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1. [bookmark: _bookmark0]Introduction
This paper will introduce web applications and design patterns and why they are used, then will critically evaluate the layered architecture and ORM with repository and unit of work design patterns.

2. [bookmark: _bookmark1]Background Research
2.1. [bookmark: _bookmark2]Web Applications
In the early stages of the Internet, websites were individual pages that resembled a simple file structure. A developer would design a website to display information and users would be directed to different webpages within the website via the use of button clicks. A detriment of early website design was the static nature of websites, as they only displayed information the developer included and users could do no more than simple navigation [1].
Developers realised that they could increase the capability of their websites if they incorporated servers into the backend. Servers allowed developers to design websites that would dynamically change content based on different parameters or inputs from the user and also enabled database connections [1].
A website is known as a client which sends information to a waiting server which then process the information and performs necessary tasks [2]. This complexity is the factor that separates a web application from a website. As web applications grew and became more interconnected, the servers took on the role of clients where they would send information to other servers of different web applications [3]. This connectivity was beneficial as different websites could communicate and navigating the Internet became easier for users [2], [4].
The evolution into, and creation of, web applications allowed websites to become dynamic, allowing users to query databases and perform real-time actions through a web browser such as Google Chrome or Internet Explorer. Even with the complexity of the server-client relationship, websites were developed to allow users simple navigation to appeal to a wider audience [1].
A benefit of web applications is that developers no longer have to create software for specific operating systems that users have to download, they can deploy their web application onto a server and allow the users to use the service at any time [5]. This also increases the maintainability of a service as updates do not have to be applied by users rather they are applied by the developers also providing a better experience for users [6].
Though the expansion and increased complexity of web applications has been a benefit, there are some detriments that almost all web applications will have to handle. The first is two-fold, a heavy reliance on either other websites or a database to display certain information. If either an external website or a local database were to be disabled, the information on the web application that relies on those services would also be disabled [7], [8]. As mentioned, web applications can be displayed on in many formats, however this can become a detriment because if a developer does not factor in a certain technology, then the web application could see a reduced number of users [7], [8].

2.2. [bookmark: _bookmark3]Design Patterns
A design pattern is a description of a solution to a problem that appears multiple times. A design pattern can have many implementations without the need to repeat itself during implementation [9]. In a computer program, design patterns are templates that are used to structure code to perform certain tasks. The main pattern is in an abstract and generalised form so it can be implemented in many scenarios with each implementation being unique [10]. There are various methods in which design patterns can be implemented, they can be used from designing how objects will interact with each other to increasing the speed and efficiency of a program or web application [11].
There are three main forms of design patterns for programming: structural, creational and behavioural [12]. Structural patterns are used to describe the connections between classes and how they fit into the larger program. This pattern is typically implemented early on in the design and implementation stages of software development, though it can be applied after deployment and during maintenance if new features are added [12].
Creational patterns are used to separate the creation of objects from the rest of the system. Creational patterns increase the flexibility of a system as they hold information about what classes a system utilises but hide details of how the instantiated objects of those classes are used [12]. An example of a creational pattern is the factory design pattern. This pattern is a means of creating objects that let the subclasses define which class to instantiate [12]. When utilising the factory pattern, a high level interface is created that defines methods which subclasses implement. Using this pattern, the decision of what type an object will be is handled in one place, and a subclass only needs to know about the interface rather than each type an object could be [13]. The benefit of this design pattern is that it allows developers to write code for an interface rather than the actual implementation thus allowing the code and classes to be more reusable and interchangeable [12], [13].
Behavioural patterns allow objects to keep their details hidden from others and supports the communication between objects, an example of this pattern is the observer pattern. This pattern focuses on the communication between objects so that when one object (the observable) changes state, other objects (the observers) are notified and perform various actions [12]. Observables can have any number of observers watching them and observers can state under what conditions they should be notified [3]. The observable object contains a method often called ‘Notify’ that will, as the name suggests, notify all observers of a change. The observers then have a method called ‘Update’ that performs various tasks based on the change of state of the observable [14].
An advantage of design patterns is that they are reusable as they provide a structured solution to a problem that arises multiple times in various programs. However, as design patterns are used for the design of a system rather than the implementation, reusability is not as simple as copying and pasting code and changing a few names. Developers will have to manually code the structure of a design pattern every time it is used [12], [15].	Comment by Kemi Ademoye: Good introduction but could be condensed. Have you used your word count on one of the less important sections of the report? Your report is considerably over the word count.

