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Introduction to Design Patterns
Before going on to explore specific examples of design patterns, such as the layered architecture or unit of work patterns, it is first necessary to address the topic in more general terms and provide some form of conceptual definition for the term “design patterns” itself. A suitable point to begin this process would be the early work of Christopher Alexander on what he dubbed “pattern theory” in the early 1970’s [1]. This focussed on an exploration of the semiotics of architecture, with the goal of achieving scalability in the development of human habitats, and culminated in the formalisation of a “pattern language”. The individual components of this lexicon, the “patterns” themselves, were defined as being a form of generalised and reusable template which, when applied, allow the user to work through common architectural or developmental issues in a systematic fashion [2].

This principle of utilising established design patterns to facilitate the development process has taken a prominent role in the field of software engineering [3]. There is significant variety in the form such patterns may take, as well as their manner of implementation. However, a key constituent of all patterns is that they seek to split up the features of the code or program which will change between implementations from those that will remain constant [4]. In other words, all software design patterns rely on some degree of abstraction.

In the field of software engineering, the term “abstraction” is used to refer to the process of separating out the details and specifics of a system in order to reduce complexity and focus on the fundamental aspects which need to be focused on [5]. A common example of this is the London underground map, which represents the key, necessary properties of the transport system, without incorporating unnecessary or duplicated information, as shown in Figure 1 [5]. Further insight into the subject can be















Figure 1: Comparison of London Tube maps before (left) and after (right) abstraction by Harry Beck in 1933

obtained by examining the “abstraction principle” of software engineering. As defined by Pierce [6], the abstraction principle requires that “Each significant piece of functionality in a program should be implemented in just one place” with the most fundamental substructures being “abstracted out” to improve efficiency. This very clearly links to the ultimate goal of design patterns, which seek to accelerate and simplify the development process by isolating and abstracting the key elements necessary to produce a given functionality.

Software design patterns have been broadly separated into three different basic subtypes, as laid out by the so called “gang of four” in one of the formative works in the field [7]. These consist of the creational, structural and behavioural design patterns. Creational patterns relate to the generation of objects in object oriented programming, for example the “factory method pattern” which prevents the situation of being locked into the instantiation of a specific class by relying on a “factory method” for the object creation instead of a constructor [8]. Structural patterns, conversely, are concerned with object composition and the connections and associations between objects, whilst behavioural patterns focus	Comment by Kemi Ademoye: 
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on the inner workings of the system and how its constituent objects function [9]. In addition to the gang of four categories, architectural patterns have been introduced as either a further subtype, or related but separate entity to design patterns, which relate more strongly to the application structure and more closely with a given application domain [10].

As mentioned, the use of software design patterns has become widespread, and there are numerous examples of the benefits they can yield when applied properly. They can increase the ability of the development team to work in synchrony with each other and ultimately, by providing a reliable framework, speed up the development process [11]. However, issues can arise when patterns are applied incorrectly, in excess or without due consideration. These include drawbacks such as increased structural complexity, or potential negative effect on maintainability of software [12], [13]. This can be incidentally related to the concept of “anti-patterns”.

Propagated by the eponymous book [14], the term anti-pattern has been used to refer to popular and recurrent methods for dealing with common issues, which are nevertheless flawed or ultimately the source of further problems. The distinction between what is a pattern and what is an anti-pattern can be somewhat subjective. Because anti-patterns have the appearance of an obvious, and even attractive, fix for a problem, it is not uncommon that one solution might be simultaneously championed and repudiated by two different development factions [15]. However, it is important to bear in mind the existence of anti-patterns, and their characteristics, before engaging in any form of analysis of specific examples of patterns or pattern types.

Layered Architecture Pattern
Architectural patterns, as discussed previously, can be viewed as similar to design patterns but being more general, concerned with the overall structure of the software system [10]. The layered architecture pattern, also known as the “multitier” or “n-tiered” architecture pattern, is perhaps the most proliferate and conventional of all software architecture patterns [16]. In this pattern, the application is split into a series of parallel, sequential layers or tiers. Each level signifies a family of subtasks which have been separated from the system as a whole, to represent a certain degree of abstraction [17].

