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[bookmark: __RefHeading___Toc2180_3998417730]Abstract

[bookmark: ZOTERO_BREF_Xbh0sLQJTk6O]Knowledge of various design patterns is essential for proper development of web applications and software. Design patterns help developers write understandable and maintainable code, in addition to helping them approach and provide solutions to a multitude of software problems which may resurface in a variable number of scenarios. Besides normal design patterns which fall under the Creational, Behavioral or Structural categories [1, pp. vii–ix], the MVC (Model-View-Controller) pattern presents itself as a more broad architectural pattern for writing web applications and software. This report is an attempt at demonstrating an adequate  conceptual knowledge of a few PHP design patterns along with knowledge of the MVC pattern. The report starts with a brief description of the what and the why of two PHP design patterns: “Template Method” and “Facade”, along with a brief demonstration and explanation by using code samples with a commentary of the process. Next, a brief history and introduction of the MVC pattern is presented along with the concepts behind the Model, the View, and the Controller components. Finally, the report concludes with a briefing on the MVC pattern’s benefits and drawbacks.
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Web Application Design Patterns

[bookmark: __RefHeading___Toc2054_3998417730]Template Method

The template method pattern involves the defining  of a “base” algorithm or functionality inside an abstract class whilst leaving implementations into concrete non-abstract classes. A different way of thinking about the “template method” inside an abstract class is as an arranger of primitive operations.
A particularly useful case of the template method pattern is when a certain number of steps in an algorithm have been worked out but their implementation can vary in a different number of ways. The Gang of Four book notes that whenever an algorithm’s steps are invariant they can be left off to the subclasses. In cases such as these one can use the template method design pattern for arranging primitive functionality/methods inside an abstract class, after which the more specific implementation of the functionality is defined inside the abstract class’s subclasses.
Another case for this pattern is the refactoring process. The Gang of Four cite the “refactoring to generalize” as a process whereby duplicate code is put inside a template method pattern. This issue can often arise whenever several classes work together to solve the same larger problem.
This pattern is also widely known for illustrating the “Hollywood Principle” which presents the concept of inverted control structure: “Don’t call us. We’ll call you.”  The Hollywood principle states that the parent class calls operations of a subclass and child classes do not. This principle is important for object oriented programming and design patterns in general as it helps cement the concept of abstracting flow of control through object responsibility and collaboration, in contrast to the more traditional approach found in procedural programming.
[bookmark: ZOTERO_BREF_ry2zb0a2Ca2O]Finally, a design pattern may merge with other design patterns. In this particular case the template method pattern can be used together with the Factory pattern (used for creating objects). In this scenario, the abstract class’s template method setups up the order of the algorithms and  acts as a helper for the Factory class. [1, pp. 169–187]


[bookmark: __RefHeading___Toc2056_3998417730]Example

//The abstract class containing the template method
Abstract class AbstractCarClass {
	//attributes
	protected $wheels;
	protected $engine;
	//methods
	public function buildCarTemplateMethod($wheels, $engine) {
		$this→wheels = $wheels;
		$this→engine = $engine;
		$this→buildWheels($this->wheels);
		$this→buildEngine($this->engine);
	}
	abstract protected function buildWheels($wheels);
	abstract protected function buildEngine($engine);
}

//A concrete class with implementation of the two functions
class ConcreteCarClass implements AbstractCarClass {
	protected function buildWheels($wheels) {
		///Implementation...
	}
	protected function buildEngine($engine) {
		///Implementation...
	}
}


$car = new ConcreteCarClass();
$car→buildCarTemplateMethod(4,”Some Engine”);


In this example an abstract car class is defined whose buildCarTemplateMethod invokes the buildWheels and buildEngine methods of the child class in a determined order. The implementation however of these methods is left up to the child class ConcreteCarClass. Finally, a ConcreteCarClass object is instantiated. Note however that this object calls the template method buildCarTemplateMethod of the object’s parent abstract class, which in turn calls the parent’s child classes in the defined order. This process provides a clear example of the Hollywood Principle.
As can be seen this pattern can provide one important feature in this case: No matter how the implementation of the building of the wheels and the engine is defined, whenever a car is built  it is guaranteed that  the wheels will be built first and the engine second. In other words, the order of the construction process is always enforced even though the construction’s steps might may vary.
[bookmark: __RefHeading___Toc2058_3998417730]Façade

