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[bookmark: _Toc5121421]Abstract
The purpose of this report is to identify, research and critically evaluate software architecture design patterns which are commonly used by software engineers in web applications today. Software architecture is used to explain high-level designs on software systems. The goal is to examine key advantages and disadvantages of the layered architecture patterns methodology. Further investigating object relational mapping (ORM), repositories and unit working patterns. This report will overview the importance of how these software methodologies can help developers using web applications, allowing easier maintenance with cleaner code and being able to adapt to future changes effectively
11


[bookmark: _Toc5121422]1.0 Introduction
T
here are many types of architectural patterns as explained by Chavan, P.U. Murugan, M. ‘An architectural pattern is a set of principles that shape an application. It includes patterns such as client/server, service-oriented architecture (SOA), component-based architecture layered architecture and message bus architecture.’[1] The sheer scale of how many architectural patterns that can be used is almost infinite because so many different representations can be made for the individual end user, therefore the most commonly used as informed by PhD student Vijini Mallawaarachchi:-
1. Layered pattern
2. Client-server pattern
3. Master-slave pattern
4. Pipe-filter pattern
5. Broker pattern
6. Peer-to-peer pattern
7. Event-bus pattern
8. Blackboard pattern
9. Interpreter pattern                           [2]

Given so many types of styles the engineer or even customer needs to understand which pattern style to use for the best outcome of their project, A. Sharma backs up this by explaining ‘There are several architectural styles and patterns available in the software industry, so there is a need to understand which particular architecture style will be appropriate for his/her project.’[3] The main focus within this report, will be the layered pattern methodology as seen in the above list, looking at how layered patterns work, investigating the value of using this kind pattern for everyday web applications and software engineers, but further into patterns there is are also others that can will be investigated such as object relational mapping patterns and repository patterns with unit of work patterns which will illustrate different styles that can be implemented.
	


[bookmark: _Toc5121423]2.0 Background Research
[bookmark: _Toc5121424]2.1 Layered Architecture layered Research
[image: C:\Users\James\Google Drive\e-portfolio\Education & Training\Msc Software engineering\Semester 2\Web Developement\First part Assignment\2010s-layered-architecture.png]There are many different representations of layered architectural patterns but they all follow the same trivial style with layers that are placed on top of each other. Shaw, Mary explains ‘Often there are layers for basic system-level services’[4] and goes onto reporting ‘Frequently, each class of service is assigned to a layer and several different patterns are used to refine the various layers.’[4]





Figure 1: Layered architecture design Pattern Example

[5]
Fig 1 illustrates layered architecture pattern design, by inspection it is clear to see how the design can be made. The layers are groups which are known to be loosely coupled but have communication factors with each other. M.Kumar states ‘Layered architecture groups the responsibilities of the software into several loosely coupled layers. A system is layered on the basis of separation of concerns. Layers can communicate with each other through well-defined interfaces’.[3] Fig 1 is a good example of a layered architecture pattern but to simplify the layers can be taken down to three main layers.
[image: http://farm4.static.flickr.com/3223/3116643329_7432a87b9a_o.jpg]






