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Wed Web development is observed to be an essential area for organisations to accomplish. With the efficient implementation of web development, organisations are able to reach out worldwide to all potential customers, staff, colleagues etc. When implemented well, web development assists in delivering high usability, accessible, attractive, easily navigational well-structured designed web sites providing accurate and meaningful content for the end users to search [1]. In order to build well designed, complex and good quality web based systems the developers are required to adopt well systematic and well-disciplined approaches, achievable from the implementation of suitable development methods [2]. Although Jeary et al identify from a survey carried out by Land and Fitzgerald that only around 2% of developers actually implement the use of a web design development method [2] [3].  
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Christopher Alexander voices:
“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.“[4]
It is observed that Christopher Alexander whilst stating this, he was in fact talking about buildings and towns patterns. This being identified, Christopher Alexander’s statement does have a similarity towards the same issues faced from object orientated and web design patterns, but where there are the doors and walls that Christopher Alexander approaches; within object orientated and web design there are interfaces and objects but no matter which way you look at the problems both pattern ideas and approaches, provide the solution to a given problem [5].
Software Projects can emerge in various sizes and complexity, some are delivered on time and within budget where some will be delivered late, over budget or may never be completed. The implementation of a small or a larger complex system can always have the potential of providing particular challenges to the project teams. No matter the size or complexity of the project, a project can always be broken down into smaller more manageable sections. These broken down sections of a project can then be assessed, planned and developed, via the implementation of design patterns [6].
Design patterns provide the ability to help overcome a particular repeating issue within the design and development of a given system. The design pattern can be referred to as a template which holds a particular set of code. This code is implemented at different, various areas through a system to accomplish and solve a continuous repetitive system issue [7]. Design patterns assist in the improvement and reusability of code which in turn provides a contribution to the quality of a system / developed software [6]. There are different types of design patterns where the main three are:
· Architectural Patterns
· Gang of Four (GoF) design Patterns 
· Idiom Patterns
[7]

