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[bookmark: _Toc5208155]Introduction

In this report the author will demonstrate an understanding of Object Orientated Programming and explore the Liskov Substitution Principle and the effects it has on object orientated programs. Finally the author will demonstrate how the program produced for this module works and what functions and design principles were used.
[bookmark: _Toc5208156]Object Orientated Programming

Object Orientated programming (OOP) is a technique of programming in which the programmer may use classes and interfaces to make objects. Objects are part of a class that have data as well as variables and functions to change or add to the data in the class. [1] 
Object orientated programming results in low coupling. Coupling in programming terms refers to how much each section of the software depends on other sections of the software. Outside of Object Orientated Programming most software is programed with a high level of coupling, meaning that an error found in one section of the program will affect any other sections that depend on that section. In Object orientated languages however the level of coupling is reduced which benefits these types of software less features of the software rely on the features of another class or interface. [2]
A good Object Orientated Software also has high levels of cohesion, this refers to how each element of a program that are intended to solve the same problem are put together in a single component. Each component should serve one task and do that one task well rather than each component doing many things at once, especially since this means that those functions can be used again in the software to solve the same problem elsewhere. Object Orientated programs usually have many functions that perform single tasks, typically an alternative programming technique might have functions that are unrelated to any other uses and might be more than one solution which means the function may not be used more than once. 

[bookmark: _Toc5208157]Benefits of object orientated programming 

Some of the major advantages to using an Object Orientated approach to programming are the use of inheritance and polymorphism. Inheritance is a method of having classes that inherit off of other classes. For example, an object could be made called “Guitar”, however the programmer might also need an electric guitar and a bass guitar made, instead of being made separately, they could inherit from the standard “Guitar” class as all of the different types of guitars have those similarities with a few attributes that separate them. As guitar is the standard class it means that other guitars can be made using the same model of a guitar and then with added features such as the ability to plug the guitar into an amp for an electric car, however, the objects would have similarities to the standard guitar such as the strumming of strings to play sound, as a result inheritance saves time when developing. [3]
Polymorphism is when a function can be used over multiple inherited objects. For example, if the “Guitar” object had a function named “Play” it could be used for any guitar type like “Guitar.Play”, ”ElectricGuitar.Play” and “BassGuitar.Play”. This technique is called polymorphism because the function has the same use but it can change how it does this use based off of which type of guitar is calling it. [4]

[bookmark: _Toc5208158]Role of encapsulation and abstraction

Encapsulation in terms of Object Orientated Programming increases the flexibility and security of the code. Encapsulation means that private data cannot be altered from outside of a class or be used by any other classes, as a result it keeps the data safe from being changed if it’s not meant to. [5] Encapsulation then, is a method of hiding data that shouldn’t be changed.
The role of data abstraction is to generalise information. For example, a person playing a guitar knows that the strings make the guitar make noise, but they may not necessarily know what noise it’ll make, it may even be different depending on which guitar is being used. This means that the method of the guitar making noise would be put in place but then the noise it would make would be changed later when a new guitar is made. As an additional example, we might know that a class that adds two numbers together would be a number + a number, but we may not know what numbers will be used. Instead the program would use an abstract class to calculate it when the two numbers are presented. [6]

[bookmark: _Toc5208159]The Liskov Substitution Principle

The Liskov Substitution principle is one of the five main SOLID software design principles and was demonstrated by Barbara Liskov in 1987. The principle’s purpose is so that anything that uses a class must be able to use objects of that class, if it does not do this then this then the program fails to follow Liskov’s principles. A child class should do everything a parent class can do without it being told to do so because it inherits those functions from the parent class. For example, a rectangle class would have two main attributes, a length and a width. However, if the programmer wanted to have a square class it might make sense to use the rectangle class but this would not be suitable as it has the ability to change both the height and width, a square would only need one of these and then copy that result to the other sides and so there are functions that aren’t being accounted for and thus this example would not be suitable under the Liskov Substitution Principle. [7] [8] [9]

[bookmark: _Toc5208160]Effects of the Liskov Substitution Principle to software design

The Liskov Substitution Principle’s main purpose is so that if a child class replaced a parent class the user should be completely unaware of this fact as the same features should exist. 
One major benefit of the Liskov Substitution Principle is that code becomes more reusable. For example two different models of car would act similarly and would be functionally the same, if one replaced the other the user would be unaware of the change on a functional level. However, if the car was replaced with a bus class then the user would likely be well aware of this change as a result of a car and a bus controlling very differently from one another. This means that the Liskov substitution principle is reusable because a new car class could inherit from a previous existing car without the need of reinventing it over and over again. Failure to implement Liskov’s principles can result in programmers having to change code in multiple places. When a child class inherits from a parent class, if the parent class is given new features or changes to existing features these will carry over to the child classes instead of having double entry of code on each class which saves development time. [10] 
[bookmark: _Toc5208161]Graph Data Structure 

In this section of the report the author will analyse the code they have produced and explain what features have been included and how they work.

