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1. [bookmark: _Toc5276743]Introduction. 
In this report, the author will detail what object-oriented programming is, what cohesion and coupling are and the benefits of high cohesion and low coupling through data encapsulation and abstraction and describe the Liskov Substitution Principle and how it may be violated. Graph code that has ben provided in the assignment brief will be analysed. Finally, if any changes to are made to provided code, an explanation of how the modified code works will be provided.
2. [bookmark: _Toc5276744]Object Oriented Programming (OOP). 
2.1. [bookmark: _Toc5276745]What is OOP?
Object Oriented Programming is a software programming model/design centred around the concept of “objects” rather than “actions”. Simply, an object is an instance of a class [1].  In OOP, not only can the data type of a data structure can be defined, but types of operations (functions) can also be applied to the data structure [2]. 
The basic structure of an object-oriented class is 4 sections for Attributes, which are the variables the class holds, these variables must have a set protection level, such as private or public, but is almost always set as private. Constructors, which are methods used to set the initial values of the object. Properties, which are and methods that are used to access variables within the class, finally Methods, are used to modify the behaviours of the class. An example of this would be a class of “Person”. The attributes would contain variables such as name or age, the constructor would set the initial value of these attributes such as name being “Steve” and age being “19”, the property could change the value of name to “Jon”, finally, the class could have a walk method which tells the person class to perform a walk action. 
2.1.1. [bookmark: _Toc5276746]Object Oriented Programming Concepts.
	In Object Oriented Programming, there are many concepts that can be followed, some of these being Inheritance, Abstraction, Polymorphism and Data Encapsulation. Interfaces are also widely used in object-oriented programming to “replace” inheritance as it seen as more superior and secure. 
Firstly, inheritance is a mechanism where a hierarchy of classes can be formed, commonly discussed as parent classes and child classes. A class that inherits from another class is known as the child class or derived class and the class that is being inherited from is known as the parent class or base class [3]. An example of this would be a parent class of type “Person”, then two child classes of type “male” and “female”. When a class inherits from another class, this means that the child class inherits all the attributes and methods from the parent class, meaning the child class has access to the attributes and methods. An example of this would that class “person” has attributes for name and numberOfEyes, “male” and “female” would have their own unique attributes and methods, however, they would inherit the name and numberOfEyes attributes from the “person” parent class.  
	Abstraction in OOP is a key concept where the end goal is to handle the complexity of the application, for example retrieving a large amount of data from a pool, then essentially hiding all the unnecessary details and information away from the object [4]. An example of abstraction in an application would be a banking application. A printBankStatement method is needed to print a bank statement to a user. The “user” class may contain details such as name, address and favouriteFood. The method needs the name and address and not the favouriteFood, so the unnecessary is removed/not used. This means abstraction is successful. When creating an abstract class, the keyword “abstract” must be used at the beginning of the class. The same process is used when creating an abstract method. 
	Again, Polymorphism is key concept in the world of object-oriented programming. Polymorphism is the process and ability to process objects differently depending of the data type of the object or the class. Programming with polymorphism in mind, a user can redefine certain methods for derived classes [5]. Derived classes (child classes) are classes that have been created based on previously existing classes, such as a base class (parent class). This is directly linked to inheritance, which has been detailed previously. An example of this would be with a base class of “Animal” with a method of MakeNoise, and two derived classes of type “Dog” and “Cat”, the 2 child classes will inherit that method and whatever object is “active”, the dog would print “bark” and the cat would print “meow”. 
	Finally, Data Encapsulation, yet again is key concept for object-oriented programming. Data Encapsulation is a way of preventing other classes/clients from accessing data that they don’t need to have access to. Also, accessing this data could potentially cause a lot of problems for the application. Simply, Data Encapsulation is way of protecting data from being accessed by other classes. An example of this would be if there was a class of type “Person” and a class of type “dog”. The person has a name attribute, a private setter and a public getter, dog has an attribute of owner. Within in the main, to protect the attribute of name in person, when trying to see the owner of dog, the name of person can be gotten with “.getName” as it is public, instead of setting the name as it is private. There are 4 types of primary modifiers are private, public, protected and no modifier (meaning no modifier is chosen). As most commonly used in industry, most if not all attributes are set to private, getters are commonly set to public and setters are commonly set to private, this is done as having a public setter equates to having a public attribute, which, as mentioned, can cause problems. 
