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1. [bookmark: _Toc5398125]Liskov Substitution Principle
The Liskov Substitution Principle is one of the 5 SOLID design principles. It is formulated by Barbara Liskov American computer scientist and described as:
“Let q(x) be a property provable about objects of x of type T. Then q(y) should be provable for objects y of type S where S is a subtype of T.” [1]
Simply saying that a class should be replaceable by a derived class without breaking the functionality of the software.
An example by Robert C. Martin who introduced the SOLID principles.
 class Program
    {
        static void Main(string[] args)
        {
	     
	     AreaCalculator calculateArea = new AreaCalculator();
     Rectangle rectangle = new Rectangle();
            rectangle.SetWidth(14);
            rectangle.SetHeight(10);
            Console.WriteLine("Area= {0}", CalculateArea.CalculateArea(rectangle));
            
     Square square = new Square();
            square.SetWidth(14);
            square.SetHeight(10);
            Console.WriteLine("Area={0}", CalculateArea.CalculateArea(square));
            Console.ReadLine();
        }
    }

    public class Rectangle
    {
        protected int _width;
        protected int _height;

       public int Width
        {
            get { return _width; }
	     set {_width = value; }
        }

        public int Height
        {
            get { return _height; }
	     set {_height = value; }
        }

        
        
    }

    public class Square : Rectangle
    {
        public override void SetWidth(int width)
        {
            _width = width;
            _height = width;
        }

        public override void SetHeight(int height)
        {
            _width = height;
            _height = height;
        }
    }

    public class AreaCalculator
    {
        public int CalculateArea(Rectangle rectangle)
        {
            return rectangle.Height * rectangle.Width;
        }
    }

Given a Rectangle class with two fields of width and height and a rectangle which is a descendant of one. In mathematics, Square is a special rectangle whose height and width are equal. In the Square the setter is overwritten if the width is changed, the height is changed. A third class is AreaCalculator, which waits for a rectangular object as an input parameter and returns its area. Seemingly working well, the results are 140 and 100 as expected.
If we replace the Rectangle object with Square
Rectangle rectangle2 = new Square();
rectangle2.SetWidth(10);
rectangle2.SetHeight(5);
Console.WriteLine("Area={0}",areaCalculator.CalculateArea(rectangle2));
The result is 25 meanwhile it should be 50. Despite Square is inherited from Rectangle they cannot replace each other.
The solution is moving area calculation into a Shape interface that both classes must implement. In the area calculation function, the interface is used as an argument instead of a concrete class.
public interface Shape
    {
        int area();
    }
static void Main(string[] args)
        {
            AreaCalculator calculateArea = new AreaCalculator();
            Rectangle rectangle = new Rectangle();
            rectangle.SetWidth(14);
            rectangle.SetHeight(10);
            Console.WriteLine("Area= {0}", calculateArea.CalculateArea(rectangle));


            Square square = new Square();
            square.SetSide(10);
            Console.WriteLine("Area={0}", calculateArea.CalculateArea(square)); 


        }
    }

    public class Rectangle : IShape
    {
        private int _width;
        private int _height;

        public int Width
        {
            get { return _width; }
	     set {_width = value; }
        }

        public int Height
        {
            get { return _height; }
	     set {_height = value; }
        }

        public int CalCulateArea()
        {
            return Width * Height;
        }
    }

    public class Square : IShape
    {
        private int _side;
        public void SetSide(int side)
        {
            _side = side;
        }


        public int Calcualtearea()
        {
            return _side * _side;
        }
    }

    
    public class AreaCalculator
    {
        public int CalculateArea(IShape shape)
        {
            return shape.CalculateArea();
        }
    }
2. [bookmark: _Toc5398126]Analysis of Code
INodeItem interface
Any class that implements this interface, must have an Id attribute. 

INodevisitor Interface
Any class that implements this interface, must have a VisitNode function.