Design patterns can be made up of four components being:
· The pattern Name
· The problem
· The solution
· The consequences
[5].
Design patterns carry with them a standardised vocabulary amongst the developers of a project, the patterns assist in the communication of particular information between programmers and designers which can be seen or viewed of providing the ability to share the information at a higher level of communication from what can be provided via the implementation of particular classes and functions [8].  
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The aspects of layered architecture pattern is where an application is designed in particular layers [9]. Each layer within the design is to focus upon a grouped section of concerns which are related via components and classes, having a mechanism to enable adequate communication access to the capabilities throughout the layer along with a well-structured interface [9]. The separation of the concerns into individual layers is the main advantage of the layered architecture [10], t. This separation technique ensures that each individual layer is truly focussed on its given role and responsibility [10]. 
Commonly, the layers are stacked upon one another, thus providing the application’s overall building capabilities, where independent layers are viewed to only access those below them although in practise independent layers do or can have access to multiple layers throughout the application [9]. Figure one provides a basic graphical representation of a given layered architectural pattern.
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[bookmark: _Toc4500875]Figure 1: Basic concept of the Layered Architectural Pattern
Layers can take the organisational structure of four main sections being:	Comment by Author: Provide a description of the layers outlining their responsibilities.
· The presentation layer
· The business content layer
· The persistence layer
· Client layer (Database Layer)	Comment by Author: Note that the database layer is not the client layer, the presentation layer is. The database layer represents your data storage layer.
Which is also represented in Figure 2 [11].
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[bookmark: _Toc4500876]Figure 2: Layered Architectural Pattern [11] 
It is viewed that one of the most important concepts of the layered architecture pattern is that of each of the layers being able to be marked as being closed. This closed state on each layer enables a request to have the ability to move between each layer [11]. The request must navigate to each corresponding layer under each other as for example and using figure Three for a graphical representation below, a request originating at the presentation layer must navigate through the business & persistence layer to arrive at the database layer [11].
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[bookmark: _Toc4500877]Figure 3: Request Access with Closed Layers [11]
From the identification of closed layers and the movement of a request, we can then view an additional key concept being the layers of isolation. This concept enables the ability to ensure that any changes made in one layer of the architecture does not affect any other layers within the architecture, thus the changes are being isolated to the specific components which reside within the given layer [11]. This concept also enables the layers to be independent of each other, where each layer would have very little to no knowledge of the internal operations of other layers within the architecture. Extending this example further; an additional layer has been added to the architecture being a Services Layer. In figure 4 it is seen that this layer is actually set to open, enabling any requests navigating from Business layer to ignore or bypass the new services layer and navigate directly to the Persistence layer [11]. When the maximising of the implementation - advantage through this architecture including the concepts of open and closed layers, this provides an assistance in a good definition understanding of the relationships between the layers and the request flow, also providing the developer to gain a fuller understanding of each layer’s access capability and restrictions throughout the architecture [11].	Comment by Author: This last sentence needs to be rephrased for its meaning to be clearer
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[bookmark: _Toc4500878]Figure 4: Request Access with Open Layers [11]
Although when implementing a system with the Layered architecture pattern, there are challenges. The main challenge faced by developers is the aspect of deciding which layers are to be separated and how to express / incorporate the separation of the layers [9]. Separating these layers can be accomplished in many ways, an architecture approach with layers can be accomplished with the system running from a single process which provides the separation process to be accomplished within the development of the system and not at the deployments of the system. The separation of layers by process across multiple nodes (computers) or a single node (computer) can also be achieved, although this implementation can cause issues such as inter-component communications between each nodes thus causing performance issues. Outside of the performance issues this approach can be implemented with having a flexibility of the deployment of each individual layer thus providing the possibility of overcoming these highlighted performance issues, optimization can also be focussed within each individual component [9].	Comment by Author: Good but needs to be expanded on
The implementation of this approach enables the application to be more maintainable, providing the ability to evolve individual layers separate to each other and promoting the ease of the updating of the system along with enabling the system to be easily testable and additionally promoting the ease of assigning separate and specific roles [10]. It is also observed that the integration with third-party services or applications is also achievable with this approach. Due to the sheer nature of this approach it is easily achievable for additional layers to be added to the system along with providing the ability to add new more enhanced tools and technology thus helping this approach to promote a minimised timeframe for development, resolve and ease the amount of managerial complexity of a given system along with the operational complexities of a given system thus enabling the system to evolve with more complex requirements through time and the evolution of other systems and demand [10]. 	Comment by Author: Making it clearer that you are now discussing the advantages. 
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Object Relational Mapping referred to as ORM can be viewed as a bridging technique implemented between relational and object orientated models [12]. The ORM is seen to provide a layer that intervenes and resolves communications between a relational database and the application, enabling the application layer to view the database of the system as a virtual object space, a. Although as Ashrafi and Ashrafi at the time writing  ‘Object-Oriented Systems Analysis and Design’ in 2009; state or identify that there are known issues with this approach relating to the limitations of standards including the identification of performance issues along with many database manufacturers not designing the database systems to sit well under object – orientated layers [12]. The ORM enables developers to not have to be fully concerned with the creation of SQL scripts and to manage the database transactions [13], providing the developer the ability to define the mappings declaratively including implementing objects which contain the database access coding [14]. There are many ORM frameworks available for developers to use such as but not exhausted to:
