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ABSTRACT:
	This paper will explore the principle of design patterns in general before studying some common approaches to web design more in-depth: Layered Architecture Pattern, Object Relational Mapping, Repository and Unit of Work Pattern.
The paper will then attempt to evaluate these approaches individually before briefly outlining some popular alternatives and drawing conclusions on design patterns as a whole.
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INTRODUCTION (Design Patterns):
	A design pattern is a kind of template that is used in software development which is used to outline the best practices for a given task. Use of a design pattern should speed up the development of a system by providing solutions to common problems the developer might encounter. It should also increase reusability of code which improves maintainability and ease of testing[1]. 
Originally, a pattern described a recurring problem in software development along with the core of a solution to that problem[2]. 
The main idea behind design patterns is that “Someone has already solved your problems”[3]. Rather than invent your own solution to a common problem, you can draw on the experience of other developers in order to save time and build a repertoire of patterns for use in a range of situations.
A major benefit of utilising design patterns is the improvement of design skills and code quality[4]. If developers all use common design patterns, other developers will be able to recognise these patterns and more easily understand the code.
Design patterns are used with object-oriented programming languages as they deal with object-oriented ideas such as encapsulation, abstraction, polymorphism and inheritance[5].	Comment by Kemi Ademoye: For your paragraph formatting and formal writing, there is no need to introduce line breaks at the end of each sentence. Instead, have a break as you have at the end of this sentence at the end of the paragraph.

Design patterns are often separated into these categories: Creational, Structural, Behavioural and the additional Architectural and Concurrency[6].
· Creational design patterns deal with object or class creation. Examples include the singleton pattern and dependency injection.
· Structural design patterns deal with the relationships between entities. Examples include the marker pattern.
· Behavioural design patterns deal with object communication. An example would be the iterator pattern.
· Architectural patterns deal with the architecture of the system. They are associated with design patterns.
· Concurrency design patterns deal with multi-threading. An example would be the read write lock pattern.

Patterns can work together and some are made by combining two existing patterns. Many patterns attempt to solve the same problem but it is possible to overuse or misuse patterns. If you use a pattern in the wrong place or a mix of patterns that don’t do not make sense in the given context, other developers won’t will not understand what you were trying to do. This will hinder the development process as well as testing and maintenance.	Comment by Kemi Ademoye: 
Avoid using contractions (shortened form of a word combination using the apostrophe (') e.g. don't, isn't) in formal academic writing
INTRO (Layered Architecture):
The Layered Architecture Pattern involves separating the modules of a system into distinct layers with interfaces in between[7]. The layers are usually set as the presentation layer (responsible for user interface and browser communication), the business layer (where the business rules are enforced for each request), the persistence layer (responsible for the sessions, transactions, queries and access to the data) and the database layer (where the information is stored)[8].
The idea behind the layered architecture pattern is abstraction and single responsibility. Each layer is responsible for its own thing and only needs to know how to do that specific job, not the jobs of other layers. For example, the database layer doesn’t need to know how the data will be displayed, it only needs to store the data. Likewise, the presentation layer doesn’t need to know how to retrieve data, it only needs to display it appropriately[9].
The layers in this pattern are closed which means that a request that needs to get to the database layer can’t skip over the persistence and business layers to directly access the database from the UI. This protects the system from layers changing each other and becoming tightly coupled (isolation). Some layers can be open. This happens when a new layer is added (e.g. a services layer) which contains some shared components. If the layer above this new layer doesn’t necessarily need to go through the new layer, the new layer is set to be open.	Comment by Kemi Ademoye: Very good summary description of the pattern, but what are the advantages and particularly some of the challenges/disadvantages. Okay, have seen the evaluation section below. Please note the comment that it would have been better if you had added your evaluation just after this section. 	Comment by Kemi Ademoye: Much better paragraph formatting here , but be consistent i.e. are you using single or double line spacing to indicate paragraph breaks.

Introduce evaluation of layered architecture pattern here

INTRO (ORM, Repository, Unit of Work Pattern):	Comment by Kemi Ademoye: There is no need to add the word Intro to all main headings.
Object Relational Mapping (ORM) is used to map the objects of a system to the database, translating between the database and the system’s logic[10]. It allows you to abstract away from the data store, essentially adding a layer between the database and the rest of the system. If you are using a layered architecture, your ORM would be located in the persistence layer.
An ORM will usually handle CRUD functions for you so you don’t need to write these. It will find the properties of the database automatically by looking at the schema.	Comment by Kemi Ademoye: 
Write abbreviations out in full on first use.
Examples of popular ORMs include Active Record and Data Mapper (similar to Active Record but more loosely coupled)[11]. These are implemented by various pattern within each programming language (for example, Hibernate implements Data Mapper for Java and ActiveJDBC implements Active Record for Java).   	Comment by Kemi Ademoye: Describe the differences between the two approaches.

