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Introduction
Design patterns in web development have been designed to help developers write code. The design patterns help the developer resolve common problems that the developer may incur. There are many design patterns a developer can choose from, with newer patterns emerging to cater for different demands. Gamma  , one of the gang of four suggests “design patterns when used correctly can be highly beneficial and efficient for the developer to implement. The developer can save time plus the code can be easily maintained.” There are those sceptics that think design patterns are not a great combination while coding. [2] Burtch criticises the use of design patterns, believing that the developer will become lazy copying and pasting, not taking into account the implications.	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. Gamma [ref] …, or in constructs such as “In [ref]…”.

The reference is typically placed after the author’s name or at the end of a sentence before the full stop.
[bookmark: _Toc4763198]Software Architecture Patterns
[3]Software architecture patterns are increasingly growing due to continued evolution of business expectations. [4]Architecture patterns are used as they emphasise on the structural organisation for larger systems. They provide predefined subsystems, uniquely identify responsibilities and organise relationships with use of decision enabling rules.
There are different architecture patterns focusing on their specific areas.
[bookmark: _Toc4763199]	Client/Server Architecture
	[4]These are patterns that separate the system into two main applications where a request from the client to the server can be requested. The database is the server with stored applications represented by application logic. The pattern is useful for a system that will be made of a client system, server system and a connecting network.
[bookmark: _Toc4763200]Domain Driven Design Architecture (DDD)
	[4]The Domain Driven Design Architecture is based on the business domain using an object oriented approach. This focuses on the elements and behaviours and the relationships between them. [5]The purpose of this architecture is to ease the design of difficult applications by linking the related software into an increasing growing model. [6]Evans states “Domain Driven Design architecture focuses on three core principles which are:
· Focus on the core domain and logic
· Base complex designs on models of the domain
· Constantly collaborate with domain experts, in order to improve the application model and resolve any emerging domain related issues.”
[bookmark: _Toc4763201]Multi-Tier Distributed Computing Architecture
	[7]With this architecture the application components can be deployed in multiple machines. Making this architecture flexible. The application is commonly broken down to three different tiers, which are:	Comment by Kemi Ademoye: Remember that multi-tier means that there can be n-tiers, but the 3-tier or 4-tier are generally the most common.
· The logic tier
· The presentation tier
· The data tier
Each tier has its own responsibilities.	Comment by Kemi Ademoye: 
Remember to add page numbers to your report.


[bookmark: _Toc4763202]Layered Architecture Pattern
[7]Mark Richards describes in his book Software Architecture Patterns, “Layered Architecture Pattern is the most common pattern.” It is widely used by business development teams as the pattern coincides with the traditional IT communication and organizational structure used by most companies. The Architecture pattern consists of layers that are organised horizontally, with each layer performing a specific task within the application. There is not ano limit to how many layers the architecture pattern may consist of, [7]Richards states the standard layers are:
· Presentation
· Business
· Persistence
· Database
[7]Richards does however inform us that larger, more complex applications may have five or more layers, whereas smaller applications will only have three layers combining the business and persistence layers into a single business layer. [8]Morlion includes the application layer in his description of the layered architecture pattern. Morlion does however suggest that applications may leave out the layered application; while others may include a caching layer. 
[bookmark: _Toc4762362][bookmark: _Toc4763167]Figure 1 [8]Morlion Layer Example
[image: ]
Figure 1 tells us that the flow from the layers presides downwards. The higher levels are dependent upon making calls to the layers below.


[bookmark: _Toc4762363][bookmark: _Toc4763168]Figure 2 [7]Richards Layer Example
[image: ]
Within the application each layer carries out their own duties. 
[bookmark: _Toc4763203]Presentation Layer – This layer’s duties are to look after the user interface and browser communication logic such as web pages and user interacting API’s.	Comment by Kemi Ademoye: If you are indenting the sub-headings, then either keep the accompanying text indented at the same level or introduce more spacing to improve presentation.

[bookmark: _Toc4763204]Application Layer – The application layer as seen in figure 1, may be used to sandwich in between the presentation layer and the business layer. This provides an abstraction resulting in the business layer not needing to know about the presentation layer. The application layer is used to place any coordination logic which is too large for the presentation layer or the business layer.