· TopLink
· Hybernate
· NHinernate
· Ruby
· GORM (Grails Object Relational Mapping)for Groovy
· OpenJPA
· JDO
[14].
Although wWith many different solutions, comes very different issues with differences in coding languages, experience of reading the code, understanding and experience of the implementation etc. All solutions provide extra challenges for the developers to overcome but due to the nature of relational databases and object oriented programming languages the overall mismatch problem faced by developers is known as the “Object-Relational Impedance Mismatch Problem” otherwise referred to as IMP [15].  The implementation of ORM’s ORMs assist the developers with solution’s solutions in the mapping of the business objects to the relational data via the Persistence layer [15].  There are known alternative techniques for data access although there are benefits for implementing ORM, Mainly the ease of conversion from object to tables and also tables to objects which hugely assists in the efficiency of the development of the system assisting in better time management and cost saving. ORM also assists in reducing the requirement for more code within the application in reference to the requirements of SQL embedded coding, manually created stored procedures or any other interaction requirements with the relational database [16], t. The ORM implements the technique of transparency in relation to the caching of given objects on the application tier (the client) which assists in the overall system’s performance. Overall an ORM can provide less code but the same functionality [16].	Comment by Author: So what does IMP mean – describe the problem with examples	Comment by Author: 
Sentence is too long. Try and break up your sentences into shorter sentences.
The Repository Pattern	Comment by Author: Add a subheading
The repository pattern is a pattern that is usually implemented within the persistence layer, which results to beis implemented as a class which contains methods, which then the methods represent the particular actions focussed around the data source [17]. The methods are usually implemented for Create, Read, Update and Delete (CRUD) operations which would be provided from a normal repository class although with a generic repository, this can be implemented for the same operations to be performed from all of the entities which results in the ability of implementing the technique of reusing code [18]. The repository pattern is as identified previously, simply a data access pattern, the class or group of classes are what make up the repository which takes on the role of and responsibility of the data access logic, although additionally the repository pattern can at times also complete the actions of caching particular entities, this is beneficial for static entities which could include drop down list values although these are then not beneficial for less static entities which will be constantly updated [19].
This pattern is aimed to be precise and minimal in effort to access data where isolation is seen to be a key part of the implementation [20]. The classes created with the implementation of this pattern are known to be referenced as repositories, these classes are not database platform specific resulting in a swap between databases being more easily achievable without the requirements of modifying code. Through this implementation technique the developer then has the ability to create and accomplish unit testing easier. This promotes better time management as developers, when implementing Test Driven Development (TDD) along with the repository pattern will have very little to no concerns of any uncompleted coded dependencies within the code during testing and creation of the system [21]. 
Although as Millett and Tune identify in ‘Patterns, Principles, and Practices of Domain-Driven Design’, the objective of the repository pattern is not solely to provide the developers with the ease of coding, the testing of the code and to provide the opportunity for the ease of changing the storage options, it is or can also be implemented to assist with the flexibility of the overall system; allowing for the evolution of any layer of the system to be completed without causing any dependency issues on any other sections of the given system [22]. There are many arguments and opinions being shared into the implementation of the Repository pattern as such, should this pattern be implemented with the use of an ORM such as the Entity Framework or even with NHibernate [23], as some views are that these frameworks cause the Repository pattern to become obsolete [24].  	Comment by Author: If you split up some of your longer sentences, your discussion points become a lot clearer. Full stop after coding and the following part of the sentence needs a bit of restructuring.	Comment by Author: Good point but a more detail would be nice
Figures 5,6 & 7 below, provide a coding example of a repository being implemented to gather information from a given database. Re-written / formatted for this report as first provided by Buddy and Lori within ‘Pre XAML with C#: Application Development Strategies’ [21].	Comment by Author: Good example screenshots but add a sentence or two to describe what the code is doing.
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[bookmark: _Toc4500879]Figure 5: Repository Code and Unit of Work Example (part 1) [21]
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[bookmark: _Toc4500880]Figure 6: Repository Code and Unit of Work Example (part 2) [21]
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[bookmark: _Toc4500881]Figure 7: Repository Code and Unit of Work Example (part 3) [21]
Unit of Work Pattern
The unit of work pattern is usually implemented to group particular operations mainly being database operations into single transactions or which can also be known as the single unit of work to ensure that all operations are run at the same time consistently; resulting in a global success through the operation/transaction or a global failure through the single operation/transaction [18]. This pattern provides and encourages better system performance [25]. The pattern ensures the tracking of the systems system’s business transactions which are aimed to complete changes to a given database, o. Once all of these transactions are completed the pattern then implements these changes to the given database providing the operational requirement on multiple changes being implemented at the same time within the one unit of work via a single transaction on the database [25]. The unit of work pattern also completes the abstraction of the data from the system to ensure that the system is able to continue operating independently [26]. 
The operations of the unit of work can be viewed in more detail, such as the implementation of two separate repositories, both required to make changes to a database; although when both repositories are to be used with one single database ‘dbContext’ as opposed to individual dbContext’s for each repository. this This single dbContext monitors and tracks all of the given changes from each repository, creating a collection or which can also be referred to as a batch. Once a commit or save function has been triggered the dbContext will then run and implement all of the given changes from the repositories in one transaction thus creating the unit of work being graphically represented in figure 6 below [25].
[image: ]
[bookmark: _Toc4500882]Figure 8: Unit of Work Implementation with two repositories [25]

