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Introduction

In modern software development, Object-Oriented Programming (OOP) and Web
Services play pivotal roles in designing efficient, scalable systems. OOP principles such
as encapsulation, inheritance, polymorphism, and abstraction have long been
foundational in creating maintainable and modular software. Meanwhile, the increasing
need for distributed systems, especially in the era of microservices and cloud-native
architectures, has brought forward the essential role of web services in ensuring
seamless communication between components. In particular, technologies like Spring
Boot and Object-Relational Mapping (ORM) frameworks, such as Hibernate, provide
developers with powerful tools to simplify database interactions and build responsive,
scalable web services. This paper explores the intersection of OOP and web services,
examining best practices, challenges, and emerging trends in the development of
modern, high-performance systems. It also delves into the critical role that ORM plays
in managing data in large-scale enterprise applications, offering recommendations for

optimising its use in real-world scenarios.

Conceptual foundations

This section will analyse the core principles of Object Oriented Programming:
encapsulation, inheritance, polymorphism, and abstraction, highlighting their role in

software design and development.

Encapsulation

Encapsulation in OOP is all about keeping certain parts of a class like its internal data
and member functions out of reach from the outside world. It’s essentially a way of
protecting the internal state of an object by exposing only what’s necessary through a
controlled interface. As described in [1], encapsulation doesn’t just mean hiding
variables or making everything private for the sake of it. The bigger picture is about
reducing unnecessary mental effort during design. When we don’t have to constantly

think about every inner working of a class, we can focus on the broader structure and




higher-level abstractions of the system. This is especially powerful in large-scale
applications, where well-encapsulated components can be built, understood, and
debugged independently. A good rule of thumb, as suggested in the source, is to keep

all class data private unless there’s a solid reason not to [1].

Inheritance

Inheritance is a core part of object-oriented programming (OOP), letting one class reuse
code from another in an easy and natural way. The concept defines an “is-a” hierarchy,
meaning that a subclass inherits from a superclass and can either extend or modify its
behaviour. For example, a car is a vehicle. This mirrors how we often introduce new

concepts in real life - by comparing them to something familiar [2].

There are generally two types of inheritance: single and multiple. Single inheritance
allows a class to inherit from just one super class, even across multiple levels of the
hierarchy. Multiple inheritance, on the other hand, means a class can inherit from more
than one class at the same time, like a graphical image inheriting properties from both a

geometrical shape and a picture [3].

InJava, inheritance is limited to the single type. This avoids issues like the “diamond
problem”, where a subclass could inherit conflicting methods or attributes from
multiple super classes that share a common ancestor. When that happens, the
subclass may struggle to resolve which version of a method to use. To support shared
behaviour across different class types without running into these problems, Java uses

interface instead [3].

Polymorphism

Polymorphism is one of the most powerful OOP concepts that makes designing and
extending code a whole lot easier. |t basically lets you write one method that works in
different ways depending on what object it’s working with. This keeps your code clean,
avoids repetition, and makes it easier to update things later on without breaking

everything.




There are two common ways of applying polymorphism: overloading and overriding.
Overloading is when you’ve got methods with the same name but different parameters.
This is good for keeping things simple when you’re doing similar tasks that just need
slightly different inputs. But if you overdo it, it can get confusing, especially when it’s not

clearwhich version is actually being used.

Overriding is when a subclass takes a method from its parent class and provides its own
version. This is the key part of polymorphism that lets objects behave differently even

when they’re being called through the same method name [4].

Abstraction

Abstraction is all about focusing on what a class or piece of code does, without getting
caught up in the details of how it does it. It’s a way of modelling software by showingthe
necessary parts and hiding everything else that’s not immediately impaortant. This
makes it easier to design and reason about systems, because you’re not constantly

focused on implementation details [1].

This idea extends beyond just classes and methods. In the OOP world, as stated in [1],
abstraction also helped drive developments like template functions and classes, which
formed the basis for tools like the Standard Template Library (STL). These tools laid the
groundwork for generic programming and metaprogramming, which allow developers to
write generalised code that can adapt to specific types later during compilation. In
many cases, compilers are now doing more of the heavy lifting, generating and

executing code behind the scenes, with only the final results being used in the program.

As OOP became more widely adopted, developers started recognising common
structures and relationships between classes that kept repeating across different
projects. This is where design patterns came in as abstract solutions to recurring design

problems that improve code readability, maintainability, and reusability [1].