2.2. [bookmark: _Toc5276747]High Cohesion and Low Coupling. 
2.2.1. [bookmark: _Toc5276748]What is Cohesion and Coupling. 
Cohesion in OOP refers to assuring that classes are designed with a single, well focused purpose. The more the purpose of the class is thought about and what the class should do, the higher level of cohesion is achieved. As highly cohesive classes have a focused purpose, this means that individual classes can operate more independently, without being tied to other classes [6].
	Coupling in OOP refers to the degree in which any part(s) of a class rely on other part(s) of other classes for their fully-intended operation. This goes against cohesion as a highly coupled class does not have a single, well thought-of purpose, and is instead a class which contains operations not intended for use in the class. Also, a high coupled class means that the class cannot operate as independently as a lowly coupled class, which can impact performance of the application [7]. 
	For example, if there was a class that would add 2 numbers, however, this class would also display the result of the calculation, this is an example of low cohesion and high coupling, as the class should have one purpose, add two numbers, however it also displays the calculation, this is not the ideal situation. However, if we had a class that would add two numbers and another class which would display the calculation. The display class would be able to call the addTwoNumbers method, then get and display the result, this is an example of high cohesion and low coupling, as the two classes can work independently without breaking any part of the application, however they can work together.
2.2.2. [bookmark: _Toc5276749]Benefits of High Cohesion and Low Coupling through Encapsulation and Abstraction. 
There are many benefits to highly cohesive and lowly coupled classes in OOP, one such benefit being the application is easier to develop, this is possible as when creating highly cohesive classes, classes will perform one action very well, this means that when thinking of the application, operations can be broken down and developed easily as there may be many classes, these classes will be smaller than highly coupled classes. 
This leads into the next benefit, highly cohesive applications when created, are easier to maintain. If any problems are identified, as there is minimal coupling and classes can work independently, these problems can be discovered and rectified rather quickly. Whereas a change to a highly coupled application can cause multiple other problems for the application as classes are dependent on each other. 
	In relation to the previous benefit, having a highly cohesive application also means that adding new features is significantly easier. As classes are designed to work independently of each other, adding a new feature is a straight forward process as it won’t interfere with any pre-existing code. Again, comparing to a highly coupled application, as classes are largely dependant on each other in their current states, adding a new feature will prove troublesome as it would require rewriting a significant amount of code.
	Finally, a highly cohesive and lowly coupled application means that the application is less fragile and far more flexible. In a highly coupled application where classes depend on each other and components being essentially “hard coded” into place, modifying even the most minute details of a class may cause unforeseen consequences for the application, such as class relations breaking, data encapsulation being violated, abstraction being violated etc.  
2.3. [bookmark: _Toc5276750]Liskov Substitution Principle (LSP).
2.3.1. [bookmark: _Toc5276751]What is the Liskov Substitution Principle?
The name “Liskov Substitution Principle” is derived from the name of the creator of the principle, Barbara Liskov, who created the principle in 1987. The LSP is a principle which enforces strong behavioural subtyping. Subtypes derived from the base type must be suitable. For example, wherever the instance of a base class is used, the instance of the derived class can take its place. 
“Methods and classes that use the parent class and/or interface, should have no need to know the exact behaviour of the child classes because it should be the same as the base class”. – Mike Dacey. 
The principle ensures that the use of inheritance is used corrently [8].
“Functions that use pointers or references to base classes must be able to use objects of derived classes without knowing it”. Barbara Liskov.
2.3.2. [bookmark: _Toc5276752]LSP Violations.
