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[bookmark: __RefHeading___Toc1592_3063804981]Introduction

	The field of programming is a large and complicated one. As such, one needs to consider how to approach such a field and thus understand what approaches are available to technical challenges that programmers face. One such approach that developers can look to utilise is that of Patterns, . Patterns are recurring solutions to recurring problems [1].

Design Patterns provide developers with solutions to potentially complex issues facing programming practices, further allowing us to solve specifics problems. These Patterns were, at some point, designed and implemented by experienced developers to aid others in their future projects.

This suggests that develops can further enhance their code and through the use of Design Patterns and that this further aids in making code more flexible and reusable.

This report will look to research into the above, and more specifically the Layered Architecture Pattern or N-Tier Architecture Pattern and ORM with Repository and Unit of Work Pattern. These are some of the most popular and widely used patterns in the industry and is well known to developers.  
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[bookmark: __RefHeading___Toc1810_3063804981]Chapter One

	It is important to understand that when critically evaluating Design Patterns, that Patterns generally include three basic elements [2]:
· A Problem
· The Context in Which The Problem Occurs
· The Solution to The Problem
[bookmark: __RefHeading___Toc1812_3063804981]1. Chapter One | Layered Architecture Pattern - An Introduction	Comment by Kemi Ademoye: No need to include the Chapter in the sub-heading.

	When looking to understand Design Patterns, this is a great place to start as it allows us to see the process involved when creating and using Design Patterns.
The Layered Architecture Pattern or N-Tier Architecture Pattern is one of the oldest and most well- known Design Patterns: Sometimes also referred to as Multi-Tier Architecture. Layered Architecture is named as such as it looks to physically and logically separate its processes. This separation sees separate processes being hosted on separate machines: The idea behind this is ensuring that services are provided without resources being shared [3]. Interestingly, we see the “N” referring to numbers 1 and above to denote its separation.
[bookmark: __RefHeading___Toc1922_3063804981]1.1 Chapter One | Layered Architecture Pattern - Layers

	As suggested, Layered Architecture Pattern performs separation, but how does this separation work and how is it implemented? N-Tier Applications requires that the application be divided into three separate tiers, such as:	Comment by Kemi Ademoye: This is the most common implementation of the pattern, there can be more layers
· Presentation Tier
· Logic Tier
· Data Tier
The above can also be described in layers as:
· Presentation Layer
· Business Layer
· Persistence Layer
· Database Layer
Breakdown of these tiers is required to provide a better understanding. Furthermore, we see Martin Fowler suggest that, the hardest part of a layered architecture is deciding what layers to have and what the responsibility of each layer should be [4].
[bookmark: __RefHeading___Toc1839_2372564965]1.1.1 Chapter One | Layered Architecture Pattern - Presentation Tier

	The first layer we concern ourselves with when looking to understand a Multi-Tier Architecture, is that of the Presentation Layer. The Presentation Layers logic is primarily concerned with that of handling interactions between user and software. Furthermore, The the primary responsibilities of the presentation layer are to display information to the user and to interpret commands from the user into actions upon the domain and data source [5].
So from this we can determine that the Presentation Tier acts as our Front End Layer, of which the user interacts with: Such implemented with languages such as HTML, JavaScript and even CSS.
[image: ]
Illustration 1: Presentation Tier [6]









The above illustrates and summarises what we can expect at each layer of the Multi-Tier Architecture. When concerning ourselves with web applications, we can see the front end technologies that we may use as a way of providing users a means by which they can communicate with the application software. It is important to note that this is not an exhausted list of technologies used at this tier level.
[bookmark: __RefHeading___Toc1858_2372564965]1.1.2 Chapter One | Layered Architecture Pattern - Logic Tier

	Once a user has interacted with the system, instructions are then passed to the Application Layer. This tier concerns itself with the applications application’s logic and ultimately determines the purpose and function of the software. An example of this layer’s functions can be described as a Class written in Java that handles the creation of new user Objects, this logic further handles the parsing of data into a back-end database.	Comment by Kemi Ademoye: 
Use apostrophe (') to indicate possession.

Reference(s):http://www.thepunctuationguide.com/index.html, http://www.eng-lang.co.uk/apostrophe_rules.htm, http://www.apostrophe.org.uk/page2.html
It’s It is important to understand that this Tier tier also defines logic of how to return information held within a back-end database. If a user wants to interact with the system through the front end interface, and retrieve information from the database, the Logic Tier will also handle this.



