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Abstract
Design patterns help developers to write well-structured and easily maintainable code. In this report the use of the layered architecture pattern in web development is explored and critically analyzed. The use of Object relational mapping software, the Repository design pattern and the Unit of Work pattern in web development are all evaluated individually and the benefits of using them together are explored and critically analyzed.
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1) [bookmark: _bookmark0]Introduction

1.1 [bookmark: _bookmark1]What is a design pattern?

Design patterns are a widely used technique in software engineering. A software design pattern explains a general design that allows developers to overcome a commonly occurring problem in software design [1]. Software design patterns can help speed up and reduce the cost of development by solving problems and considering issues before they ever cause issues in the development process. A design pattern is not code, it cannot be copied into any program, it is a high-level description of a solution that can be implemented into any program or service that needs it. For example, the Singleton pattern solves the problem of ensuring a class can only have a single instance, therefore, if only a single instance of a class is wanted, developers can use this pattern to ensure this.
Design patterns are typically grouped into three categories; Creational, structural and behavioural. Creational design patterns are designed to hide the creation logic in the system. This gives the program more flexibility to decide which objects need to be created for a certain use case.
Structural patterns are designed to create simple ways to assemble objects into larger structures by making simple relationships among the entities in the system. The structures are kept flexible and efficient so they can be easily modified in future.
Behavioural design patterns are concerned with how the different objects in the system communicate. They identify common ways different objects communicate and try to realise these patterns as a single part of the code.


1.2 [bookmark: _bookmark2]History of design patterns

In 1987, Kent Beck and Ward Cunningham published a report outlining their adaptation of pattern language to object-oriented programming [2]. They had used five different patterns for designing user interfaces and from this developed a single pattern for designing user interfaces [2]. The results of this were presented at the OOPSLA conference in the same year. In the years following, software design patterns were developed upon and adopted as a practise for programming, especially object-oriented programming.



1.3 [bookmark: _bookmark3]Goals

In this report, the use of software design patterns in web development is explored. Specifically, the use of Layered Architecture patterns and object relational mapping with both repository patterns and unit of work patterns. The effectiveness of these patterns in web development is investigated, evaluated and compared.



2) [bookmark: _bookmark4]Layered Architecture Pattern (LAP)

2.1 [bookmark: _bookmark5]What is a Layered Architecture Pattern?

Layered architecture pattern, also known as the n-tier pattern, is the most common type of architecture pattern [2]. LAP is a structural design pattern as it outlines a way to structure parts of the system to work together in a way designed for easy maintenance. LAP is the standard for most Java applications, and since Java is used by some 9 million developers [3], this makes it very commonplace indeed. It closely resembles IT structures found in most companies, this is another reason it is commonplace as it is easy to integrate into a business [2].

In LAP the components of the application are organised into horizontal layers with each layer corresponding to a specific role within the application. Applications are typically divided into four layers, however less or more layers are commonplace for smaller or larger applications respectively [2].

The four typically used layers are the presentation layer, the business layer, the persistence layer and the database layer. Each layer has a specific role, for example, a presentation layer for a website would be responsible for the UI whilst the database layer would be responsible for storing information for the website.	Comment by Kemi Ademoye: Discuss the responsibilities of all of the layers
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Figure 1: Different layers in the layered architecture pattern [2]

[bookmark: _bookmark6]2.1 Why is Layered Architecture Pattern Useful?

Each layer within a LAP forms an abstraction around the work for said layer. This means that each layer doesn't does not need to know much about the other layers in order to be functional. For the website example, the presentation layer doesn't need to know how to get information from the database or what type of information it is, it only needs to know to display information on the screen in a certain format. This is also known as separation of concerns,



which is a fairly self-explanatory name, the concept of abstracting each layer so that it is not concerned with the functionality of others [2].

[image: ]A key concept in LAP is that each layer is 'closed'. This means that as a request moves from layer to layer, it must move through the layer directly beneath it to get to the next layer. So for example if the presentation layer wanted information from the database layer, the request must move through the business layer and persistence layer to get there. This can
Figure 2: The flow of a request through closed layers in the layered architecture pattern [2]

be slower than allowing the presentation layer to communicate directly with the database layer, however, that would be violating a concept called 'layers of isolation' [2].
Layers of isolation means that changes made in one layer of the architecture don't impact other layers. This means each layer is independent of other layers This results in a loosely coupled system. Loosely coupled systems are inherently cheap and easy to maintain compared to tightly coupled systems [2].	Comment by Kemi Ademoye: Good but a bit more detail is required and I would like to see some more information on the disadvantages.



