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1 [bookmark: _TOC_250015]Introduction

The purpose of this report is to critically evaluate the use of layered architecture design and Object Relational Mapping (ORM) with repository and unit of work patterns in enterprise web applications which use a back end data source. Firstly, introduced is the background information on the previously mentioned software architectures and design patterns with an overview of each. The main body consists of a discussion evaluating the use of these architectures and patterns. All opinions explored are reflected upon and concluded at the end of the report.



2 [bookmark: _TOC_250014]Background Information

This section presents the background information on layered architecture and ORM with reposi- tory and unit of work patterns. An overview of each are given.



2.1 [bookmark: _TOC_250013]Software Design Patterns Overview

Design patterns in programming were first conceptualized at a OOPSLA conference in 1987 by Beck and Cunningham [1] who discussed the use of patterns in software engineering. Based off this conference a book by Gamma et al [2] (also known as the Gang Of Four ) titled Design Pat- terns: Elements of Reusable Object-Oriented Software was published. This publication led to the widespread gain in popularity and adoption of design patterns from the late 90’s [3].



2.1.1 [bookmark: _TOC_250012]What is a Design Pattern?

A design pattern is fundamentally a documented method of solving a specific problem in which the method has been applied successfully to solve multiple additional problems [3, 4]. Design pat- terns are usually applied to object-orientated environments, however can be modified for general programming methodologies [5]. Thus making them adaptable to various environments.

There are many types of design patterns which are grouped into four main classifications. These classifications are structural, creational, behavioural and architectural patterns [6]. These classifi- cations are outlined as the following:
· Structural: concentrates on the underlying structure and organization of classes and objects with the aim to add new functionality and increased structuring.	Comment by Kemi Ademoye: Minor comment: I would set the language to English UK
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· Creational: patterns which focus on the instantiation of a class and creation of objects.

· Behavioural: concerned with the communication between objects.

· Architectural: differentiates from the other classifications as it has a broader focus and concentrates on hardware limitations affecting the software and performance capabilities [7].
For this report focus is accounted to layered architecture and ORM with repository and unit of work patterns.



2.2 [bookmark: _TOC_250011]Layered Architecture Pattern

The layered architecture pattern is one of the most commonly used architecture patterns in web applications developed at enterprise level [8]. The pattern aims to separate a program into distinct layers, giving each layer a specific role. In most applications the pattern is implemented by using four layers which include the presentation, business, persistence and database layer (figure 1 ). However, there are no rules on the amount or types of layers developers implement which allows for flexibility [9]. Due to this the pattern is sometimes referred to the N-Tier architecture pattern, with software engineers having to decide on the type and number of layers based upon business and logic requirements.	Comment by Kemi Ademoye: What is the responsibility of these common layers as applies to web applications?

[image: ]

Figure 1: Layered Architecture Pattern [8]



2.2.1 [bookmark: _TOC_250010]Open and Closed Architectures

Layers can be additionally thought of as a hierarchical structure where the lower layer provides functionality to the corresponding above layer. Fundamentally this means that the higher layer acts as a client [10, 11]. This principle isolates each layer, meaning that requests are passed through each layer within the hierarchy (figure 2 ). By applying layer isolation, it allows changes to be made in a layer without affecting the operation of another layer, thus making it a key concept of the pattern [8, 12]. Isolated layers are also known as closed layers.

[image: ]

Figure 2: Closed Layered Architecture [8]


Open architecture differs to that of a closed architecture as the layers depend on/use other layers’ services within the system [13]. In an open architecture, requests are not processed through each layer and can be accessed through layers which are dependent on one anothersanother’s service. This in- creasesincreases dependency enabling tightly coupled systems.	Comment by Kemi Ademoye: Good identification of the alternative open layers, but it needs a bit more detail and you need to rephrase and expand on this last sentence as generally the aim is for loose coupling.	Comment by Kemi Ademoye: For this type of research exercise, it would have been nice if this section came after you introduced the pattern.




2.3 [bookmark: _TOC_250009]ORM with Repository and Unit of Work Pattern

The repository pattern and unit of work patterns are usually implemented together in web applica- tions relying on a backend data source. There are many ways to implement the patterns in working applications one of which is using a technique known as Object Relational Mapping (ORM).



2.3.1 [bookmark: _TOC_250008]What is Object Relational Mapping?

Object Relational Mapping (ORM) is an object-orientated technique which provides a solution for manipulating data from a database,  mapping data into objects [14, 15].  An ORM is a type   of library or an external piece of software which encapsulates all necessary operations to allow data from a database to be retrieved by the developer’s language of choice. There are many available well-known ORM libraries which are available for various languages. Well known ORM frameworks include Entity Framework, Hibernate, ActiveJPA, EBean, TopLink and Kodo. Shown below is pseudo code of a simple ORM implementation.