The Repository Pattern	Comment by Kemi Ademoye: Use sub headings
	The Repository pattern involves adding a repository class for each aggregate. This adds a layer of abstraction between the data mapping layer and the logic. This layer would be on top of the ORM’s layer. A repository class should encapsulate objects from the database and all valid functions for them. 
Basically, the repository class takes information from the database and puts it into memory, from there you can perform actions on this data and send it back to the database[12].
Most implementations of the Repository pattern also implement the Unit of Work pattern.
An illustration of where the repository pattern fits into a program is shown below:
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Fig.1


	The Unit of Work pattern involves tracking every entity that is affected by a transaction and sending them all to the database as one unit[13]. The changes being applied to the entities are ordered so you don’t end up trying to update something you haven’t inserted yet[12]. 
Unit tests are written to outline actions that would be bundled as a unit of work and each of these actions are completely independent of whatever precedes or follows them[14]. 
In web design, using this pattern means that you can send a http request as one unit so you don’t end up with half-completed requests and if there is any clean-up necessary, the unit of work can take care of it[5].
An illustration of a unit of work pattern being applied to the above repository example is shown below:
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Fig.2



Object Relational Mapping, Repository pattern and Unit of Work pattern can be used separately, in any combination or all together[15]. ORM provides the mapping layer, the Repository pattern provides encapsulation of database objects and functions and the Unit of Work pattern provides the transaction management. On top of this, these can also be used in conjunction with a Layered Architecture pattern where the ORM is a layer and the repositories are the layer above the ORM. 	Comment by Kemi Ademoye: Good description of the patterns, but would be nice to see some illustration/explanation of how the patterns are implemented in code and how the unit of work implements the transaction support.


EVALUATION (Layered Architecture):
The main benefit of using a layered architecture is improved system maintainability and testing[16]. This comes about because of the separate responsibilities of the layers so if you modify a component on the presentation layer, it has very little to do with the business layer so you should be able to make modifications without affecting the larger system. Also, layers facilitate the sharing of workload between developers or development teams. For example, one team might be responsible for the entire database layer which might consist of a postgresql database and three mongodb databases. This means that this team can develop an area of expertise in databases and can focus of maintaining these databases while another team can focus on implementing the business logic[17]. 	Comment by Kemi Ademoye: For this type of research exercise, it would have been nice if this section came after you introduced the pattern.
Separating out the layers is a method of abstraction which aids in maintainability and reusability but layering can also be used to group modules by common responsibilities or by domain. This helps developers to understand the system more easily and aids in the team dynamic mentioned before[18].

One drawback of layering your architecture is decreased efficiency. It makes sense that the more layers your system has, the slower the processes will be. Hard-coded connections are fast because they are direct. Requests go straight from where they were made, to where they are directed and back. Layers add extra steps to the path the request must take. If you can’t jump straight from the beginning to the end and instead have to step through three layers to get there, it’s going to take longer[16].	Comment by Kemi Ademoye: A bit more detail about closed vs. open layers, which is what you are describing, would be nice.
Another drawback is the fact that stepping through these extra layers will also increase the size of the message and increase processing time[19].
It is also possible that some layers might provide redundant checks which results in the same thing being done multiple times, messages being sent multiple times and an overall reduction in efficiency. This is more of a design oversight than an inbuilt flaw in the pattern though[20].
An example of a badly designed layered system is shown below:
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Fig.3


In this example, you try to log in. The presentation layer checks if you’re already logged in. This request is sent to the business layer which says you can’t log in if you’re already logged in so it checks. These two requests are sent to the persistence layer which holds the session information. You are already logged in so the persistence layer sends the message back to the business layer. The business layer says you can’t log in again because you’re already in. It sends the message to the presentation layer with its own response as well as the persistence layer’s response. The presentation layer gets the response that you can’t log in because you’re already logged in and you can’t log in because you’re already logged in. 
It is easy to see that you don’t need to do this check twice. One check in the presentation layer would do the job while being more efficient. 





