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[bookmark: _Toc198230509]Introduction
In this report, the roles of client-side and server-side scripting in developing interactive and data-driven web applications are examined. Additionally, it explores Node.js as a runtime environment. The report's second half details the license plate management system, including its main components, structure, and testing procedure to show how these technologies can be used in real-world scenarios.
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In web development, client-side and server-side scripting are essential paradigms that play distinct roles in facilitating smooth interaction between the web server and the client. creating dynamic, flexible, and secure web applications requires a knowledge of their key differences.
[bookmark: _Toc198230511]Client-side scripting 
This happens in the clients browser and the primary objective is to improve the user experience and interface by creating visually appealing webpages. Scripting language like JavaScript is executed in the client computer that allow for interactive features such as the use of animation, real time updates, validating forms without needing to communicate with the server [1]. In client-side scripting the browser is used as the run time environment for interpreting and running code locally. 
The below code is a simple example of client-side scripting is used to improve interactivity by updating the page dynamically without directly interacting with the server.
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[bookmark: _Toc198230512]Server-side scripting
This happens in on the web server and its mainly used to process user input retrieve data from the database and creating dynamic content. Popular server-side scripting languages include PHP, Python, Java and Node Js. A run time environment like Apache, Node Js is necessary for these scripts as well as database connectivity such as PostgreSQL [2]. 
This end point is an example of server-side scripting, in which a backend controller method is used by the server to process, validate, and store incoming data from the client in the database.
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Overall, there are a numerous key difference between the two in terms of functionality, execution environment and performance. Client-side scripting depends on browser compatibility and runs directly in the user's browser which can improves response time as no interaction with the server and database is needed which can enhance user experience and lowers the processing load on server. The source code is left exposed which poses a significant security risk. Whereas server-side scripting operates in web servers and remains hidden from the end user and produce preprocesses output, which is great for data security, but it increases processing load on the server as communication is required with the server. Also, it is quite important for managing database interaction, accessing files and providing an adaptable response depending on the user and access privileges [3].
To summarise, using server-side scripting can help in maintaining applicating logic and processing data whereas client-side scripting can be used improve the user experience and ensuring responsive content. Overall, both are important and serve as the foundation for most modern web development. 



[bookmark: _Toc198230513]Node.Js framework
Node.js is well known open-source runtime environment that allows JavaScript code to be executed outside of a web browser. It was first introduced by Ryan Dahl back in 2009 and it is built on top of Chrome’s V8 JavaScript engine and is known for its flexible event driven features and autonomous architecture.
By enabling a language that was initially used for client-side to be used for server-side programming as well marked a dramatic change in the paradigm of web development. Over the past years Node.js became popular across application stacks due to its high performance, scalability and consistency.
One of its main advantages its asynchronous and event driven architecture which enables low resources consumption with a high concurrency. Node.js can easily manage numerous client requests using a single threaded event loop, in contrast with conventional multi-threaded server-side environments. Adopting this technique enables input and output operations such as file access and network communication to be handled effectively without disrupting the executing of other tasks which makes Node.js a great choice for applications like Apis and other lightweight web services that need to be responsive [4].
Using a single programming language throughout the application is a plus as JavaScript tools can be used for both client side and server side to streamline the application development process and significantly improve front-end and back-end team collaboration.  Also, a large environment of reusable modules is available through NPM which can be used to substantially cut down on development time by giving different solution for common programming needs [4].
Furthermore, it improves loading time as it provides caching modules which support web applications to handle requests in simpler way and transfer it to in-application memory, which may lower loading time significantly and improve user experience. 
Overall, using Node.js provides numerous benefits, like scalability, high performance, cost effective using full-stack JavaScript development. it is easy to learn and adapt, and it supports powerful data processing, concurrent request handling, and faster loading times and cross-platform development compatibility [5].
Node.js has drawbacks despite its advantages. While Node.js is quite perfect for input and output operations, but it Its not  quite suitable for CPU intensive tasks or data processing tasks because these can block the event loop and cause lots of problems with performance. Although there are potential solutions like worker threads and clustering, they frequently come with additional complexity and possible performance drawbacks [6].


Another significant drawback is managing security and dependency as lots of Node.js applications usually depend on third party modules due to the fast NPM expansion. Some researchers have indicated that weaknesses in widely used NPM packages may jeopardise the applications security. For ensuring secure development it is quite important to keep packages constantly up to date, audit dependencies and avoiding complicated dependency chains [6].
Also, handling asynchronous code as this may bring up issues like callback hell, challenging debugging and subtle concurrency bugs even though modern syntax such as promises and aysnc and await made the code a lot easier to read. To ensure proper handling of flow control and error handling developers much be knowledgeable about asynchronous design pattern [6].
To summarise, Node.js is a tool for creating applications that are rapid and scalable. Performance and development efficiency are improved by its unified and async design. Its async complexity, single-threaded architecture, and dependency management issues, however, call for careful thought. Node.js offers a contemporary and effective framework for a variety of web-based use cases; however, as with any technology, its application should be tailored to the particular requirements and environment of each application.
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Firstly, to properly kick start the application ensure the following:
1. PgAdmin is running in the background and database is active 
2. Run the backend Spring Boot application
3. Front end run npm install to ensure dependencies are up to date, then run npm start to start the React application. This will open the browser on http://localhost:8081

[bookmark: _Toc198230516]Homepage:
The homepage presents 2 options admin and customer view with various buttons as shown below.
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Selecting add new plate will forward you to this page fill all fields in the form. if the plate already exists or the plate matches a list of already defined inappropriate words, it will be rejects it.
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This section shows existing plates and allows searching for plates via search bar, filter list by price, availability and already purchased and buy a plate. 
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See all registered customers in the system.
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Customer registration is for registering new customer that can later buy a plate of their choice. Fill all required fields appropriately to successfully register in the system then click register button to complete registration.
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[bookmark: _Toc198230521]Node.js and React Code

The system frontend is created using React.js, while the development server is run using npm and packages are managed using Node.js as the runtime environment. The application is launched on http://localhost:8081 thanks to Node.js and npm, which manage dependencies like npm install and local execution like npm start.
Index.js, which renders the root component and establishes the application's foundation, launches the application. HomePage.js, the primary landing page, has two distinct sections: Admin View and Customer View, each with buttons to access its own features.
Important elements consist of:

· Add plates: Allows the registration of new plate data, like price and text.

· Register customer: Allows new customers to sign up by inputting their personal data and submitting the form.

· View customers: Allows admins to see list of registered customers.

· View plates: Provides plates price and status filters for all available and purchased plates.

· Users can search and sort plates dynamically with the help of search bar and filter dropdown list.

The useState and useEffect hooks in React are used to handle side effects and dynamic data. The application updates the user interface in real time while retrieving license plate data from the backend API. To show whether plates are available or can be purchased, conditional rendering is utilised.
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Adding new customer.
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Successful view customer.
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Add plate.
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View plate
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Buy plate
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Plate assigned to mike
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Search
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Filter by available
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Filter price low to high
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Filter by purchased.
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Validation.
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@PostMapping®-
public LicencePlate register(@Valid @RequestBody LicencePlate plate) {
return service.register (plate]
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document.getElementByTd('greeting'). textContent
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