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Introduction

In this report | evaluate object-oriented programming (OOP) techniques such as
inheritance, polymorphism, encapsulation and abstraction. | provide some of the
benefits these bring to object-oriented programming and some of the disadvantages that
could arise. | then explain what web services are and what REST is and how it links with
web services. | explain what object relational mapping (ORM) is and give a detailed
overview into some of the advantages it could bring when used to interact with relational
databases in an object-oriented web application. | go into detail into some of the
drawbacks, such as complex queries, that ORM frameworks still struggle with in the
present. | explain how Spring Boot works and how it adheres to the principles outlines
earlier in OOP to enhance the maintainability, modularity and reusability of an
application. | evaluate the designed patterns found in Spring Boot and how they are
similar to the design pattern from object-oriented applications and discuss the best
practices in designing a web service with Spring Boot and an ORM framework. Toward the
end of the report, | explore some of the current challenges of implementing OOP based
web services with ORM frameworks and look at some of the new emerging trends in that
area.

Object Oriented Principles

Object Oriented Programming (OOP) is a concept where a program is split into classes
where each class has a unique scope. OOP’s main principles are inheritance,
encapsulation, polymorphism and abstraction [1].

Inheritance in OOP is the concept where a child class can inherit all the methods and
attributes of a superclass [1]. All of the public methods and attributes of the superclass
can now be accessed by creating an object of the child class. Along with inheriting all the
methods from a superclass the child class can also create their own methods and
attributes. This will allow a child class to specialize itself. The child class can also
override the methods it inherits from the parent class furthering the idea of
specialization. Inheritance allows for code reusability [2].

Another main principle of OOP is polymorphism. Itis the idea of using the same methods
with differentimplementation for different classes[1]. Polymorphism s achieved through
inheritance and overriding the methods of a super class. This allows us to store instances
of child classes into a superclass’ object, and by accessing the same method the
outcome would be different for every subclass object stored within the superclass object
thus allowing for flexibility [3].

Encapsulation is another important principle OOP is built on. Encapsulation is hiding
specific parts of an application behind private and protected methods and allowing the



access to that data through the use of public methods. This idea hides sensitive data to
the users and also hides the implementation of some methods. By hiding the
implementation to the user we can increase the maintainability of the code, changing the
implementation without affecting the way others implement it [2].

Another principle of OOP is abstraction. Similar to encapsulation abstraction is used to
hide data and complexity from the users [2]. In Java abstraction can be achieved by using
abstract classes and interfaces to define the methods that other classes that inherit from
them must implement. An abstract class in java is meant to act as the blueprint from the
child that inherits its methods. On the other hand, an interface only defines what
methods the child classes that inherit from it should always implement [2]. Both achieve
abstraction by leaving the specific implementation of the methods to the classes that
inherit from them.

Limitations

Although inheritance is a useful tool some problems could arise in some languages.
Some languages allow multiple inheritance, which means a class could inherit from more
than one class. This adds complexity to our application such as name collision, method
combination and repeated inheritance. Repeated inheritance, for example, is when a
class ends up inheriting from the same superclass more than once causing issues. This
makes it difficult to implement and some languages, such as Java, completely prohibit
the use of multiple inheritance to avoid the complexity issue that it brings to applications

[4].

Object-oriented also comes with the problem of creating many classes. Since OOP
encourages the use of abstraction and inheritance to make the code more modular and
reusable it also has the problem of writing a lot of classes. Sometimes classes are only
used once and for a single purpose [5]. This can cause the codebase to grow very large
and makes it difficult to manage. Another drawback that is coming from this is that with
a large codebase it makes it difficult to understand the code when first getting into a
project.

RESTful Architecture

Web services are a set of protocols that are used together to create web applications [6].
They can be anything from accessing data within a database to more complex operations
[7]. Once web services go live, they can be used by other applications or by other web
services. The key advantage to web services is that they are self-contained and are
loosely coupled, where changing one service does not affect the others [7].



REST is a web paradigm that focuses on the transfer of data over HTTP and how that data
is altered by HTTP responses. REST is stateless meaning the client and server do not need
to know what state the other is in [6]. Another benefit of a RESTful architecture is that the
client and the server can be implemented separately resulting in them being loosely
coupled. Changes to either the client or the sever do not affect the other. Clients are
concerned about sending request to access and modify the data and the sever sends
response to answer the requests [8].

In REST each operation matches the HTTP CRUD operations, create, read, update and
delete [6]. The 5 mostimportant Rest operations are GET, POST, PUT, PATCH and DELETE.
The GET operation retrieves a record from the database, the POST operation will create a
new record, the DELETE operation will delete an item from the database and PUT and
PATCH both update a record [6]. However, there is a difference between the PUT and
PATCH, the PUT operation overrides all of the record and requires data to be passed for
every field in the record. On the other hand, the PATCH operation only overrides the fields
provided and leaves the other fields untouched [8].

