toc164859446]TCP/IP Protocol Suite

The TCP/IP protocol suite over the years has been known to stand as the cornerstone of modern networking, underpinning the vast infrastructure of the internet and facilitating reliable communication between devices worldwide. At its core, TCP/IP comprises two primary protocols known to be Transmission Control Protocol (TCP) and Internet Protocol (IP). TCP provides reliable delivery of data by establishing connections, sequencing packets, and implementing error-checking mechanisms, while IP usually handles the routing of packets across networks, identifying sender and recipient addresses.

One of the defining features of the TCP/IP protocol suite is its layered architecture, which organizes functionalities into distinct layers, each responsible for specific tasks. The architecture consists of four layers: the Application layer, Transportation layer, Internet layer, and Network Access layer (Pander, 2022; Yasar, 2024). The application layer houses protocols such as HTTP, FTP, and SMTP, facilitating communication between applications as seen in Figure 1 (Neso Academy, 2019). The Transport layer, where TCP operates, oversees end-to-end data transfer, ensuring data reliability and integrity through mechanisms like flow control and error correction. The Internet layer, primarily governed by IP, handles the routing of packets across networks, enabling global connectivity. Finally, the Network Access layer manages the physical transmission of data over the network medium. The layered architecture of TCP/IP plays a crucial role in ensuring reliable communication by delineating responsibilities and providing a modular framework for network design and implementation. Each layer operates independently, abstracting complexities and promoting interoperability between different network technologies. Moreover, the layered architecture facilitates scalability and extensibility, allowing for the integration of new protocols and technologies without disrupting existing infrastructure. 
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[bookmark: _Toc164859409]Figure 1 TCP/IP Protocol Suite (Neso Academy, 2019)

In essence, the TCP/IP protocol suite, with its layered architecture encompassing TCP and TP, is the backbone of modern networking, enabling seamless communication across diverse networks. By organizing functionalities into distinct layers and providing robust mechanisms for data transfer and routing, TCP/IP ensures the reliability, scalability, and interoperability of network systems, thus laying the foundation for the interconnected world we inhabit today.

1.1. [bookmark: _Toc164859447]Real-world Example: Application of TCP/IP in internet communication and its role in networking
The application of TCP/IP in internet communication is pervasive and fundamental, shaping the way data is transmitted and received across the global network. Consider the process of accessing a website like “www.amazon.com”, their device initiates a series of interactions governed by TCP/IP. First, the browser extracts the domain name and resolves it to an IP address using the Domain Name System (DNS). Once the IP address is obtained, the browser establishes a TCP connection with the server hosting the website.

TCP/IP ensures the reliable transmission of data between the user’s device and the server through a series of steps to guarantee the website's functionalities as originally intended. TCP breaks the data into smaller packets and numbers them to ensure they arrive in the correct order. Each packet contains information about its destination, ensuring it reaches the intended server. Upon receipt, the server acknowledges the packets, allowing for error correction and retransmission if necessary (Pander, 2022; Yasar, 2024). Once all packets are successfully received, TCP reconstructs the data in the correct order, ensuring the integrity of the transmitted information.

Meanwhile, the IP protocol plays a pivotal role in routing packets across the internet. Each packet contains source and destination IP addresses allowing routers to forward them along the most efficient path. As packets traverse different networks, routers make routing decisions based on IP addresses, directing them toward their destination. This process continues until the packets reach the server hosting the website, where they are reassembled by TCP into the original data. Thereby, for instance, Amazon is able to facilitate purchases, sending information to its affiliated delivery company by way of network and providing the receipt to each customer email address.

This real-life example illustrates how TCP/IP governs internet communication, ensuring the reliable transmission of data between devices across the globe. From accessing websites to sending emails and streaming videos, TCP/IP underpins virtually all internet-based activities, highlighting its fundamental role in modern networking.


2. [bookmark: _Toc164859448]UDP: User Datagram Protocol

The User Datagram Protocol (UDP) serves as an alternative to TCP within the TCP/IP protocol suite, offering distinct characteristics and functions. Unlike TCP, which prioritizes reliability through mechanisms such as packet acknowledgement and retransmission, UDP prioritizes speed and simplicity (Lawton et al., 2023). UDP operates on a connectionless model, where communication occurs without establishing a formal connection between the sender and receiver. As a result, UDP lacks the overhead associated with maintaining connection state, making it more lightweight and efficient for certain types of communication. One key characteristic of UDP is its simplicity. UDP packets consist of minimal header information, containing only source and destination port numbers and a checksum for error detection. This streamlined structure enables faster packet processing and transmission, making UDP well-suited for time-sensitive applications where real-time data delivery is critical.
UDP is preferred over TCP in situations where speed and efficiency outweigh the need for reliability. Real-time applications such as voice and video streaming, online gaming, and live broadcasting often leverage UDP due to its low-latency and high-throughput capabilities. In these scenarios, the occasional loss of a packet may be acceptable, as the application can compensate for missing data through techniques such as forward error correction or interpolation.
Additionally, UDP is commonly used in network protocols where reliability is managed at a higher layer of the stack. For example, the Domain Name System (DNS) utilizes UDP for domain name resolution, relying on application-layer mechanisms to handle packet loss and retransmission if necessary. 
Overall, UDP’s speed and simplicity make it a valuable tool in network communication, particularly for real-time applications where rapid data transmission is paramount. While it lacks the reliability features of TCP, UDP’s efficiency and low overhead make it a preferred choice in various scenarios where speed is of the essence.