//Example of accessing data from a database without an ORM
string sql = "SELECT * FROM student WHERE student_id = 238"; //query to be executed Result result = db.execSql(sql); //reuslt is object used to store result from query string name = result[1]["first_name"]; //mapped for each entity
//---------------------------------------------------------------------------------//
//Example of accessing data from a database with an ORM
Student student = studentRepository.GetStudent(238); //get student and map to student object via created repository
string name = student.getFirstName(); //get first name from student object


2.3.2 [bookmark: _TOC_250007]Repository Pattern

Fowler [9] defines a repository as “[A pattern which] mediates between the domain and data mapping layers, acting like an in-memory collection of domain objects”. The repository pattern produces the idea of abstraction of the data layer, approximating that of a database collection. This means that the designed application is not concerned whether the database is implemented locally or through an online API [16]. Additionally, it guidelines guides/provides guidelines for developers to incorporate generic CRUD methods to perform operations on a database, usually implemented via an interface.	Comment by Kemi Ademoye: Why?

There are two main ways of implementing a repository pattern, these being a generic or spe-  cific repository. A generic repository is usually a single repository which is used for all entity types, this being achieved by using generics. A specific repository is usually multiple repositories which are implemented for each entity within the data source [17]. An example implementation of a generic repository pattern using an interface is shown below.	Comment by Kemi Ademoye: Again specify the benefits of using a generic repository over individual repositories.





//Example generic repository pattern using interface in C# pseudo code public interface IRepository<T>
{
T GetById(int id); //get id (Select)
void Create(T entity); //create entry in database entity (Insert) void Delete(T entity); //delete entity in database (Delete)
void Update(T entity); //update entity in database (Update)
}

Using a generalized repository pattern combined with an ORM provides developers with a mimic of database operations, in which the data can be manipulated due to the use of an ORM. In essence an ORM is used in a repository pattern to make accessing data from the database easier [18].	Comment by Kemi Ademoye: There is another more obvious advantage



2.3.3 [bookmark: _TOC_250006]Unit of Work Pattern

As the repository pattern produces a collection of in-memory objects, a method is required to save these objects to a database. The repository pattern also lacks any functionality to achieve busi- ness transactions [19]. This is why the unit of work pattern is introduced to transfer in-memory objects to the database layer. Fowler [9] defines the functionality of the unit of work pattern as “[A pattern which] maintains a list of objects affected by business transaction and coordinates the writing out of change ...”. Fundamentally this means that the pattern groups database operations into one transaction keeping track of any changes made to the database. Example pseudo code of the implementation of a unit of work pattern is shown below.	Comment by Kemi Ademoye: Explain why? Give an example of when a transaction may be desirable.


//Example unit of work pattern using interface in C# pseudo code  public interface IUnitOfWork
{
void Commit(); //commit function
void StartTransaction(); //function which starts transaction void Rollback(); //rollback function
void Trigger(); //trigger function
}


3 [bookmark: _TOC_250005]Discussion

This section of the report introduces a discussion critically evaluating layered architecture and ORM with repository and unit of work patterns.



3.1 [bookmark: _TOC_250004]Layered Architecture Pattern Evaluation

There are many authors who have contributed views on evaluating and researching the effectiveness of layered architecture patterns in web applications. From a development point of view one of the main advantages of the layered architecture pattern is it increases reusability and maintainability of code. This meaning that modifications made in one layer affects only adjacent layers [20, 21]. However, this is only subject to closed systems, in open layered systems this is not relevant as dependency between layers is increased [20].

Reusability of code becomes a major advantage to large organizations not just in terms of de- velopment but also in terms of a business perspective [22]. A related example of where reusability is advantageous is at an organization such as the DVLA. By the DVLA following a layered archi- tecture pattern it would allow for a new application to be developed efficiently, as much of the business logic for manipulating vehicle data and front end layouts can be reused. This would save development costs and time.

Richards [8] believes that as distinct layers are separated it becomes easier for large organiza- tions to split up projects, delegating specific skill sets to each layer. This also becomes beneficial for organizations adopting an agile development methodology, as delegating user stories naturally becomes uncomplicated as they can be assigned to relevant teams. An example organization where this would be beneficial is the DVLA. The DVLA works on large enterprise level web applications which have many layers, applying a layered architecture would allow the agile approach adopted to function efficiently.

A problem in large enterprise web development is testing. As there are many components and functionality to be tested within these applications, it is difficult to gain adequate test coverage. This becomes especially difficult when components are dependent on one another. With a well- designed system following a closed principle layered pattern this complication is reduced as layers can be tested individually [23]. This becomes useful in organizations adopting a Test Driven or Test First development methodology, as unit tests and acceptance tests can be written for individ-



ual components.