			                                            [6]Figure 2: Three Tiered Layered design


[bookmark: _Toc5121425]2.11 Presentation Layer
The presentation layer also known as the access layer usually compromises as the layer which comprises the views and user interface. Jreport briefly explains ‘This tier is often built on web technologies such as HTML5, JavaScript, CSS, or through other popular web development frameworks, and communicates with other layers through API calls.’[7] This layer has the functionalities with user interface technologies and co-operates with the system’s business layer.
[bookmark: _Toc5121426]2.12 Business layer
The business layer is responsible for the specific business rules within the architecture system, mark Mark Richards clarifies ‘A business layer would be responsible for executing specific business rules associated with the request.’[8] This incorporates the business logic such as domain rules, data structures and application states needed for the system.
[bookmark: _Toc5121427]2.13 Infrastructure layer
The infrastructure layer is responsible for having different infrastructures that are separated until implemented together at the domain presentation layer, it implements networking, databases and data persistence etc.[9] t. This layer can be looked at as the building blocks that decouples software architecture making it easier to switch from one technology to another[9]. 	Comment by Kemi Ademoye: Very good summary description of the pattern, but what are the advantages and particularly some of the challenges/disadvantages. Okay, have seen the evaluation section below. Please note the comment that it would have been better if you had added your evaluation just after this section.
[bookmark: _Toc5121428]2.2 ORM (object relational mapping) Research
ORM can be explained as an implementation of code that can handover objects to and from a database. C, Richardson supports this claim by stating ‘A major component of most enterprise applications is the code that transfers objects in and out of a relational database. The easiest solution is often to use an ORM (object-relational mapping) framework’[10]. b By using an object orientated approach incompatible types of data can be converted to enable them to communicate.
[image: Related image]
Figure 3: ORM Diagram			         [11]
There is a list of different type ofare various, commonly used frameworks that all incorporate the use of ORM with languages such as Java, C#, Python. that useExamples of these frameworks include hibernate, java API, OpenJPA, EclipseLink and IBM Websphere and newer versions of ORM such as active record for ruby developers and Gorm (Grails Object Relational Mapping) for groovy developers which use a more dynamic development approach.[10] The ORM approach can be seen as very efficient due to the small amount of code needed for it to work effectively and to allow a developer to have a friendly workflow, without the worry of translating languages to work alongside each other.[12] A closer look into a commonly used framework can give an understanding of an ORM approach.
[bookmark: _Toc5121429]2.21 Hibernate ORM
Hibernate can be viewed as a high powered ORM solution that can allow java classes to be mapped to a database on an object relational persistence level, which provide data query’s queries and data retrievals.[13] Wu, Qinglin and Hu, Yanzhong also explains ‘Hibernate generates the SQL calls and relieves the developer from manual result set handling and object conversion, keeping the application portable to all supported SQL databases, with database portability delivered at very little performance overhead.[13] 
[image: ]
Figure 4: Hibernate Architecture                                      [13]
By using this type of approach the developer is cutting out all the manual handling needed. Hibernate acts as a layer that can do the heavy handling of changing the data from one exemplification to another.
[image: ]



					[13]Figure 5: Hibernate Example

 When there is a relationship gap between two languages the void is filled by hibernate to define association between the data.	Comment by Kemi Ademoye: Explain this in more detail e.g. use an example
[bookmark: _Toc5121430]2.22 ORM with Java & Code Example
Java is known as an object orientated programming language as it is represented by graphs and objects therefore when the use of a database is needed there is the need to have ORM implemented for developers.[14] java provides an API called java database connectivity commonly known as JDBC.[15] This inbuilt system can be used without ORM but major problems can occur because of code change, for example when java encounters changes such as inheritance, composition and abstraction this will lead to mismatch between the java and database relation, this is where ORM steps in as a solution of the mismatch.[14] JDBC is still heavily used in industry and has been used for many years but ORM is becoming more common because of the usefulness it brings, both styles can be investigated.	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. Richardson [ref] suggests that …, or in constructs such as “In [ref]…”. 

Also note that when using the IEEE style for referencing which the school recommends, when using author names in text, you only need to use the surnames. You tend to use initial and surname.
[image: ]
Figure 6: JDBC Coding
Fig 6 has database configurations such as passwords, usernames, addresses is implemented all mixed together in a single method with also the implementation of error handling codes. The code above is completely correct and ok to use but know let’s look at an ORM style.
Session session = sessionFactory.openSession();

(List<Employee>)session.createSQLQuery("SELECT * FROM Employee").addEntity(Employee.class).list();

