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Introduction


[bookmark: _Toc4759290]Web Development 

The web has been around for a long time now and is showing no signs of going away anytime soon as it continues to grow and evolve into new things. Web has become an important commercial tool for businesses to utilise if they want to compete in their market. [1]
Communication is continuing to become a big player in the development of the web. The ability to self-publish online through bigger audiences or just social circles. [1]
As web development continues to grow, web applications have played their part in this evolution. 

[bookmark: _Toc4759291]Web Applications

Web applications are described by Ethan Brown as being many different things. Web pages and websites are said to be web applications and that they can have many uses from providing the functionality required to support another web application. [2] 	Comment by Kemi Ademoye: Note the reference comes before the full stop.
[bookmark: _Toc4759292]Features of a web application
 
There are many features explained in the book Engineering Web Applications written by Sven Castelyen, Florian Daniel and Peter Dolog that are commonly thought of with web applications as shown in bullet points below to present clearly. [3]
· More Accessibility
· Document-centric hypertext interface
· Variable Technologies and presentation
· Architecture Complexity 

More accessibility is essential in today’s world as technology has taken over and more users have all different needs that need to be considered in the development of a piece of software. Web applications are allowing developers to keep up with the needs of the users. By implementing more accessibility to a system, the complexity of the design needs to be considered as there is a requirement to have a distributed, multi-tier system in place. 
This is distributed in a variety of different formats and schemas for example XML is a popular format used to implement the communication between parts of the application. 	Comment by Kemi Ademoye: I am not sure of the relevance of this in the current discussion
Two other important considerations are referenced to web applications are data management and the different types of devices and browsers being used. Careful consideration is recommended for both areas. [2]
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Before looking into how software patterns were introduced into the world of software architecture, a clear idea of what the definition of architecture is and how it applies to software architecture.
According to the Oxford Dictionary, Architecture is the “The complex or carefully designed structure of something.”[4]. So how does this apply to software? 
James McGovern et al gave their take on what they would describe software architecture to be after researching into many different definitions from other authors. They have the opinion that “The software architecture of a system or collection consists of the important design decisions about the software structures and the interactions between those structures that comprise the systems...”[5] 
The idea of design patterns goes back to the work of Christopher Alexander and his team as they looked to use patterns to solve problems in the architectural design of buildings and his work has picked up over time and especially in the software engineering community. [6]. They gave a description of patterns in their book entitled A Pattern Language: Towns, Buildings, Construction.  “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.”[7]
It’s It has been accepted now over the past two decades that design patterns have a big part to play in the development of software design. They are designed to provide reusable code to solve the same problems that would occur repeatedly in a system. The most famous book on design patterns was written by Erich Gamma et al or the ‘gang of four’ as they are famously known as. The book is titled Design Patterns: Elements of Reusable Object-Oriented Software. [8] In this book, patterns are described as helping developers to overcome the issues of reusability and flexibility in their software and implementing solutions in their easiest forms. Patterns are also said to have many different designs and there is a need for them to be organised. [9]
Designed patterns are considered to have three main types of design:
1. Architectural patterns 
2. Gang of Four patterns
3. Idiom patterns
[10]. 
In this report we will be looking into the Layered Architecture Pattern and Object- Relational Mapping (ORM). Each pattern will be looked at with detail into the definition, features, benefits and drawbacks etc. 
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Layered Architecture is described in the Oxford Dictionary of the internet as being “A way of structuring a system in which each component is implemented as a layer which draws upon services made available by a lower layer”[11] . The Layered Architecture Pattern is said to be known as the most popular Architecture Pattern design and it is often called the n-tier Architecture Pattern.  It is popular mainly with developers, designers and architects because of it being considered the standard for the majority of Java EEenterprise/large applications. [12]	Comment by Kemi Ademoye: Consider using a technical reference instead of or in addition to a dictionary reference for a technical concept.

[bookmark: _Toc4759295]How it works?