Should the two independent repositories have two separate dbContext’s then a unit of work would not be achievable as both dbContext’s will create their own independent transactions on the given database [25]. To review this further the pattern constantly monitors and tracks any changes being applied to any given object from within a repository, these changes are then committed by the unit of work, but in addition to this the unit of work also implements any new objects from within a repository and these changes are also then committed into the given database [20] an example code of the model can be viewed below in figure 7 where an additional code example is shown in the previous figures being: figure 5,6 & 7.
[image: ]
[bookmark: _Toc4500883]Figure 9: Unit of Work, Code Example [20]





[bookmark: _Toc4500874]Reference List

[1]	M. Qadah and S. M. Al-Shomrani, “Teaching web development course in information system department,” in 2011 3rd International Congress on Engineering Education (ICEED), 2011, pp. 165–168.
[2]	K. V. J. Jeary Sheridan; Phalp, “An evaluation of the utility of web development methods,” Softw. Qual. J., vol. 17, no. 2, pp. 125–150, 2009.
[3]	M. Lang, “Hypermedia Systems Development Practices: A Survey.,” IEEE Softw., vol. 22, no. 2, pp. 68–76, Mar. 2005.
[4]	europlop, “24th European Conference on Pattern Languages of Programs,” 2019.
[5]	E. Gamma, R. Helm, R. Johnson, and J. Vlissides, Design Patterns: Elements of reusable Object-Oriented Software (Addison - Wesley Proffessional Computing Series), 8th ed. Reading, Massachusetts: Addison-Wesley Publishing Company.
[6]	S. Khwaja and M. Alshayeb, “A framework for evaluating software design pattern specification languages,” in 2013 IEEE/ACIS 12th International Conference on Computer and Information Science (ICIS), 2013, pp. 41–45.
[7]	M. . Fatimah and J. Q. M. Rizwan, “Impact of Design Patters on Software Maintainability,” Int. J. Intell. Syst. Appl., vol. 6, no. 10, pp. 41–46, 2014.
[8]	M. P. Cline, “The Pros and Cons of Adopting and Applying Design Patterns in the Real World,” Commun. ACM, vol. 39, no. 10, pp. 47–49, Oct. 1996.
[9]	P. B. Monday, Web Service Patterns: Java Edition. New York: Apress, 2008.
[10]	P. R. Chelliah, H. Subramanian, A. Murali, and K. N, Architectural Patterns: Uncover essential patterns in the most indispensable realm of enterprise architecture, First. Birmingham: Packt Publishing, 2017.
[11]	M. Richards, Software Architecture Patterns, First. Sebastopol: O’Reilly Media, Inc, 2015.
[12]	N. Ashrafi and H. Ashrafi, Object Orientted Systems Analysis and Design, Pearson In. New Jersey: Pearson Education, Inc, 2009.
[13]	R. Daigneau, Service Design Patterns: Fundamental Design Solutions for SOAP/WSDL and RESTful Web Services, First. New Jersey, 2012.
[14]	C. Richardson, “ORM in Dynamic Languages,” Commun. ACM, vol. 52, no. 4, p. pp.48-55, 2009.
[15]	A. Torres, R. Galante, M. S. Pimenta, and A. J. B. Martins, “Twenty Years of Object-relational Mapping: A Survey on Paterns, Solutions, and their implications on application design,” Inf. Softw. Technol., vol. 82, pp. 1–18, 2017.
[16]	V. P. Mehta, Pro LINQ Object Relational Mapping in C# 2008. New York: Apress, 2008.
[17]	D. Esposito, Modern Web Development: Understanding domains, technologies, and user experience, First. Washington: Microsoft Press, 2016.
[18]	R. Vemula, Real-Time Web Application Development: With ASP.NET Core, SignalR, Docker, and Azure, First. New York: Springer Science, 2017.
[19]	J. Chadwick, T. Snyder, and H. Panda, Programming ASP.NET MVC 4: Developing Real-World Applications with ASP.NET MVC, First. Sebastopol: O’Reilly Media, Inc, 2012.
[20]	S. Allen, “Testability and Entity Framework 4.0,” 2010. [Online]. Available: https://docs.microsoft.com/en-us/ef/ef6/fundamentals/testing/testability-article. [Accessed: 25-Mar-2019].
[21]	B. James and L. Lalonde, Pre XAML with C#: Application Development Startegies (covers WPF, Windows 8.1, and Windwows Phone 8.1)), First. New York: Apress, Springer Science+Business Media, 2015.
[22]	S. Millett and N. Tune, Patterns, Principles, and Practices of Domain-Driven Design, First. Indianapolis: John Wiley & Sons, Inc, 2015.
[23]	H. Mosalla, “Stop Using Repository Pattern With an ORM,” 2018. [Online]. Available: http://hamidmosalla.com/2018/11/25/stop-using-repository-pattern-with-an-orm/. [Accessed: 25-Mar-2019].
[24]	I. Abraham, “Why Entity Framework Renders the Repository Pattern Obsolete,” 2013. [Online]. Available: https://cockneycoder.wordpress.com/2013/04/07/why-entity-framework-renders-the-repository-pattern-obsolete/. [Accessed: 25-Mar-2019].
[25]	B. Joshi, Beginning SOLID Principles and Design Patterns for ASP.NET Developers, First. New York: Apress, Springer Science+Business Media, 2016.
[26]	P. Ritchie, Practical Microsoft Visual Studio 2015, First. New York: Apress, Springer Science+Business Media, 2016.
13


