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Introduction
This report will introduce and analyse the relationship between Object-Oriented Programming (OOP) and Web Services, examining how Object-Relational Mapping (ORM) influences software design and development in a web-based environment.

Conceptual Foundations
Definition of OOP
Object-Oriented Programming is a programming paradigm that structures software by organising code around objects. It has core principles that include Encapsulation, Inheritance, Polymorphism, and Abstraction [1]. OOP allows developers to write maintainable, modular, and reusable software.
Encapsulation
Encapsulation is a OOP principle where a class will hides its internal implementation and only show a limited interface to external modules. The interface will act like a contract between the module and the rest of the application, dictating how other parts of the application can only interact with the class in certain specified ways. The advantage of encapsulation is that making changes inside a class can be made easily without breaking or dealing with external code. This makes it easier to update and maintain the application especially for larger scale projects with many classes [2].
Inheritance
Inheritance is a principle in OOP that allows a class to give or get properties of another class depending on if it’s a parent or a child class, showing a hierarchical relationship. It works by the parent class acting as a base class, sharing its properties such as variables and methods with the children classes that inherit from it. For example, if a class called Vehicles exists and it contains variables such as model, colour, year and methods drive and brake, and a class called Car inherits from it, then the class Car is a child class that will have access to all the variables and methods, with the ability to override and add extra functionality to the methods shared by the parent class. Inheritance plays a vital role in OOP by promoting code reusability and reducing redundancy in code [2]. These are important features to software development as they make the code less bloated and easier to maintain.

Polymorphism
Polymorphism is another principle in OOP; it refers to the ability of different objects to respond to the same method call with different functionality. The way it works is through method overriding. For example,  child classes inheriting a method from a parent class can override it to add their own specific implementation, during runtime, the application determines which method is being called from the child classes based on the object's type. Similar to inheritance, polymorphism promotes code reusability and reduction in redundant code, making its role in code maintainability very important [3].

Abstraction
Abstraction in OOP is the concept of hiding details of code implementation and only providing the essential features of an object. It is mostly used with inheritance, with the parent class. Abstraction is implemented through abstract classes. An abstract class is a class that defines methods that must be implemented by the child class without providing any specific implementation. This gives the child classes the ability to have their own implementation of a method while maintaining a common structure. The role of abstraction is to simplify complex systems by only exposing relevant details, making the code easier to understand and maintain [3].


Web Services and RESTful Architectures
Web services are a software system that operates on the internet with the specific purpose of allowing applications to communicate with other applications. Unlike web pages, which are made to be easily accessible for human use, web services are designed for machine-to-machine interaction. These machine interactions tend to use protocols such as REST or GraphQL to exchange data, which tends to be formatted as XML or JSON [4]. Web services tend to be used for online payment services or general backends for web and mobile applications [5].
Representational State Transfer, also known as REST, is one of the protocols used in web services. REST is a stateless protocol, meaning that requests from the client side contain all the data to be processed, while the server does not retain any session details between requests. In a RESTful architecture, HTTP methods such as GET, POST, PUT, and DELETE are used to perform actions on resources such as products, users, or any resource that is identified using unique URLs [6].
RESTful architecture is popular and used in modern software engineering due to its simplicity. The reason its simple is because its stateless,  meaning each request does not rely on previous interactions, meaning no complex session handling is needed. Furthermore, REST is scalable also due to its statelessness, because it allows servers to handle each request independently, making it easier to load across multiple systems[7].