Object-relational mapping

Object relational mapping (ORM) systems are frameworks designed to solve the object
relational impendence mismatch (ORIM) problem. ORIM refers to the mismatch
happening when designing an object oriented application and integrating it with a
relational database [9][10]. The problem with ORIM is that some key concepts from OOP
like inheritance and many to many are missing from relational databases. Vice versa, key
concepts from relational databases are missing from OOP, such as primary key and
foreign keys without which a database could not function [10]. There are many ways to
overcome ORIM, one would be writing raw SQL queries to directly access the database
in the OOP application. However, with that comes the problem of tightly coupling the
application with the database model and having a hard time to switch between different
databases if needed in the future [9].

ORM systems are frameworks, such as Hibernate, that are able to easily interact with a
relation database from our OOP application. ORM frameworks are a layer that sit
between the OOP application and the relational database and converts the data using
the OOP’s application language [11][12]. Hibernate, lets the developer use the created
entities, Java classes, that will be mapped to a table within the relational database. This
is where we define the structure of the table in our database, by creating new attributes
under the entity we are adding new columns to the table [11].



Advantages and Limitations

An advantage of ORM frameworks is that it abstracts the raw SQL and it allows the
developersto use the OOP language to access the data within the database. Thisreduces
the time it would take a developer to write SQL code and it makes for a clearer and more
object oriented focused approach to implementing the queries [12]. This also reduces
the amount of code a developer writes as complex SQL queries can get long and hard to
follow.

Using a ORM makes the application much more flexible as a result of not having to write
pure SQL. This is due to the fact that it does not matter what relational database you are
using, using a framework will make it easy to switch between databases [9].

Along with not having to write SQL there is also the benefit of the improved security a ORM
provides. ORM frameworks take in account some security flaws that could be introduced
while writing pure SQL and protect against it [13]. One of the security flaws it protects
against is injection attacks, where a person attempts to gain access or cause damage to
a system by using user input to enter malicious set of strings [14].

Another benefit of using ORMs is that it hides away the business logic and while still giving
you access to the data stored in the database [12].

One of the limitation coming from object relational mapping frameworks is the addition
of anti-patterns by the ORM generated queries, inheritance being the biggest issues [9].
Since inheritance allows the child classes to inherit everything from a super class then
the issue comes when the super class is given additional permission levels. Every child
of the super parent would inherit the same permission level which might allow the
introduction of unwanted access to the database thus reducing the cohesion of the
application [9]. A lower cohesion in OOP would mean that the class does more than it
needs to do. This means that it will reduce the reusability of the class and in OOP the
focus is to make the classes are reusable as possible [15].

Another problem introduced by ORMs is the eager fetching problem. This problem, also
called the excessive data problem is one that’s caused by the fetching of additional
columnar data that is not needed by the query [9]. After the application fetches the extra
data, it then discards it. ORMs can sometimes hide this behaviour from the user by using
pre-fetching techniques, fetching the data before it is needed. This also introduces its
own set of problems. Pre-fetching data has the drawback of increasing the resources a
system will use thus slowing the execution time of the application and causing more
traffic between the database and the application [9].

Handling difficult SQL queries proves to be a challenged object relational mapping
frameworks are facing [13]. It was found that some ORM frameworks do not support
some SQL queries such as cross joins. Instead, they would try and replicate a cross join
by doing multiple simpler operations. However, this increases the time it would take for a



query to execute significantly. It took a ORM generated query up to 300x times longer to
perform a cross-join operation that a non-ORM generated query. Fig. 1 shows that as we
increase the complexity of a query the longer the execution time of that query gets when
generated by an ORM [9].

Mean execution time (ms) for queries of increasing complexity, by method
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Fig. 1 Execution time of queries ORM generated and non-ORM [9]

Spring Boot and OOP

Spring Boot is built on top of the Java Spring framework. Spring boot is built with the
intention to simplify the creation of independent, production level applications that are
easily ran. It reduces the set-up time the developers need, and it reduces boiler plate
code that would otherwise be repeated. Spring boot simplifies the set up process
otherwise required with a spring application through the use of auto configuration and
managing the available dependencies [16][17].

