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Abstract
This report analyses the structure and use of the Layered Architecture pattern and the use of ORM with Repository and Unit of Work patterns.
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1 [bookmark: _TOC_250010]Introduction
Inspired by the work of Christopher Alexander on patterns in building architecture, Kent and Ward designed pattern languages as a methodology to facilitate the development of Object-Oriented software, presenting their findings in 1987 [1]. Kent and Ward described these patterns as solutions for common problems that arise during the design of an application. In [2]Design Patterns: Elements of Reusable Object-Oriented Software, published in 1994, Gamma, Helm, Johnson and Vlissides identified three types of design pattern, listed below with some of their 23 examples [2]:	Comment by Kemi Ademoye: No need to include the full title
Creational - patterns that abstract the creation of an object, ensuring that the system is independent of the process. The Factory Method is an example pattern that creates an interface that allows objects to be created without specifying their classes.
Structural - patterns that use inheritance to compose interfaces as a means to compose classes and objects. The Decorator is an example pattern that can dynamically assign additional properties to an object without using inheritance.
Behavioural - patterns that define the relationship between objects. The Mediator is an example pattern that provides an object to express how a set of objects interact.
Thenceforth, multiple more patterns have been described, including another category of pattern named concurrency patterns [3]. The Portland Pattern Repository, registered to the domain c2.com by Ward and Karen Cunningham in 1994, contains at least 285 design patterns [4, 5]. Additionally, attempts have been made to formalise the specification of patterns to highlight the relationships between them and facilitate support from tools [6].
This report discusses the Layered Architecture pattern and the use of an Object-Relational Map- ping with both the Repository and Unit of Work patterns, describing their functionality, positive features and drawbacks.


2 [bookmark: _TOC_250009]Layered Architecture Pattern
2.1 [bookmark: _TOC_250008]Layers
The layers present in a layered architecture are groupings of the components in a system according to restrictions chosen by the architect. Usually, the membership of a module in a layer is determined by its function; for example, an architect might want data processing modules to be grouped together but have user interface modules grouped elsewhere. These layers need not be physically separated from each-other. Some authors, such as Fowler, suggest using tier to represent a layer that is stored on a different machine [7].	Comment by Kemi Ademoye: Describe the pattern first before discussing the layers
In Enterprise Java programming with IBM WebSphere, Brown et al. provide examples of layers present in a client/server layering scheme [8]. These include the presentation layer, which consists of modules that format information to be delivered to the client, and the data source layer which deals with database communication and transactions. In the context of web development, the presentation layer could be designed to display HTML to the end user of a website, while the data source layer might store the transactions requested by said user in a database.	Comment by Kemi Ademoye: Again, no need for the title here	Comment by Kemi Ademoye: Okay but describe the layers commonly used in web applications and what their responsibilities are.

2.2 [bookmark: _TOC_250007]Composition of Layers
Layers can be combined to produce a layered architecture. The purpose of this layering is to describe which layers are allowed to communicate with each other.  Buschmann  et al.  describe the structure       of a layer  as providing services for the layer above, and requests for the layer  below to execute subtasks [9].         Of important note is the isolation of this layer  from other layers;  if one indexes the layers by  indices        i = 1, 2, . . . , n, then for any j, layer j only provides services directly to layer j + 1 and only requests the execution of subtasks from layer j − 1, provided they exist.
[image: ]
Figure 1: An abstract n-layered architecture


2.3 [bookmark: _TOC_250006]Criticism
An important property of the layered architecture pattern is the one-way decoupling of the layers    [9]. This ensures that the design principle of separation of concerns is followed, which itself allows for a plurality of additional beneficial features [8]. The separation of concerns property allows development teams to develop separate layers concurrently. After the initial design phase,  when  each layer’s input and output is defined, developers have little need for any more specific details of layers that they are not working on, thereby reducing development time and costs. This also allows technologies to be replaced with relative ease, since only a well-documented section of the program  is required to be rewritten [9]. Of particular note is the re-usability of the lowest levels.  These  layers, particularly the data access layer,  are not required to conduct much  product-specific logic  and are therefore strong candidates for re-usability between different products [10].  Additionally,  the tests designed for each layer can accompany them to new architectures unchanged [8].	Comment by Kemi Ademoye: Good
Software architectures that follow the layered pattern, however, are prone to the sinkhole anti-pattern   [11]. This anti-pattern occurs when a layer requests information provided by a non-adjacent layer without the need for any additional manipulation.  For  example, consider a 5-layered architecture    as described by figure 2.
[image: ]
Figure 2: A simple 5-layer architecture for a web application

