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[bookmark: _Toc5218214]Abstract

The following document will aim to critically evaluate the purpose and history of web applications and how design patterns integrate into web applications. Specific emphasis will be based on how the implementation of the Layered architecture pattern, Repository pattern, Unit of work pattern are integrated into web applications, particularly with the use of ORM frameworks.
[bookmark: _Toc5218215]1. Introduction
Design patterns in Web Development have become ever more present in recent times and provide a solution to the development of modern day web applications. 
The creation of highly complex frameworks to perform the majority of the “heavy lifting” in applications is why they appeal so much to software/web developers.
In addition, object relational mapping is gaining popularity for its assistance in the integration of relational databases in web applications, especially for the support surrounding object to entity mapping. 
All the previous statements will be elaborated on with detailed discussions into pros and cons of using them.
[bookmark: _Toc5218216]2. Background Research

[bookmark: _Toc5218217]2.1 The Web

The world wide web was is considered to have been invented by Tim Berners-Lee in 1989 and has revolutionised how people socialise, exchange information and perform business [1]. The first proposal Tim Berners-Lee wrote called “information management: A proposal” described a hypertext project referred to as the world wide web, by where numerous hypertext documents could be viewed by using a browser [1].
Prior to the web being as advanced as it is today, it was stringently centralised and relied on one computer to hold the vast amount of documents which resided on it. Tim Berners-Lee had outlined three essential technologies that to this day continue to be the underpinning elements which the web is built on and are incredibly important in maintaining it [1]. The three technologies are:
1) HTML – Hypertext Mark-up Language. This language essentially represents the “language for the web” [1]. 
2) URI – Uniform Resource IdeaIdentifier. URI consists of an address which uniquely identifies a particular resource which exists on the web [1]. 
3) HTTP – Hypertext Transfer Protocol. This protocol facilitates the communication between clients and servers on the web. The process involves sending HTTP requests and receiving HTTP responses [1]. 
These technologies alongside new technologies have been integrated into web therefore creating web applications, w. Web applications are considered more dynamic web content which have a superior user experience to the way web sites traditionally function [2]. 

[bookmark: _Toc5218218]2.2 Web applications

Web applications differ from generic websites because they are defined by user interaction; Web sites are considered to have static HTML which can be viewed and requires/allocates minimal user functionality. The presence of dynamic web applications has risen greatly over the last decade due to the demand of the consumer and the evolution of technology [3]. 
[bookmark: _Toc5218219]3. Design patterns

Software engineering design patterns are considered to be a generalised resolution to frequently occurring challenges in software design, using the correct design pattern can often result in a rapid software development process and can improve the readability of the code by developers familiar with the chosen design pattern [4].
Designs patterns are intended to be general and used as a template to build on, having a pattern which is considerably specific defeats the purpose of creating a “template” because it would result in a specific solution for a specific problem; creating design patterns which are therefore general, will result in the pattern being utilised more because it will be significantly more usable and required [4]. 
A common misunderstanding is that design patterns can only be used when using an object oriented programming language, this sentiment is shared by Partha Kuchana in their book ‘Architecture Design Patterns in Java’ where the Author states “One of the common misconceptions about design patterns is that they are applied only in an object-oriented environment. Even though design patterns discussions typically refer to the object-oriented development, they are applicable in other areas as well” [5]. 
[bookmark: _Toc5218220]3.1 Creational design patterns	Comment by Kemi Ademoye: Before this section, have a sentence to introduce that there are different categories of design patterns which will be discussed next.

Creational patterns often relate to the object creation mechanisms or the instantiation of a subclass based on the context of the project, these different methods are often referred to as object creational patterns and class creational patterns and are used in conjunction with the object oriented programming paradigm due to using objects and classes. The fundamental aim of creational design patterns is to maintain a high level of control over the object creation process and to simplify it to reduce the complexity involved in the design [6].	Comment by Kemi Ademoye: Be mindful of long sentences and break these down into smaller ones.
[bookmark: _Toc5218221]3.1.1 Creational design pattern example - Factory Method Pattern 

The Factory Method Pattern is regarded as one of the best patterns to utilise in the creation of objects by using “factory methods”, these methods facilitate the construction of objects without postulating the particular class of the object that will be produced. This is achieved by calling a method which has is stated in an interface and executed by a child class, or stated in a base class and potentially overridden in a derived or subclass [6]. 