	LEE JOSEPH P097298
	




	
                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.

	[bookmark: assessmentComponent]Common Assessment Criteria Applied  (Assignment 1)
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills 

	
	

	[bookmark: feedbackRIL]An excellent range of appropriate reference sources has been consulted and the review and discussion of the literature is of a good standard. (Grade mark: 80.00%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]12

	
	
	

	2. Knowledge and Understanding Skills

	
	

	[bookmark: feedbackKUS]A very good overview of the layered architecture pattern has been provided. I would have liked to see you to discuss the common layers in more detail, outlining each layer's responsibilities, as well as expanding your discussion of particularly the disadvantages of the pattern. A very good discussion of ORM and the repository and unit of work pattern has been provided and your discussion highlights some of the criticisms of using the repository pattern on top of ORMs, but again expanding your discussion with some more detail would be nice.  (Grade mark: 72.00%)
	[bookmark: totalKUS]75
	[bookmark: markKUS]54

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	[bookmark: feedbackANA]
	[bookmark: totalANA]
	[bookmark: markANA]

	
	
	

	4. Practical Application Skills

	
	

	[bookmark: feedbackPAD]
	[bookmark: totalPAD]
	[bookmark: markPAD]

	
	
	

	5. Transferable Skills for Life and Professional Practice 

	
	

	[bookmark: feedbackSPP]The report is generally of a very good standard, but try and break down long sentences into smaller ones as this would improve the readability of your report.  (Grade mark: 70.00%)
	[bookmark: totalSPP]10
	[bookmark: markSPP]7

	
	
	



	Assignment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	[bookmark: totalMark]73%

	
	Up to 1 week late (40% Max)
	[bookmark: fourWeeksLate]
	

	
	Over 1 week late (0%)
	[bookmark: firstAttempt]
	