Overview of Web Services
As enterprises started dealing with more distributed systems and data, integrating

everything across different platforms became a major challenge. Service-Oriented




Architecture (SOA) was introduced to solve issues of tight coupling, and web services

became the main way to implement it [5].

Traditional web services, defined by W3C, are software systems that enable machine-
to-machine communication over a network [6]. They rely on SOAP for messaging, WSDL
for describing services, and UDDI for publishing and discovering them. This setup
enables interoperability and decouples systems across different platforms and

languages [5].

Still, they come with limitations, useful information is often hidden behind a single
POST endpoint, the SOAP messaging process is complex and slow, and clients are
tightly bound to WSDLs. The overhead from SOAP and WSDL also hurts performance

and makes caching difficult [5].

These drawbacks opened the door for REST to gain traction, something we’ll explore

next.

RESTful Architectures

REST, which stands for Representational State Transfer, is an architectural style that
offers a simpler alternative to traditional Web Services. It was originally introduced as a
way to improve how distributed hypermedia systems are designed, and later became a
guideline for shaping modern Web architecture [5]. What makes REST stand out is how
it builds on existing, widely-used Web standards like HTTP, URIs, and MIME types, which

makes it simple and easy to adoptin real-world systems.

Atthe heart of RESTful Web Services is the idea of resource, which refers to any
identifiable entity on the Web. These resources are accessed using standard HTTP
methods (like GET, POST, PUT, and DELETE), and they’re represented in formats such as
XML or JSON, which include both the actual data and metadata about it. The interaction
is built around the idea of content negotiation, where clients and servers agree on the
most suitable format for exchanging information. As described in [5], working with a

RESTful Web Service is very similar to navigating a dynamic website.

RESTful Web Services come with several strengths. They are addressable, meaning

every resource has a unique URL, making it directly accessible without needing a




central registry like UDDI. They are also stateless, meaning each request stands on its
own, carrying all the necessary info needed to process it without relying on previous
interactions. REST uses a uniform interface, simplifying how services are consumed
since the same HTTP methods apply across the board. Plus resources are linked

together using hyperlinks, enabling state transitions through the web itself.

Relevance to modern software engineering

These qualities make RESTful Web Services lightweight, easy to use, and highly
scalable. These are qualities that are especially valuable in modern software
engineering. As [5] notes, their simplicity and flexibility have made them a go-to choice
for companies like Google, Amazon, and eBay. REST now powers around 66% of all

public APIs listed on “ProgrammableWeb” [5].

Object-relational mapping (ORM) in Web Services

Object-Relational Mapping (ORM) is a technique that allows object-oriented
applications to interact with relational databases without requiring direct SQL
manipulation. Instead of writing low-level code for every query, developers work with
program objects, while the ORM framework maps these objects to relational tables
behind the scenes [7]. This is particularly valuable in web applications, where

multithreading and concurrent access can introduce complexity.

Hibernate, one of the earliest and mostinfluential ORM frameworks, was designed to
simplify the persistence layer in Java applications. According to [7], Hibernate handles
everything from object-to-table mapping to managing relationships and executing
queries, allowing developers to work entirely in the object-oriented paradigm. Updates
to objects are tracked automatically, and the necessary database operations are

performed at committime.

A key strength of tools like Hibernate is the use of the Entity Model, which acts as a
bridge between application logic and database structure. This model aims to abstract
away complex table relationships and enables developers to design around objects and
their association, including advanced features like inheritance hierarchies without

worrying about how they’ll be implemented in SQL[7].




By automating tedious persistence logic and making database access feel native to the
language, ORM tools significantly improve development speed, code maintainability,

and scalability in modern service-based applications.

Advantages and Limitations of ORM in large-Scale Web Applications
While not strictly required for database interaction, ORM tools save developers a lot of
time and effort. Without them, managing persistence means writing low-level SQL
queries manually, then converting the results back into usable objects. This not only
slows down development, but also makes the code harder to read and maintain,
especially as the application grows and evolves. ORM engines handle all of that
automatically and often validate the generated SQL at startup, which helps catch issues
early. As noted in [8], this built-in validation can be a good way to ensure the data model

and the object stay in sync.