2.1. [bookmark: _Toc164859449]Real-world Example: Implementation of UDP in real-time applications such as online gaming and video conferencing
In real-time applications like video conferencing and online gaming, the implementation of the UDP plays a crucial role in ensuring low-latency communication seamless user experiences (Lawton et al., 2023). Online gaming has been known to include split-second reactions to help in determining success or failure of individuals playing the games which can be accounted for by UDP’s speed and simplicity which are invaluable. Game developers often hire others to maintain their servers. Whether or not the devs themselves host the servers, they utilize UDP for transmitting environment changes, player actions, and other real-time data between clients and servers. For instance, I play a genre of game called horde shooters. These usually come in the form of zombie apocalypse survival, I am particularly fond of one called Warhammer: Darktide (Hey Poor Player, 2022). 
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[bookmark: _Toc164859410]Figure 2 Game Developed name Warhammer Darktide (Hey Poor Player, 2022)

During the game you must react in specific ways toward certain enemies and as the name of the genre suggests, there are many and they are all different. As such quick reactions from both server and player are paramount considering that it is a very team-oriented game. By bypassing the overhead of TCP’s reliability mechanisms, UDP allows for faster transmission of game data, reducing latency and improving responsiveness. Despite the occasional packet loss inherent in UDP, online gaming applications can employ strategies such as client-side prediction and server reconciliation to maintain synchronization between players while minimizing the impact of lost packets.

Similarly, in video conferencing applications, UDP enables the efficient transmission of audio and video streams between participants. Real-time communication requires immediate delivery of audio packets to ensure smooth conversations and interactions. UDP’s low-latency characteristics make it well-suited for this purpose, as it allows for rapid transmission of media data without the delay introduced by TCP’s congestion control and retransmission mechanisms. Video conferencing platforms often prioritize real-time performance over absolute reliability, accepting the occasional loss of a packet in exchange for reduced latency and improved overall quality of experience for users.

For example, applications like Zoom, Skype, and Discord leverage UDP to deliver high-quality audio and video streams during online meetings and video calls. By utilizing UDP, these platforms can achieve low-latency communication, enabling natural conversations and interactions among participants. While UDP’s lack of built-in reliability features means that occasional packet loss may occur, the benefits of reduced latency and improved real-time performance outweigh the drawbacks in the context of real-time applications like online gaming and video conferencing.


3. [bookmark: _Toc164859450]HTTP: Hypertext Transfer Protocol

The Hypertext Transfer Protocol (HTTP) serves as the cornerstone of data communication on the World Wide Web, facilitating the exchange of information between web servers and clients. HTTP operates on a requisition-response model, where a client, typically a web browser, sends a request to a server for a specific resource, such as a web page, and the server responds with the requested data as seen in Figure 3 (Vedantu, 2023). This request-response mechanism forms the basis of web development, enabling the retrieval and display of web content in a structured and organized manner. 
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[bookmark: _Toc164859411]Figure 3 How HTTP works (Vedantu, 2023)

HTTP requests consist of various components, including the request method, URI (Uniform Resource identifier), headers, and optional message body. The request method, such as GET, POST, PUT, or DELETE, specifies the action to be performed on the requested resource. The URI identifies the location of the resource on the server, while headers provide additional information about the request, such as the user agent, content type, and accepted language. In contrast, HTTP responses contain status codes indicating the outcome of the request, along with the requested data, headers, and optional message body.

The request-response model of HTTP enables the dynamic retrieval and display of web content, allowing users to interact with websites seamlessly. For example, when a user clicks on a link or submits a form on a web page, their browser sends an HTTP request to the corresponding web server, which then processes the request and generates an appropriate response (Mozilla Corporations, 2024). This response may include HTML, CSS, JavaScript, images, or other resources required to render the requested web page.

In essence, HTTP forms the foundation of modern web development, providing a standardized protocol for communication between web browsers and servers (Mozilla Corporations, 2024). By adhering to the request-response model of HTTP, developers can create dynamic and interactive web applications that deliver content efficiently and reliably to users across the globe.