3) [bookmark: _bookmark7]Object Relational Mapping

Object relational mapping, or ORM for short, is a technique for storing, retrieving updating and deleting from an object-oriented program in a relational database [4][5]. The data types usually used in code such as int, float, String, etc are typically incompatible with the types used in a relational database such as Numeric, Serial, Varchar, etc. ORM converts between the two which is especially useful as many web services have a back end written in an object-oriented language with the data stored in a relational database [5]. It utilizes a 'data layer' to manage translation between the object-oriented program and the relational database. The 'data layer' is typically a library or set of libraries written in the object- oriented language (Java, etc) that is part of, or works in conjunction with the web framework (Spring, etc).

SQL can be written directly into the code of many OO languages, however, SQL is not completely universal across all database management systems (DBMS). This means that the code is not easily maintainable if, for instance, the DBMS was switched from mySQL to PostgreSQL. ORM makes the code easily maintainable as it is universal across all DBMS and doesn't require any SQL to be written into the code [4][5].	Comment by Kemi Ademoye: Good
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Figure 3: ORM logic sitting in between the relational database and the objects in code [6]




The ORM software can 'save' and an object from the code and insert it into the rows in the database. It can also go the other way and 'select' rows from the database and call the 'new' constructor to create the object in the code. This can also work with one to many or many to one relationships.



3.1 [bookmark: _bookmark8]Why is ORM used?

Using ORM helps you create DRY (don’t repeat yourself) code, meaning it is easy to modify, maintain and reuse parts of the code. ORM allows developers to query and manipulate data from a database in a way that fits the natural way of coding, rather than having to use SQL. This is often an advantage as developers are likely more knowledgeable about their chosen language than they are about SQL.
ORM does require a time investment to be learnt and requires time to be set up in the code, however, this is often a trade-off developers are willing to make in order to save time in future not having to write out SQL. Since ORM creates object in code that virtually map to tables in a database, developers only have to interact with the objects in code in order to make changes in the database. Developers are typically much better and more comfortable with interacting with objects in code that they are with plain SQL queries, thus meaning less specialised SQL knowledge is needed for the developer to interact with a database to the same level.
The performance of ORM software is usually very good, and comparable to that of straight SQL, however, as it adds another layer of ‘work’, ultimately it will be slower than traditional SQL for a relational database. This isn’t typically a problem until databases become very large on large projects.	Comment by Kemi Ademoye: A few references would be nice



4) [bookmark: _bookmark9]Repository and Unit of Work Patterns

4.1 [bookmark: _bookmark10]Repository Pattern

The repository pattern is another software design pattern. It is similar to the layered architecture pattern in that it provides abstraction around certain parts of a program [7]. It is also designed to minimise duplicate query logic, which is useful because it is always strived to not repeat duplicate code. It does this by adding an abstraction layer on top of the data access. If this abstraction layer was not present, and data needed to be accessed from two different databases, then there would likely be duplicate code in the way that each database is accessed. With this layer of abstraction in place, there can be one method for data access and then separate methods for accessing each database, cutting down on duplicate code. This makes the code easier to both maintain and test [7].

This abstraction layer in the repository pattern is used to create an interface between two layers of the application. Referring back to the layered architecture pattern, it could be an interface between the business layer and the data layer and could be used for data retrieval and data persistence [7].

A repository itself is a class with all possible operations for an entity object. The operations can be anything related to the entity object that cover all functionality specific to the entity object. Common operations include READ, ADD, UPDATE and DELETE, as these are the most common operations performed on an entity within a database. It is often useful to use a generic repository class as opposed to a separate repository class for each entity. This is to reduce the amount of duplicate code produced, as if a repository class was produces for six different entities, each of the repository classes for those entities would have common code. Using a generic class means this code only needs to be written once and then accessed within each entity.

To put this into context, if we had a website that had information stored about the company in a company database and a user database for storing user information, we would have a repository to access user information and a separate repository to access company information. There would then be an interface containing the logic to interact with these repositories, but the interface would not know anything about the databases.


