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[bookmark: _Toc4172699]Introduction
Software Engineers have to make many considerations before they begin any project. One of the most important consideration made is the design pattern choice.  Design patterns, help engineers to design and write more efficient code. Therefore, the code becomes easily adaptable to future changes.
The purpose of this report is to undertake an investigative research study and write a report that critically evaluates the use of the following software architecture and design patterns commonly used in web applications with a backend data source. The design patterns which will be examined are:
· Layered Architecture Pattern
· Object-Relational Mapping (ORM) with Repository and Unit of Work Pattern
The report will look at how Layered Architecture Pattern is executed, it will also look at how requests are handled within the pattern and what planning should be undertaken before development. There will also be an evaluation of the advantages and limitation of using the pattern. 
Thereafter, the report will look at Object-Relational Mapping (ORM) while analysing its benefits. Then an analysis of using Repository pattern with the ORM will be conducted. The report will also look at how the Repository pattern handles CRUD. Thereafter, an examination of Unit of Work and how it works with the Repository pattern. Followed by a discussion which will ask the following questions;
· Does the Repository pattern really hide SQL complexity?
· Could Query Objects be used instead of Repository CRUD?
· Does using repository pattern make testing Easier?

[bookmark: _Toc4172700]Layered / N -Tier Architectural pattern
One of the most commonly used architecture design patterns is the Layered Architecture Pattern [1]. The layered pattern is also called the N-Tier Architecture pattern because components within the model are arranged in a horizontal stack and n stands for the number of stacks or in this case tiers. The number of layers is determined by the software engineer. However, most stacks are composed of the following four layers; [1]
· Presentation Layer 
· Business layer
· Persistence layer
· Database layer	Comment by Kemi Ademoye: Okay, but what is the responsibility of each of these layers?
It is important to remember that even though most systems have four layers in figure 1, software engineers should determine the number of layers based on the business logic and requirements of the application  [1].
[image: Alt Text]
Figure 1 [1] 
A layer can be defined as an Independently independently isolated portion of the system which could be represented by a single file or a set of modules and packages. Each layer must expose its functionality through an abstract API. It is vital to remember that modular code organised in packages which call each other is not necessarily layered architecture and development processes should never be undertaken without a formal architecture in place first  [1].
[bookmark: _Toc4172701]Requests
Requests are sent from the top layer to the bottom layer as seen in fig 2. All requests pass from layer to layer until the request reaches the lowest layer [2]. As the request passes through the layers each layer changes or modifies it based on the request itself. All of this happens independently of modules. Each layer can only respond to one layer that is the layer above, however, there are times when the layer above is not in regular use than the layer could be made into an "open layer" [2]. An open layer is a layer which can be bypassed by a request when it is required. If a response from the bottom layer is mostly the same it can be cached to allow fast access time, therefore, the request may not reach the bottom layer. 	Comment by Kemi Ademoye: Good
[image: Alt Text]
Fig 2 [1]
[bookmark: _Toc4172702]Planning for a Layered System 
In the design phase of developing a layered application here are some considerations that are needed; [3]
· Decide on which functionality can be grouped together. An example of this is that the data persistent functionality like data access components should be group together in the data layer [2] .
 
· Decide the number of layers and how big the layer is going to be [3]

· Develop the layers and decide which one will be open or have caching. It is important to try to keep the layers closed unless doing so increases the speed of the system. This is to prevent interdependences [4]. 

· Think of what you want to expose in the layers to the API. Only present what is needed considering coupling and cohesion [4].

· Also, decide on how the application will send messages between layers. Decide on whether the system will use custom HTTP ports and the messaging system has to be well defined [4].

· Even though layered systems have a top-down communication model, it is important to consider what the request flow will be based on. The request flow should follow the business logic the system is trying to achieve [3].

· Do not create more layers than needed. It is important to watch out for layers which do not add value to the application [3]. 