Figure 7: ORM Code Example

Fig 7 is simply an object graph which allows an ORM tool to do all the work for you any code change with the java object will not affect the relation. When visually inspecting notice the small amount of code needed which helps a coder or developer work efficiently. Concluding with the use of ORM, the system still uses the JDBC in the background as a sort of wrapper easing a developers developer’s coding struggles.[14]
[bookmark: _Toc5121431]3.0 Repository Pattern Research	Comment by Kemi Ademoye: No need to keep adding “Research” on to the end of the headings. 
Repository pattern can be viewed as an abstraction layer between the data access and business logic layer. S.Shekhawat implies ‘The repository pattern is intended to create an abstraction layer between the data access layer and the business logic layer of an application. It is a data access pattern that prompts a more loosely coupled approach to data access.’[16] Instead of having data access logic contained in a controller or business model a separate class called a repository takes on the responsibility of preserving the business models application.[17] W.Romsaiyud leads onto mentioning ‘The repository pattern nicely complements the key design principle of the MVC pattern separation of concerns. By using this pattern, that isolate the data access layer from the rest of the application’.[17] 
[image: ]



					       [17]Figure 8: Repository and controller pattern

Fig 8 represents a block diagram view of where a repository lies, the main feature of having a repository within the system is the use of having the layer for the main data store that can be easily accessed by all other independent components, it ensures data consistency and allows a suitable means of accessing data such as a query of API language. The repository can present transaction mechanisms.[18] The Repository pattern allows straight forward methods which entail adding, removing and updating without database concerns such as commands, readers, cursers cursors and connections.
[bookmark: _Toc5121432]3.1 Repository per Entity or business Object
 A simple repository pattern approach is to have a repository per entity or business object, DevIQ states ‘The simplest approach, especially with an existing system, is to create a new Repository implementation for each business object you need to store to or retrieve from your persistence layer.’[19] Using this approach only certain methods being called in the application, should be implemented. 
[bookmark: _Toc5121433]3.2 Generic Repository Interface
The Generic repository interface approach can be used to constraint a type or even have a certain type of interface. 	Comment by Kemi Ademoye: Be a bit clearer and distinguish between using interfaces to define the behaviour of your repository classes and using generics to implement a general repository Interface to avoid duplication of code in the individual ones.
[image: ]







Figure 9: Repository interface



Fig 9 illustrates a repository interface clearly explaining how the typical class is created, the methods noticeably have no implementation on the interface class whereas the repo class has methods with implementation. This system will allow the controller to program to a super type allowing switching between data sources at ease. If for any reason data is changed the only section which will need code change will be in the concrete repo section giving easier change as other code will not be affected.
[bookmark: _Toc5121434]4.0 Unit work pattern with Repository
[image: ]The previous topic of repositories can be benefited with the use of unit of work (UoW). There can be a single repository pattern that connects to a DBcontext which allows the initialising between the controller and the database but if multiple repositories need to be used the use of unit work pattern can be introduced.	Comment by Kemi Ademoye: Why? What is the benefit of this? Unit of Work is used to implement the first rule of transactions i.e. Acidity – all or nothing.









					[20]Figure 10: Unit of work

As shown on Fig 10 the unit of work allows a block with DBcontext that can use multiple repositories this provides maintainability and flexibility. Lalanda.P explains ‘We propose a Unit of Work (UoW) modelling as a solution to support transaction of persistence objects at a platform independent level.’[21] 