[bookmark: _Toc4763205] 	Business Layer – When A request is received, the business layer will execute business rules related with the request. [9]Accessibility, security and authentication logic occurs in this layer. Validations are performed with request interceptors.

[bookmark: _Toc4763206]Persistence Layer – The persistence layer includes modes of presenting persistent data in the application level. These will include the data access object presentation and the object relational mapping. This layer the code is managed to gain access to the database layer.

[bookmark: _Toc4763207]Database Layer – The database technology used is the core to this layer.

[7]Richards states “One of the powerful features of layered architecture pattern is the separation of concerns among components.” Figure 2 shows us the separation in each layer. Each layer has components that deal with the logic only apparent for that layer.


[bookmark: _Toc4762364][bookmark: _Toc4763169]Figure 3Closed Layer & Request Access
[image: ]

An important concept in the layered architecture pattern is the layer being marked as closed. This is important as any request made must go through the layers below in order to get to the destination layer. Changes in one layer will not affect other layers of the architecture. [7]This concept is called layers of isolation. This allows the application to be loosely coupled with any changes needing to be made, can be done so with ease and less cost.
The layered architecture does have its advantages but there are some concerns while implementing this pattern. [8]Morlion suggests “most developers are familiar with this pattern and it provides an easy way of writing a well organised and testable application.” The disadvantages of deploying this pattern Morlion says “developers often find themselves writing a lot of code to pass through the different layers, without adding value to the application.” [10]Morris explains that problems may occur using the layered architecture pattern where after time developers have made small changes into each layer to add fixes. In time it will become impossible to tell where things are going wrong as the little changes would have made a big impact. [11]Devanesan sums up the layered architecture pattern well by stating “layers can be good if you maintain them properly, they need strong governance.”




[bookmark: _Toc4763208]ORM
[12]ORM stands for object relational mapping. Object relational mapping is a technique that uses a library to synchronise between database and the application language being implemented. The developer can write queries using the object oriented paradigm of their preferred language. There are two approaches that developers mainly follow. [12] The domain model centric and the relational model centric. The domain model centric approach is where code drives database design. The relational model centric approach is where the database design is placed at the first step followed by the code. The object relational mapping works by collecting database information inside an object. The object has two parts. One part of the object looks after the data and the second part of the object transfers the data to a relational database. Object relational mapping lets the developer communicate directly with an object of their language choosing, discarding the use of sql.
[14]Fowler wrote about two patterns that implement object relational mapping. These are active record and data mapper.
[bookmark: _Toc4763209]Active Record – is where the object passes data and behaviour. Domain logic is added on the data after wrapping a row in a database. The database stores the persistent data. Users can read and write their data to and from the database as active record places data access logic in the domain object.  
[bookmark: _Toc4763210]	Data Mapper – is used for separation between the in-memory objects and the database. It is responsible for transferring data between the object and the database but also isolating them from each other. The database is unknown to the in-memory objects, this therefore implies the in-memory objects need not know the database schema and sql interface code.   
Without using the object relational mapping and manually writing code to get a player called “PELE” from all teams, this may be written

team_list = new List();	Comment by Kemi Ademoye: An example of where indentation would have been good 
sql = “Select team FROM storage WHERE player = ’PELE’”; 
data = query(sql);
while (row = data.next())
{
team = new Team();
team.setPlayer(row.get(‘player’);
team_list.add(team);
}

However using object relational mapping it would simply be written as below:
team_list = TeamTable.query(player= ”PELE”);

There are many ORM’s that the developer may choose from to suit whichever language needed. Each language has its own ORM. Each language will have a different ORM for the active record pattern and the data mapper pattern. A developer using the Python language may use Django ORM using active record pattern or SqlAlchemy using the data mapper pattern. Java language may use OpenJPA for active record pattern or Hibernate for data mapper pattern. PHP may use Propel for active record pattern or Doctrine for data mapper pattern. The developer has choices what language to use and what ORM to use alongside that language. Two examples of these frameworks will be discussed below.