[bookmark: _Toc5218222]3.2 Structural design patterns

Structural design patterns principal intention relates to class and object composition; the structural design pattern also depends on the conception concept of inheritance and interfaces to facilitate the process of object and classes interacting to generate a single whole. The objects and classes can be constructed into large structures while maintaining flexibility and efficiency [7].
[bookmark: _Toc5218223]3.2.1 Structural design pattern example – The Bridge Pattern

The bridge pattern is a popular structural pattern employed by software engineers. The central purpose of this pattern involves the separation of densely connected classes into autonomous hierarchies, these hierarchies comprise of abstraction and implementation which can be established self-sufficiently. This pattern is commonly utilised when the application requires the potential to progressively add functionality but maintain the separation of significant differences by means of abstract classes [7]. (See appendix part 1 for code example).

[bookmark: _Toc5218224]3.3 Behavioural design patterns

In software engineering behavioural design patterns are employed to identify conventional communication patterns which involve objects and acknowledge them, recognising the patterns between objects will invariably lead to enhanced flexibility concerning the communication between them [8].

[bookmark: _Toc5218225]3.3.1 Behavioural design pattern example – Observer Design Pattern

The observer design pattern enforces the procedure that an object (often referred to as a subject) sustains a record of dependents (observers), and informs the observers of any state conversions typically by contracting on of their methods. This view is shared by Jan Hannemann and Gregor Kiczales in their publication ‘design pattern implementation in java and AspectJ’ where they state “In the Observer pattern, an operation that changes any Subject must trigger notifications of its Observers – in other words the act of notification crosscuts one or more operations in each Subject in the pattern” [9]. 

[bookmark: _Toc5218226]4. Layered Architecture Design Pattern

The layered architecture pattern is considered the most commonly used architecture pattern which is often referred to as the n-tier pattern. The majority of mainstream Java EE applications are understood to be consuming this pattern with it being the primary choice for an abundant of companies because it strongly compliments the organisational structure frequently found in organisations [10].
The layered architecture pattern comprises of components which are methodically structured into horizontal layers with each layer executing an exclusive role or position. The layered architecture does not specify a precise volume number of layers which must subside in it; however, most layered architectures generally entail four layers (presentation, business, persistence and database) although this can change based on the size of the application complexity [8]. 
The separation of concerns amongst the software components is one of the most prevalent reasons why software engineers adopt the pattern, it also enforces the logic that each layer only deals with the logic which concerns that layer. This logic would imply that any components which exist in the business layer only deal with business logic. Maintaining this theory will ensure that the layers do not perform operations which are not diametrically associated with them. For example, the presentation layer of the architecture would habitually be responsible for managing any user interface or associate browser communication logic; In contrast to this the business layer would be accountable for performing explicit corporate procedures which are concomitant with the current request [11].
One of the fundamental concepts associated with the layered architecture pattern is that each layer, if possible, should be denoted as being closed, this administers the logic that a request must pass through its proceeding layers before achieving the destination component. If an architecture has four layers (presentation, business, persistence and database) and a request derives on the presentation layer, the request must advance through each layer before reaching the database layer [10]. This is illustrated in figure 1:
[image: ]
[bookmark: _Toc5215925]Figure 1 - Closed Layers with request [10].
This method may seem inefficient when carrying out the process of retrieving or storing data in a database; However, it is specifically designed this way to obey the notorious core concept which is renowned as layers of isolation [11]. 
The concept of layers of isolation signifies that any modifications made on a given layer have minimal to none ramifications to the components which are contained in the other layers. If the degree of isolation is not kept minimal (only with associated layers) it can result in a tightly coupled web application with copious amounts of interdependencies amongst the components. This would inevitably proceed to develop an application which is implausibly difficult to make alterations to because of the relations and interdependencies between the components [11].
One of the main drawbacks of the layered architecture patterns was the concept previously discussed regarding the isolation of the layers. It can be acknowledged that a loosely coupled architecture is what every architect/developer would aspire to have; however, maintaining this scale of isolation can cause issues of if a new layer is implemented into the architecture. 
If a layer is specifically designed to not be accessible from the presentation layer but resides below the business layer, this can cause issues because the business layer now has to proceed through the “new layer” to access the persistence layer. This issue was resolved by creating an open layer; whilst this may seem to be contradictory to what one of the key concepts which the architectural pattern aims to achieve (closed layers to achieve a loosely coupled architecture), it actually conforms to this concept by bypassing the “new layer” which maintains the isolation of the components on the layers. An illustration of this can be seen below in figure 2:	Comment by Kemi Ademoye: Good
[image: ]
[bookmark: _Toc5215926]Figure 2 - Open Layer and the flow of the request [10].
The illustration above demonstrates the bypass of the services layer (new layer), failure to decorously state which layers should remain open/closed will consequently cause the architecture to be tightly coupled and exceptionally problematic to make modifications to and test.
Developing web applications which adhere to the core principles of the layered architecture pattern will result in a clearly defined system architecture which is easily maintainable and better to test against.
[bookmark: _Toc5218227]4.2 Layered Architecture Advantages