3. [bookmark: _bookmark4]Layered Architecture Pattern
3.1. [bookmark: _bookmark5]Introduction to Layered Architecture Pattern
It is not uncommon for computer programs to have presentation and database logic written into objects as they are created as it is easy for developers to see all aspects at once. However, when projects are written on a larger scale, it can be difficult to understand where an issue has occurred if all objects perform all tasks [16]. To combat this, the layered architecture pattern can be introduced.
The layered architecture pattern is a design pattern that is widely used among testers, developers and designers. This pattern allows for general concepts of a system to be abstracted into different layers stacked on top of each other so that objects and classes only perform tasks relating to those layers [17].
3.2. [bookmark: _bookmark6]Separation of Concerns and N-Tier Architecture
The structure of the layered architecture pattern follows the separation of concerns principle. This principle is where a system is able to encapsulate and change data that is relevant to a particular concept, for example, presentation [18]. Applying the principle of separation of concerns is beneficial because it ensures that every component of a system only performs the tasks it is designed for [19] therefore making the system easier to build and maintain [17], [20].
The layered architecture pattern is also known as the N-tier architecture pattern due to the flow of data from the first layer to the Nth, or vice-versa [21]. A top-down flow of data from the highest layer (Layer N) down to the lowest layer (Layer 1) is the most common scenario for this pattern. If a request is given to a layer that cannot process the request it calls the layer below it and each layer then calls the subsequent layer if it cannot complete the request until Layer 1 is called, which is the lowest level of abstraction and where the lowest level methods are called. Once the data has been processed at Layer 1 it is passed back up through each layer until Layer N is reached [21]. Another common scenario is a flow of data from the bottom up, where Layer 1 receives some input or a change of state and passes the information up through the layers. The information is passed through each layer until it reaches the highest layer which reports the information as a notification to the user [21].
3.3. [bookmark: _bookmark7]Discussion of Layers
Though more layers can be added if needed, there are commonly four layers to the layered architecture pattern: presentation, business, persistence and database [17]. Following the separation of concerns principle, each layer only contains objects that perform tasks related to that layer. This separation provides the ability to change the functionality of one layer without other layers needing to change [22].
The presentation layer focuses on all aspects of user interaction, which includes reading all inputs from the user and displaying any information they wish to see. The logic in the presentation layer does not need to know how to retrieve information from the database or what to do with the user input, only that it displays the information passed to it and sends the user input to the next layer down [16].
The business layer is where all the logic pertaining to the business and objectives of the business are performed. The classes in this layer use the information passed down from the presentation layer to perform required tasks, then return the relevant information back to the presentation layer. This layer may request information from the persistence layer if database access is needed, but will never communicate with the database directly [23]. All database connectivity is handled by the persistence layer.