[bookmark: _Toc4172703]Advantages and limitations of layer systems
[bookmark: _Toc4172704]Advantages
· Using Layered Architecture means you have separated concerns in the design. This helps when it comes to writing test suits as it means you can change part of the layer and as long as you keep the message request consistent you do not have to change other layers. This is known as Layers of isolation [2] 
· Development can also be done easily when combined with an agile methodology where different squads are focused on only one part of the system where the said squad has the most strength based on the skill set required [5].
[bookmark: _Toc4172705]Limitations 
· Layered Architecture lacks agility. This is because layered architecture can become very complex very easily as they become larger.  
· Layered Architecture is difficult to deploy. In today's development, the use of tools like Docker and Kubernetes help but may also add to the complexity [6]. 
· Depending on the complexity of the project Layered Architecture may have low performance. This is because the structure of the layers could take time to give a user a response, therefore, considering whether to make some layers open or closed is extremely important for performance [7].
[bookmark: _Toc4172706]Object-relational mapping
Object-relational mapping (ORM) is a method of converting data between incompatible types of the system by mapping data types as objects in Object-oriented programming languages [6]. This is done by creating a virtual database in memory where CRUD (Create Read Update Delete) could be conducted in memory [8]. ORM helps applications reach persistence. When a process is finished in an application, it may be important for the data used in the process to be required by another process. Persistence, therefore, allows data to remain in memory after the application process is finished allowing it to be available for other processes [9].  There are commercial and open source ORMs available. Entity, Hibernate, Ebeam and TopLink are some of the most popular ORM tools on the market [6]. In more recent times developers have created design patterns to work with ORM frameworks to help achieve the design goal of writing DRY code. DRY - Don't repeat yourself or do not repeat yourself is a principle of software development which helps reduce repetition in the development of software [10].
[bookmark: _Toc4172707]Repository 
Repository Pattern is a design pattern which helps restrict work directly with the data in the application. It does this by creating a new layer for the database operation, business logic and the application UI [11]. This intern in turn helps applications, by preventing the implementation of duplicate database operations. The repository Pattern pattern also removes the need of the UI team to unit test database operations and business logic and the need for external dependencies to do the Load Carrying. 
Martin Fowler [6] defined a repository pattern as;
‘The Repository will carry out the appropriate operations behind the scenes. Conceptually, a Repository encapsulates the set of objects persisted in a data store and the operations performed over them, providing a more object-oriented view of the persistence layer. The repository also supports the objective of achieving a clean separation and one-way dependency between the domain and data mapping layers.’
Therefore, when Repository Pattern is implemented correctly database caching is unnecessary. The Figure (fig 3) below shows how the repository Pattern was envisioned by Fowler [6].
"Repository mediates between the domain and data mapping layers, acting like an in-memory collection of domain objects" [6]. 
[image: https://martinfowler.com/eaaCatalog/repositorySketch.gif]
Fig 3 [6]
public interface IRepository<T> where T: IEntity
{
    IQueryable<T> GetAll();
    T GetById(int id);
    void Create(T entity);
    void Update(T entity);
    void Delete(int id);
}
From the code above you can see the generic nature of the repository design. The interface shows abstraction of the CRUD functions. 
[bookmark: _Toc4172708]Benefits
The following is a list of the benefits of using Repository Pattern;
1) Firstly, using repository pattern minimises duplicate query logic. Looking at the example below it can be seen that you can get the top selling course by simply calling one method. Because of the abstraction, there is no repetitive code [12].

{
var course = repository.GetTopSellingCourses(category, count);
}

2)  Repository Pattern decouples your application from persistence frameworks. Therefore, making your application loosely coupled. The application can easily be connected to a different persistence framework with little effort and without the need for major changes. Persistence frameworks are constantly changing and evolving; therefore, it is important to develop in such a way as to allow the freedom to change. As seen in figure 4 [13].
[image: Repository Pattern]
Fig 4 [13]

3) The Repository Pattern makes it easier to unit test your application. Using DbContext and DbSet objects the application has an interface which makes the unit tests easier [13].
[bookmark: _Toc4172709]CRUD example
CRUD operations in the Repository pattern look like the following;
{	Add(obj)
	Remove(obj)
	Get(id)
	GetAll()
	Find(predicate)
}

The update function of CRUD is done in the following manner.
{
var course = collection.Get(1);
course.Name = "New name";
}

Best practice is that a repository should never use the same semantics as the database in use. This is because the repository should be a collection of objects in memory and should not have a method like update or delete [14].
[bookmark: _Toc4172710]Unit of Work
The Repository Pattern maybe a good technique of adding an abstraction layer between the ORM and other layers however, it lacks methods to handle operation against a business transaction [15]. A transaction, in databases, can be defined as a sequence of operations done by a database operator, with the use of queries. Repository fails to handle transaction and concurrency functions of data management. This is because it is not possible to know that an in-memory object has updated the database. Therefore, Unit of Work is defined as a pattern which when affected by a CRUD business transaction will maintain a list of the objects coordinating and writing changes to the database [6]. When using multiple repositories simultaneously the Repository Pattern with the Unit of Work Pattern is considered best practice. The diagram below shows how the patterns work together [16] .	Comment by Kemi Ademoye: Good, but give possible example scenario when this is relevant.
[image: https://i0.wp.com/i.imgur.com/6ATUqX1.png?zoom=1.5&w=720&ssl=1]Fig 4 [16]
public interface IUnitOfWork
{
    void BeginTransaction();
    void Commit();
    void Rollback();
}