[bookmark: _Toc5121435]4.0 Evaluation
[bookmark: _Toc5121436]4.1 Layered Architecture Pattern	Comment by Kemi Ademoye: For this type of report, it would have been nice if the evaluation came after you discussed each pattern.
Layered architecture provides increased scalability, flexibility and maintainability. Due to the separation of layers, development teams can work off different sections of an application on a parallel basis with minimal dependencies on other teams which is especially important with organisations even more on a large enterprise level. Components can be reused by applications multiple times. Layered architecture pattern benefits from a development system being loosely coupled. Tony.N and Matthew A. Stoecker support ‘if a client application communicates to the server application using only a well-defined web service, the two layers can be said to be loosely coupled.’[22] With a loosely coupled system gives developers a very adaptable environment to work with. Layered architecture can help with time structures due to different parts being able to be independently preserved, organised and updated. The system can also benefit with extra security because each layer can have its own security features which are separate portions of a development. Finally testing each section with layered architecture can be used at an easier level because tests are created for each independent level. Although this system has many benefits there are also arguments that can have a negative impact. The layers can help with large applications but can cause too much complexity for simple applications. The layers can sometimes effect affect the development of intensive user applications because there is a likely factor that the use of interface components that directly interact with the database can be disallowed. Negative impact can occur on the performance, instead of simply searching directly for a component there is extra processes and overheads that need to be taken.	Comment by Kemi Ademoye: 
Take care with similar sounding words/phrases.

Reference(s):http://www.grammarbook.com/homonyms/confusing-words-letter-b.asp
http://www.oxforddictionaries.com/words/commonly-confused-words
https://copywriterscrucible.wordpress.com/2009/09/01/41-commonly-misused-english-words/
http://www.scholastic.com/parents/blogs/scholastic-parents-raise-reader/top-20-most-commonly-confused-homophones
[bookmark: _Toc5121437]4.2 ORM 
Object relational mapping gives a system which can easily make different level of languages talk to each other when concerning interacting with a database. It allows a section or layer of communication between database data and for example an object orientated language such as C# or Java to stream together collectively without having to overload with extra code, the system can see to act as a key tool for any developer to work effectively in an organisation.  The ORM cuts the need of repetitive SQL code and this goes hand in hand with it being a very cost effective and have good timescales on systems giving less overhead pressure to developers and a faster efficient working environment. Although the ORM can be a useful section to development there is always the issue where developer’s productivity may suffer due to the fact that Before before the big change of coding was introduced with object orientated in mind, ORM wasn’t was not really known amongst daily developers.[23] This meant that developers had to completely change the way they previously coded with a new mind set to deal with the ORM’s way of doing things. ORM also creates a situation where developers lose track of what the code is actually achieving because previously a developer had more understanding and control over the SQL code. There are a lot of different views about ORM but with the type of object orientated languages the world uses on a quotidian basis, ORM is a very popular way to act as a middle man to enable an easy connection between databases and other coding languages.	Comment by Kemi Ademoye: What are they? Your evaluation of ORM needs more detail.
[bookmark: _Toc5121438]4.3 Repository patterns and unit of work
Unit of work entails multiple operations such as insert, update and delete which involve single transactions, this removes the need to have multiple database transactions, and where there would be separate transactions for each change a unit of work will do every action all together in one single transaction. A unit of work system allows a developer to keep track of all transactions that can affect a database. If a database related operation needs moving with the use of repositories these operations can give performance tuning results along with easy logging.	Comment by Kemi Ademoye: This is what you should have mentioned above.	Comment by Kemi Ademoye: This last sentence is not very clear.
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: _Toc5121439]4.0 Conclusion
Architecture layers give a good working style for large scale organisations and enterprises because it gives a loosely coupled working environment and detaches different areas to work with effectively but this approach may not be the best solution for small developments. Therefore an educated decision on how this approach may help a user or give conflict will need to be addressed. ORM frameworks are widely used for the key helping tool to communicate data between diverse languages. The rise in object orientated type languages has made ORM services more substantial and beneficial but with the ORM tools being a middle man kind of system a developer can lose touch of how the system works and takes away speciality skills with the detachment of direct SQL coding. Unit of work when used with repository pattern allows transactions to be undertaken with all operation in a single action removing the use of multiple transactions for each action. This system creates a centralized store of multiple repositories to receive instances of database context. Due to having the use of multiple repositories with one instance, if for any reason something were to break, the other repositories will not save allowing consistency over the database, therefore when an action is executed correctly all repositories will change together keeping inline and dependable. 
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