The persistence layer lies between the database and business layers. All the classes in this layer handle any database requests from the higher layers and hides all code relating to database communication [17]. The persistence layer can handle database communication in various ways ranging from direct coding, via SQL statements, to using an object-relational mapping (ORM) framework that converts programming languages into direct database queries [17]. Separating the database communication from higher levels increases the security of a system as authorisation can be imposed and as such non- authorised users will not be able to access the database. Without the persistence layer, the database would be accessed directly from the business layer potentially exposing confidential data [24].
The database layer is where the physical databases are stored along with database management systems (DBMS) which control the day-to-day maintenance of the databases [22]. The database layer is the lowest layer as it acts independently of other layers and the order of the layers is important due to the dependencies between layers.
As all other layers depend on database interactions they are placed above the database layer, with the persistence layer being directly above. The persistence layer depends on the database layer to facilitate the communication and retrieval of information from a database. The business layer lies between the persistence and presentation layers as it relies on information from the database via the persistence layer and provides information to the presentation layer. W, which is the highest layer as it depends on business logic and only displays information rather than sending it to a higher layer [24].
3.4. [bookmark: _bookmark8]Open and Closed Layered Architecture
There are two versions of the layered architecture pattern that can be implemented: open and closed. If the pattern is said to be closed, it signifies data must flow from one layer to the layer directly beneath it [17]. For example, if a request is made at the presentation layer that requires database access, the data must first flow through the business and persistence layers before reaching the database layer. The pattern is considered open if any layer can pass data directly to another layer that is not immediately adjacent to it [21].	Comment by Kemi Ademoye: Why are open layers implemented/sometimes desirable? A bit more detail is required.
While it is faster for the presentation layer to access the database layer directly, it violates the separation of concerns principle on which the layered architecture pattern is built. Changing databases is a genuine possibility when upgrading systems and the closed pattern allows this to happen seamlessly as only the persistence layer would need to change. Whereas, if the presentation layer had direct access to the database, the functional code in the presentation layer would have to change at each instance the database is queried [17].
3.5. [bookmark: _bookmark9]Benefits and Detriments of Layered Architecture Pattern
An advantage to the layered architecture pattern is that it is reasonably easy for companies to implement as the separation of concerns principle is often applied to software development teams as to easilymaking it easy to delegate different sections of work to different teams [17], [22]. Another benefit of this pattern is the interchangeability of implementations. One implementation of a layer can be replaced by another with ease, providing the interfaces that relate to the other layers are still implemented [17], [22], [25].
A benefit and detriment to the layered architecture pattern is coupling. Within a given layer, all classes perform tasks relating to the overall layer concept, such as presentation. This leads to tight coupling as each class will rely on others in the same layer to perform tasks to progress themselves. This tight coupling within a layer is a detriment because it can be difficult to change individual components [17], [26]. However, there is loose coupling between layers such that the layers are not dependent on each

other to a great extent. Loose coupling is an advantage as it leads to the interchangeability of implementations [26].	Comment by Kemi Ademoye: Good but some more on the disadvantages.
3.6. [bookmark: _bookmark10]Conclusion
In conclusion, the layered architecture pattern is a design pattern that is well known by developers because the separation of concerns principle is often implemented by companies to separate the workload across different teams. This separation of concerns helps define the four common layers of abstraction: presentation, business, persistence and database. These layers are typically loosely coupled and as such, implementations of the layers can be changed without the need to alter other layers. The loose coupling and interchangeability of implementations is a great benefit to developers using this pattern, though there are drawbacks such as tight coupling within layers and increased processing time due to the closed layered pattern.

4. [bookmark: _bookmark11]ORM with Repository and Unit of Work Pattern
4.1. [bookmark: _bookmark12]Object Relational Mapping
In object-oriented programming, an object can contain multiple attributes – for example, a Person object could store a name, address, date of birth etc. – these objects are known as complex data types as they hold multiple primitive data types (integer, double, text etc.) within themselves [27].
Typically, these objects are created in memory when the program is running and are destroyed when the program terminates. In almost all cases of larger scale projects, the developers would want to persist the objects in a database so there is no need to create them every time the program runs [28]. Mapping an object to a table in a relational database can be a difficult task as databases only hold primitive data types therefore causing issues with complex data types. Object relational mapping (ORM) helps facilitate the conversion of objects from a program into data that can be stored in a database [29].
ORM is a bidirectional transfer of data between an object-oriented program and a relational database [29]. The database will need to contain at least two tables, and define the relationships between them, and the software will have a number of classes reflecting the tables and relationships [30]. There are many ORM frameworks that can be utilised by developers such as Hibernate for Java [31] and Microsoft’s Entity Framework for C# [32].
It is possible for some ORM frameworks to generate tables automatically based on classes in the program marked as entities, while others require the tables in the database to exist prior to deployment. This is a simple task for a new project but can be difficult when integrating an ORM framework into an existing system [30].
4.1.1. [bookmark: _bookmark13]ORM Example
Consider the entity relationship diagram in Figure 1, it shows the tables and relationships of a simple university database. Figure 2 and Figure 3, show how the Student and Course tables are defined in Java utilising the ORM framework Hibernate within a Spring web service.

Figure 1. Entity Relationship Diagram for Example University Database Tables

[image: ]
[image: ]Figure 2. Student Class Representing Student Table.
Figure 3. Course Class Representing Course Table.