From the code above you can see that the interface transaction management occurs following the Unit of Work pattern. Unit of Work ensures database transactions have guaranteed validity even if errors are introduced. This is done using ACID (Atomicity, Consistency, Isolation, Durability) [17]. 
[bookmark: _Toc4172711]Discussions 
Developers are divided on whether ORM with Repository and Unit of Work patterns are still relevant because ORMs like Entity Framework are increasingly becoming more and more intuitive. The following are some of the recent questions weighing in on this discussion [18].
[bookmark: _Toc4172712]Does Repository Pattern really help hide SQL complexity
Hamid Mosalla [19] argues that if unless you are accessing your database directly, there is no need to use the Repository Pattern.  In ORMs like Entity Framework or Hibernate, you do not access the logic of database directly.  It can be argued that the repository and unit of work patterns are already implemented in ORMs like Entity framework.  For example, Dbset is the equivalent of the repository and the Dbcontext is the equivalent of the Unit of Work in Entity framework. However, it is important to understand that a repository minimises duplicate query logic. The problem with DB sets in Entity framework and their link extension methods is that they return iqueryable.  That means that abstraction does not happen in the query logic. Therefore, following the code below you see duplications [13]. 
	Var topSellingCourses = context.cours
	where (C => c.IsPublic && c.IsApproved
	orderByDescending( c => c.Sales)
	Take(10);


Therefore, we need a repository which can just with one-line return get top selling course. And the logic will be encapsulated in this method. Hence, the Repository Pattern is an abstraction which reduces complexity. Also, in the future, if the developer decides to move away from entity framework or any other ORM framework they will need to rewrite a lot of the methods because their application will not be loosely coupled with the ORM framework [13].
[bookmark: _Toc4172713]Could Query Objects Be Used instead of Repository CRUD?
Another important consideration is that the Repository Pattern is not really needed to organize the application persistence logic related to databases and the CRUD in repositories. The persistence logic could be organised into query objects [19]. A Query Object is an interpreter that can form a structure of objects which can be used to create an SQL query. This is done by referring to classes and fields instead of tables and the equivalent columns. Therefore, just like the use of repository the queries can be written independently of the database schema. Therefore, if changes to the database logic are made the application logic only needs to be changed in one place. Fig 5 below gives an example of the usage of query objects [6].


[image: https://martinfowler.com/eaaCatalog/queryObjectSketch.gif]
Fig 5 [6]
[bookmark: _Toc4172714]Does using repository pattern make Testing Easier?
Isaac Abraham [20] explains that is a myth that testing in Repository pattern is easier. He gives examples of how the Unit test can have written against the CRUD functions of the ORM for Entity Framework. However, it is important to note this is only true for newer frameworks.
"Because DBSet<T> implements the interface IDbSet<T>, you can write your own one which uses e.g. in-memory List<T> as a backing store instead. This way your service methods can work against in-memory lists during unit tests (easy to generate test data, easy to prove tests for), whilst going against the real DBContext at runtime [20].”
Nikola M. Živković of Rubik Code [16] disagrees with this assessment. He aspires that the major benefits of using the repository pattern are how easy it is to conduct unit testing. He states that developers often have the misunderstanding that this pattern enables test data access layer easier.  He points out the fact that Repository Pattern can become a great asset in testing business logic because it is easy to mock up repository implementations of the business logic of the application [16].
[bookmark: _Toc4172715]Conclusion
In conclusion, this report has a broad look at Layered Architecture and ORM with Repository and Unit of Work patterns. A design pattern in software development is an important and integral part of the design process. However, it is important to understand that design patterns must be allowed to evolve as new technologies enter into realisation.
The Layered Architecture Pattern is a good design pattern when working on enterprise projects and therefore works well with Agile. This is because you could arrange your agile squads into teams developing different layers. Therefore, focusing skills relevant to different teams working on different layers.
There is one extremely important consideration which software engineers need to have and that is they need to try not to fall into the habit of using design patterns as formulas. Design patterns are not methodologies like agile which you conduct regardless of the project. Steve Mcconnell [21] referred to this as Cargo cult programming. Therefore, before a software engineer begins to develop there is a need to consider which design pattern to use. 
Some of the questions which need to be asked about the ORM with Repository and Unit of Work is do we really need to use the design patterns in the first place. The needs to be a consideration of the project size, the complexity, testing and to ensure that the code is readable.
Another important consideration is how much abstraction does the project actually need. Remember most of the functions in today’s ORM already have the functionality which we require a Repository pattern for, therefore, it is important not to over-abstract the project.
Repository and Unit of Work Pattern are still relevant in today's projects however it all depends on the project which is being worked on. It is important to look at the project scale before you pick an architecture design pattern.
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                 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: 73.33%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]11

	
	
	

	2. Knowledge and Understanding Skills

	
	

	[bookmark: feedbackKUS]A very good overview of the layered architecture pattern with some good points discussed in the advantages and disadvantages section.  It would, however, have been nice to see some more detail on the responsibilities of each of the layers. An excellent discussion and evaluation of ORM and the repository and unit of work pattern has been provided, highlighting disadvantages and criticisms of using the repository pattern on top of ORMs. You have also provided examples of alternative approaches that may be adopted. (Grade mark: 80.00%)
	[bookmark: totalKUS]75
	[bookmark: markKUS]60

	
	
	

	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 well-written and presented. (Grade mark: 80.00%)
	[bookmark: totalSPP]10
	[bookmark: markSPP]8

	
	
	



	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]79%

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

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