Akmel et al [21] who’s whose study is based on comparing various architecture styles and patterns found that the pattern possess high cohesion. Each layer is distinct in operation meaning methods within a layer are focused on operations related to that layer. They also believe that it enables develop- mentdevelopment of loosely coupled systems. Richards [8] also believes that the pattern can enable a loosely coupled system, however he also discusses that it is dependent on whether an open or closed system is implemented. Furthermore, he believes that if an open system is implemented it will result in a tightly coupled system with interdependencies between components [8]. By implementing a closed system, it allows the database layer to not be dependent on any other layer. This meaning that changes in other layers do not affect its operation.	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


Although there are many benefits to the pattern there are authors who believe that the pattern can have limitations and drawbacks on a system. Harrison and Avgeriou [24] believe that the pattern is incompatible for applications which require high performance. This is apparent in closed sys- tems as each layer is passed through when access and communication between layers is made [8, 12].

There are authors who have carried out investigations on improving the performance issues of layered architecture patterns. An experimental study by Khan and Rao [25] use a combination of various patterns to try to overcome performance issues with layered architectures. They use Model View Controller (MVC) pattern as the main underlying pattern implementation, which allows for maintainability and loose coupling of various layers. They concluded that their proposed Extensi- ble Web Application Development Framework (XWADF) increases web applications latency and throughput performance [25].	Comment by Kemi Ademoye: Again, a bit more detail would be nice

Many authors believe that implementation of a layered architecture is difficult for smaller ap- plications and is suited and built towards larger organizations and larger scaled projects. It is not suited to smaller scaled projects as it may add unnecessary complications structuring a system [21, 24]. In certain instances, difficulties with the pattern occur in terms of assigning functionality to layers due to function overlap. Thus, adding to and add structure complexity.



3.2 [bookmark: _TOC_250003]ORM with Repository and Unit of Work Pattern Evaluation

As with literature around layered architecture, patterns, there are many authors who discuss the benefits and problems of implementing repository and unit of work patterns with use of an ORM.



One of the main benefits of implementing a repository pattern is that it decouples the business logic layer from the data layer [26]. This fundamentally reduces dependency between each layer and with the logic not needing to consider whether the data is from a database or API, providing flexibility.

Fowler [9] suggests that using a repository pattern is beneficial as it reduces and minimizes dupli- cate query logic. This means that by implementing the pattern it incorporates DRY (Don’t Repeat Yourself) design principle. DRY is considered a beneficial principle in developing web applications at enterprise level, as it essentially reduces the time and cost of developing code which may already exist [27, 28].

Implementation of the repository pattern can improve the testability of an application [9]. Due to CRUD operations being broken down into their own methods it can make it easier to unit test individual components, allowing mock repositories and mock unit of works being implemented. This becomes particularly useful in organizations adopting a Test-Driven Development methodol- ogy as methods can be tested without concern for unfinished dependencies [26]. However, Peres
[19] argues that gaining this benefit is dependent on whether a clean architecture is achieved in implementation. Additionally, he infers that it is only achieved by following the Dependency In- version Principle. By following this principle, it allows the ability to mock dependant objects, as dependencies are abstracted, allowing testing of a single object [19, 29].

A major benefit of implementing a repository with unit of work pattern is that it insulates the application from any changes in the data layer [30]. This means that if a new database technology is used it will not affect any of the current developed software. This again leads to the advantage that it will reduce the time taken for any changes to be implemented, eventually reducing costs for the organization.

A unit of work implementation is considered best practisce to be used when multiple reposito- ries are implemented, as it allows each repository to maintain its own connection to the database [4]. If for example two repositories implement the generic Save() method from the interface, and multiple save transactions are made if one fails then it makes the data stored inconsistent. Thus, violating ACID transaction principles. The unit of work pattern prevents this as it connects all repositories through the same connection. This allows for a single transaction meaning if it fails all transactions made through the unit of work fail [9].	Comment by Kemi Ademoye: You are mixing things up here. When the unit of pattern is used with the repository pattern, there is one connection to the database in the unit of work and this is how it is able to provide transaction support to achieve the acidity property of transactions. You use unit of work if you need to update multiple related entities (e.g. an order and its matching order items) to ensure that all the related items are updated in their entirety or not at all – the all or nothing rule.



There are many problems which arise from implementing a generic repository pattern, with many of the problems arising from the method of implementation. Millet [16] believes that the pattern is misunderstood by many developers. He additionally puts forward that there is needless abstrac- tion, meaning the pattern becomes over-complex without the use of a domain model or an ORM [16].	Comment by Kemi Ademoye: I think that you would find that a lot of people also say its use with ORM frameworks is unnecessary as this is an over-abstraction. Okay I have seen the last part of this section but see my comment below.