The layered Architecture Pattern is designed to have different layers, with each layer having a certain role in the system. There is no exact number of layers that the pattern is required to have however, there is four layers that make up the common standard for the pattern. [12]
1. Presentation Layer
2. Business Layer
3. Persistence Layer
4. Database Layer
[12]
The layers would represent a certain part of the system and it would be their role to look after that part. This is considered a major feature because it separates the components from each other and gave the stem system a well organised and easy to build design. For example, the presentation layer would usually have the role of dealing with the GUI and front end, Business layer is the layer where the business rules can be executed. [12]	Comment by Kemi Ademoye: What about the other two layers?
J. McGovern et al explain in more detail what is going on inside each layer. “Each layer in a layered architectural style is a package of software that has a well-defined interface and a few well-known dependencies with other layers. Each layer implements one technical function within other layers”. [5] The modules inside the layers interact with each other but it’s considered good practice to avoid keep interactions at a minimum to achieve low coupling.[13]
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Mark Richards describes a closed layer as meaning “that as a request moves from layer to layer, it must go through the layer right below it to get to the next layer below that one. “[12] From the example given earlier about the main layers in the pattern, here is what a close layer design would look like redesigned from the examples given by Mark Richards. [12]
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An open layer works a little differently to a closed layer design. An open layer allows closed layer to bypass going through in order to reach another layer quicker. In another example below, the presentation layer would normally have to go through the business layer to get to the Persistence layer but as the Business layer is open, it is able to bypass it and go straight to the Persistence layer. [12]	Comment by Kemi Ademoye: Good
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This part of the report will look into the good and bad of the layered architecture. 
An important benefit to mention is the reusability that the layered architecture provides. Layers in the system can be reused in different contexts, this can be very useful if the layer offers the same functionality, however, in some circumstances the developers would prefer to redesign instead of reuse the layers if they do not fit into what they need the layer to be capable of doing despite the higher costs that come with redesigning due to the performance issues that can come from not having fully functional layers. [14]
 It is said to be difficult to fully utilise the reusability of the pattern if the system does not have the enough layers. Having too many layers introduces other problems from being complex to separate the layers from each other so it’s considered important that the granularity of the layers is correctly implemented. [14]	Comment by Kemi Ademoye: What are these problems?
The layered pattern is said by Bruce Powel Douglass to “Provide highly abstract concepts, closely relevant to the application’s needs and vocabulary, even when those services will ultimately be provided by more concrete classes” [15]. A well designed abstract layer allows the ability for it be reused. [14]
The behaviours of the layers can change and this can cause a big problem. Changing and moving around of layers can have an effect on the layer itself but also the ones that they are communicating with. Higher layers can be protected from changes made to the lower layers and this can allow the system to have more freedom to change lower layers to improve them without the repercussions. [14]
Having open and closed layers is a choice that would provide different positives and negatives. In terms of what a class in a layer can do, in a closed layer the classes can only work with classes that are already in the layer or the layer below it. In an open layer design, the classes can work with the classes inside the same layer just like the closed layer however, it can work with any classes below it while in a closed layer it can only work with the layer that is directly below it. While it is more flexible by reaching to more layers, a closed layered architecture is said to offer much better encapsulation and is considered easier to problem solve and modify due to the knowledge that it is only affecting the same layer or the one below.  [15]
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[bookmark: _Toc4759299]What is ORM?

Object-Relational Mapping or ORM as it’s it is known as is described as “the process of defining a set of transformation to a set of rules that map the structural aspects (i.e. fields and associations) of an object to a set of database tables and vice versa”. [16] This is backed up by Robert Daigneau who explains the connection between a database and object models. “Object-Relational Mappers(ORMs) move data between relational databases and object models. They free developers from having to create SQL and manage database transactions”[17]	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 writing.
  Colin Richie gives a description of the purpose of ORM as “the idea behind object-relational mapping tools is make this process more transparent by automating the object-relational inter-conversion. In effect this is another layer interposed between the object programs and the relational database”. [18]  
The benefits of using ORM are listed below. 
· Simplified Development
· Reduced costs
· Less code
· Improved performance
[19]
Drawbacks may include:
· Increased learning steep
· Difficult to build complex SQL queries
· Can be slower than non-ORM 