That said, ORMs aren’t perfect. According to [8], some well-known developers have
pointed out that ORM tools often fall short when it comes to fully bridging the gap
between object-oriented programming and relational databases. Joel Spolsky famously
called ORMs “leaky abstractions” because they tend to expose the complexity they’re
meant to hide. Ted Neward went even further, comparing ORM to the “Vietnam War”,
suggesting it only gets messier as you try to support more advanced features. Martin
Fowler also called ORM a “hard problem”, arguing that in many cases, these tools
simply can’t meet all the demands of relational persistence. All of these issues trace
back to the core problem: object-oriented and relational database systems don’t line

up neatly, a disconnect often referred to as impedance mismatch [8].

Spring Boot and OOP

How Spring Boot integrates with OOP concepts to enhance
maintainability, modularity, and reusability

Spring Boot’s integration with core object-oriented principles plays a major role in
making code more maintainable, modular, and reusable. One of the standout features
is its use of dependency injection, which helps keep classes loosely coupled and easy

to test. Instead of relying on static code (which is notoriously hard to work with), Spring




encourages injecting dependencies through constructors. This not only turns classes
into simple POJOs that can be tested independently, but also helps prevent common

pitfalls like null pointer exceptions when new dependencies are introduced [9].

Another key principle in play is the Law of Demeter, also known as the “principle of least
knowledge.” This rule promotes encapsulation by encouraging objects to only interact
with theirimmediate “friends” rather than reaching deep into other objects’ internals.
Following this pattern helps avoid tangled code and makes components easier to
modify or reuse without breaking other parts of the system [9]. By leaning into these
OOP practices, Spring Boot sets developers up for building applications that are

cleaner, more testable, and easier to evolve over time.

Design patterns used in Spring Boot

Dependency Injection

Spring Boot’s use of the Dependency Injection (D) design pattern is deeply tied to
object-oriented principles like abstraction and encapsulation, which in turn promotes
qualities like modularity and reusability. Through its loC container, Spring manages the
full lifecycle of application components known as beans, from creation to destruction,
removing the need for tightly coupled code. Developers can inject dependencies using
annotations like @Autowired, allowing classes to declare what they need without
worrying about how to construct it. This makes the codebase more maintainable and
easier to test. Dl also encourages interface-driven design, where implementations can
be swapped behind shared interfaces. For example, [10] describes how both CarService
and TruckService implement the VehicleService interface, allowing Spring to inject the
appropriate class depending on the configuration. When multiple implementations
exist, Spring provides tools like @Qualifier or explicit naming to resolve ambiguity.
Whether wired through constructors or setters, this approach makes the system more
modular, while keeping each class focused on a single responsibility, which are all key

traits of well-structured OOP [10].




Best practices in designing a scalable and efficient web service using
Spring Boot and ORM.

Designing scalable and efficient web services with Spring Boot and ORM technologies
like Hibernate relies on several proven best practices. According to [11], these practices

are key to maintaining performance while handling growing workloads.

Scaling strategies are an important consideration when designing scalable web
services, and a key best practice is to choose the most suitable approach based on the
application’s architecture and expected workload. As highlighted in [11], horizontal
scaling, where more machines are added to distribute traffic is ideal for cloud-native
and high traffic applications, while vertical scaling, which strengthens a single

machine’s resources, is suited for simpler or budget-limited projects.

Another essential practice is implementing appropriate database division techniques.
As stated in [11], database sharding, which splits a database into independent shards,
is crucial for handling very large datasets and improving write-heavy performance,
especially in globally distributed systems. Partitioning, which breaks large tables into
smaller parts, is similarly important for optimising queries and managing large volumes

of data efficiently.

Efficient connection management is another recommended best practice. Using
connection pooling libraries such as HikariCP, reduces connection overhead, improves
concurrent request handling, and avoids blocking issues. Load balancing also matters,
by spreading database queries across multiple servers, it helps keep systems

responsive and avoids overloading any one server.

Read-write separation is also emphasised as a best practice for scalability. According to
[11], setting up a master-slave database architecture ensures that read queries are
offloaded to replicas, while write operations are directed to the master, helping balance
workloads, Eventual consistency mechanisms are used in distributed systems to

maintain synchronisation without introducing significant performance penalties.

Finally, tuning Hibernate’s settings can give extra performance benefits. As

recommendedin [11], enabling connection pooling, using second-level caching,




processing database updates in batches, and setting smart fetch sizes all help lower

response times and improve how the service scales.

By applying these best practices thoughtfully, developers can build Spring Boot and

ORM web services that stay fast, reliable, and ready to handle real-world growth.