4.2 [bookmark: _bookmark11]Unit of Work Pattern

The Unit of Work patterns is a software design pattern designed to send multiple requests as a single transaction to a database. It is designed around the concept of a 'unit of work'. A unit of work keeps track of all processes during a transaction that can affect a database in order to figure out how to alter the database as a result of the transaction. Using this design pattern keeps the processes undertaken during the transaction in memory, these processes are then saved as one transaction to the database. In simple words, this means that for a



specific action, all transactions like insert/update/delete are completed in a single transaction, which is one unit of work.
The unit of work pattern is typically used when you want to avoid multiple calls to a database for each change of an object in the code.	Comment by Kemi Ademoye: And specifically to achieve the acidity property of transactions. If the set of actions from the application involves modifications to more than one entity (e.g. think of an order transaction), the unit of work pattern ensures that these are achieved in their entirety or not at all – all or nothing.
For context, if we had a website and a user wanted to update their information and also add a phone number at the same time for two factor authentications, both these transactions would be grouped as a single unit of work.


4.3 [bookmark: _bookmark12]Repository and Unit of Work Pattern with ORM

The unit of work and repository patterns are often used together alongside Object relational mapping. This is because when used in conjunction they create a distinct abstraction layer between the data layer and the business layer. This allows the website/application to remain unchanged if the data source (likely a database) is changed. This helps with maintainability and testability of the code.
For example, a company running a web service may want to change database management systems due to cost/speed etc. Having this abstraction layer allows the code to remain almost unchanged when changing databases, this obviously saves time and money for the company. For example, a company changing from MySQL to PostgreSQL would only have to change a single class within their code if Unit of Work and repository patterns have been implemented correctly. This is because the connection to the database will be handled in one single place in the code, due to the layers of abstraction implemented by the design patterns.
Using the repository pattern with the unit of work pattern is typically used if multiple repositories are being used and updated at the same time. This is because multiple updates on repositories can be contained within a single unit of work and sent as one transaction to the database layer. This is useful because if one update on a repository failed and another succeeded and was sent to the database, this could lead to inconsistencies, whereas processing it all as one unit of work allows for an 'all or nothing' transaction, also known as a transaction having atomicity.






Figure 5: When using a single repository, a unit of work is not needed [8]

Figure 4: A Unit of Work containing multiple repository classes, so these classes can be 'saved' as a single transaction[8]


The above pictures illustrate why the unit of work pattern is used in combination with the repository pattern. The unit of work ‘contains’ all repositories. Each repository will have its own DbContext, but when an operation is called it will have to happen successfully in all repositories before being passed to the database, therefore treating the processes in all repositories as one unit of work. The ORM software is then used to map the objects processed by the unit of work to the tables within the database.	Comment by Kemi Ademoye: Good overview of ORM and the Repository and Unit of Work patterns, but again you have not really discussed the disadvantages and particularly some of the criticisms of the use of the two patterns with ORM frameworks. 




5) [bookmark: _bookmark13]Conclusions
Design patterns are an integral part of web development. If design patterns are not correctly followed then functioning code may be produced to begin with, but it will be expensive and time consuming to maintain or change in future. Since the world of web development is moving towards providing services with long term support instead of a single product, it is integral that code is easy, cheap and quick to maintain and change. Correctly following the layered architecture pattern will be suitable to almost all cases due to the flexibility in applying it to any product or service.
Using LAP as a basis, an ORM should be almost always be used by developers unless working with very large databases. Even if the developer is fluent and comfortable with SQL, using an ORM will mean that all code is in the same place anything to do with accessing the database can be easily seen and modified without opening up different programs.
Repository and Unit of Work patterns work well together and are integral to abstracting the separate parts of your code correctly. Again, when looking at web development as developing a long term service, this is integral to keeping the code easily maintainable.
Using the unit of work pattern is important as it allows developers to communicate with a database correctly without having any processes that can violate ‘all or nothing’ transactions, meaning the integrity of the database will never be compromised.
When all of these design patterns are combined together along with ORM software, the end product (if the patterns have been applied correctly) is code that is easily maintainable and reusable. Each part of the code has a distinct reason for being there and each part of the code is easily understandable. The abstraction of the separate functions in the code means these parts can be easily reused in other systems.
Correctly following appropriate design patterns is essential for any large scale system, as the benefits after building it outweigh any short term benefits in not planning out how to build the system correctly.
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