Object-Relational Mapping (ORM) in Web Services

Definition and Role of ORM
Object-Relational Mapping, known as ORM, is a programming technique that uses OOP languages to interact with relational databases. This means that, using ORM, a developer can interact with relational database management systems such as PostgreSQL using OOP languages such as Python, Java, etc. This is done by ORM linking database tables to classes in the code, with each row in a table being represented as an object from the class. This means no raw SQL queries are needed to perform actions on a database such as creating, reading, updating, and deleting records[8]. This is a significant advantage in application development because it decreases the complexity of connecting two different systems and avoids using languages such as raw SQL to work with a database.
There are many frameworks that utilise ORM, such as Hibernate (a Java-based framework), SQLAlchemy (a Python framework), Dapper (a C# framework), and others. Tools such as Hibernate simplify database interactions in the OOP paradigm by reducing repetitive SQL configuration, which reduces boilerplate code, leading to a more readable and maintainable codebase. On top of that, Hibernate automatically handles the mapping between Java classes and database tables, with its own query language called Hibernate Query Language (HQL), which allows for OOP languages such as Java to be used [9].
Advantages and Limitations
ORM and its frameworks offer many advantages for large-scale web application development. One key advantage is their ability to remove boilerplate SQL code. Boilerplate code is code that is repetitive—for example, managing database connections and writing SQL queries. In large applications, removing boilerplate code is an advantage because boilerplate code can make the codebase bloated, meaning it’s harder to read and maintain. Removing boilerplate SQL code means there is less time spent writing repetitive code and, overall, results in a cleaner, easier-to-read, and more maintainable codebase [10].
On the other hand, with regard to large-scale applications, there are disadvantages. One notable disadvantage occurs because ORMs abstract SQL queries and may generate inefficient SQL. This issue leads to the N+1 problem. The N+1 problem occurs when an ORM makes one query to get N parent records but then makes another query to fetch each N record individually. For example, if there are two tables called drivers and cars, where each driver can have many cars, the ORM would first query all drivers and then do one query for each driver to get their cars—leading to N + 1 queries being executed. For a large web application, this leads to a slower performance in a live environment [11].

Spring Boot and OOP
OOP Integration in Spring Boot
Spring Boot utilises core OOP concepts such as encapsulation, inheritance, polymorphism, and abstraction to enhance maintainability, modularity, and reusability of the codebase. Spring Boot makes the codebase more modular through dependency injection, which allows components to depend on abstraction rather than having a concrete implementation. This means that during application runtime, instead of a class having to create its own dependencies, the Spring container will automatically inject the required dependencies with the proper implementation [12]. By doing this, the code is decoupled, making it easier to swap functionality when needed. Since it’s easy to swap functionality when needed, this means it’s easier to test the functionality of the code. Therefore, dependency injection improves the maintainability of the codebase.
Furthermore, Spring Boot helps create loosely coupled components that can be reused when needed throughout the application. This means that functionality can be created once and be injected wherever needed without having to rewrite it. This shows how Spring promotes code reusability by focusing on modular design [13].



Use of Design Patterns
Dependency injection is a Spring Boot design pattern that allows objects to be injected with their dependencies from external sources rather than the objects creating their dependencies themselves. Instead of a class creating its own dependencies, Spring manages the constructor and injects the required dependencies during runtime. Dependency injection utilises abstraction because it depends on interfaces or abstract classes rather than concrete implementations. This decouples the components, meaning classes are no longer tightly bound to the specific implementation of their dependencies; instead, they use interfaces or abstract types. This aligns with the OOP principle of abstraction, which makes the code more reusable and easier to test [12].
The repository pattern is a Spring Boot design pattern that provides a way to abstract data access logic from the rest of the application. In this pattern, instead of writing boilerplate CRUD operation code in the service or controller layers, you create a repository interface that’s specific to an entity in the application—for example, a LicensePlateRepository that provides CRUD operations. Then, during runtime, Spring will connect the repository interface to an underlying implementation. The repository pattern makes the codebase more modular and easier to maintain by separating the business logic from the persistence logic [14].

Best Practices for Scalable Web Services
There are a lot of best practices that can be used in designing a scalable and efficient web service using Spring Boot and ORM, such as utilising a microservice architecture and considering the type of application being developed and how it should scale, whether through horizontal or vertical scaling [15]. It is important to think about both horizontal and vertical scaling when designing a scalable and efficient web service, as they both encourage application scaling but work in vastly different ways.
Horizontal scaling works by using more machines to split the workload, making it more complex to work with due to requiring specific architectural changes in order to function properly. However, it offers greater scalability compared to vertical scaling, especially in a microservice-based application where only the popular services need to be scaled. In contrast, vertical scaling works by building and improving a single machine. While easier to implement than horizontal scaling, it can be costly and its scalability is limited by the hardware being used [16].
Another best practice is using the microservice architecture. In this architecture, the application is broken down into small, independently deployable services, each with its own unique job, aligning with the “SOLID principles”. Each microservice should have its own business logic, dependencies, and, if needed, its own database to make it independent and reduce coupling between services. The microservice architecture allows teams to develop, deploy, and scale individual microservices independently when needed. This enhances the maintainability and horizontal scalability of the application [16].