Challenges and Future Perspectives

Common Challenges faced when implementing OOP-based web
services with ORM

Implementing OOP-based web services using ORM framewaorks like Hibernate brings
significant benefits in abstraction and developer productivity, but also introduces
several recurring challenges. These often emerge from how ORM tools hide the details
of database management behind object-based APls. As discussed in[12], this
abstraction prevents compilers from optimising database interactions. It also limits the
developer’s visibility into how data flows through the application. As a result,

developers may unknowingly introduce performance issues as their applications scale.

One commonissue is related to lazy and eager loading. As shown in [13], if
relationships between entities are configured with eager loading, it can cause the
application to load large amounts of unnecessary data even if only a small part is
needed. This excessive data retrieval increases memory use and slows down response
times, particularly when scaling up the number of records. For example, in a simple
application managing companies and departments, fetching associated department
records eagerly, even when they weren't needed, significantly impacted performance.
After switching to lazy loading, the response time improved by 71%, demonstrating how

important itis to configure loading strategies appropriately.

A closely related challenge is the one-by-one processing anti-pattern, where the ORM
generates separate queries for each individual record in a loop, commonly leading to
what’s known as the N+1 problem. Instead of retrieving related data in bulk, the
application ends up issuing a separate query for every related item, severely impacting

performance. [13] shows that batching techniques (such as setting a batch size) can




help mitigate this issue by grouping data fetches, though solutions often depend on the

specific application context.

While ORM tools raise the level of abstraction and speed up development, their design
trade-offs often become limiting in big-data scenarios [12], especially when the system
grows past hundreds of thousands of records. Developers frequently find themselves
having to hand-tune ORM configurations or add caching manually, reintroducing

complexity that ORM was meant to avoid in the first place.

Together, these performance pitfalls — eager loading, one-by-one processing, and the
broader limitations of ORM abstraction, are key challenges when building scalable and
efficient OOP-based web services. Understanding and addressing them early in the
design process is crucial for delivering systems that remain performant as data and

usage grow.

Emerging Trends in Web Service Architectures and their implications
on OOP and ORM

Microservices & Cloud-native Development

With the rise of cloud-native applications, the way we build and deploy web services
has changed dramatically. One of the biggest shifts has been the move from traditional
monolithic systems to microservices architecture. Instead of building one large, tightly
connected application, microservices break things down into smaller, independent
services that each focus on a specific task. This makes it easier to scale parts of the
system, release updates maore frequently, and keep services running even if one

component fails [14].

Cloud platforms are a perfect match for microservices. They give teams the flexibility to
spin up or scale down resources as needed, which helps keep performance up and cost
down. But while this model has many advantages, it also brings new challenges,
especially around managing complexity, data consistency issues, and security

concerns [14].

Sowhere does OOP fit into all this? Interestingly, these new trends don’t make OOP less

relevant, in fact, they highlight its strengths. As noted in [15], OOP principles like




encapsulation, abstraction, and polymorphism are still incredibly useful in managing
the complexity that comes with having so many separate services. By using these

principles, developers can write services that are more modular and easier to maintain.

However, these trends also reshape how OOP is applied. Instead of designing large
object hierarchies in a single codebase, developers now need to think about how
individual services (each built using OOP concepts) communicate and evolve
separately. Inheritance and shared logic need to be handled more carefully, especially
when services are spread across different teams or even different languages [15]. The
result is a shiftin focus, from reusing code within a single application to building

reusable, self-contained services that work well together.

Ultimately, microservices and cloud-native development push OOP in a new direction.
They don’t replace it, they reshape it. Developers still rely on core OOP ideas, but use
them differently, placing more emphasis onisolation, interface design, and flexibility
across boundaries. As systems become more distributed and complex, understanding

how to apply OOP effectively in this new context becomes even more important [15].

GraphQL APIs

GraphQL, introduced by Facebook in 2015, offers a schema-driven approach to APls
that lets clients request exactly the data they need. As explained in [16], this helps avoid
both over-fetching and under-fetching, making GraphQL especially useful when dealing

with complex data structures or varied client requirements.

Rather than exposing multiple endpoints like REST, GraphQL uses a single endpoint to
handle all operations: queries, mutations, and subscriptions, based on strongly typed
schema. This schema-first design improves maintainability by serving as both a source

of truth and live documentation.

Each GraphQL operation is backed by a resolver, a function that fetches or modifies the
relevant data. These resolvers often reuse existing service logic. While [16]
acknowledges that defining these components adds some overhead, it also enables

code reuse and greater flexibility.