The façade pattern permits the programmer to group subsystems or complex functionality under a single unified interface, whose purpose is to provide a single central access point to complex functionality. In other words, this pattern is a way of hiding complex functionality or limit access to it by way of a single limited interface. A façade might be thought of as a way to control access to the subsystems involved.
The façade pattern’s main component is “The façade interface”, which might consist of several parts but is considered one component. The interface is thought of as the “hub” of accessing controlled subsystems/functionality.
A notable representation of the façade pattern is the API layer of an application. An API layer permits users to see some of the software’s certain functionality, however only some of its interfaces are used for accessing code inside the API layer.
[bookmark: ZOTERO_BREF_dlOYer49Z39H]For example, a group of classes which define a particular code flow that make up a specific process or functionality might not work or cause errors and unintended side effects if called in the wrong order. A solution to this problem is to make these classes work only from inside and encapsulate the calling order of each classes in a façade so that the code flow is controlled behind the façade. By making classes work from inside and enforcing the way with which they are called, unintended scenarios such as the out-of-order class calling is guaranteed to be not possible. [2, p. 246]
It should be noted that whilst the façade and template method patterns are highly similar, both require different implementations and serve different needs. The template method is used primarily for defining a control flow of code or methods, although the methods themselves may have different implementations. The façade pattern on the other hand aims to hide complex functionality and prevent code tampering.
[bookmark: ZOTERO_BREF_aou6R2aFzgrO][bookmark: ZOTERO_BREF_gPQlaeYyhmVs]
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// Some complex functionality
Class ComplexFunc1 {
	//…
	public void SomeFunc1() {
		//…
	}
	public void SomeFunc2() {
		//…
	}
}
Class ComplexFunc2 {
	//…

	public void SomeOtherFunc1() {
		//…
	}
	public void SomeOtherFunc2() {
		//…
	}
}




// The façade
public class LibraryFacade {
	//attributes
	private ComplexFunc1 $complexFunc1;
	private ComplexFunc2 $complexFunc2;
	//constructor
	public LibraryFacade {
		$complexFunc1 = new ComplexFunc1();
		$complexFunc2 = new ComplexFunc2();
	}
	//methods
	public void BuildSomething() {
		Console.WriteLine(“Building...”);
		$complexFunc1→SomeFunc1();
		$complexFunc1→SomeFunc2();
		$complexFunc2→SomeFunc3();
		$complexFunc2→SomeFunc4();
		Console.WriteLine(“Building Complete”);
	}
}
/
// Example
$libraryFacade = new LibraryFacade();
$libraryFacade→BuildSomething(); // → “Building...” then “Building Complete”

In this example two classes are defined, ComplexFunc1 and ComplexFunc2 which contain some complicated functionality which should not be tampered with or seen by the library’s user.
Next, the LibraryFacade class in turn contains an instantiation of each of these classes along with their functionality. When the LibraryFacade class’s only public (callable from outside the class) method “BuildSomething” is called, the class outputs to the library user that the under-the-hood functionality is in the process of being used.  
Afterwards, the methods of the ComplexFunc1 and ComplexFunc2 are called in the defined order, which may or may not produce some output to the user. Finally, once the process is finished the user of the library is notified.
As seen in the example section, once a LibraryFacade is instantiated the classes upon which is depends are in turn also instantiated and stored in the façade class. Afterwards the BuildSomething method is called which in turn calls a specific number of functions in the background for enabling the functionality behind the façade. Finally simple output is provided for user feedback. In other words, the library’s complexity has been hidden.
[bookmark: __RefHeading___Toc2062_3998417730]
MVC Design Pattern

[bookmark: __RefHeading___Toc2064_3998417730]Introduction

One of the design principles found in software engineering is the principle of Separation of Concerns. This principle involves a process whereby an piece of software is split into different sections, where each section addresses a different concern.  For example, a layered design might involve a data access layer for accessing data, business logic layer for working with the data and presenta1tion layer for viewing the data.
[bookmark: ZOTERO_BREF_gsYq8a7whM5W]The Model View Controller (MVC) pattern represents the Separation of Concerns principle applied to Object Oriented Programming. This pattern is considered an architectural pattern in comparison to a design pattern as it has a broader scope than design patterns. [5, Ch. 8]
[bookmark: ZOTERO_BREF_bNldPaepMWgh][bookmark: ZOTERO_BREF_GZSI41AIT7tT][bookmark: ZOTERO_BREF_9JqQ4h1JKcH4][bookmark: ZOTERO_BREF_NMK3QGT36kJh][bookmark: ZOTERO_BREF_DclwSwHQ2HTS][bookmark: ZOTERO_BREF_CFdkiaRANfbS]Its history can be traced back to Smalltalk; The term exists since the late 1970s and it was conceived as a way of organizing early GUI applications [6, p. 51].The reasoning behind using the MVC architectural pattern for software application is that modularity and pluggability have enormous benefits, such as easier modification and understanding of individual units with no required knowledge of other units [8, p. 2]
The MVC pattern is divided into three main parts, each of which is briefly presented below.