Spring boot encourages developers to integrate object-oriented programming concepts
such as encapsulation by separating the application into different layers. Each layer will
come with the benefit of hiding and restricting access to the data and with this comes the
enhancement of maintainability. The layers spring boot encourages developers to use are
broken down into controllers, services and repositories. This makes sure that each layer
is responsible for a single action and promotes the loose coupling seen from OOP.[17]
The controller layers is responsible for receiving HTTP requests, mapping them to a
certain endpoint in your application. After mapping the request to one of the endpoint it
then processes the request and then returns a response after calling the corresponding
server logic [16]. The controller is responsible for logic that might include verification,
requesting data from the database. The service layer is responsible for holding all the
business logic of the application, it has access to the repositories and other external
services and all the requests passed from the controller are going through the service
layer. Finally, the repositories are what handle the data, they are where the CRUD



operation that have direct access to the database are stored [16]. From this we can see
that Spring boot promotes encapsulation by breaking down the layers and making
changes to one layer will not affect the other thus improving the maintainability of the
application as a whole.

The clear separation of the controller, services and repositories layers that spring boot
implements can show how spring boot promotes modularity within the applications it is
a part of. Modularity can be seen by the fact that these layers are all separated by
individual responsibilities and each layers interacts with another layer, Fig 2 [16].

Spring Boot flow architecture
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Fig 2. Spring Boot flow architecture [16]
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A dependency injection (DI) in Java, or any other OOP language, is a design pattern where
a class receives their dependencies from an external source rather than creating them
from within itself [18]. A dependency means that in order for the class to work as
expected it depends on some other bit of code coming from an external source.
Therefore, a DI would insert that dependency directly into the class through the use of
methods or constructors. In Spring boot a DI is a core concept of the framework. The
framework uses annotations to inject dependencies into object which require them.
Developers should only ask a class to insert the dependencies it needs, this is it took
promote the loose coupling principle and to keep the code easy to maintain and testable.
Dlin Spring boot promotes the use of encapsulation and modularity by following the Law
of Demeter. This is where each class should only talk to classes it relates to, and each
class should have limited knowledge of the other classes it interacts with [18].

One of the design patterns used in Spring Boot is the repository pattern. The repository
pattern allows us to define read and write operations in a structured way [19]. This pattern
uses OOP interfaces to define what methods are available to access the data within a
database, but it leaves the implementation of the methods undefined. The service layer
that sits between the repository and the controller is responsible for implementing the
methods the interface defines. The developer then decides in the service layer how each
method is implemented and implements the business logic behind them. This way the



developer hides the business logic from the controller promoting abstraction and
keeping the code more maintainable overall. The controller does not have access to the
business logic and only calls available operations implemented by the service layer [19].
In Spring Boot this pattern allows developers to abstract the operations accessing the
database. However, the framework allows for some automatic implementation of basic
operations such as create, read, update and delete by the use of special tags [20].

A design pattern that Spring Boot makes use of is the singleton pattern. The singleton
patternis designed to ensure there is only a single active instance of the class created for
the duration of the application. It also ensure that there is global access to that instance.
This pattern encapsulates the instantiation process and promotes flexibility of the
application along with scalability. This pattern is used in Spring Boot by how the
framework manages beans [21]. A bean in the Spring framework is a Java object that is
created and managed by the framework. When a developer creates a bean, by default the
bean will be a singleton. This essentially means that every time the developer uses the
bean, the same instance will be used thus aligning with how the singleton pattern is
described in an OOP application [22].

Spring Boot and ORM

It is easy to build scalable and efficient web services using Spring Boot and ORMs

because of the features they provide and because Spring Boot can handle large amounts
of data, such as big data [23]. Spring Boot, for example, reduces the cluttering in a
project, the auto configuration it provides help by not having to configure as many files.
Also, the easy managing of our dependencies we discussed previously plays a big role
into making Spring Boot more scalable. With a single file that manages all the
dependencies we can transfer and run the application on any machine. The Spring
security add a protective layer that is more effective than the ones previously used in
Node JS. Amore secure framework helps when we are using a large amount of data as we
want to protect the data as much as possible. With the application getting larger, more
possible bugs that might make the data more vulnerable could be introduced, so the extra
security Spring provides is beneficial [23]. ORM frameworks will make a web service easy
to scale as they make it easier for the developer to map the object in an application to a
relational database. As an application becomes more complex and grows in size, using
an ORM framework to manage the relationships between objects, and write SQL queries
for developers, makes it more efficient [9].



Challenges and Future Perspectives

Challenges

Implementing OOP based web services with some ORM frameworks such as Hibernate
could cause some performance overheads. This is when the performance of the
application is impacted negatively because of how the ORM framework functions. The
annotations developers can use such as @Transactional can also introduce these
performance overheads if not used correctly, for example when used when there is no
need for it. Using nested transaction within our services, where a transaction can call
other methods from within itself, can lead to problems such as timeout and deadlock
while trying to access the same resource. These overheads affect the overall
performance of the whole application and can slow it down [24].

