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DESIGN PATTERNS IN WEB
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Abstract
This document investigates into and analyses the use of design pattern in web development. As companies grow, it is becoming increasingly important for consumer web applications to
be available within the industry.
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1 [bookmark: _bookmark0]– Introduction
The modern world has led to a rapid growth of web applications which can be used instead of having to install software locally on a machine. This has rapidly increased the ease of access which customers have to a company’s service. As such, the increase in the use of design patterns has become fundamental in creating fast and highly usable web applications. As Mark Richards [1]
states, “Application lacking a formal architecture are generally tightly coupled, brittle [and] difficult to change”. These conditions typically mean that the software will become difficult to support and closes itself off from the ability to add new features. Tightly coupled applications rely too heavily on all of its components to work in harmony, meaning that fitting in a new feature can cause issues elsewhere in the program.
The solution to this comes in the form of design patterns, a way in which software can be designed and created allowing for easily changeable and adaptable applications which can typically be supported for an extended period of time. As discussed my by Richards [1], these patterns help to define the basic characteristics as well as the behaviour of an application. The results of following these patterns are that of consistency and good convention, which as previously discussed, make programs more maintainable and upgradable.
Modern web applications are all designed using object oriented principles. Therefore, these applications have become very close, if not the same as commonplace software which is installed on local machines. This means that concepts such as abstraction are utilised heavily. The power of object oriented programming has allowed modern day developers to create very powerful web applications, eliminating the need for users to install software locally.
This report in particular discusses the principles of the ‘layered architecture pattern’ and the concepts of ‘ORM’ with the ‘unit of work and repository pattern’. And will evaluate the concepts contained within each one and illustrate how these are applied within industry and modern web development techniques.



2 [bookmark: _bookmark1]– The MVC Pattern
[image: ]It is important first to understand the MVC approach to web design. The Model-View-Controller pattern, (also known as MVC) is the basis of several of the largest web development technologies in current industry, including ASP .Net and Rails. According to Grove and Ozkan [2], the MVC pattern was created as a way to structure interactive applications, using a ‘modular’ approach. The three modules of the design pattern are responsible for different tasks, with the final goal of all being a harmonious web application.

 (
[Figure 2.1] – A diagram illustrating the flow of data between the components within an
MVC application. By RegisFray – Wikipedia.
)


The ‘model’ component is responsible for structuring the data held within the application. This is similar to that of a class in object oriented programming. An application could for example contain a model for a user, holding attributes such as a name, address, phone number etc. By storing sets of data using this object-like strategy, it can be especially easy to use these objects in creating databases to hold large quantities of user information.
The second module of the design pattern is the ‘view’. This is responsible for what the user sees, and therefore contains the html that is displayed within the web browser. Depending on the framework, views can use small blocks of code stored separately (partial views) to quickly and easily create web pages for users to interact with.
The final module, the ‘controller’ will contain all of the logical backend within the application. Once implemented, all three of the components work together in a loop with the user, providing a continuous and easy to follow flow of information [Figure 2.1].
For this idea to work effectively, the MVC design pattern is built upon principles such as the ‘layered architecture pattern’ and ORM (object-relational mapping). As stated by Sterkin [3], “one still has to pay a caution and not to overcomplicate the model unjustifiably”. The model works best when kept simple as too many layers can lead to confusion, similar to that created within applications that follow now no structure at all.