EVALUATION (ORM, Repository, Unit of Work Pattern):	Comment by Kemi Ademoye: Same comment as before
A major benefit of using ORM is database agnosticism. If you decide to migrate from a mongodb database to a postgresql database, you shouldn’t need to change anything else if you’re using an ORM. If your system is database agnostic, it is very easy to deploy it to a database server.
This database agnosticism comes with significant drawbacks. Firstly, in order to be able to use multiple database systems, you will need to ensure that your system will work with a large range of databases (ideally, every database system). This means that you must test your system with every database system you could possibly use in future, even if you never actually switch database technologies. It also means that you can’t use functions and features specific to any database and must instead restrict yourself to only using broad functions that apply to many or all systems[21]. Even if the database your system is currently using has a feature that can vastly improve performance, you can’t use it because not every database has that specific feature.
It is possible to add support to your system for detecting which database technology is currently in use and adjusting accordingly but this is extra work[22]. 
Additionally, the opaque nature of ORMs can cause problems for developers who might want to see the queries being generated in order to have total control and be able to fine-tune the system[23].

	The Repository pattern is useful for persistence. The repository classes allow database information to be stored in memory where actions can be performed on it[24]. This means that if you want to insert a field into a table and then update that field, you can query the database once, retrieve the desired table data, perform the insert, perform the update and then push the new table data back to the database. This example also includes the Unit of Work pattern as can be seen by the way the queries are all pushed to the database all together. 
A system which utilises Repository will have all of its data access functionality in one place; the repository classes. This increases the maintainability of the system and makes it easier for developers to navigate. Like an ORM, Repository also helps to decouple the system from its database technology which brings with it the above mentioned benefits[12]. 
A minor disadvantage to this pattern is the fact that you now need to code a repository class for every table in your database. This obviously adds development time just by increasing the amount of code needed. 
An advantage is increased testability[18]. Abstraction makes it easier to perform unit testing because you can now use dependency injection to implement mock table data rather than testing against actual data from your database which might have its own errors and requires a connection[5]. 
Unit of Work gathers all the queries into one transaction, sorts out the order and carries them out as one. This means that if your system needs to insert, update and delete from a table, rather than making three separate queries to the database, you can send one transaction containing each query[14]. This reduces the number of calls to the database. 
Unit of Work is responsible for deciding whether to apply in-memory changes to the database. Repository brings the data into memory, Unit of Work collects the queries and performs the transaction. If the transaction fails, Unit of Work is capable of performing rollbacks to clean up the mess[13].
An advantage to this pattern is increased performance due to reduced calls to the database. It will also stop queries interfering with each other because they are all gathered into one transaction. 

	When the Repository and Unit of Work patterns are used with an ORM (e.g. Active Record), the result is a system which adheres to the single responsibility principle and separation of concerns. There is a clear abstraction between the database and the business layer. 
There is, however, a slight drawback in that we have essentially done the same thing twice[25]. The ORM is supposed to map between the logic and the database, Repository is supposed to provide communication between the logic and the database and Unit of Work is supposed to group queries into single transactions. Repository can be used with an ORM but the Repository pattern will no longer be responsible for the database communication and will instead provide additional abstraction. 	Comment by Kemi Ademoye: Resulting in over abstraction


ALTERNATIVES:
	CQRS (Command and Query Responsibility Separation) splits the operations that alter data (commands) from those that just read it (queries), resulting in a read model and a write model. This simplifies your system design but means that you need to write more code[26]. When used appropriately, this pattern can increase performance and allow for independent scalability due to the segregation of the models. This pattern is only useful if your system reads and writes data differently but it allows for very fine tuning. If the opacity of the Repository pattern becomes an issue or if you find using an ORM too difficult, CQRS could be a suitable alternative[27].	Comment by Kemi Ademoye: Good

	Query objects can be used instead of repositories to encapsulate query logic[28]. This is a simpler method which only deals with the queries and not persistence.	Comment by Kemi Ademoye: Good but again some more detail with an example would be nice.


	
CONCLUSION:
To conclude, design patterns are very useful tools to aid in software design as long as you know why you need them. If you choose the wrong tool, the job will be done badly. If you use too many tools, the job will be done badly. If you use a tool you don’t understand, the job will be done badly. If you plan out your system and understand which tools to use, how they work and why you’re using them, the job has a better chance of being done well.
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