Challenges and Future Perspectives
Common Implementation Challenges
When using OOP and ORM in the development of web services, there will be a range of challenges that can be faces that impact performance, maintainability of the services and other important challenges. Some of these challenges are performance overheads, lazy loading issues and data consistency concerns:
Performance overheads is one of the key challenges that occur when implementing OOP based web services with ORM. Performance overheads are introduced when ORM frameworks such as Hibernate translate OOP languages such as java into SQL queries, removing the need for raw SQL queries to be written. The translated SQL queries can end up being inefficient compared to manually written raw SQL queries. The translation process generating suboptimal queries can result in slower data access and increased response times, especially if working with large datasets that require complex queries. In addition, the abstraction layer on the translation process created by the ORMs makes it more difficult to check the exact queries that have been generated, which can cause the bad database access patterns to remain, one major database access pattern issue that can occur is the “N+1”  problem. This happens when the ORM generates a single query that is executed for each item in the table rather than retrieving all items in a single optimised query. This causes a lot of performance issues especially in larger systems [8].

Lazy loading is a technique that is used to make applications faster by only loading what is needed in the moment rather than loading everything all at once. The advantage of lazy loading is the reduction of the load times and memory usage, due to not retrieving unnecessary data but while advantageous, lazy loading can still bring up issues. One major issue associated with lazy loading is the “N+1” problem, where a single query is executed for each item in a table rather than retrieving all items using a single optimised query. This leads to a large amount of unneeded database calls which impacts the application performance. this raises query latency and places pressure on the database server, due to the amount of trips between the application and database to execute each query. This can lead to slower response times, and wasted computational resources making it a major challenge when implementing OOP based web services [17].

Data consistency concerns are another significant challenge what is faced when implementing web services with ORM. A common reason for this issue is caused by the caching mechanism is in ORM, which is used to improve application performance by reducing database load. The caching mechanism can lead to problems when the cached data becomes outdated when its not synchronised with the database. This is an issue because the application will be working with stale and inconsistent data which leads to incorrect outputs and other application issues, especially with systems that frequently update their data [18].



Emerging Trends in Web Services
Microservices, cloud-native development, and GraphQL APIs are emerging trends in web service architecture. Microservices are a design approach where an application is broken down into small, independent services that are each responsible for a specific job. These services are autonomous. A major advantage of using microservices is that it promotes scalability and maintainability, making it suitable for large-scale applications [16]. In microservices, OOP principles such as encapsulation are used since the services need to be complete and self-contained, hiding their own internal implementation.
GraphQL is a query language and runtime for web service APIs that runs queries on the server side. Unlike REST APIs, GraphQL lets clients request the exact data they need. This reduces over-fetching and under-fetching of data by allowing clients to specify the exact fields they want and returning only that. GraphQL impacts how ORM needs to be used by requiring more accurate data fetching, which requires writing custom queries that aren’t automatically generated or translated [19].
Finally, cloud-native development is another emerging trend that focuses on building and running applications using the cloud environment. Its main focus is on scalability and immediate deployment. Containers and Kubernetes are used for deploying applications to the cloud environment [20]. Cloud applications prefer a modular design, and it aligns with OOP principles such as modularity and abstraction. The advantage of having a modular design is that it makes it easier to manage application complexity and makes teamwork easier.

Recommendations for Enterprise ORM
When working with ORM in large-scale applications, developers can encounter challenges such as the N+1 query problem and data consistency issues. However, by applying best practices and making certain improvements, these challenges can be reduced or even avoided, leading to a better and more efficient application. In the case of the N+1 problem, eager loading can be an effective solution. Eager loading ensures that data is retrieved using a single optimised query rather than executing one query for each item. This prevents the N+1 problem, improves performance, and reduces the database load, which is a significant advantage, especially when working with large datasets [11].
To avoid data consistency concerns, there are caching strategies that can be used. One strategy is static application-level caching, which uses two approaches: expiration, which allows stale data to only exist for a certain amount of time; and invalidation, which enforces consistency by refreshing cache entries when data changes [21].
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