One of the big challenges object relational mapping introduces to OOP based web
services is the problem of lazy loading. Lazy loading is a technique that has been
introduced to try and solve the problem of slow loading times and improving performance
caused by the initial loading of all the data on a web page. Lazy loading is the idea of not
loading unnecessary data until the data is requested by the service. By using lazy loading
annotation in our web service, we are telling it to only fetch the data when the service is
being called. The problem this then introduces is that lazy loading sends individual
queries to the database [9]. When batch data is needed and the developer choses to use
lazy loading it causes the N + 1 query problem. This problem is when we are querying the
database for a list of items and for each of these items we are querying the database
again for more detail. This sends too many queries to the database and depending on the
size of the data requested we could end up affecting the performance of the application
negatively [24].

Emerging Trends

Microservices are an emerging trend in recent years because of the many benefits it
brings and the use of cloud. Microservices are an architectural pattern which break the
application up into small independently deployable services, each desighed to
implement a specific business need. Each service is fully autonomous, meaning they are
independent from each other [25] [26]. Communication between the services happens
between interfaces therefore ensuring that changing one service will have no impact on
the other services following object-oriented patterns. The implementation details are
hidden between the services, and this helps to achieve loose coupling and high cohesion
in the application. Microservices achieve functional decomposition, breaking down the
service into smaller tasks, which is key for achieving a microservice architecture. This
allows for high flexibility of systems and it makes scalability easier [25].



Along with the trend of microservices, a new trend emerged called cloud-native
development, that helped with breaking down the application into microservices and
packaging those microservices together into lightweight container for deployment. Once
deployed the microservices can be easily orchestrated across multiple servers on the
cloud. Cloud native development focuses on the following characteristics,
containerization and orchestration [26]. Containerization is the idea of isolating all the
applications code, the libraries it uses and any other dependencies that it needs to run
into containers. The benefit of this approach is that each of the container can then simply
run on any type of system. This promotes isolation of resources and reproducibility. One
of the most popular tools for implementing containerization is Docker. The other
characteristic making up cloud-native development, orchestration, refers to the
automated management, coordination and arrangement of microservices to build and
maintain scalable applications. Orchestration reduces the effort of managing the
containers’ lifecycle, scaling up and down and deployment of microservices on the
cloud. A cloud native application is a horizontally scalable application, in which itis easy
to add new servers to improve the performance of the application, made up of
microservices [26].

According to Google’s statistics another emerging trend in web service architecture is
GraphQL with an average 14% increase yearly in the search for the term as of 2023 [27].
GraphQL is a query language and server-side runtime for executing the queries. GraphQL
lets you define the exact data you want to return from your server as opposed to REST
which will bring everything, having to then disregard the additional data it brought. In the
past REST was considered standard for implementing APls however GraphQL solves
some of the drawbacks of REST. Compared to REST which makes multiple endpoints
calls to retrieve data for more complex queries, GraphQL only does a single call making
it much easier to work with and implement [28]. GraphQL is very useful for modern web
applications and mobile applications for this reason of not making unnecessary calls and
not bringing extra data with every query. It was invented by Facebook in 2012 and it got
more popular since [28].

Large Scale Applications

As we discussed in the challenges faced when implementing web services with ORM
frameworks, large applications suffer from performance overheads and lazy loading
issues. A way to overcome these issues in a large application would be to integrate
GraphQL to take care of some of the more complex queries, where a framework such as
Hibernate would struggle, to overcome the performance overheads [24]. This way we
would essentially use both an ORM framework and GraphQL to improve our queries.



Conclusion

In conclusion in this report, I’'ve covered topics starting from object-oriented principles
and what benefits OOP brings to programming, such as making code more reusable and
less dependent on each other. I've also covered why OOP might introduce some
complexities to our code base, having a larger code base, essentially making it harder to
navigate through. | have looked at the REST architecture and what that means for web
services. I’ve descried what ORM frameworks are and how they make it easier for
developer to write SQL queries by writing boiler plate code for them and making the
application easier to integrate between different relational databases by making the code
loosely coupled and how it links to OOP principles. | went into detail about how Spring
Boot helps manage our dependencies and how it promotes core OOP principles like
reusability, maintainability and modularity. | evaluate some of the designed patterns that
Spring Boot implements and discussed how we could use Spring Boot and ORM together
to build scalable and efficient web services. Finally, | wrote about challenges faced by
ORMs such as performance issues it could cause because of complex queries. | looked
at some of the current trends like microservices, cloud development and GraphQL and
how some of these compare to REST. Key differences being that REST architecture makes
use of multiple endpoints and GraphQL only making use of a single endpointto bring only
essential data back.
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