3 [bookmark: _bookmark2]– Layered Architecture Pattern
The layered architecture pattern works on the principle that all components of an application are spit into layers which can be visualised horizontally. According to Richards [1], the pattern does not necessarily specify how many layers an application should have. But typically, there are four main layers which are comprised of the presentation layer (view), business layer, persistence layer and the database layer. In some cases, the business and persistence layers may be combined.	Comment by Kemi Ademoye: Also specify the responsibility of each of the layers. I know you have given an example for the presentation layer below.
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 (
[Figure 3.1] – A visual interpretation of the layered architecture pattern. Taken from ‘Software Architecture Patterns’ by Mark Richards 
[1]
.
)
The above diagram [Figure 3.1] illustrates the layered architecture pattern based upon the four typical layers which are used.
One of the key benefits of this pattern is the ‘separation of concerns’. This separates responsibility to different layers of the application, meaning that no one layer should be able to be affected as a result of altering another layer [1]. For example, the presentation layer will be responsible solely for the visual views which the user will see when using the application. This layer will contain do no business logic and will have no responsibility when it comes to handling any data, other than to display it. The user can use the user interface to alter data, but these requests will be passed down into the relevant layer to be dealt with.
Any request which is made will move vertically down each layer of the application, structuring the flow of data nicely between the data store and the end user.
As discussed by Gharehchopogh, Amini and Zebardast [4], The layered architecture patterns aims to “reduce system complexity”. They have also theorised that the database layer could have a number of other sub-layers in between to further split the responsibility of requests being made. This would further increase the reliability of the system as it would lead to even less accidental changes to data.
Richards [1] has also theorised that there should be extra ‘open’ layers which also split the responsibility held within each portion of an application. Some system nowadays require that the business layer may or may not need to have direct access to the persistence layer. By adding a ‘Services layer’ which can allow certain actions to have direct access without having to talk to the next logical



 (
[Figure 3.2] – Introduction of the open services layer. Taken from ‘Software Architecture Patterns’ by Mark Richards 
[1]
.
)layer in the application’s design. This can also work effectively the other way as the system may not want certain actions to have access to the services layer and therefore could close itself off to certain instructions. The below diagram illustrates the same system as above, but with the implementation of the open services layer.

3.1 [bookmark: _bookmark3]– Application Future-Proofing
Although no application can necessarily be viable forever, applying certain patterns makes it much easier to maintain and adapt code for any changes which may wish to be made in the future. By building software in a layered format, changes in one part of the application should have no implication of the functionality in other sections. For example, if a customer class now had to
contain more data about the individual for security reasons, this should be able to easily migrate into the database and all of the essential operations should be work without error.
Applications which have been built without uses using this layered approach usually rely so heavily on each component that it would take a considerable amount of time, if even feasibly possible, to accommodate such a change further down the line. Especially considering the number of errors and lost data transactions which could occur due to a section or two being missed during an upgrade. It is important that each portion of code is compartmentalised to only have to rely on itself to work and communicate effectively by passing data and not functionality between application layers.



4 [bookmark: _bookmark4]– ORM with Repository and Unit of Work Pattern
An object-relational application utilises properties of both object oriented and relational design [5]. This is common place within applications that have been created in an object-oriented language, but use a relational database (such as those created in SQL) to handle the storing of data. In order to effectively use both of these technologies, object-relational mapping has become an industry standard technology for creating applications in object-oriented languages, and translating the structure of data into a relational format which can be stored in a database. ORM allows users of an object oriented language to quickly make queries on a database by having the application connected to one directly, whereby each object is mapped to data within the database.
[image: ]

 (
[Figure 4.1] – A diagram showing how object models might be translated into relational database tables. Source: 
http://www.swc.scipy.org/lec/summary.htm
l
)
ORM achieves this by turning objects and their properties into relational tables. The above diagram
[Figure 4.1] Shows how objects within C# can be translated into tables using ORM.	Comment by Kemi Ademoye: Good
4.1 [bookmark: _bookmark5]– The Entity Framework	Comment by Kemi Ademoye: I am more interested in a general discussion of ORM frameworks, but you can give examples.
The entity framework is an object-relational mapper developed by Microsoft to aid the creation of web sites by allowing developers to work with data using .NET objects [6]. For example, a common web development framework is ASP.NET Cores MVC, a lightweight and highly testable presentation framework [7], usually developed using C# and relational databases.
The entity framework allows for developers to write queries directly within their code. This also allows for optimisation by using lambda expressions to shorten these queries further. An example of this implementation can be demonstrated. If the developer wanted to program a query which returned all numbers in an array which are greater than 3, this could be expressed using a lambda function as:
var results = numbers.Where(n => n > 3);	Comment by Kemi Ademoye: This example is not relevant for data applications.
The array is this example is called ‘numbers’ and n represents the looping item which makes to check against the size of each element. These lambda functions are powerful as they give the developer quick control when working with relational data, without having to write any SQL or lengthy code to achieve results.