To more easily map objects to a database, each class has an equivalent table in the database. Each field in the table (studentid, name etc.) has a corresponding variable in the class with the same name, including primary keys which can auto increment using Hibernates annotations. Using Spring and Hibernate annotations, the class can define restrictions in the same way a database can, thus ensuring smooth data entry from users. Even though it is not defined in the table, the Course class must hold a list of Students so that the program understands the one-to-many relationship entirely.
In this example, a user will use a post command to send data through the Spring web service which Hibernate will convert from an object into primitive data types for database storage. It is easier to see with an example that the conversion the ORM framework performs is actually a splitting of each variable in the object into its own variable to store in the database.
4.1.2. [bookmark: _bookmark14]Advantages and Disadvantages of ORM
Without the use of on ORM framework, developers would have to manually write the mapping of objects to a database which could prove problematic if the database were to change. An advantage of an ORM framework, such as Hibernate, is that as the mapping is handled by the framework so the amount of code developers have to write is vastly reduced [33], the next section discusses this further.
[image: ]As databases could change, or multiple databases used at once, ORM frameworks provide a great benefit as developers simply state the type of database they are using and the framework handles all conversions even between different SQL languages, such as PostgreSQL and MySQL [33]. Figure 4 shows how this is implemented in Java with Hibernate.
Figure 4. Using Hibernate to Define a Database Language.
A drawback to ORM is that if frameworks waited for all transactions to complete before continuing performance would suffer. Therefore, frameworks run transactions concurrently, allowing the rest of the program to continue as normal [34].
4.2. [bookmark: _bookmark15][image: ]Repository Pattern
Figure 5. Repository Example in Java with Hibernate
A repository is a class that is used to access a database while hiding the actual connection logic from the rest of the program. The repository converts commands into SQL queries behind the scenes to send to the database and returns the result. Repositories can be abstracted to further separate the

database connectivity from other classes and help reduce the duplication of code when multiple repositories are required [35]. The repository pattern is largely used in collaboration with the layered architecture pattern as a repository can act as another layer between the business and persistence layers.
The repository interface will commonly be held in the business layer with the implementation held in the persistence layer. This is because the business layer will need to access the database, which can be done through the repository interface, and the repository implementation will actually query the database therefore being contained in the persistence layer [36].
[image: ]Figure 5 shows a repository for a Course class in a Java web service, using Hibernate and Spring, and exemplifies the minimal lines of code needed to create a repository. This interface allows a user to send HTTP requests to the service which Hibernate converts between the program and the database. However, a developer can implement specific methods for a repository if they wish, as shown in Figure 6.
Figure 6. User Defined Methods in a Repository in C#.
By hiding the actual database queries, the repository pattern allows code to be understandable and readable, particularly when large numbers of queries are made frequently [35], [36]. The requests that the repository sends to the database are performed at the database itself and the response is what would be expected if the database was queried directly. This is a benefit of the repository pattern as it reduces computational time compared to retrieving the entire database and performing queries in memory [37].
The major detriment of the repository pattern is over abstraction. This can occur when abstracting a repository to perform CRUD operations (Create, Read, Update, Delete) so that all subsequent repositories can perform the same tasks without duplicating data. This is a particular issue when using the repository pattern in conjunction with an ORM framework as the framework will already have the capability of performing CRUD operations [36], [37].	Comment by Kemi Ademoye: Good but again some more detail

4.3. [bookmark: _bookmark16]Unit of Work Pattern
The unit of work pattern describes a class that keeps track of information about a database transaction [35]. This pattern ensures that every command in a given transaction is completed in its entirety. If a transaction completes without issues, a ‘Commit’ will be performed where all the commands are finalised and the data in the database is changed. However, if there is an issue during a transaction, such as network connectivity failure, then the unit of work class will issue a ‘Rollback’ command to revert any changes ensuring the integrity of the data is undamaged [38].
Each command creates an object in memory so that the unit of work class knows how the database is being manipulated and these objects stay in memory until they are ready to be committed to the database. The unit of work is usually used alongside an ORM framework so that when the commands need to be committed the unit of work class deciphers what commands need to be sent to the database and the ORM framework sends the actual queries to the database [35].
There are two methods of implementing this pattern so the unit of work is aware of all objects that will affect the database. The first is for each object to individually inform the unit of work that it will query the database, if an object does not, then that command will not be committed to the database. The advantage of this is that users could create in-memory changes without affecting the database, however, this can create an unnecessarily large number of objects in memory [35].
The other approach is to have the unit of work register all objects that are querying the database. The unit of work registers all new objects as ‘clean’ and when the object attempts to query the database it is marked as ‘dirty’, all dirty objects are then committed to the database. The advantage of this method is that it removes the need for each object to contain a method that informs the unit of work, which could be overlooked due to human error [35], [36]. The disadvantage is that the unit of work must be in a public position in the program so all objects can access it [35].
4.4. [bookmark: _bookmark17]Conclusion
Object relational mapping, the repository pattern and unit of work can all be used in conjunction with each other to provide a comfortable solution for developers when the need to connect an object- oriented program to a relational database arises. A great advantage to using all three in unison is that it vastly increases the testability of the program as stubs and mocks can be used in place of an actual database, but the program can still be run in its entirety [28], [35], [36]. However, a disadvantage of using all three together is that unnecessary abstraction can be introduced causing the code to become difficult to read and maintain [37], [39].