Some advantages of exhausting using the layered architecture are:
1. Increased maintainability, flexibility and scalability – Due to the separation of concerns between the layers ensures that the layers only handle logic which is specific to that layer, this allows developers to comfortably maintain the system since they can be independently controlled.
2. Components are extremely modular – Multiple applications can utilise the architecture because the process where the components are constructed and the lack of dependencies on other modules. If a modification such as changing the user interface was to occur, simply replacing the UI component would be sufficient; as opposed to re-creating the whole application and worrying how the components will interact.
3. Allows for parallel development – The interdependencies are kept minimal which facilitates developers with the ability to operate on different parts of the application, if a version control system is in use then this would alleviate the concern around merge conflicts because of the loosely coupled architecture. 
4. Security implementation – The layers of isolation ensures security can be applied to restricted layers and components, this enables security mechanisms to be applied to sensitive components and permits other components to be accessed from sources such as the internet.
5. Testing – simplifies the testing of components individually.

[bookmark: _Toc5218228]4.3 Layered Architecture Disadvantages

Some of the disadvantages associated with the layered architecture pattern are:
1. Overhead – The possibility of having to pass through layers to access or communicate with a component can increase the overhead of the system significantly. A well-designed system which expends the “open” principle when required only, will keep the overhead to an insignificant level. 
2. Complexity – When developing large applications, the layers maintain the encapsulation of intricacy very well; However, with small applications it can become difficult to implement the architecture because of the infinitesimal amount of components contained within the application.
[bookmark: _Toc5218229]5. Object-Relational Mapping (ORM)

Object-Relational Mapping is a computing technique which enables the conversion of data between incompatible type systems using an object oriented programming language. Objects and databases are represented differently; databases utilise a tabular format to represent the data, whilst an object oriented language such as Java represents it through interrelated graphs of objects. The technique permits storing, retrieving, updating and deleting when using an object oriented program with a relational database [12].
ORM provides a solution to the mismatch problem regarding the representation of database and object data, o. Object relational mapping essentially provides a subset of frameworks to map an object to a relational database [12]. 
A commonly used method to connect applications (Java applications) to a database was to use the JDBC (Java database connection) API which permitted application to execute queries against the database which the applications connected to using JDBC drivers. It was considered an effective method until ORM frameworks presented themselves [12].
Below shows an example of writing a code to retrieve employee data from the database using JDBC:
[image: ]
[bookmark: _Toc5215927]Figure 3 - JDBC example.
Using an ORM technique such as Hibernate can significantly reduce the amount of code required to execute the same function, a JDBC connection will still be used in a different file but additional functionality built into Hibernate allows for the developer to use this framework to do complex functions in the background [13]. This is illustrated below:
[image: ]
[bookmark: _Toc5215928]Figure 4 - Using Hibernate (ORM).

Hibernate is considered one of the most common ORM frameworks, it is an open source persistent framework which provides an ORM solution when using the Java OOP language [13]. There are a multitude of conventional data persistence related responsibilities which hibernates alleviates developers from having to complete, it is believed that through the process of mapping using hibernate can reduce the tasks/code written by as much as 95% [12]. 
Hibernate makes use of built in or system annotations which allows applications to consume them, these annotations are simply a way of defining a relational table mapping to meta data [14].