[bookmark: _Toc5208162]Analysis of source code

The program created by the author is an album shop/service in which a graph contains information about albums, artists and songs that are contained within it. The goal is so that the user should be able to search from the graph and have a pointer traverse the nodes within to find the desired information and in some cases adjacent nodes.

[image: ]
Line 14 of the program is declaring the graphs name that will contain all of the album information for this program. Artists, Albums and Songs will be placed into the graph. Lines 19-21 contain an unused lambda search to find albums that contain that match an album’s title by comparing that the albumTitle variable with the album names contained in the Album class by using a class called AlbumSearch which has been created to help the program find nodes in the Album class. This is only unused as a different search method was used further down in the program.
[image: ]
Line 26 is adding a new node to the graph using the StartNode class. The StartNode class is going to contain an item called “Top”, this will be considered the first point of the graph, it’s where the pointer will default to at the beginning of the program and will also connect to the Artist nodes. StartNode was implemented later into the development as the author had discovered that their graph without a start node created a graph that had been split into three separate lists with no way of searching through the second and third artists as it originally defaulted onto the first artist. Line 28-31 are inserting three different artists into the graph whilst using the Artist Class, the author has declared their Artist Id and Artist name.

Lines 33-52 are declaring the Albums in the graph using the Album class, the author has declared each album with an Album Id, Album Name and an Album Price.
[image: ]
Lines 56-198 are inserting into the graph a list of songs using the Song class, the author has declared each song with a Song Id and a Song Name.
As of right now however, none of these nodes are connected. All are unorganised and not linked in any particular order. The next step of the program is to fix that by using Edges. Edges are used to link one node to another.
[image: ]
Lines 201-203 is connecting with edges the “Top” node (from the StartNode class described earlier) and connecting them to all three of the artists. Then an Edge Direction is set, in this case it means that searching for adjacent nodes to artists will bring up each artist’s albums and not display the top node.

Lines 205-222 is connecting with edges the artists to the albums that they have made. 
[image: ]
Lines 224-354 are used to connect with edges the albums to the songs, this time the edge direction is set to undirected so that when songs are searched for the program will display the album it belongs to as well. The graph would look something like the diagram below:

[image: ]
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Lines 362-365 are used to display all of the nodes in the graph by calling a function called DisplayGraph. DisplayGraph travels the entire graph and displays every node it travels to in a breadth first search starting from the top of the graph. The display shows all of the nodes and the adjacent nodes of those nodes. 
[image: ]


Lines 369-380 is the first search in the program, the subject of this search is given by the user and is stored in a string variable called “albumTitle”. The title is read  back to the user and then a message is displayed to the user saying “Album found, it’s called [AlbumName] and it costs [Price]” or “Album not found” if it does not exist in the graph.
[image: ]
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Lines 385-391 contain the second search, this time a search for the item Id to display the name of the item. This would be useful if the Id was the barcode signiture and when it’s scanned in the album name would come on the screen.

Lines 393-407 is another instance of lambda. The desired price is £15 and so this search will look for any albums it travels to that has a price lower than £15 and then display it.
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Lines 410-424 is a search for a specific album and then displays the album name and price. Also the search uses a class called SongNodeVisitor so that when the album is found the functions search for any adjacent nodes to the album that have a SongName variable. As a result it then displays a list of songs that are connected to the album.
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Lines 428-443 is mostly the same as the previous search however in this one the user can enter the name of the album they’d wish to view the song list of.
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Lines 448-463 allows the user to enter the name of an artist. If the artist they’ve searched for exists in the graph then the artist Id and name will be displayed as well as a class called AlbumNodeVisitor will then show any albums that Artist has produced.
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Lines 467-484 is a method of getting new information into the graph. So five variables have been declared, one for an album and four for songs. The user is prompted to enter the details of a new album and the names of four songs.

Lines 487-497 is for entering in the information provided into the graph and making new nodes. It first puts an album using the Album Class and places it into th graph and then four songs using the Song class and places them into the graph.

[image: ]
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Lines 503-518 are the final lines of the program. This code is to test that the album details have been saved into the graph successfully, the user can enter the album name that they have entered and then if it has saved successfully then the new album and songs will be displayed. 
[image: ]


[bookmark: _Toc5208163]Conclusion

In this assignment the author has demonstrated an understanding of Object Orientated Programming and has developed a program that displays how Object Orientated Programming works. The author has also researched design patterns such as the Liskov Substitution Principle.
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