[20]
Simplified development is achieved by automation of the object-to-database and vice versa and this saves the development time while providing the same functionality and reduces the costs on not just development but also on maintenance. ORM requires less code to build compared to other processes out there achieving the same goal and reduces the amount of repeated code but to achieve a successful ORM requires a steep learning curve and a skillset to do so. It can be assumed that in some circumstances that could prove more expensive to train or recruit staff to have these skills. ORM uses transparent caching to improve the performance of your system too. [19][20]
ORM has two important designs:
1. Data Mapper Pattern 
2. Unit of work Pattern	Comment by Kemi Ademoye: You are mixing things up. ORM is implemented using the Data Mapper or Active Record patterns
[21]
However next part of the report will look into the repository and unit of work pattern. 



Repository Pattern

A repository is usually referred to as a location to store things while having the ability to retrieve them at a later date without any change to the thing being stored there. This is the principle behind the repository pattern where the data is being stored away. [22]
The repository pattern takes responsibility for the data and how it accessed. Classes are designed when using this pattern which are known as repositories. The repositories look after the retrieval and the storage of the data. [23] The reason for the pattern is to separate the domain model and the persistence framework without it being affected when changes are made to your code. The infrastructure is said to possibly weaken without a pattern like the repository pattern to protect it. It is not used to simplify the testing of code as it may be believed to be. [24]
This protecting of the framework has led to many developers to say that the repository pattern is actually an anti-pattern. Scott Millett argues that this is the point of the pattern and that it makes retrieval of data more explicit by limiting access to the aggregate level and this makes it easier when dealing with query design and more understandable to an expert in domain.  [22] 
The repositories are believed to make the switching between database servers easier as they do not require any details about implementation of the database. [21] It is also argued that the repository pattern allows you to implement a layer between the data access code and your application. This layer is argued to improve the unit testing capabilities of your code compared to the default framework. [25]
Vaughn Vernon believes there are two different repository pattern designs and each one would be suitable for different needs and circumstances. [21]
These designs are known as:
Collection-Oriented Design
Persistence-Oriented Design


Collection-oriented design and Persistence-oriented design.

Collection-oriented design is said to be the traditional way as it follows the original pattern and ideas. In this approach, you would design an interface for the repository hiding away the fact that data is being stored to it. [21]
The collection-orientated design is best used for a system that requires that the repository should resemble a Set Collection where nothing special is happening to it just being stored away until needed and recognising the changes made to it. [21]
The main advantage of this design is that the changes made to the object are tracked and do not need any approval or interaction required. This design has certain capabilities to make the persistence mechanism work behind the scenes, it may not be suitable to use. [21]
There are times where the collection-oriented design will not be appropriate for your system and you will be able to implement the persistence-oriented design for these times. These are for cases when the persistence mechanism isn’t detecting changes. This design is normally implemented when a relational database isn’t required but a NoSQL key-value data store. [21]
With this design, you would need to put newly created aggregates into the data store using either the save () or having a repository for saving. [21]
There are times where your system has the capabilities to implement a collection-oriented design but then the need to swap out the database was required. This would cause the system the need to be changed in certain layers like the application and the repositories so it’s important that flexibility is considered when choosing a design to implement. [21]















Unit of work Pattern

Unit of work pattern takes responsibility of the transaction management in the system. It does this by tracking any changes made to the aggregates and then updating the changes through the layers. This patterns makes sure that the data being stored is always in a good state through the use of rollback where issues with data transaction occur midway through a transaction, the data gets rolled back to its state before the transaction begun. [23].
 The big feature of the unit of work pattern is that it tracks all the steps taken in the transaction and commits them in one transaction and sending them to the database in one transaction. There is an ORM framework that implements this pattern and that is the Entity framework.[26]
An example of when to use this pattern would be if you’d had two repositories which were making database operations but not interaction with each other. That design would not achieve what it is intended to do as they would both be making its own transaction when the changes are saved as they’re calling the individual db.context  as shown below. 








Figure 3- Unit of work design 1
Using two repositories to execute transactions require them to use one DB.context and the solution is this is to implement the unit of work pattern. The repositories form a batch and when executed transactions are put through as a unit. 






Figure 4-Unit of work design 2.
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