Some annotations in hibernate which are related to a backend data source are:
@Entity – This annotation is used to denote a java class as a hibernation entity bean [13]. 
@Table – This annotation is used to state any details concerning a table that will be utilised to persist an entity which resides in the connected database [13]. 
@Id – Any entity bean which always have at least one primary key, this annotation is used on the class with the primary key being consumed by at least one field [13]. 
@Generated value – This annotation is used to override the default policy which the @Id annotation uses, this decision is typically based on how the tables are structured [13].
@OneToMany – This annotation is to declare that a specific row in a table is mapped to multiple rows in another table [13]. 
An example of some of these hibernation annotations is illustrated below:	Comment by Kemi Ademoye: Good, but any issues? What do the critics say?
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[bookmark: _Toc5215929]Figure 5 - Hibernation example.
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The repository pattern is deemed to be amongst the most widespread patterns employed to develop enterprise applications. The pattern proposes that the code in the application uses objects, exclusive of knowledge on how the objects persist. Any of the knowledge regarding the persistence of objects is contained in the repository which will also represent the mapping of objects to tables in a database [15].
It has been common for developers to include SQL queries around the base of the code. If a developer should try and increase the amount of columns in a specific table, they will frequently be proposed with the tedious process of searching the copious amounts of code files to find the usages of the table [15]. 
The repository pattern would revolutionise this process and invariably make the process significantly easier, the developer would be required to only modify one object and one repository [15].
The implementation of the repositories whilst using the repository pattern is at the discretion of the developer of the application and is dependent of the table structure. The two options for implantation are:
1. A repository for each entity – For example, an employee and wage entity will have separate repositories (one each) [16]. 
2. A generic repository – A generic permits multiple entities to be contained within one repository [16]. 
In most cases which consider large applications will comprise of a repository for each layer to ensure object contained within that repository are easier to find and maintain, this keep the separation of concerns to a high level. Contained within these repositories will be functionality which often consists of create, read, update and delete.; The repository pattern manages CRUD functionality exceptionally well, however, there is a level of apprehension surrounding the intention of the implementation of any save methods in respect to the persistence of objects [16]. 	Comment by Kemi Ademoye: Not very clear	Comment by Kemi Ademoye: What is this apprehension?
The main purposes of the repository pattern are to create an abstraction of the data layer and it aims to create a method of consolidating the management of any domain objects. Characteristically the use of interfaces would normally be found when using this pattern, it adds to the degree of abstraction which is intended to be achieved throughout the application [16].



[bookmark: _Toc5218231]7. Unit of work pattern

The unit of work pattern is used to ensure that any transactions executed against a database either execute in a single unit of work or transaction to ensure they effusively complete or fail. The unit of work pattern works similarly to the ACID atomicity principle often associated with databases and transactions, both methods have validity that the transaction will successfully complete as a whole or nothing [17].
One of the principle reasons behind using the unit of work pattern is that should any modifications to a database occur then it is imperative that they are traced, any objects which have CRUD functionality used against them must remain in a consistent state to ensure the database remains efficient. If an object is created then insert it into the database, if an object is removed from the database then ensure it is deleted (persistent objects must be parallel in volatile and non-volatile memory) [17].

[bookmark: _Toc5218232]8. Repository and Unit of work pattern with ORM

The two patterns are often used collectively to maximise the efficiency regarding objects and transaction management with databases. If an action such as a user completing a registration form on a web application was done; depending on what modifications to the database and repository layers were to transpire, they would all be done in the same transaction to avoid making multiple database transactions [17]. 
Complications can occur when using the two design patterns if they are inefficiently applied particularly when using non generic repositories. This document previously stated that there is a level of apprehension surrounding the intention of the implementation of any save methods in respect to the persistence of objects [17]. The illustration below demonstrates how this complication can occur:

[image: ]
[bookmark: _Toc5215930]Figure 6 - Repository complication example [18].
There may not initially appear to be any erroneous code in the illustration above; however, if an additional repository was created to exemplify a new entity in the database and a transaction may exert multiple repositories, if the transaction does not complete but has effected a proportion of the repositories; this was will cause inconsistencies and integrity issues within the data in the persistent objects and entities in the database [17].
The solution is the unit of work pattern because of the enforcement of the concept surrounding the transaction management, any transaction which traverses over numerous repositories must either complete or fail [19].
The illustration below elucidates the differences between an implementation with and without the unit of work pattern:
[image: ]
[bookmark: _Toc5215931]Figure 7 - Repository pattern with and without Unit of work pattern [18].
A code example of the unit of work pattern is shown in figure 8:
[image: ]
[bookmark: _Toc5215932]Figure 8 - Unit of Work Pattern [18].
A modification to the customer repository would be required to reflect the concerns discussed, figure 9 demonstrates this:

[image: ]
[bookmark: _Toc5215933]Figure 9 - Updated Repository [18].
Using a centralised “unit of work” class ensures that the repository implementation functions effectively. ORM has an important role when using these patterns, it ensures the mapping of persistent objects proceeds effectively and manages the objects in an effectual manner [19]. 
[bookmark: _Toc5218233]9. Conclusion

Enterprise web application have revolutionised the way users can interact with web pages over the internet. 
The introduction of sophisticated new frameworks and design patterns immeasurably adds to the assistance in creating these dynamic applications, that is assuming a competent developer who has experience using them is assigned to develop such applications.
The use of object relation mapping significantly aids in the process of mapping objects in an application to a database and if used in conjunction efficiently with design patterns such as the repository and unit of work pattern, can permit developers to create complex web applications with great concurrency and maintain a great level of transaction management.

The use of the layered architecture pattern can be of great value if implemented correctly, maintaining the separation of concerns regarding the layers involved in the applications should be at the forefront of a developers’ focus. A high level of isolation will ensure requests have minimal effect on other layers and bypassing layers using the “open” principle should be carefully considered before implementation to ensure the layers remain isolated from each other.
The frameworks and design patterns of choice is completely as the choice of the developer/owner of the application, a meticulous approach to deciding such methods should take careful planning to ensure they can deliver the outcome of the application requirements; although as proven in this document if using java as the programming language facilitates the use of fantastic and dynamic ORM frameworks such hibernate.
To conclude, take careful consideration over programming languages, frameworks, design patterns and the multitude of tools which aid in the process of developing web applications; adhere to these guidelines and the results will be rewarding. 
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PART 1
1. Bridge pattern example Java:
If a business produces different types of vehicles it can be assumed that there will be regular changes in the vehicles with the introduction of new models. 







Vehicle class
[image: ]


Bike Class
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Car Class
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Bus class
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Work shop class
Almost acts like an interface, this reflects the “bridge” aspect of the application. The bridge will remain between the vehicles and workshops to complete any construction work using the method declared in the illustration below:
[image: ]

Produce work shop class
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Paint work shop class
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Assemble work shop
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Repair work shop class
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Test work shop class
[image: ]

Main class
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When the application is run the output is:
[image: ]
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public List getEmployees() {

try {
Class.forName("com.mysql.jdbc.Driver");

} catch (ClassNotFoundException e) {
e.printStackTrace();

}

Connection connection = null;

try {
connection = DriverManager.getConnection(

"jdbc:mysql://localhost:3306/Lewis", "1503245", "Passwordl");
Statement statement = null;
statement = connection.createStatement();
ResultSet resultsSet = null;
if (statement != null) {
resultsSet = statement.executeQuery("select * from employees");
}
while (resultsSet.next())
System.out.println(resultsSet.getInt(1) + " " + resultsSet.getString(2) + " " + resultsSet.getString(3));

connection.close();

} catch (SQLException e) {
e.printStackTrace();
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Session session = sessionFactory.openSession();
(List<Employee>)session.createSQLQuery ("SELECT * FROM Employee").addEntity(Employee.class).list();
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@Entity

@JsonIgnoreProperties ({"hibernateLazyInitializer”, "handler"})
public class Goursename implements java.io.Serializable {

@Id
@Generatedvalue (strategy=GenerationType . IDENTITY)

PELVEEE L GRussiEnends

private string goursename;
@OneToMany (fetch = FetchType.LAZY, targetEntity=Course.class, mappedBy = "courssname"

private List<Course> goursenames;
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Jusing System;

using System.Collections.Generic;

using System.Ling;

using System.leb;

'using RepositoryPatternExample.DataModel;
_using System.Data.Entity;

inamespace RepositoryPatternExample.Repository
{

| public class CustomersRepository

{

private Entities _entities = new Entities();