5. [bookmark: _bookmark18]Conclusion
In conclusion, implementing each of the layered architecture, ORM, repository and unit of work patterns allows developers to create object-oriented programs and web applications that are able to easily store objects in a relational database. Layered architecture is the main proponent of separation of concerns although ORM, repository and unit of work all share this principle. The greatest advantage of having this large separation is the reduction of code duplication.
A major advantage of utilising each of the above patterns simultaneously is that a company can easily replace one relational database for another while only stating which language they are using in the ORM framework. However, a potential drawback of utilising all of the patterns is potential over abstraction which can cause code to be difficult to read and reduces maintainability.
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private String name;
private String address;

private LocalDate dob;

3 @ManyToOne (£etch = FetchType.LAZT)

1 @JoinColumn (name = "courss"

32 private Course course;
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| import javax.persistence.*;

import java.util.List;

@Entity
] @JsonTgnoreProperties ({"hibernatelazylnitializer”, "handler"})

public class Course implements java.io.Serializable {

- Srx
I S+ Prinacy Eep from postores\contse tabie

*/

eta

@GeneratedValue (strategy = GenerationType. IDENTITY)

private int courseid;

C Jxs
* Many to one relationship to gegiestyBe-
*/

@ManyToone (fetch = FetchType.Lazy)

@JoinColumn (name = "degrestype")

private Degrestype degreetypes

Jxn

* Many to one relationship to gouzsename
b9

@ManyToOne (fetch = FetchType.1az7)

& @JoinColumn (name = "coursename)

private Coursename coursename;

I
I * One to many relationship to hold all the students related to Course.
*/
€OneToMany (fetch = FetchType.LAZY, mappedBy = "course")

private List<Student> studenta;
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spring.datasource.driver-class-name=org.Rostarssgl-Driver
dbc:postazesql://localhost: 5432/ wniversitydata

spring.datasource.username=postgres

spring.datasource.ur

spring.datasource.password=Passwordl

G

spring.jpa.databass-platform=postgres

spring.jpa.properties.hibernate.dialect=org.hibernate.dialect.BostaresoLbialect
7 spring.jpa.properties.hibernate. jdbo. lob.non contextual creation=true

spring.jpa.show-sgl=false

spring.jpa.open-in-view=false
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CourseRepositoryjava

package com.example.studentrelationaldb;

import org.springframework.data.repository.PagingAndSortingRepository;

import org.springframework.data.rest.core.annotation.RepositoryRestResource;
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@RepositoryRestResource (collectionResourceRel =
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4 references
public interface IFilmRepo

//Get all films.

2 references | 0 exceptions
TQueryable<Film> GetFilms();

//Get all films with a specified option.

1 reference | 0 exceptions

Task<FilmsWithSortFilterViewModel> GetFilmsAsync(FilmSortFilterOptions options);

//Get a film with a certain id.
2 references | 0 exceptions
IQueryable<Film> GetFilms(int id);

//Asynchronous method.

4 references | 0 exceptions
Task<Film> FindFilmasync(int id);

//Add a single Film.
//No return type.

2 references | 0 exceptions
Task AddAsync(Film film);

//Delete a Film with a given ID.
2 references | 0 exceptions
Task DeleteAsync(int id);

//Update a Film.
2 references | 0 exceptions
Task UpdateAsync(Film film);
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