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[bookmark: _Toc5090726]Introduction 	Comment by Kemi Ademoye: 
Start main sections on a new page, for example, cover page, table of contents, main sections (start of report), references. This will improve the presentation of your report.
The purpose of this report is to examine and evaluate two software design patterns. The Layered Architecture Pattern [1] is contrasted with usage of the Unit of Work [2] and Repository [3] patterns in combination with the Object-Relational Mapping technique (commonly known as the ORM technique). [4]  	Comment by Kemi Ademoye: Not contrasted, i.e. compared, as they are two different types of patterns
This report will focus firstly on design patterns as a whole. The relevant patterns will then be discussed in turn. The form and functionality of each pattern will be explored. Advantages and disadvantages will be discussed as they appear. Finally the ORM technique, the Unit of Work and Repository patterns are analysed in combination as a single entity. 
[bookmark: _Toc5090727]Design Patterns
The term ‘design pattern’ is defined by Gamma et al as follows: "Each pattern describes a problem which occurs over and over again in our environment, and then describes the core of the solution to that problem, in such a way that you can use this solution a million times over, without ever doing it the same way twice" [5]. The quote itself originally refers to buildings and infrastructure [6] but in this case it also applies to software engineering design patterns. To expand on Gamma et al.’s quote, a design pattern is functionally a blueprint for performing a specific task. Design patterns tend to be fairly restrictive in terms of implementation but do have enough adaptability to serve to work effectively for any project [7].
The principle function of a design pattern is to guard against unforeseen issues further into the development. Developing without using a pattern may cause problems and logical contradictions within as yet unbuilt modules. These can cause significant progression blockers for a team. [5] A pattern is the product of a rigorous development procedure and thus serves to guard against these problems [8].
There are three main groups of design pattern [5]: 
Creational
Gamma et al state “Creational patterns concern the process of object creation.” [5] This means that these are useful for building up objects and are a good way to insulate your business logic from your instantiation logic. An example of a creational design pattern is the Abstract Factory pattern [9], which is composed of an interface of methods that the desired objects will need and classes which implement these interfaces to create the methods and therefore the objects themselves.
Structural
Gamma et al say that “Structural patterns deal with the composition of classes or objects”. [5] These are broadly concerned with how classes and objects can be used in order to construct larger logical entities and can be again divided into structural class patterns and structural object patterns. An example of a structural design pattern is the Adapter pattern (aka Wrapper) [10], which allows normally incompatible interfaces to talk to each other by transforming one into another form.	Comment by Kemi Ademoye: References typically go at the end of the sentence before the full stop. They can also be added mid-sentence – this is usually after an author’s name, e.g. Richardson [ref] suggests that …, or in constructs such as “In [ref]…”.
Behavioural
Gamma et al state that “Behavioural patterns are concerned with algorithms and the assignment of responsibilities between objects.” [5]They argue that behavioural patterns allow different objects in a system to communicate with each other, or set up an object as responsible for a task and send requests for that task to it. An example of a behavioural design pattern is the ‘Chain of Responsibility’ pattern [11], which helps the process of sending a request to a receiver by providing multiple processing objects, which chain and pass the request along. This helps reduce coupling.
[bookmark: _Toc5090728]Layered Architecture Pattern 
The Layered Architecture pattern is a means to design and formalise the architecture of a project so that the individual components are able to communicate without duplicating functionality. It is also known as the n-tier architecture pattern. [12] It dictates ainvolves the splitting of the project into horizontal layers, each of which has its own role – so for example a data layer could be used to contain all the queries and transactions with a database. 
The most common form of the layered architecture pattern is the 4-tier pattern, with a presentation layer, business layer, persistence layer and database layer [13]. The pattern itself is flexible however and allows for the fusing of multiple layers into one, or adding more layers where appropriate. Each layer serves data to the layer above and the layer below – generally they do not have access to layers other than their neighbours (there are exceptions to this, which will be discussed later).	Comment by Kemi Ademoye: Explain the roles of the common layers to further demonstrate how the pattern is used.

Each layer has only an abstract view of what goes on in the other layers in that they are linked to each other via interfaces – this means that they are ignorant of how their inputs are formed. [14] For example, a presentation layer may know how to present customer data to the screen but not where that data comes from or how it is generated.