Suppose that the presentation layer, responsible for displaying information for the customer, requests data from the database that doesn’t does not require any additional business logic to be performed. According to the architecture, the presentation layer sends a request to the service layer which might consist of an API for the application. This then sends a request to the business layer, which does nothing but send a request to the persistence layer to access the underlying database. This data is then sent to each layer in reverse order, with the business layer not affecting the data. The sinkhole anti-pattern occurs when the application layer sends a request to the business layer; the



business layer provides no functionality other than its ability to access the persistence layer.
 (
−
)This anti-pattern is mostly unavoidable in an architecture that follows the layered pattern strictly. Richards offers the ’80-20’ rule as a method for detecting if this anti-pattern is significant enough to warrant the implementation of a solution [11]. That is, if more than 20% of requests made to a layer are pass-through operations, then one should seek to adjust the properties of the layer. The obvious drawback to this anti-pattern is a lowering of performance, a problem that is especially compounded in architectures utilising large amounts of layers and must be addressed if the functionality is critical. A potential solution to this is the designation of problematic layers as open, in which a layer indexed by j allows layer j + 1 to send requests to layer j 1 directly [11]. Whilst this alleviates the performance problem caused by the closure of the layer, the encapsulation property of the layer is violated, making implementation of the layer into different architectures more difficult.
 (
−
)Brown et al. attempt to answer the criticism of performance by mentioning the use of non-strict layering patterns, but draw attention to the loss of all benefits of the strict layered architecture [8].    In a non-strict layering pattern,  a layer  can directly access methods of all layers below it,  which   can be seen as a stronger version of the solution provided by  Richards.  With it, the performance      is improved, but the drawbacks are intensified. The re-usability of each layer  is decreased since, in  an n-layer open architecture, layer j now must communicate with n  j layers.  Authors such as  Matha call this an open layered architecture [12].	Comment by Kemi Ademoye: Good


3 [bookmark: _TOC_250005]ORM with Repository and Unit of Work Patterns
3.1 [bookmark: _TOC_250004]Object-Relational Mapping
Applications often need to make use of persistent storage technologies, including databases, to fully realise their intended function. Problems can occur when one creates code to send data to these databases when the types of both the programming and database languages are incompatible. For example, consider an application written in Java that connects to a PostgreSQL relational database. The Java program might define a Customer class to store details about the customers interacting with the application as objects:
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Figure 3: An example of a Java class used to create Customer objects.

The difficultly in translating this object into a SQL-compatible set of data is that SQL only deals with  scalar  types.   This  is  known  as  the  Object-Relational Impedance Mismatch;  as  L¨ammel  and Meijer describe, there is a fundamental incompatibility between the OO structures and relational databases [13]. Ireland, Bowers, Newton and Waugh identified four different kinds of impedance mismatch, summarised in table 1 [14].


Table 1: List of impedance mismatch types, adapted from [14].
 (
Impedance
mismatch 
Paradigm
Language Schema
Instance
Description of problem
The view from an OO structure is different from that of a relational algebra-based database.
Data structures are incompatible between OO and relational
 
languages.
A concept that needs to be expressed in both OO and relational languages is more difficult to maintain.
Storage and retrieval of objects from a relational database is involved.
)

Prior to sending this data to the PostgreSQL database the object must be manipulated. In the example above, if one were to request a query for all customers with the name ’Bob’, a possible solution in Java would be to process the SQL query directly with JDBC and print to the console, as in figure 4.
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Figure 4: An example code for querying a database using JDBC and printing to console.



This type of code will need to be produced for every single object and every single query type that the application needs to execute. To alleviate this, developers might make use of an Object- Relational mapping tool.
An Object-Relational Mapping (ORM) is a type of data-driven design tool [10]. Their primary function is to abstract away the underlying relational language of a SQL database in order to allow a developer to use object-oriented language to manipulate said database. In this sense, an ORM provides a data access layer for the architecture and follows the active record pattern. Some ORM tools are able to auto-generate the SQL code required to query the database [15].	Comment by Kemi Ademoye: Good but describe and it is also worth mentioning that some use the data mapper pattern.
Using an ORM to write an application instead of JDBC results in less lines of code written         on the part of the developer [16].  As long as the developer is familiar with the ORM tool,  this  results in a reduction in the amount of time and money spent creating the application.  Using an  ORM is also preferential for developers who aren’t are not familiar with SQL, for example, since the ORM abstracts away the need to create SQL queries, allowing the developer to continue using object- oriented language for the majority of the development process.   The application therefore gains     the benefits of using an object-oriented model coupled with the speed of an underlying relational database. Additionally, most ORM tools are able to connect to different types of SQL database without much alteration, so development teams can easily change the database technology easier.
In general, the performance of an ORM is lower when compared to well-structured SQL code. Colley, Stanier and Asaduzzaman show that ORM tools perform slowly compared to non-ORM tools, and recommend adjustments to the ORM, the database and the code to increase performance [17].	Comment by Kemi Ademoye: Good, but what sort of adjustments are recommended?
Ghandeharizadeh and Mutha showed in a 2014 paper that ORM tools such as Hibernate have slow performance when compared to a native JDBC implementation [18]. This is due to the lower amount of concurrent actions supported by the OO implementation of Hibernate and the larger amount of SQL queries used with Hibernate, leading to long loading times. This problem is compounded in very complex systems, at which point using JDBC might be advised. In the particular case of Hibernate, this can be avoided by using HQL - Hibernate’s object-oriented query language.