As the LSP ensures that inheritance is used correctly, identifying LSP violations can be rather simple. For example, if there was a base class of “Bird” with methods such as “fly()” and “makeNoise()” and two child classes of “Penguin” and “Seagull”, this would make sense as both seagulls and penguins are both birds. However, this violates the LSP as the bird base class assumes that all birds can fly, which is incorrect as penguins may be birds, but they cannot fly. 
A possible fix to this problem would be to make sure flightless birds do not inherit any flying bird functions from the base class. This can be done by removing the “fly()” method from the base class and removing the “penguin” and “seagull” classes and replacing them with “flightlessBird” and “flyingBird” classes. The “fly()” method is moved into the “flyingBird” class and not placed into the “flightlessBird” class. These classes still inherit from the “bird” base class but provide different functionailities without violating LSP.
	Violating LSP is a terrible action as the purpose of having abstract base classes and abstract classes in general is that it ensures that in the future, it is possible to add new derived classes with ease and have no worry breaking class relations and breaking other components of the application [9]. 
3. [bookmark: _Toc5276753]Code Analysis. 
During the development of the application, some classes were edited with the pre existing code being modified to suit the new functionality of the class, whereas some other classes were created with pre existing code being used again to suit the new functionality of the application.
	The first class that was created was the “Manufacturer” class. Code from the “TextNodeItem” class was used as template for the class. The functionality of the class is that it creates the node for a manufacturer. The changes made were that the class contains two attributes, “Id” and “Company”. See appendix 1 for code differentials.
	The second class that was created was the “Car” class. Yet again, code from the “TextNodeItem” class was used as template for the class. The functionality of the class is that it creates the node for a car. The changes made were that the class contains three attributes, “Id”, “Make” and “CarModel”. See appendix 2 for code differentials.
The third class that was created was the “FindAllCarsByManufacturer” class. Here, code from the “TextNodeVisitor” class was used as template for the class.  Also, extra code found in the brief was used as it was needed for the full functionality of the class to work. The functionality of the class is that it will find all cars by a certain manufacturer. The changes made were that certain default references to pre provided code needed to be changed, for example references to “TextNodeItem” needed to be changed to “Car”. See appendix 3 for code differentials.
The fourth class that was created was the “CarNodeSearcher” class. Here, code from the “TextNodeSearcher” class was used as template for the class. The functionality of the class is that it searches through all the car nodes. The changes made are like the previous changes, that certain default references to pre provided code needed to be changed to fit the current context of the application, for example references to “TextNodeItem” needed to be changed to “Car”. See appendix 4 for code differentials.
The final class, the main “Program” file, was altered heavily to suit the needs of the application. The purpose of the main program file is to execute all main functionalities of the application, these being to read through graph, then display each node and how they all relate to each other. Also, the user is able to input what manufacturer they would like to use from a displayed list, then all the available car models created by the manufacturer will be displayed, they are then prompted if they would to choose another manufacturer, if they choose yes, they can choose again, if not, they are then prompted to close the application. See appendix 5 for code differentials.
See appendix 6 to view the application functioning. 
4. [bookmark: _Toc5276754]Conclusion. 
In conclusion, the author has detailed what object-oriented programming is, a few key concepts behind object-oriented programming such as polymorphism, data encapsulation, abstraction etc. Cohesion and coupling have been detailed and why designing an application with high cohesion and low coupling with data encapsulation and abstraction is highly beneficial. The Liskov Substitution Principle has been discussed and how it may be violated. Finally, any changes and/or additions to provided code has been detailed. 
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[bookmark: _Toc5276757]Appendix 1 – Car Then TextNodeItem. 
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Appendix 2 – Manufacturer Then TextNodeItem. 
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Appendix 3 – FindAllCarsByManufacturer Then TextNodeVisitor. 
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Appendix 4 – CarNodeSearcher Then TextNodeSearcher. 
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Appendix 5 – Main Program. 
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Appendix 6 – Main Program Working.
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