In accordance with this, each layer is responsible for a well-defined and coherent set of functions, with all their duties originating from the same basic realm of the system. For example, one layer may focus on the view presented to the user, and thus will only be concerned with the workings of the UI, only responsible for receiving inputs and displaying data at the terminal. It is one of the fundamental concepts of the layered architecture system that not only does each layer receive tasks solely related to its function, it doesn’t does not actually have any knowledge or consideration for what goes on in the other layers. Thus, in our previous example, the view layer actually has no knowledge or understanding of how the data is going to be processed, stored or returned to it, just as none of the other layers can identify how the data will be displayed. Each layer essentially abstracts away the information relating to how its particular field is dealt with, this concept is known as separation of concerns [16].

[image: ][image: ]The separate but related concept of open and closed layering possesses a similar level of importance. Ideally, a multitier system will be using “closed layered architecture”, meaning that each layer may only communicate with the layer directly contiguous to it, with data travelling in strict sequence through the layers, without bypassing any [18]. In open layered, or partially open, architecture, the chain of communication may be broken, with preceding layers being able to utilise the functionality of the following layers, circumventing the layers in between, as shown in figure 2 [18].
Figure 2 Closed (right) versus open (left) layered architecture systems

The importance of this distinction between closed and open layering becomes clear when one considers the classical 4-tiered architecture. A common iteration of this pattern begins with the view layer, followed by the business layer, which implements business logic; the service layer, which provides functionality to the business layer while protecting it from the view layer and lastly the persistence layer, which is responsible for storing information by communicating with the database [16]. In this scenario, it would be reasonable to keep the service layer open, allowing it to be bypassed by the business layer. However, If if all layers were open, the view layer might be able to enact change directly on the database, meaning that a change in data storage system might affect the workings of the entire system, just as in the open system shown in figure 2, changes in layer N-4 could affect layers N and N-1.

Ultimately, the entire appeal of the layered architecture pattern is that it seeks to increase modularity. If the constituent layers of the system are properly separated, any one of them may be changed or replaced without undue impact on the other tiers, due to the increased level of abstraction offered by this pattern. There are potential issues which can arise when using this pattern, such as the possibility of data being excessively passed through layers it doesn’t does not need to be passed through, or a possible susceptibility to scattering or tangling of behaviour due to inadequate modularisation [16], [19]. However, the layered architecture pattern is at the very least a reasonable attempt to avoid the “Big Ball of Mud”, as unstructured software systems were described by Foote and Yoder in [20].	Comment by Kemi Ademoye: 
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Object Relational Mapping
In the field of mathematics, the term “mapping” refers to the process of travelling along the path prescribed by a given function to travel from one domain to another, a concept which has a very well defined, formal, mathematical definition [21]. However, in more general terms, a mapping represents an unchanging law or judge, which will always produce the same result, when presented with the same scenario. It can be thought of as a “black box”, into which information is supplied and from which, governed by the logic internal to the black box, a specifically related set of information will be returned [22].

Object relational mapping (ORM), then, draws on this concept, specifically referring to the introduction of what is essentially an additional layer of abstraction between an object oriented program and the relational database which is used to persist its variables. The ORM can in some ways be thought of as a translator, which converts and breaks down a relatively complex, data object in which information is held by the programming language, into a form which can be interpreted by a given relational database management system. The data is then stored in this form, slotted away in such a manner that it can be easily reassembled by the ORM into the object notation which is understood by the programming language. This entire process is necessary because the constraints of a relational database can be thought of as more restrictive than those of a programming language, an issue widely referred to as the object relational impedance mismatch [23]. A multivalued, composite object, possibly containing numerous subtypes, cannot correspond to a single record in a table without either violating the relational integrity or simply discarding parts of the data. A metaphor for how an ORM gets round this problem can be achieved by imagining the object being sent to the database as a car being sent to a garage for disassembly and storage. Rather than trying to force the entire car into a single drawer, or simply throwing away parts of the car until it fits, each component is stored in its own discrete, labelled drawer, to be reconstructed when the car is needed again. The ORM deals with the virtual object in a similar manner, thus avoiding data loss, whilst still maintaining the structural integrity of the database.

The advantages of using an ORM as an interface between the database and the program, rather than simply including the necessary database language commands, for example a section of SQL code, in the original program, can be illustrated through the use of a second metaphor. One can envisage the object oriented program and the relational database management system (RDBMS) as joint hosts of a new, international broadcasting show aimed at audiences in both the UK and Pakistan. The English speaking host has been taught to present in such a way that the Pakistani host can understand him and then translate his comments into Urdu, for the Pakistani viewers. However, the show executives soon realise that it would be more ideal for the Pakistani half of the show to be presented in the Punjabi dialect. As such, the Pakistani host is replaced with someone who speaks that dialect. This, however, causes problems for the English-speaking host, who must now learn how to communicate with a different person, speaking a different dialect, and the worst case scenario is that he, too, must be

replaced. The whole situation could have been improved if the process of translation was taken care of by a third individual, a trained dialectical translator behind the scenes, linked to both presenters by an earpiece. In this way, the changeover process could have been made far less turbulent, with no additional on-screen disruption caused by swapping out the Pakistani host.

