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1. [bookmark: _Toc5289737]Introduction 
This report will look at the object-oriented programming and the benefits of how it uses high cohesion and low coupling to make it an efficient way of programming something.

2. [bookmark: _Toc5289738]Benefits of high cohesion and low coupling 
When programming using object-oriented programming, it can be a very efficient way of programming something. Object-oriented programming is creating programs using classes and interfaces. It uses objects and classes and interfaces together to identify all of the objects, it does this by putting the different methods in different classes so that for example one class could have a bike class containing wheels, handlebars and frames. Then other classes can be created for other parts like if the bike was to have an engine, you could have an engine class which would be different to the bike class. This engine class could then have attributes to the engine. Then objects could be created so that they can be used, these are often for what the class will do like in the bike class they could be for pedalling and steering [1]. OOP uses low coupling which is when different classes for different objects and methods. A good example of low coupling would be a music program, you would have an album class which would contain attributes for the album and only the album, an artist class and attributes for the artist, a song class which would contain the song attributes and only the song attributes. A bad example would to have a class containing the album, artist and songs. This is because if you wanted to find something to do with the artist, you would have to go through the class with the artist and the song and album. Low coupling would be to get the artist from the artist class with no complications, this is so that you do not affect the album or the song but only the artist class and attributes [2].  High cohesion is when a class has one particular purpose and will only complete one task only [3]. A good example of this would be a bike class, inside the bike class there would be separate functions that would control the bike rather than one lump of code. There would be a function for pedalling, another function for steering and another function for riding. This would be a good example for high cohesion because if the programmer wanted to change something about the pedalling class, they would only have to change the pedal class and only the pedal class.
2.1 [bookmark: _Toc5289739]Data Encapsulation 
Data encapsulation is also used in OOP, it is when attributes are encapsulated inside of a class. This can be done by describing the attributes as a private or a public, this is so, if the attribute is private in can only be seen inside of that class or function [4]. This also means that the private attribute that has been made private cannot be used outside of that class and also means that you can reuse that attribute name elsewhere inside of another class. If made public, it can be used throughout the program, this is useful if the user wanted to carry an attribute throughout the program rather than creating one in each class. The benefits of this approach would be that by doing this it means that the user can use one function throughout the program. For example, the user used a function called Product, which had the attributes of the products which would be added in the program. The Product function is a public function which means that it can be used in the program class and the other classes which will need to know the attributes of the product.
2.2 [bookmark: _Toc5289740]Abstraction 
Abstraction is a process used in OOP when some classes and functions can be hidden so that some not important data can be hidden or kept private. This also links into encapsulation, abstraction uses private and public functions, and this is done by having a private function or class which will then only be seen in that class. This is so that data cannot bee seen outside of that class. That data can then be important to an attribute or function and then this function can be used throughout the program with the private data giving the function its attributes [5]. An example of this is would be a login program. The user would enter their data and only the username and password would be visible along with the login button. All of the work that is being done behind the scenes is hidden from the user and is being done by functions and classes which is calculating if the users credentials are correct without showing the user any of the users data which would be kept in a private function, which be only visible inside of that class.
2.3 [bookmark: _Toc5289741]Liskov Substitution Principle 
The Liskov substitution principle (LSP) is when a child class inherits off a parent class, and then for the parent class to be changed for another class without it affecting the program. This is used because if a subclass was being created but it didn’t have the same requirements of the parent class, a different class could be created for that new class to be created off. This could help with better design because of instead of creating new classes and using more code to make it functional, you could use LSP to find a way around this problem. An example of this could be a program which would have classes for transportation devices. A parent class could be created for the main attributes for each transportation device, which could be the name, speed and the engine. Then for the first class which could be a car, this would inherit the transportation class, this transportation device has all the attributes of the parent class so there are no problems. Then another class could be created which could be a train, this would also inherit the parent class and have no issues with the parent class because of the current attributes. If a new class called bike class was to be created, there would be an issue because the bike has a name, speed, but it doesn’t have an engine, this means that there would be a violation. This also draws into Polymorphism, this is when something can take many forms or different actions, for example the TransportationalDevice had two similar classes in car and train but then had a Bike class which is the same in which It is a transportation device, but different in which it has no engine and it is powered by the user [6]. Polymorphism is in all OOP programs because it then allows each class or function to be more specific rather than one type for that class. It allows each class to be variant of its subclasses or attributes. This is where LSP comes in. the parent class would have to be changed so that it doesn’t have an engine attribute, only a name and speed attribute. A new class would be created which would be called DeviceWithoutEngine, and DeviceWithEngine this would both inherit off TransportationDevice. Now Bike class can now inherit the DeviceWithoutEngine class so that is not longer has the attributes for an engine. The car and train class can now still inherit the class of which has the engine attribute [7]. Using this design principle is a good way of designing code because rather than coding more code to add in separate classes just for the bike, this design principle can be used for an easier and tidier way of coding.
3. [bookmark: _Toc5289742]Code analysis 