3 public void Add(Customer entity)

I _entities.Customers.Add(entity);
] public void Delete(Customer entity)

S _entities.Customers.Remove(entity);
! }

public void SaveChanges()

: _entities.SaveChanges();
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public class UnitOfiork

{
private OrdersRepository _ordersRepo;

private CustomersRepository _customersRepo;
private Entities _entities;

public UnitOfWork(Entities Entities)

{
_entities = Entities;
}
public CustomersRepository CustomersRepo
{
get
{
if (_customersRepo == null) {
_customersRepo = new CustomersRepository(_entities);
}
return _customersRepo;
}
}
public OrdersRepository OrdersRepo
{
get
{
if (_ordersRepo == null) {
—ordersRepo = new OrdersRepository(_entities);
}
return _ordersRepo;
}
}

public void Save()
{ _entities.SaveChanges(); }
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using System;

using System.Collections.Generic;

using System.Ling;

using System.Web;

using RepositoryPatternexample.DataModel;
using System.Data.Entity;

namespace RepositoryPatternExample.Repository

{

public class CustomersRepository

{
private Entities _entities;
public CustomersRepository(Entities entities)
{
_entities = entities;
}
public void Add(Customer entity)
{
_entities.Customers.Add(entity);
13
public void Delete(Customer entity)
{
_entities.Customers.Remove (entity);
}
public void SaveChanges()
{
_entities.SaveChanges();
}
}




image11.PNG
(@) Vehidejava * @ Bikejava © @ Carjava < (B) WorkShopjava * @ ProduceWorkShop jav

T

import java.util.ArrayList;
4 import java.util.List;

e O | public abstract class Vehicle {

// zssempbly line for the workshops
E List<Workshop> workshops = new ArrayList<WorkShop>();

11 public Vehicle() {

12 super () ;
1 i
14
s boolean joinWorkshop (Workshop workshop) {
return workshops.add (workshop) ;
i

public abstract void manufacture () ;

public abstract int minWorkTime () ;
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() Vehiclejava » @ Bikejava * @ Carjava x (@) WorkShopjava x @ ProduceWorkShopjava x @

1 public class Bike extends Vehicle {

@override
4 of public void manufacture () {
5 System.out.println("Mapufactoring Bike...");
of workshops. stream() . forEach (workshop —> workshop.work ( vehicle: this));
System.out.println("Done.");
System. out.println();

11 @override
12 ©f public int minWorkTime () {
1 return 5;





image13.PNG
) Vehiclejava

© Bikejava « @ Carjava * WorkShopjava * @ ProduceWorkShopjava » @ PaintWorkShop.java *

public class Car extends Vehicle {

@override
of public void manufacture () {
System.out.println("Manufactoring car");
of workshops. stream() . forEach (workshop —> workshop.work ( vehicle: this));
System.out.println("Done.");
System. out.println();
i
@override
of public int minWorkTime () {
L] return 10;|
i
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© AssembleWorkShopjava < @ RepairWorkShopjava * @ TestWorkShopjava < (8) WorkShopjava » (B V

1 public class Bus extends Vehicle {

@override
4 of public void manufacture() {
5 System.out.println("Manufactoring Bus");
of workshops. stream() . forEach (workshop —> workshop.work ( vehicle: this));

System.out.println("Done.");
System.out.println();

¥

1 @override

11 @f public int minWorkTime () {

12 return 20;
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WorkShopjava * @ ProduceWorkShop.java

() Vehidlejava » @ Bikejava x @ Carjava x
1 @ |public abstract class WorkShop {

3 o

public abstract void work(Vehicle vehicle) ;l
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(@ Vehidejava » @ Bikejava x @ Carjava * (B WorkShopjava *

ProduceWorkShop.java * @ PaintWorkShopjava *

1 import java.util.concurrent.TimeUnit;
public class ProduceWorkshop extends WorkShop {

s public ProduceWorkshop () {
super () ;
7 ¥
@override
of public void work(Vehicle vehicle) {

1 System.out.print ("Producing ")

11 long timeToTake = 300 * vehicle.minWorkTime () ;

12 try {
1 TimeUnit.MILLISECONDS.sleep (timeToTake) ;
14 } cateh (InterruptedException exp) {