[bookmark: __RefHeading___Toc1860_2372564965]1.1.3 Chapter One | Layered Architecture Pattern - Data Tier

	Once we have traversed the Presentation and Logic Tiers, we come to our Data Tier. This Tier tier is primarily concerned with data storage systems such as our relational or non-relational databases. Data source logic is about communicating with other systems that carry out tasks on behalf of the application. Furthermore, for most enterprise applications the biggest piece of data source logic is a database [5].
Martin Fowler further goes on to suggest the following overview of Tiers as:
[image: ]


The above further illustrates Layered Architecture Tiers.
[bookmark: __RefHeading___Toc1258_2317006251]1.2 Chapter One | Layered Architecture Pattern - Mark Richards

	When trying to understand the Layered Architecture Pattern we see some distinction between what has been discussed above and Mark Richards’s explanation of Layered Architecture Pattern:
 [image: ]
Illustration 3: Mark Richards Layered Architecture Pattern [10]







The above is the same as what has been discussed throughout sections 1~1.2. However, we can see the addition of the Persistence Layer. This Layer will be discussed further throughout sections 2~, but for now we can see this as being a way in which we can present data at the application level such as Object Relational Mapping. Importantly, these differences are simply down to the implementation of the Layered Architecture Pattern.
[bookmark: __RefHeading___Toc1403_2317006251]1.3 Chapter One | Layered Architecture Pattern - Open & Closed Layers

	An important concept in Layer Architecture Patterns is that of Open and Closed Layers. Looking at Illustration 3, if each one of these layers were closed it means that as a requests or requests move through each one of the respective layers, it must pass to the one directly below it before proceeding to the next. As such, we can see, for example a request that originates from a layer such as the Presentation Layer, must go through both Business and Data Persistence Layers before reaching that of the Database Layer [10].
The above does suggest a possible problem as requests now have to pass through each layer in order to reach another. However, there is a good reason for this, and it is otherwise referred to as Isolation.
[bookmark: __RefHeading___Toc1405_2317006251]1.3.1 Chapter One | Layered Architecture Pattern - Closed Layers | Layers of Isolation

	The layers of isolation concept means that changes made in one layer of the architecture generally don't impact or affect components in other layers [10]. We can see this is important as we already understand that separation is a key part of Layered Architectures.	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 reports.
[image: ]
Illustration 4: Closed Layers Image inspired by Mark Richards

So, what the above means, is that if we allow a layers, such as Presentation Layer to have direct access to that of the Persistence Layer, changes that are made at the Persistence Layer would affect both Business and Presentation Layers as well as the Persistence Layer itself: This would result in Tightly Coupled pieces of software. The above is important to implement when looking to provide more system security for your software components.	Comment by Kemi Ademoye: Good
[bookmark: __RefHeading___Toc1268_3219251743]1.3.2 Chapter One | Layered Architecture Pattern - Open Layers | Layers of Isolation

	Layers as seen in Illustration 4, can also be open if the Layered Architecture has been implemented to provide open layers. However, this presents a security risk as you don’t want to provide direct access from a layer such as the Presentation Layer to the Data Layers. Below illustrates these open layers.
[image: ]
Illustration 5: Mark Richards Open Layers

[bookmark: __RefHeading___Toc1407_2317006251]1.4 Chapter One | Layered Architecture Pattern - Pros & Cons

	After looking into the Layered Architecture Pattern, we can denote that there are pros and cons to implementing this Pattern into your software. Firstly, we can see that by this separation of tiers, that system security would be a benefit to a Multi-Tier Architecture. We can also use this approach to provide us with increased scalability: These are the two obvious pros to N-Tier.
However, we can also denote cons to this approach. Firstly, it’s clear that complexity is an issue when looking to implement a Multi-Tier Architecture. Furthermore, this also clearly means that there is an increase to the effort that needs to be made to implement such an approach. It is also important to note that Layered Architecture-Patterns provide all of the benefits and downfalls for all respective Tiers.
[bookmark: __RefHeading___Toc1866_3063804981]Chapter Two
	
[bookmark: __RefHeading___Toc1812_30638049812]	There are two parts to this, firstly the need to understand ORM and the second, how this is used along side Patterns.	Comment by Kemi Ademoye: What patterns?
[bookmark: __RefHeading___Toc687_1355608720]2. Chapter Two | ORM With Repository & Unit of Work Patterns - An Introduction

	Firstly, Object relational mapping (ORM) is a technology that is used to bridge the impedance mismatch between object-oriented programs and relational databases [11]. Furthermore, ORM appears to be a mechanism by which developers can link OOP classes to that of RDBMS or Relational Database Management Systems.
Inevitably software applications will need to access and potentially modify or create data, as seen in CRUD or Create, Read, Update and Delete. This data could be held in a database of some sort or any other mechanism by which can be used to store data.	Comment by Kemi Ademoye: This section requires more detail
[bookmark: __RefHeading___Toc1029_2317006251]2.1 Chapter Two | ORM With Repository & Unit of Work Patterns  - Repository Pattern