There is an important concept within layered architecture known as the “separation of concerns”. In Software Architecture Patterns, Richards states that “Components within a specific layer deal only with logic that pertains to that layer.” [14]This means that layers are bound to their responsibilities so for example the presentation layer deals only with presentation logic, without using any business logic. This is a form of encapsulation [15], which has the following benefits:
Encapsulated objects are easier to test – they will have interfaces that allow them to interact with other objects that make up the solution, but stubs can be placed at the interfaces to test just one object [16]. Additionally, encapsulation bestows a level of modularity. [17] Since the interfaces of the objects are agnostic to the implementation behind them, it can be less complicated to replace modules post-release. An example of this would be replacing the MySQL database with a PostgreSQL database. Another aspect of encapsulation is that it can facilitate development by multiple people – provided the interfaces are known, a developer can build a class for use with their colleagues’ classes without either person knowing how each other’s implementation works due to the  method-agnostic property of said interfaces.
The power of the Layered Architecture pattern is its relatively low coupling. [18] This is due to the idea of “closed layers”. [14] If a layer is closed, a request must pass through it to access the next layer; it cannot skip the layer, even if the request has no need of the logic in that layer .This is a potential problem; it is addressed later in this section. Layers are closed by default which means that a layer is only dependent on the layers above and below it. This keeps coupling low and makes modification and upgrades easier to implement. [14]
It is, however, not always desirable for all layers to be closed. 
A scenario in which a layer may need to be opened could be where there are access restriction concerns – restricted features could thus be placed in their own layer to insulate them from unauthorised requests. If the request then has to pass through the layer then there is little point.
A potential danger to closed layers and the layered architecture pattern as a whole is ‘the Architecture Sinkhole Anti-pattern’. [14] Requests pass through multiple layers without any logic being performed on them so they are simply picked up from one interface and fed to the next. This slows down processing time for no gain and is wasteful. [19] The anti-pattern is encountered where a majority of requests suffer from this, possibly due to some niche layers being set to ‘closed’. One solution to this problem is to make the less frequently requested layers into “open layers”. This will mean that they are permeable to requests which can opt to ignore them and skip to the next layer. This should be used sparingly, however, as for a layer to be open, a channel must exist that allows data to bypass it, meaning the coupling of the system increases. [19]
There is a tendency among layered architecture applications to become monolithic, [20] which means that the layers fuse into one large program; it is thewith the eventual endpoint result of increasing coupling. This gives it everything it needs in order to function, but also means it lacks modularity and therefore should be avoided.
In summary, the Layered Architecture pattern is a simple and resilient pattern. Its unavoidable sinkhole problem rules it out from high-performance systems where rapid response is critical. While each layer is neatly abstracted from its neighbours, the components within the layers are not and in fact can become tightly coupled, lowering the ability to add new features as new technologies become available. On the other hand the pattern is relatively straightforward to implement and deploy, and has enough modularity (at least on the surface) that it provides freedom to perform some upgrades, provided care is taken to avoid the application becoming too tightly coupled.
[bookmark: _Toc5090729]ORM, Unit of Work, and Repository Pattern 
These are being listed as one pattern because they are often used together and work well together. They are however three distinct concepts which are covered separately below.
[bookmark: _Toc5090730]ORM 
ORM, also known as Object Relational Mapping, is not a pattern but a name for a very general technique. [4] This is the process of storing objects in systems that normally cannot accommodate them. Databases, for example, tend to have fields for primitive data types but not objects and their respective parameters.
One method for building an ORM tool is constructing a class which builds queries that decompose an object into its constituent properties and then sends those properties into a specially made table. In order to retrieve an object, the class builds and runs a query that pulls a record and instantiates a new object of the origin class, feeding the properties from the database record into that object.
Using ORM tools can be a useful way of recording the current state of the system in a form that may be easily retrieved and processed later. Many languages will have pre-constructed ORM packages that can be imported, which frees the developer from the difficulty of working with the queries themselves. Sometimes however the customisability of a custom-made ORM tool is more desirable.	Comment by Kemi Ademoye: Needs more detail
[bookmark: _Toc5090731]Unit of Work Pattern 
To quote Fowler [20], the Unit of Work pattern “maintains a list of objects affected by a business transaction and coordinates the writing out of changes and the resolution of concurrency problems.” In other words it keeps track of all the changes that need to be made to a database, agglomerates them into a cluster then commits the cluster. This can save on processing time since every time a change is made to a database it needs to ensure consistency, meaning it is faster to make one large change than multiple small ones. 
Additionally, the property of the ‘Unit of Work’ pattern where multiple items can be resolved in the same transaction is desirable for ensuring that certain writes happen at once. As an example, an online marketplace could want to store a customer’s order and all the products they ordered. This helps to preserve atomicity, one of the four essential properties of a relational database (ACID). [22]

[bookmark: _Toc5090732]Repository Pattern 
The repository pattern gives a layer of abstraction that sits between the application database and the business logic. This layer is where database queries are made and sent when requested by the logical layers. In addition, the repository will store in-memory copies of the data while they are being worked on, allowing for multiple changes to be made at once. 