4.2 [bookmark: _bookmark6]– Unit of Work and Repository Pattern
A ‘unit of work’ is a concept used within the repository pattern [8]. It refers to a “single transaction that involves multiple operations” [8] i.e. insert/update etc. In this context, a repository refers to a class which can been created to represent queries for an entity which will be stored in a database. Each of these entities will also hold the four fundamental CRUD operations along with other operations which may be added to allow for different types of functionality. CRUD stands for create, read, update and delete. These four operations define the fundamental actions which can be performed on data, and therefore a web service which uses a database, must also cater for these operations to ensure that data can be handles correctly.
[image: ] (
[Figure 4.2] – A diagram illustrating how the ‘unit of work’ approach creates a level of abstraction. Source: 
https://docs.microsoft.com/en-us/aspnet/mvc/overview/older-
 
versions/getting-started-with-ef-5-using-mvc-4/implementing-the-repository-and-unit-of-
 
work-patterns-in-an-asp-net-mvc-application
)The Unit of Work approach means that there is no direct connection between a controller and the database, but instead a repository class is created to handle the operations which are requested to be performed on the data. This creates a layer of abstraction between the data access and business layers of any given application. This approach helps to prevent unintentional changes to data as well as being able to help facilitate in unit testing areas of the software, promoting the practise of test- driven development.	Comment by Kemi Ademoye: Not quite. The unit of work approach is used to achieve the first property of transactions, i.e. Acidity, when actions carried out involve making changes across two or more repositories. Implementing these as a unit of work ensures that the all or nothing rule is achieved.	Comment by Kemi Ademoye: When specifying the reference source for the image, just specify the reference number and add the full reference to your reference list.

This diagram [Figure 4.2], shows how implementing these strategies adds a new layer to the architecture of a software’s design. This also shows the flexibility of the layered architecture approach, as noted in section 3. This layer adds a level of security and testability to the software design and does not in itself overcomplicate the implementation. Therefore, the unit of work and repository patterns are widely accepted amongst those developing object-oriented application which communicate and use a relational database.


4.3 [bookmark: _bookmark7]– The Benefits and Drawbacks of These Approaches
As with all frameworks and design patterns, there are positive and negative effects for everything when it comes to changing the way in which code is written and software is design within industry. ORM has allowed developers to quickly adapt their code designs into instant relational databases which can be deployed alongside instantly when releasing software. It is possible for this design to be executed effectively without the need to implement a single SQL statement, as all of this is handles handled behind the scene when a framework such as Entity Framework is used alongside the ASP .NET Core MVC framework for developing object-oriented web applications which use relational databases. This is highly beneficial to developers as it means less time is spent on writing statements and building databases separately from the application.
Developers are also able to benefit by allowing less chance of error between the design of the application objects and the content of the database. Since the database is built using ORM, the objects themselves are directly mapped to tables [5]. This completely eliminates the chance of table columns being named incorrectly as well as the wrong types being instantiated for each property of an object.
Along with this however, there do come some drawbacks which need to be considered when developing using this approach. By using this framework, it is possible to create an application along with a database without having to have hardly any knowledge of how a relational database works. Down the line, complex relational issues could occur which without a relational database understanding, could become very difficult to debug as there is very little understanding to the logic which is taking place under the main layers of the application.
Also, although these frameworks save time from developing databases separately, implementing concepts such as ‘unit of work’ and repositories means spending more time developing code for how the data is handled by the application. This can take time away from the development of the key components of the actual software, but of course provide long term benefits in the long run.	Comment by Kemi Ademoye: Some good examples of benefits have been identified, but generally the advantages and disadvantages need to be looked at in more detail and you have not really discussed the use of the two patterns with ORM frameworks. Even if you disagree with its use, highlight why. 




5 [bookmark: _bookmark8]– Conclusion
It is most certainly the case that there are a vast number of implementation techniques when it comes to the design of web applications and the interactions which take place with databases. However, we are able to determine that the progression of frameworks and technologies as discussed here, has greatly benefited the design and maintenance of application for the future.
The power of object oriented programming is now fully utilised in the development of modern day web applications, and the implementation of this has benefited the industry greatly by allowing businesses to give full functionality of their services via the internet.
The importance of frameworks cannot be overstated as they provide us with fundamental design principles which have paved the way for future software developers, who no longer have to deal with the hardships of past engineers, which have been solved with the development of development frameworks which will be implemented and improved further for years to come.
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