	Today, it is much more likely that data be interacted with across multiple web-based applications and/or services, such as API’s: Furthermore, this implies that there will be multiple ORMs that need to be interacted with so to connect to multiple databases.
As such this suggests that multiple ORMs or Object Relational Mappers are used to interact with data in data stores. This direct access to data from multiple sources can result in:
· Duplicate Code
· High Potential for Programming Errors
As well as the above, this further presents challengers challenges to developers as there is often a concern to not expose the systems system’s data access logic to that of their system’s UI layer, such as the Controller. It is in scenarios like this that Patterns such as the Repository Pattern come in useful [12].
When looking to design mapping for an application’s domain layer, there are a number of solutions that exist that can help architects implement this design. One such solution is that of the Repository Pattern. Microsoft suggests that using the Repository Pattern can help in achieving in the following outcomes:
· You access the data source from many locations and want to apply centrally managed, consistent access rules and logic [13].
You should use the Repository Pattern to allow for the separating of logic that retrieves data and maps it to an Entity Model, from the Business Logic that acts on the model, as suggested by Microsoft [13].


Below provides an illustration of the Repository:
[image: ]
Illustration 6: Repository Pattern Microsoft [13]

Using this we can see the separation of logic between mapping data to a data source such as a database and the retrieving of this data. It’s important to understand that this Repository acts like an in-memory domain object collection [14].	Comment by Kemi Ademoye: Illustrations or code examples to explain how the pattern is implemented would be nice









This Section Left Intentionally Blank
[bookmark: __RefHeading___Toc1031_2317006251]2.2 Chapter Two | ORM With Repository & Unit of Work Patterns  - UoW

	Before we can begin to understand the Unit of Work Pattern, we need to understand that a Unit of Work keeps track of all objects read from the database, together with all objects modified in any way. It also handles how updates are made to the database [7].	Comment by Kemi Ademoye: Good diagram, but when is the Unit of Work pattern relevant? When adding/modifying related objects to achieve the first rule of transactions, i.e. Acidity – all or nothing. E.g. if you are creating an order, it will have related child records that contains details of the items purchased.
So by this we can denote that we need to have a method by which we can keep track of any changes made to data within a database, if we don’t data won’t be written back into the database [7].
Furthermore, when reading and modifying objects, we must ensure that the database state we are working in, is and stays consistent. So, if we read objects from a database, it’s important that this reading is isolated so that no other processes can change the object whilst you are working on them: This could result in inconsistencies within our data objects [7].
[image: ]
Illustration 7: Sequence Diagram Illustration of Unit of Work [9]















Above illustrates an approach to Unit of Work through a sequence diagram. Using this we can see how code might be developed to satisfy this approach. Generally, Unit of Work logic will consist of methods that handle requests to update and modify objects held in a database, as seen above.	Comment by Kemi Ademoye: Again, this section lacks detail and has not fully addressed the question asked. Your overview of the patterns could do with a bit 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. You have also not really discussed the disadvantages of the repository and unit of work patterns.

[bookmark: __RefHeading___Toc689_1355608720]Conclusion

	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 [8].
This report looked try and produce a better understanding of what patterns are, and more importantly, what types of patterns are available and how they work.
We can see that by using N-Tier Architecture, that we afford ourselves the ability to manage all layers in the software interaction process, in one place. By separating software processes into separate logical areas, we improve security as well as data integrity. Even with increases effort on behalf of developers, taking a Multi-Tier Architecture approach is important.
The Repository Pattern although important, does increase the level of abstraction in your code [13]. This means that code will most likely be harder to understand, although if implement correctly, it will help to reduce code redundancy.
Finally, it seems that the Unit of Work Pattern fundamentally looks to address problems with keeping track of manipulated objects so that we know which ones we want to sync with our database, thus avoiding data inaccuracy.  
Patterns afford us the ability to solve complex problems in software engineering. Although these approaches can be difficult to understand and implement, they are important when looking to develop, scalable and secure applications.
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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.
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	1. Engagement with Literature Skills 

	
	

	[bookmark: feedbackRIL]A basic list of reference sources has been consulted, but is not at a satisfactory level for a Masters course. Please note that if you are using multiple sections, pages, etc. from the same reference source, you do not list it multiple times. See your report for the correct way to specify such references in your write-up. Generally, expand the range of reference sources consulted to improve your work. (Grade mark: 40.00%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]6

	
	
	

	2. Knowledge and Understanding Skills
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Table 1.1 Three Principal Layers

Layer Responsibilitics

Presentation Provision of services, display of information (c.g., in Win-
dows or HTML, handling of user request (mouse clicks,
keyboard hits), HTTP requests, command-line invoca-
tions, batch API)

Domain Logic that is the real point of the system

Data Source

Communication with databases, messaging systems, trans-
action managers, other packages
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Figure 11.1 Having the caller register a changed object.
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