3.1. [bookmark: _Toc164859451]Real-life Example: The Significance of HTTP in the communication between web clients and during online transactions
HTTP plays a pivotal role in facilitating online transactions, ensuring secure and efficient communication between web clients and servers. Consider a typical e-commerce scenario where a user intends to purchase a product from an online store. For example, last week my family bought groceries from an online supermarket named Gibbo Trading Ltd in Jamaica. When my cousin navigates to the checkout page and initiates the purchase, their web browser sends an HTTP request to the e-commerce server, specifying the details of the transaction, such as the product ID, quantity, and payment information. 
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[bookmark: _Toc164859412]Figure 4 Gibbo Trading Ltd E-commerce (Gibbo Trading, 2023)

Upon receiving the request, the e-commerce server processes the transaction, verifies the user’s [my cousin’s] payment details, and generates an HTTP response confirming the successful completion of the purchase. This response may include a unique transaction ID, order summary, and shipping details, along with a HTTP status code indicating the success of the transaction.

Throughout this process, HTTP ensures the seamless exchange of information between the user’s web browser and the e-commerce server, enabling secure and reliable online transactions. HTTP’s request-response model allows for the efficient retrieval and transmission of transaction data, while its standardized protocol ensures compatibility and interoperability across different web platforms and devices.

Moreover, the hypertext nature of HTTP enables the integration of additional features into the transaction process, such as product recommendations, customer reviews, and order tracking. By leveraging HTTP’s capabilities, e-commerce websites can enhance the user experience, streamline the purchasing process, and build trust and confidence among customers.

Overall, HTTP serves as the backbone of online transactions, facilitating communication between web clients and servers in a manner that is secure, efficient and reliable. Its significance in enabling seamless e-commerce transactions underscores the critical role in the digital economy, driving the growth and success of online businesses worldwide.


4. [bookmark: _Toc164859452]FTP: File Transfer Protocol
The File Transfer Protocol (FTP) serves as a fundamental tool for efficient file exchange between devices, facilitating seamless data transfer across networks. FTP operates a client-server architecture, where a client initiates a connection with an FTP server to transfer files (Sharma, 2024). One of the key features of FTP is its versatility in supporting various commands and modes of operations to accommodate different file transfer needs.
FTP offers a range of commands that enable users to perform various file operations, such as uploading, downloading, renaming, and deleting files. For instance, the “get” command allows a client to download a file from the server, while the “put” command enables the client to upload a file to the server. Additionally, FTP provides commands for navigating directories, listing directory contents, and managing file permissions, enhancing the flexibility and control over file operations.
Furthermore, FTP supports different modes of operation to accommodate different network configurations and security requirements. The two primary modes of FTP operation are the active mode and the passive mode (Sharma, 2024). In active mode, the FTP server initiates a data connection to the client, whereas, in passive mode, the client initiates the data connection to the server. Each mode offers distinct advantages depending on factors such as network topology, firewall settings, and security policies, allowing users to choose the most suitable mode for their specific use case. This is mostly done in corporations where the computers are linked together via a network where files are shared, and multiple persons are able to collaborate or access the same documents based on their job descriptions and access levels.
Overall, FTP’s comprehensive set of commands and flexible modes of operation make it a versatile and reliable protocol for efficient file exchange between devices. Whether transferring large files, updating website content, or backing up data, FTP provides the necessary tools and functionalities to streamline file transfer processes and enhance productivity in various computing environments. 


5. [bookmark: _Toc164859453]Protocol Stacks

Protocol stacks play a crucial role in facilitating communication between devices in a network, providing a structured framework for data transmission and reception. These stacks are comprised of multiple layers, each responsible for specific tasks related to data encapsulation, transmission, and delivery (VPN Unlimited, 2024). One widely adopted model for understanding protocol stacks is the Open Systems Interconnection (OSI) model, which defines seven distinct layers, each representing a different aspect of network communication.

At the lower layer of the OSI model is the physical layer, responsible for transmitting raw data bits over the physical medium. Above it lies the data link layer, which handles the framing of data into frames and manages error detection and correction. The network layer, situated above the data link layer, focuses on routing and forwarding data packets across different networks. Moving up the stack, the transport layer ensures reliable end-to-end communication by providing mechanisms for low control, error recovery, and data segmentation.

The session layer manages the establishment, maintenance, and termination of communication sessions between network entities, while the presentation layer deals with data formatting, encryption, and compression. Finally, the application layer serves as the interface between network services and user applications, enabling functions such as file transfer, email exchange, and web browsing.

The hierarchical nature of protocol stacks allows for modular design and interoperability between different network components and technologies (Sharma, 2024). Each layer performs specific functions independently of the layers above and below it, allowing for flexibility and scalability in network design. Additionally, protocols at different layers work together in a coordinated manner to ensure seamless end-to-end communication, with each layer adding its own header or trailer information to data packets as they traverse the network.