1€ i
1 System.out.printf (" (Time taken: %d millis),

Done.\n", timeToTake);
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(® Vehiclejava *

© Bikejava © @ Carjava < (B) WorkShopjava * @ ProduceWorkShopjava *

1 import java.util.concurrent.TimeUnit;

public class PaintWorkshop extends Workshop {

7 i

5 public PaintWorkshop() {

super () ;

@override
of public void work(Vehicle vehicle) {

System.out.print ("Painting... "

long timeToTake = 100 * vehicle.minWorkTime () ;
try {

TimeUnit.MILLISECONDS.sleep (timeToTake) ;
} Eateh (InterruptedException exp) {

i

System.out.printf (" (Time taken: %d millis), Done.\n"

, timeToTake) ;
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® AssembleWorkShop.java *

e 1 import java.util.concurrent.TimeUnit;

public class AssembleWorkshop extends Workshop {

s public AssembleWorkShop () {
super () ;

7 ¥

@override

of public void work(Vehicle vehicle) {

1 System.out.print ("Assembling... ");
11 long timeToTake = 200 * vehicle.minWorkTime () ;
12 try {
13 TimeUnit.MILLISECONDS.sleep (timeToTake) ;
14 } catch (InterruptedException exp) {

1 i
1 System.out.printf (" (Time taken: %d millis), Done.\n", timeToTake);
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@ AssembleWorkShopjava € RepairWorkShopjava @ TestWorkShop.java *

1 import java.util.concurrent.TimeUnit;

public class RepairWorkshop extends WorkShop {

5 public RepairWorkshop() { super(); }
@override
of public void work(Vehicle vehicle) {

1 System.out.print ("Repairing... ");

11 long timeToTake = 150 * vehicle.minWorkTime ();
12 try {

13 TimeUnit.MILLISECONDS.sleep (timeToTake) ;|

} Eateh (InterruptedException exp) {

1 i
1 System.out.printf (" (Time taken: %d millis), Done.\n"

timeToTake) ;
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® AssembleWorkShopjava x @ RepairWorkShop java *

TestWorkShopjava

import java.util.concurrent.TimeUnit;

public class TestWorkShop extends Workshop {

public TestWorkShop() { super(); }
@override
of public void work(Vehicle vehicle) {
System.out.print ("Testing... ");

long timeToTake = 50 * vehicle.minWorkTime () ;
try {

13 TimeUnit.MILLISECONDS.sleep (timeToTake) j|

} Eateh (InterruptedException exp) {

i

System.out.printf (" (Time taken: %d millis), Done.\n"

timeToTake) ;
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(B Vehiclejava * @ Busjava * & BridgePatternMainLewisWells.java *

4 public class BridgePatternMainLewisWells {
4 public static void main(String[] args) {

Vehicle bike = new Bike();
bike.joinWorkshop (new ProduceWorkShop ()) ;
bike.joinWorkshop (new AssembleWorkshop());
bike.joinWorkshop (new TestWorkshop());
bike.manufacture () ;

Vehicle car = new Car();

car.joinWorkshop (new ProduceWorkshop());
car.joinWorkshop (new AssembleWorkshop ());
car.joinWorkshop (new PaintWorkshop());
car.joinWorkshop (new TestWorkShop ()) ;
car.manufacture () ;

Vehicle bus = new Bus();

bus . joinWorkshop (new RepairWorkshop());
bus . joinWorkshop (new AssembleWorkShop ()) ;
bus. joinWorkshop (new TestWorkshop());
bus.manufacture () ;

21
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Run:

s

C:\Program Files\ 1k1.8.0_201\bin\
Manufactoring Bike

Producing... (Time taken: 1500 millis), Done.
Assembling... (Time taken: 1000 millis), Done.
Testing... (Time taken: 250 millis), Done.
Done .

Manufactoring Car

Producing... (Time taken: 3000 millis), Done.
Assembling... (Time taken: 2000 millis), Done.
Painting... (Time taken: 1000 millis), Done.
Testing... (Time taken: 500 millis), Done.
Done .

Manufactoring Bus

Repairing... (Time taken: 3000 millis), Done.
Assembling... (Time taken: 4000 millis), Done.
Testing... (Time taken: 1000 millis), Done.
Done .

Process finished with exit code 0
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