GraphQL is particularly well-suited for APl gateway roles or aggregation layers in
microservices systems, thanks to its ability to combine data from different services into
a single schema. Itis less common for direct services-to-service communication,

where REST remains a simpler fit.

Schema evolution is another area where GraphQL offers benefits. New fields can be
added without breaking existing clients, and deprecated fields can be removed over
time. This minimises the need for versioning, a common issue in REST APlIs. Tools like
GraphQL playground also support debugging and exploration, streamlining

development workflows.

While [16] does not explicitly focus on OOP or ORM, its discussion of schema-resolver
architecture has practical implications for both. Since resolvers typically interact with
existing service logic, which is often written in an object-oriented style, this encourages
code reuse and separation of concerns. At the same time, developers may need to
manage how schema types map onto ORM models, which can introduce some

complexity and overhead, especially in larger systems.

In summary, GraphQL is a strong option for client-facing APIs that require flexibility and
evolve frequently, while noting that simpler internal APls may not benefit enough to

justify the extra complexity.

Recommendations for Improving ORM strategies in
Large-Scale Enterprise Applications

Optimising ORM strategies is essential for improving the efficiency and scalability of
database interactions in large-scale enterprise applications. As highlighted in [17],

ORM frameworks like Hibernate provide significant abstraction over direct database
interactions, but they require careful tuning to ensure optimal performance. Several key
strategies can be employed to address common challenges and enhance overall

application efficiency.

1.Lazyvs. Eager Loading




A critical aspect of ORM performance is choosing between lazy and eager loading. Lazy
loading fetches related entities only when they are explicitly required, thus minimising
unnecessary database queries. In contrast, eager loading retrieves all related datain a
single query, which can reduce the number of database calls but may increase memory
usage. As notedin [17], configuring the loading strategy correctly, such as using
@OneToMany(fetch = FetchType.LAZY) in Hibernate, is essential for balancing
performance and resource usage. Developers should carefully consider the specific

data access patterns of their applications to select the appropriate strategy.

2. Query Optimisation

Efficient query generation and execution are vital for reducing database load. The use of
indexes, optimised SQL queries, and JOIN operations plays a key role in speeding up
data retrieval. In particular, Hibernate Query Language (HQL) can be used to write more
efficient queries that take advantage of ORM's abstraction while minimising database
overhead. According to [17], applying query optimisation techniques not only enhances
performance but also ensures that database interactions remain manageable as the

application grows in complexity.

3. Batch Processing

In high-volume applications, reducing the number of queries sent to the database is a
crucial performance improvement strategy. Batch processing allows multiple inserts or
updates to be handled in a single operation, significantly decreasing the number of
database round-trips. As demonstrated in [17], Hibernate’s hibernate.jdbc.batch_size
property can be used to enable batch processing, helping reduce the overhead
associated with multiple individual queries. By leveraging batch processing, developers
can greatly improve the efficiency of bulk data operations, which is especially

important in large-scale enterprise systems.

Conclusion
Optimising ORM frameworks in large-scale enterprise applications involves a
combination of careful tuning and best practices. The strategies of lazy versus eager

loading, query optimisation, and batch processing are critical for reducing database




interaction time, improving application scalability, and ensuring better overall
performance. By applying these strategies thoughtfully, organisations can enhance
their ORM frameworks to meet the demands of complex, high-volume enterprise

applications.

Conclusion

In conclusion, the integration of OOP principles with modern web service architectures,
particularly through tools like Spring Boot and ORM technologies, has revolutionised
the way we build scalable and maintainable systems. While the adoption of
microservices and cloud-native applications presents new challenges, the core
principles of OOP remain invaluable in managing complexity, ensuring modularity, and
fostering reusability across distributed services. However, as we've seen, using ORM
frameworks like Hibernate requires careful consideration, particularly when it comes to
issues such as lazy and eager loading, query optimisation, and batch processing. By
applying best practices and optimising ORM strategies, developers can overcome
common performance pitfalls and create systems that remain efficient even as data
and usage grow. As emerging trends like GraphQL APIs continue to reshape the
landscape, the flexibility and power of OOP, coupled with smart ORM strategies, will

remain key to building the next generation of high-performance software systems.
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FINAL GRADE GENERAL COMMENTS

A good piece of work overall - not always written in
the most academic style, but coherent and clear.

Good use of mostly academically credible sources.

/1 OO Well done.
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