Overall, protocol stacks and the OSI model provide a structured framework for understanding and implementing network communication protocols facilitating the development of robust and interoperable networking solutions. By breaking down the communication process into discrete layers, protocol stacks enable efficient data transmission and reception while ensuring compatibility and flexibility across diverse environments.


6. [bookmark: _Toc164859454]Importance of Standardization

Standardization plays a pivotal role in network communication, providing a common framework that ensures interoperability and facilitates widespread adoption of networking technologies. By establishing uniform protocols and specifications, standardization organizations such as the Internet Engineering Task Force (IETF) and the International Organisation for Standardization (ISO) enable different devices and systems to communicate seamlessly with each other across diverse network environments (Yasar, 2023).

One of the key benefits of standardization is interoperability, which refers to the ability of different systems and devices to exchange data and work together effectively. Standardized protocols define the rules and procedures for data transmission, ensuring that devices from different manufacturers can communicate without compatibility issues (Yasar, 2023). For example, the TCP/IP protocol suite, which serves as the foundation of the Internet, is based on open standards developed by the IETF, allowing devices from various vendors to connect and communicate with each other regardless of their underlying hardware or software.

Moreover, standardization promotes innovation and competition by providing a level playing field for vendors and developers. By adhering to established standards, companies can focus their efforts on creating innovative products and services that build upon existing technologies, rather than reinventing the wheel. This fosters healthy competition and encourages the development of robust, interoperable solutions that benefit end-users.

Standardization also simplifies network management and maintenance by promoting consistency and predictability in network configurations. Network administrators can rely on standardized protocols and interfaces to configure and troubleshoot network devices, reducing the complexity of network operations and minimizing the risk of errors or misconfigurations.



7. [bookmark: _Toc164859455]Overall Discussions

In exploring the essay topic, I have gained a comprehensive understanding of the fundamental concepts and principles that underpin communication between devices in a network. Firstly, I learnt about the importance of network protocols such as TCP/IP, UDP, HTTP, and FTP in facilitating efficient and reliable data transmission. These protocols define the rules and procedures for communication, ensuring that data is exchanged accurately and securely across different devices and networks. 

Additionally, I have gained insights into the characteristics and functions of each protocol, understanding when and how they are used in real-world scenarios. For example, TCP/IP is essential for reliable communication over the Internet, while UDP is preferred for applications requiring low latency and real-time data transmission, such as online gaming and video streaming. 

Furthermore, I have explored the concept of protocol stacks and the layered architecture of network communication, particularly the OSI model. Understanding how protocols interact within the OSI model has provided me with a holistic view of network communication, enabling me to grasp the complexities involved in transmitting data across different layers of a network.

Moreover, I have recognized the significance of standardization in network communication, realizing how standardized protocols ensure interoperability and promote innovation in the development of networking technologies. By adhering to established standards, organizations can build robust and scalable network infrastructures that support the seamless exchange of data and the development of innovative applications and services.

Overall, my exploration of network protocols and communication has deepened my understanding of the essential principles governing modern networking technologies. I have learnt about the role of protocols, the importance of standardization, and the complexities involved in transmitting data across networks, equipping me with valuable insights into the underlying mechanisms of digital communication.

7.1. [bookmark: _Toc164859456]Contributions of Essay Paper to My Personal and Community Development 
Network protocols are one aspect of the larger machine that is today’s cyberspace. They are very important to understand for those in cybersecurity and there is much merit in perusing the basics for those in the broader field of computer science. Communication has always been key; it is the difference between successful and failing relationships of any type or form and relationships between machines is no different. Through understanding protocol, we can be the counsellor who helps maintain their security and facilitate frictionless communication. As we feel the need to be faster, we must also be sure we can still see ahead of us that we won’t trip or allow the information to reach the wrong hands and understanding these is only the beginning.  


8. [bookmark: _Toc164859457] Conclusion
In summary, the exploration of network protocols has revealed the critical role they play in facilitating communication between devices in a networked environment. This essay delved into the characteristics and functions of common protocols such as TCP/IP, UDP, HTTP, and FTP, recognizing their significance in ensuring efficient and reliable data transmission. Additionally, this essay provided valuable insights into how protocols interact within the OSI model through a discussion on protocol stacks and the layered architecture of network communication. It highlighted the complexities involved in transmitting data across different layers of the network. 

Moreover, the essay emphasized the importance of standardization in network communication, acknowledging how standardized protocols promote interoperability and innovation in networking technologies. The essay provided an exploration and understanding of network protocols, that allows one to be able to stay abreast of emerging technologies and protocols to meet the evolving needs of modern communication systems in the ever-evolving digital network. By embracing this mindset of continual learning and adaptation, we can harness the full potential of network protocols to build robust and resilient network infrastructures that drive innovation and connectivity in the digital age.
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