[image: ]The ORM, in this analogy, was represented by the behind the scenes translator. The presence of the ORM allows the RDBMS to be switched out for another version without any change needing to be carried out on the actual code of the program. Using a well-furnished ORM package such as hibernate, for example, it would be a matter of simply changing a few letters to switch from PostgreSQL to, for example, MySQL. This is illustrated in figure 3, which shows a code excerpt from a REST service which uses Hibernate as the ORM to persist data in a PostgreSQL database [24]. As highlighted, only a few
Figure 3: Application properties file for REST service using Hibernate ORM (PostgreSQL instances highlighted)

minor changes to the application properties file are required, with the remainder of the code base left untouched. It is this increased modularity and code minimisation that is the fundamental justification for the additional layer of abstraction introduced by the ORM pattern.

There are, however, some criticisms of ORM as a pattern in general. Some regard the previously mentioned problem of object relational impedance mismatch as simply too significant to overlook and describe the ORM tools which attempt to deal with this as anti-patterns, which eventually lead to more problems than they solve. Evidence has been found of increased software maintainability issues, stemming from the adoption of ORM techniques [25]. In addition, attention has been drawn to the tendency of developers to apply ORM code without due consideration, leading to database performance problems, with the hope that tooling enabling the automatic detection of common ORM anti-patterns may help combat this [26]. However, the overall popularity and potential benefits of ORM are well established and it might be considered unfair to label the entire concept as an anti-pattern, when the real issue is with the mismatch that it is attempting to address [27], [28].

Repository and Unit of Work Patterns
[image: ]The repository and unit of work patterns represent further levels of abstraction which are often used together, in conjunction with an ORM. One can think of the repository pattern as a wrapping layer which
Figure 4: Repository pattern in relation to ORM layer in MVC pattern in application

surrounds the data access or data abstraction layer, i.e. the ORM, as shown in figure 4 [29]. Returning to the aforementioned bilingual broadcasting example, the repository would be represented by the introduction of a fourth individual into the translation dynamic. In the scenario where the show executives decide to switch from Pakistani to Arab audiences for example, with an Arabic speaking host, it is unlikely that even the translating aide would be able to smooth the transition, as the change

is much more significant than between two dialects of the same language. In order to deal with this, a universal translator is added to the system, able to translate between different languages, and feeding information to the dialectical translator, enabling the broadcast to drastically alter their language demographics with minimum difficulty. This is an analogous to the way the repository pattern would allow an application to change its persistence system from, for example, PostgreSQL to a completely different, even non-relational database management system such as MongoDB. By introducing another layer of abstraction, the repository pattern is able to conceal any and all information about how the data is persisted, meaning that changes in storage methods have even less effect on the application itself.

The term “unit of work” can be regarded as being strongly correlated to the term “atomicity” in relation to database transaction management. In other words, it refers to a series of operations that must either be all carried out together or none of them must be carried out at all [30]. The unit of work pattern, then, seeks to ensure that all associated changes to the database are persisted as a group in synchrony, or completely rolled back. This pattern is very commonly used in combination with the repository pattern, as it enables one to coordinate multiple repositories simultaneously, as opposed to each repository maintaining its own relation to the database.

One of the key issues raised with the combination and implementation of the patterns discussed above, is the possibility of excessive abstraction. It can easily be understood, that if a system is comprised of an application which communicates, via an ORM, via a repository layer, via a unit of work system, to a database, there must be a large degree of abstraction at work. This can result in a decrease in performance speed, due to increased overhead and handling [26]. Ultimately, however, the judgement on whether particular patterns, or particular combination of patterns, are beneficial or detrimental is a subjective one. It depends on how much weight a developer gives to, for example, the increased ease of testing given by the repository pattern through use of mock repositories, versus the additional bulk of abstraction. More fundamentally, while design patterns represent a template solution to a general issue, they cannot be expected to completely divorce success from its dependency on the specifics of the individual problem or scenario which is being addressed.	Comment by Kemi Ademoye: Good but again more detail.
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