[image: ] this is naming the graph products so that when the nodes are created they will be named after this graph.
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This was the creation of the Product class which had the attributes for the product which would be added. An Id, Make and Model were all created so that when they are made the make and model could be specified, along with the data type so that the program knows what type of data it must accept.
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This is where the the make, model and Id’s are made into a public induvidual strings so that they can be refered to by other classes.
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This is where the phones are added to the Product list so that they can be accesed later on. It also starts with the products graph so that once they are added they can be added to the graph.
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More nodes added so tere are accessories as well as phones.
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This is so that the Top is top of the tree graph when it is displayed, this is so that when the program is asked to be displayed, the author must add a startnode which was added in the previous screenshots. Then, when  the program searches for Products, you tell the program to start at the start node, which is refered to on the edges as top.
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This is also for when the graph is created but for creating the tree. The phone products shown will be so that CHARGER1 is a node of PHONE1, this is so that the charger 1 can be used by phone1. This is the same for all of the nodes. For the two nodes at the bottom they are the two edges for the two iphones, this is so that when they are put into the graph, the phone accessories are together and the other devices are togther.
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This is adding branches from the phones that accept wireless charging are all accociated with the correct phones.
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This displays the graph so that the user can see the full graph and all of the conections.
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This is the search code, first of all it is inside of a for loop so thatit will ask you if you want to search for a make or model and then if you wish to continue, if so, it will bring you back to the beginning of the loop. If not it will exit the loop. It referes to the class FindAllProductsByMake which is the code for finding the phones by make. It then uses a onsole write statement which asks the user to search for a make. It then uses the string productMake which is created previous. ProductMake is then equal to console ReadLine which would be the make of the phone that the user entered. Using the console.writeline statement, it then shows ‘products found:’ followed by {0} which calls the models of the makes searched for by the user, followed by prod.Model which looks for the nodes with the makes with the same as the one searched for and then displays the models that match.
It then has a simple if and else statement which asks the user if they want to search for another make. A string called Response is made. Response is then made equal to console readline so that the response of the user can then be used in the if statement. The first if statement shows that if Response is equal to ‘yes’, continue, which will then exit the loop and then the ‘enter a make to search for the models will arear again. If repsonce is not equal to yes which means the user has most probably entered no, it will just pause the program, not allowing the user to complete another search.
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This class is the bakground processing that finds the models when the user searches for a make. It looks through the list of products which has all of the phones inside of it and looks for the make of which the user has searched for.

4. [bookmark: _Toc5289743]Conclusion 
After completing the application, the it succesffuly searches for the nodes that have been added into the graph and uses the graph to look for the models that are connected on the graph so that the models that are on the phone are brought up. Also by looking at some of the design principles and looking how these can change the design and make programs run more efficiently and that would be ready for something that would be added that isnt the same but because of how it has been made, can be programed in. also the benefits of low coupling and high cohesion have been realised and how it can help the programmer when creating a program.
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public Product(string id, string make, string model)

{

Make = make;
Model = model;





image3.png
6 references
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public string Make { get; private set; }
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public string Model { get; private set; }
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products.AddNode(new Product("CHARGER1", “"belkin”, "usb type C"));
products. AddNode(new Product("CHARGER2”, “apple”, "lightning cable”));
products. AddNode(new Product("CHARGER3", “Belkin”, "Boost up wireless charger™));
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string displayText;
displayText = products.DisplayGraph(
Console.WriteLine(displayText);
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for (int i = @; i < 55 i++)

{

FindAl1ProductsByake search;
string productMake;

Console.Write("Enter a make to search for the models
productMake = Console.ReadLine();

search = new FindAllProductsBytake(product => product.Make

producthake) ;

products.VisitNodes("Top", search);
foreach (Product prod in search.FoundProducts)

{

Console.uriteLine("product found: {6}", prod.Model);
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siring FESHHRGS:

Console.Write("would you like to search for another phone?:

Responcd = Console.ReadLine();
it Responce
{
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| continue;
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delegate bool FindAllProductsByMakeFunc(Product product);
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class FindAllProductsByMake : INodeVisitor

{

private List<Product> _items = new List<Product>();

Lreference
public List<Product> FoundProducts { get { return __
private FindAllProductsByMakeFunc _comparisonFunc;

tems; } }

Lreference.

public FindAllProductsByMake(FindAl1ProductsByMakeFunc comparisonFunc)
{

_comparisonFunc ~ comparisonFunc;

Sreferences
public bool VisitNode(INodeItem node)

Product product = node as Product;
if (product != null)
{

£ (_comparisonFunc(product) == true)

i
{
i _items.Add(product);
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return false;
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Graph products = new Graph().