[bookmark: __RefHeading___Toc2066_3998417730]Model

[bookmark: ZOTERO_BREF_ZcBvXd0AGx3e]Models represent the data that users work with. They can be view models which represent data being passed around from views to controllers and vice versa, or domain models which contain the data in a business domain as well as rules, transformations and operations for manipulating the data. Models are not responsible for rendering user interfaces or processing requests. [6, pp. 51–53] The model can also be thought of as the simulation or implementation of the application’s central structure, for example an integer as the model of a counter or text as the model of a text editor. [8, p. 3]
[bookmark: __RefHeading___Toc2068_3998417730]View

[bookmark: ZOTERO_BREF_ylxZb9T6h1Ul][bookmark: ZOTERO_BREF_0I1hXEQpwWGm][bookmark: ZOTERO_BREF_z8SnlD7JppoT]The view represents the graphical part of an application; it requests data from the model then displays it. Views can also contain subviews or be contained in superviews. Superviews can perform GUI transformations, clipping and windowing between the superview/subview hierarchy. Usually, display messages are passed from the top level view or superview down to its subviews. [8, p. 3] Another definition presents views as a template with customized output based on input. [9]

[bookmark: __RefHeading___Toc2070_3998417730]Controller

[bookmark: ZOTERO_BREF_gltZbFKFu238][bookmark: ZOTERO_BREF_kxBn35FoMXp2][bookmark: ZOTERO_BREF_wweaT62O2ex3]Finally, controllers act as an interface between views and their associated models. Controllers can also deal with scheduling interactions with other pairs of views and controllers. In other words, the controller is the object which handles user input, [10, p. 250][10, p. 250]as well as coordinating the view and the model, and handling the communication between the model and the data layer [9, p. 88]

[bookmark: __RefHeading___Toc2184_3998417730][bookmark: ZOTERO_BREF_Wt41hnqOCRuA]Benefits

A benefit of having a clear separation and encapsulation of views and their underlying business logic is the ability of changing the underlying data structures of the model without having to change the code of the presentation layer. The presentation of data and its underlying logic is separated and decoupled. In other design patterns a program’s presentation of data and its underlying data is coupled together, causing an increase in required refactoring should the data logic or view change. As a consequence, decoupling the presentation from the data leads to greater scalability and flexibility, as well as easier integration in other parts of the same or different programs.
[bookmark: ZOTERO_BREF_bzG75jVk6GmW]Next, providing an abstraction on top of an application’s data permits easier sharing of data in different contexts. For example, implementing a site which involves administration where different users have different viewing permissions involves just changing the data models although the underlying data is the same. In this case the model can act as a proxy for data. [11, p. 3]
Finally, designing software using the MVC pattern enforces a clear separation of concerns, which leads to more organized code. As a result necessary features such as data validation are worked on by focusing on the controller, presentation on the view, etc. Updating functionality and presentation is also easier and more granular for the same reason, as these three layers are decoupled.  [11, pp. 2-3]

[bookmark: __RefHeading___Toc2074_3998417730]Drawbacks
[bookmark: ZOTERO_BREF_nSDrnXN10RKb]
One drawback of using the MVC pattern is caused by the finer granularity of UI elements. In this case, elements or data which is used by multiple Views or user interface elements are might require a special mechanism for centralizing the source providing these elements.
Furthermore, state management is required, for example, when model updates have to be reflected in multiple views, which adds a layer of complexity. Knowledge of state management and a state management mechanism is required for sending updates and notifications/signals in-between views and for establishing a proper view-model hierarchy. [8]

[bookmark: ZOTERO_BREF_YVymG1UiVCcW]Next, whilst the MVC pattern employs separation of concerns for more organized code a few new problems emerge as a result of this design decision. For example, whilst view and model are decoupled the view is dependent on the model’s state. For this reason, a change propagation mechanism is required for making sure that views are updated automatically and properly whenever the model changes, adding more complexity to the application.  [13, p. 242]
Finally, the MVC pattern could be considered an unnecessary abstraction to implement on top of software or webpages which don’t require it, such as static webpages and software which doesn’t require multiple views.
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