[bookmark: _GoBack]
Page 15 of 15

image2.png




image3.png
Presentation Layer

usiness Layer

Persistence Layer

Database Layer





image4.png
Request

Business Layer

Presentation Layer

Persistence Layer

CLOSED

Database Layer . . . . CLOSED





image5.png
Presentation Layer

Business Layer

Services Layer

Request

CLOSED

Persistence Layer

Database Layer

CLOSED





image6.png
EEEEN

Eusing System;

using systen.Collections.Generic;
using systen. Ling;
using system. Text;
using system.Threading. Tasks;
using RepositoryDesignPatternExample. Entity;
using RepositoryDesigneatternExample. Repository. Interface:
using RepositoryDesignPatternExample.Unitofuork. Interfaces;

nanespace RepositoryDesignPatternexample. Repository.
1

1/ 7000 consider adding repositories to the unit of work to inplenent
1/ an entity framework Uow with DESET<Product> collections

public class ProductRepository : IProductRepository
1
private Tunitofeork _Unitofwork;
111 <sunmary>
111 constructor
111 </summary>
/// <paran name - unitofuork®>
/11 Unit or work dependency which will
/11 be injected into the constructor
111 </param>

public ProductRepository(Iunitofiork unitofhork)

1
| 1f (unitofwork == null)

Pt

i throw new ArgumentNulLExpression(*unitofuork™);
i _unitofork — unitofwork;

Py

b

111 <sunmary>
/11 Retrieve all products from the D

111 </summary>

111 <returns>

/11 & collection of Product entities

111 <Ireturns>

public IenumerablecProduct> GetProducts()

It
| i (unitofork == nu1l)
€
throw new nullReferenceException();
| return _unitofwork.products;
i





image7.png
as
se
51
52
5
54
55
56
5
s8
59
0
61
62
&
s
&
66
&
68
&
70
n
72
7
7
i
7
7
%
7
0
a1
a2
S
P
s
6
&7

///<summary>
1//Retrieve a product from the b8 by it's 1D
111 </summary>

111 <paran name = "id*>

71/ The unique product identifier

111 </param>

111 <returns>

111 A product with the specified id

111 <Ireturns>

public ProductRepository GetProduct(int id)
1

1F (_unitofuork
1

null)

‘throw new NullReferenceException();
return _unitofwork.Products.here (prop

b
b

11/<summary>

10). Firstorpefault();

I//create a new Product instance and add it to the Unitofuork

111 </summary>
11/ <paran name - "createTnoatabase”

111 TF true, the new product will be saved to the database to recieve an id.

111 TF false, return a new product instance
111 </param>

111 <returns>

111 A new Product entity

111 <Ireturns>

public ProductRepository Newroduct(bool createInbatabase)

1

var newproduct = new Productiepository();
1f (creaternpatabase)
1

return _Unitofwork.Save (newProduct)
(.
else

return newproduct;

_Unitofuork. Add(newProduct);





image8.png
88
I
%
9
%2
%
9
%
%
e
%
9
100
101
102
103
108
105
106
107
108
109
10
m
12
113
1s

///<summary>
J17Tnsert or update a product to the db
117</sunmary>

///<paran name - "product”>

1//The product to save

1w
1w
1w
"
1w
1w
1w

</paran>
<returns>

The product that was saved to the db

i the product exists, an update is perforned.

IF the product is new, the returned product will have a uniwue id from the
database systen

</returns>

public ProductRepository SaveProduct(ProductRepository product)s

5 (product == nu11)
I
| throw new Argumentiullexception("product™);

£ (_unitofuork

1 nu1l)
1
| throw new NullReferenceexception();

Feturn _unitofwork.save(product);




image9.png




image10.png
public interface TUnitOfWork {
IRepository<Employee> Employees { get; }
IRepository<Order> Orders { get; }
IRepository<Customer> Customers { get; }
void Commit();

var firstEmployee = unitofWork.Employees.FindById(1);
var firstCustomer = unitofiork.Customers.FindById(1);
firstEmployee.Name = “Alex";

firstCustomer.Name = "Christopher”;
unitoflork.Commit();
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