[bookmark: _Toc4763211]Hibernate 
[15]This is an object relational mapping java framework. Hibernate offers some abstraction layer giving the advantage that the developer doesn’t does not need to know about the implementations. The implementations hibernate do for the developer are establishing the link with the database and performing CRUD operations. [16]Hibernate will store and process the data for long use, developing persistent logic. Hibernate is open source and supports hibernate query language, cache memory and auto primary key generation.
[bookmark: _Toc4763212]Doctrine
[17]This is used for PHP as an object relational mapper. It is used to separate the business logic from the persistence in the relational database. Doctrine lets the developer concentrate on the business logic and less about the persistence. Doctrine uses the code first approach, so entities can be created and the database can be generated later.
Advantages and Disadvantages
There are many advantages and disadvantages for applying ORM. ORM is versatile, where the developer can stick with their preferred language. The database gets abstracted so the developer can switch between databases. The developer can become more efficient using ORM. However, the developer could become weaker, as ORM does a lot for you. The developer will need to learn to use ORM and the initial configuration can be troublesome. [18] Bugayenko dislikes the use of the object relational mapper. He writes “ORM is a terrible anti-pattern that violates all principles of object orientated programming, tearing objects apart and turning them into dumb and passive data bags.” [19]Atwood agrees by stating that there is a problem using ORM and the only workable solution would be to either abandon relational databases or abandon objects. [20]Kahn believes using ORM’s cuts down development times, produces better designed code, you do not have to be an expert to use ORM, saves testing time and simplifies your .Net development. [21]Hoyos also writes that we should use ORM. He says “many of the queries you write will be performed better than if you wrote them yourself”.
[bookmark: _Toc4763213]Repository
[22]Abstraction is used while implementing the repository pattern. A layer of abstraction can be added over two databases and the business logic can control those abstractions. Interfaces will be created, this will make the repository interface reusable, testing is easier and management of the database access code is situated in one place. A repository can either be generic <T> or non-generic. Generic is where the repository can be used for all entities. A non-generic repository is where only one repository class can be used for each entity. 	Comment by Kemi Ademoye: Good
[bookmark: _Toc4763214]Unit of Work Pattern
[22]Unit of work pattern lets the user use perform multiple operations in one single transaction. These operations will include insert, update and delete. Instead of implementing multiple database transactions, these will be completed using one single transaction. The unit of work pattern translates to a database the tracked business transaction. The unit of work pattern increases the level of abstraction; increases maintainability, flexibility and testability and encourages more classes and interfaces but less duplicated code.	Comment by Kemi Ademoye: When is this particularly relevant? Give example


[bookmark: _Toc4763215]Unit of Work Pattern and Repository Working Together
[bookmark: _Toc4762365][bookmark: _Toc4763170]Figure 4 [22] UML Diagram
[image: ]
Figure 4 [23]Ofner shows us how the interfaces and repositories interact with each other. There is one IRepository that contains the generic functions. This is implemented by repository and the IConcreteRepository interface. All IConcreteRepository interfaces are implemented by one concreterepository class which also derives from the repository class. The ConcreteReposisitory has gained all generic methods and the methods from the classes. The unit of work will save the adjustments to the storage. The unit of work applies to the complete method for saving of the data to storage. The developer doesn’t need to worry about where it gets saved as they just need to call the complete method from unit of work.	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.
[bookmark: _Toc4763216]Conclusion
This report tells us that there are varied opinions on design patterns. There are many design patterns to choose from.  [2]Burtch criticises the use of design patterns stating developers would become lazy. [1]Gamma believes design patterns can become highly efficient when used properly.
These opinions would have to be taken into account by the developer when experiencing using design patterns for themselves, then they may choose which way their opinion lies.
Layered architecture’s most powerful features is the separation of concerns among components. This allowing the application to be loosely coupled. This can become very appealing to the developer as changes in one layer will not affect the other layers. This making it easier for testing and cheaper to edit.
Object relational mapping has varied user’s opinions. Some users like working with ORM and others absolutely disregard it. The aim is for ORM to help the developer. ORM lets the developer focus on their meaningful tasks taking care of the diagnostics behind linking to the database from their preferred language. Some users dislike object relational mappers as they are difficult to manage and have too many problems associated with them. The repository and unit of work patterns again has been created to guide the developer and decrease the stress and workload for the developer. 
Throughout this report opinion has varied on the topics covered. There is no right or wrong answer in using any of the patterns covered. They have all been implemented to help the developer but there may be issues that can arise when implementing them. For the developer to gain an opinion in these topics, the developer will need to implement these topics in their projects.
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