3.2 [bookmark: _TOC_250003]Repository Pattern
The Repository pattern is used as a mediator between the persistence and business layers of a software architecture [7, 19]. Specifically, the repository is a wrapper that allows the developer to work with objects defined in the business layer, and acts as a collection with querying abilities [15]. The repository works by allowing the client to request objects based on attributes, and then retrieves said object from the database while hiding the database queries from the client. Following the convention of layers from the previous section, the business layer doesn’t know how these objects are stored or retrieved.
Hieatt and Mee’s analysis of the Repository pattern in Fowler’s Patterns of Enterprise Appli- cation Architecture suggest that this pattern is to be used when the system is large with multiple types of business object, and especially when there are multiple data sources [7].
Suppose in the business layer deals with an object called Customer. To implement the Repository pattern in C#, one can implement an interface as in figure 5. Each method alters the locally stored DbContext customerContext and saves the changes at the end of each method.
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Figure 5: An example interface and implementation for Customer repository, written in C#.

This approach can be further abstracted through the use of generics. This allows a developer to write a single repository interface, as in figure 6, which is implemented by several repository classes.
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Figure 6:  An example Generic IRepository interface, written in C#.

One of the main advantages to using the Repository pattern is the greater degree of separation between the business and persistence layers of the architecture. This looser coupling makes the interchange of persistence layer technology easier; for example, if the development team want to change the ORM in usage, the Repository pattern makes this change more feasible.

3.3 [bookmark: _TOC_250002]Unit of Work Pattern
One of the principal properties of modern databases is the concept of an ACID transaction, which ensures  that  the  transactions  to  the  database  are  valid  [20].  When  an  application  is  required  to commit transactions to an underlying database, often these can consist of multiple smaller transactions. For example, a website sending out an order of a company’s products might need to update the customer’s record and the company’s stock record. The developer’s program might do each of these transactions individually, but this could violate the atomicity property of the ACID transaction paradigm.  To  alleviate this, the Unit of Work  pattern will accrue all changes that are  to made to a database during the execution of business logic and, once completed, will commit all changes to the database [7].
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Figure 7: An example of the Unit of Work interface, written in C#.

3.4 [bookmark: _TOC_250001]Composition of Patterns
The combination of both the Repository and Unit of Work patterns results in an abstraction between the business and persistence layer of the application and to ensure that each complete



transaction obeys the ACID paradigm, as discussed previously. When both examples are combined, the DbContext in the implementation of the Repository pattern acts as the Unit of Work, to which the Repository pattern makes changes. Only after the transaction is complete does the DbContext get sent to the persistence layer. When the persistence layer is an ORM, the DbContext, an object, can be recorded in the database.
[image: ]

Figure 8: A diagram depicting the relationship between the repository, unit of work and ORM, adapted from [19].

Mike Mogosanu, a developer with 15 years of experience designing applications, wrote on his blog addressing the criticism that usage of the Repository pattern with an ORM is redundant [21]. He concludes that since the ORM tool is used to abstract the access to the relational database, and the Repository pattern is used to abstract the storage, they serve different purposes and can be used together.	Comment by Kemi Ademoye: Good but requires a bit more detail


4 [bookmark: _TOC_250000]Conclusion
The patterns discussed in this report, Layered Architecture and ORM with use of Repository and  Unit of Work patterns, provide benefits to the developers using them to construct web applications. The Layered Architecture pattern allows development teams to identify functionalities that can be developed concurrently, and the layers are able to be implemented in different architectures when appropriate. The drawbacks of such an architecture include the sinkhole anti-pattern and a slow performance, and attempts to address this can result in a loss of the advantages discussed.  Using     an ORM tool with the Repository and Unit of Work provides multiple layers of abstraction between the business and database layers of an application.  This combination abstracts the SQL queries   away from the developer, allows the developer to use object-oriented language to manipulate the business objects and ensures that transactions obey the ACID paradigm.
There have been multiple attempts at analysis of pattern usage, including the effects that their implementation have on the development process, including the creation of tools to assist developers in the decision of pattern to use [22, 23]. They concluded that the benefits to the maintainability of an application afforded by using design patterns is difficult to measure since it is also dependant on the size of the application and the experience of the developers with the pattern implemented. They suggest that further research is required into controlling the effect of patterns on system maintainability.
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	[bookmark: feedbackRIL]An excellent range of appropriate literature has been consulted and referenced in the work and the review and discussion of the literature is of a very good standard. (Grade mark: 86.67%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]13

	
	
	

	2. Knowledge and Understanding Skills

	
	

	[bookmark: feedbackKUS]An excellent discussion of the layered architectural pattern with some very good examples of some of the issues with the use of this pattern. It would, however, have been nice to see some more detail on the responsibilities of each of the layers as applies to web development. Overall, an excellent overview of ORM and the repository and unit of work patterns and how they are used. You do also highlight some advantages and disadvantages. Although you do mention the criticism of using the two patterns with ORM, I would have liked to see some more detail on that. (Grade mark: 81.33%)
	[bookmark: totalKUS]75
	[bookmark: markKUS]61

	
	
	

	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]82%

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

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