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Figure 1: A mockup of a shopping cart class for use with an online marketplace. This will be used to argue the benefits of the repository pattern.
 [image: ]
Figure 2: A mockup of two potential implementations of committing data to a database, with and without a repository.
Figures 1 and 2 give an example of where a repository pattern may be useful. In this example, the developer wants to have their shopping cart class be able to send its contents to a database, and for their other classes to be able to call that method. The first implementation in Figure 2 shows a commit method which does not use a repository class. There are some drawbacks to this method: the cart class now contains both business logic and data logic. It has become more tightly coupled to the database which carries comes with it its own problems. Testing this class will now require some form of object that can interpret SQL queries, making it more difficult to build stubs. The ‘addItem’ method, which is referenced in Figure 1, will have to be tested at the same time.
If the storage system is changed then the cart class itself will need to be manually retooled. This additional task makes the application less maintainable. Another issue is that this example is only looking at one object type. Each additional object that needs to be stored in a database will need its own implementation of a database link, which will result in duplicated code. This should be avoided where possible since duplicated code allows for accidentally inconsistent updating and forced repetition on the developer’s part, but the problem gets much larger depending on how many different database methods are required.
The second implementation using the repository avoids many of these hurdles. It is important to note that the logic for the query is still contained in the application, but it has been written into the repository class instead. This abstraction of data results in a more elegant solution where the repository handles all of the queries and can be swapped out for another class if need be. This particular example uses an interface to allow for different versions of the repository to be used with minimal disruption.  
When implementing the repository pattern, there is a design decision that must be made. For each entity that must be saved somewhere there must exist a separate repository for it. This means that either each of these repositories must be made separately, or that a generic interface must be made and repositories generated from it. Both approaches have value depending on context and so are discussed below.
‘Repository Per Entity’ [3] involves each entity being given its own repository class. There is an immediate concern with this method: that duplicated code will be written, as some of the methods of these repositories will be common.  Avoiding this problem while using this technique would be difficult, so care should be taken to make like similar methods as consistent as possible. Generic Repository Interface, however, is a single repository interface which is made using generics to parse different entity object types, and each repository class is built using this common framework. [23] This avoids duplicated code. In situations where each entity carries very different methods however, the generic interface may end up carrying many methods which must be implemented in each class yet serve no purpose - when there are many disparate operation types across the entities, . In this scenario, Repository Per Entity may be preferable.
A useful property of repositories is that they can retain data sets that they pull from the database, holding onto a local copy while changes are made and then submitting all the changes as a group. [21]	Comment by Kemi Ademoye: When used with the unit of work pattern. Okay, I have seen the next paragraph. Ideally you need to specify this here or get rid of the paragraph break. Also, (a minor comment) you probably should have discussed the repository pattern before the unit of work pattern.
This reduces the number of queries necessary, which keeps processing times low while avoiding overtaxing the database. This is also an excellent fit for the Unit of Work pattern and is part of the reason why these patterns are often used in tandem: the function of the repository pattern necessitates a method for submitting large collections of changes, which the unit of work pattern provides. This gives the advantages of atomicity and database load reduction from units of work while also delivering the benefit of forming a layer of abstraction between the data and business logic of the application.	Comment by Kemi Ademoye: Good overview of ORM and the Repository and Unit of Work patterns, but you have not really discussed the use of the two patterns with ORM frameworks. Even if you disagree with its use, highlight why. You have also not really discussed the disadvantages of the repository and unit of work patterns and criticisms of their use with ORM frameworks.

[bookmark: _Toc5090733]Conclusion/Analysis
Design patterns are schemata which are widely used to help anticipate and mitigate circumstances that may negatively impact either the design or development of software. 
The origins of the Layered architecture pattern were discussed together with an analysis of its advantages and disadvantages.
ORM, and both the Unit of Work and Repository patterns were then considered. The unit of work and repository patterns were compared. ORM is an essential component of both patterns, and thus was also discussed.	Comment by Kemi Ademoye: Not necessarily and some critics say combining them leads to unnecessary over-abstraction.
In conclusion, the Layered Architecture pattern and the ORM, Repository and Unit of Work patterns are both useful structural design patterns when designing the broad structure of any application that needs to function on multiple different systems. The common factor between them is that both form a layer of abstraction between the data and the business logic, which carries the protective and modular benefits covered previously. 
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