Many authors view the repository pattern as an anti-pattern. Firstly, an anti-pattern is the oppo- site of a design pattern, it is a pattern which is considered as bad practice [31]. An online article by Kanjilal [32] who has over 20 years of experience in software engineering, believes that the repository pattern is an anti-pattern as it is too aggressively generalized. Due to this it means that for a generic repository interface a new specialized repository class will need to be created for each entity. An example of this is shown below.

//Example of needing to create specific class to implement generic repository interface public interface IRepository<T>
{
T GetById(int id); void Insert(T entity); void Update(T entity); void Delete(T entity);
}
//---------------------------------------------------------------------------------//
public class StudentRepository : IRepository<Student>
{
Student GetById(int id){...} Insert(Student stu){...}
Update(Student stu){...}
Delete(Student stu){...}
}

Implementation of an ORM in enterprise web development is popular with persistence and entity frameworks such as Hibernate and ActiveJPA. By implementing an ORM with a repository pattern it allows layers within an application to be decoupled from the selected framework. This means that if a new framework is adopted then it minimizes the impact on your applications, as changes required will be relatively small [19]. This becomes extremely useful in large organizations as they will usually want to keep up with new technologies. By implementing an ORM with a repository



and unit of work gives the freedom to adopt a new framework.	Comment by Kemi Ademoye: Are you repeating yourself in different words


The main benefit of using an ORM is to overcome the problem of Impedance Mismatch. Impedance mismatch is the problem of converting data from a database technology to an object orientated domain model technology [33]. This problem persists as data in a database is stored in the form of a table and data in an object orientated model is stored in a class. By using an ORM this problem is overcome as it maps the database entity to an useable usable object [34, 35].

ORMs are becoming increasingly more popular for developing all types of web applications. This is because the frameworks which are available do all the heavy lifting for data base connections and manipulation of data. A report by Ziemniak, Sakowicz and Napieralski [36] on the use in ORM in J2EE Technology, believe that with developers adopting tools such as ORM frameworks it takes approximately 1/3 off the development time.

There are authors and developers who believe that the repository pattern and unit of work pattern are encapsulated within an ORM such as Entity framework [37]. This is one of the reasons authors believe Entity framework is advantageous as it provides auto generated code and encapsulates repository and unit of work patterns, reducing development time and costs [37, 38, 39].	Comment by Kemi Ademoye: This paragraph would have been better further up when I made the comment about some authors believing that using ORM with the patterns is unnecessary. For better structuring, present arguments for and arguments against together.

Woodfine [40] backs up this point that many latest ORMs incorporate both repository and unit of work patterns. Entity framework uses both DbContext which is implemented as unit of work and DbSet which is set as repository. He also voices concerns that developers who use a repository and unit of work pattern with an ORM (such as Entity framework) are adding a layer of abstraction over a layer of abstraction, making software to develop more complex and time-consuming [40, 17]. It also makes code harder to read violating SOLID design principles. This is a major drawback for large enterprises who want to develop software quickly and most efficient.



4 [bookmark: _TOC_250002]Conclusion

It is found that there are various views and opinions on implementation of layered architecture and repository and unit of work patterns. Many authors view the adoption of layered architec- ture pattern as beneficial to large organizations, as it aids the implementation of loosely coupled systems which allows for the reusability and maintainability of software. However, this is based on how each layer is implemented and whether it is open or closed. Another benefit found is that



layers can be delegated into specialized teams which is especially useful in organizations adopting an agile approach. There are authors who do discuss the limitations with the pattern primarily with performance as each layer must be passed through in communication. There are various studies which look to improving this issue by combining open and closed layers.

In large organizations testing is a key requirement. Implementation of the repository pattern improves testability of applications due to the abstract nature of the implementation. A unit of work pattern is essential in patterns which adopt multiple repositories as it allows transactions to comply with ACID principle, keeping data consistent. The main discussion with the pattern is the implementation of an ORM. As ORMs such as Entity framework are evolving many authors discuss whether it is necessary to add repository and unit of work patterns, as they are already encapsulated in the framework. By implementing the pattern with an ORM a layer of abstraction is added upon a layer of abstraction. This needs to be considered in terms of how much abstraction is required within a project, as over abstraction can lead to more complex software. Thus, leading to increase development.	Comment by Kemi Ademoye: This is not needed in your conclusion. Your conclusion should be a brief summarisation.


In conclusion both of the design patterns bring advantageous realizations to enterprise developed applications and services. Considerations on the scale of project, requirements and method of implementation needs to be discussed before selecting an appropriate design pattern. By making these considerations a cleaner and more relevant implementation will be reached.
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	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]80%

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

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