Node Class
Adjacent nodes are stored in a list.
AddEdge method
Adds node type item to the adjacency list using the built in Add function.
VisitNodeNeighbours method
Adds node type object to a queue and process them in FIFO system, with a for loop every node checked on the adjacency list, if the node is not visited, (the visited attribute is false, set by default) set it to visited (set visited attribute to true) and enqueue it (add it to the end of the queue).
DisplayNeighbours method
Loops through the nodes in the adjacency list, using the Id of the node and the built in StringBuilder function, making one string and returns it. 

StartNode Class
Implements INodeItem interface so it must have an Id attribute, that cannot be changed, only used. Object created of this class can only be used as start node.

Graph Class
Nodes are stores in a Node type list, adjacent nodes stored in a dictionary which is a collection of keys and values. Node Id is the key and a node instance is the value
AddNode method
Overloaded mehod.
AddNode(INodeItem item)
Recursive mehod
Only used if top node is needed, an instance of a StartNode class is passed in as an argument.
AddNode(INodeItem item)
A node type object is passed in as an argument and used to add item to the node list.
Also adding element to the adjacency list using the node’s Id and the node instance.
GetNodeFromId

AddEdge method
Adds edge between two nodes, if the edge is undirected, it adds an edge to node1 from node2 as well.
DisplayGraph method
Loops through the nodes list and checks the number of adjacent items of the items, if there are any, they are added to a string that is returned.
VisitNodes method
Overloaded function
VisitNodes(INodeVisitor visitor, int searchLevels = int.MaxValue)
The start node is not specified, traversing start at the top node
AllNodeUnvisited method
Sets all nodes visited attribute to false with a loop.
3. [bookmark: _Toc5398127]Development of Application
class Program
    {
        static void Main(string[] args)
        {
            Graph DB = new Graph();
            MediaRegistrator mr = new MediaRegistrator(DB);

            bool exit = false;

            while (exit != true)
            {
                Menu.Instance.DisplayMenu();

                if (Menu.Instance.MenuChoice == 3)
                {
                    exit = true;
                }
                switch (Menu.Instance.MenuChoice)
                {

                    case 1:
                        MediaSearcher searcher = new MediaSearcher(DB);

                        searcher.GetSearchWord();

                        if (DB.VisitNodes(searcher) == true)  
                        {
                            Console.WriteLine("Media id: {0} \nTitle: {1} \nCategory: {2} \nGenre: {3}", searcher.FoundItem.Id,searcher.FoundItem.Title,searcher.FoundItem.Category,searcher.FoundItem.Genre);
                        }
                        searcher.ShowRelatedMedia();

                        break;
                    case 2:
                        MediaVisitor nodeVisitor = new MediaVisitor();
                        DB.VisitNodes(nodeVisitor);
                        break;
                }







            }
        }
    }
class Menu
    //Attributes
    {
        public string _name;
        private List<String> _menuList;
        private int _menuChoice;
        
        private static Menu _instance = new Menu("Main Menu"); 

        //Constructor
        private Menu(string name)
        {
            _name = name;
            _menuList = new List<string>();
            
            InitMenu();
        }

        //Properties

        public int MenuChoice { get => _menuChoice; }
        
        public string Name { get;}

        public static Menu Instance
        {
            get { return _instance; }
        }

        

        //Methods
        private void InitMenu()
        {
            _menuList.Add("Search media"); 
            _menuList.Add("View media");
            _menuList.Add("Quit");
        }

        public void DisplayMenu()
        {
            Console.WriteLine(_name);
            Console.WriteLine("-----------------------");
            for (int i = 0; i < _menuList.Count; i++)
            {
                Console.WriteLine("[{0}] {1}", i + 1, _menuList[i]);
            }

            ReadUserChoice();
        }

        private int ReadUserChoice()
        {

            Console.Write("Choose option: ");

            _menuChoice = Convert.ToInt32(Console.ReadLine());

            return _menuChoice;

        }
    }
class MediaVisitor : INodeVisitor
    {
        private List<MediaItem> _visitedItems = new List<MediaItem>();

        public List<MediaItem> VisitedItems { get => _visitedItems; set => _visitedItems = value; }

        public bool VisitNode(INodeItem node)
        {
            MediaItem item = node as MediaItem;
            if (item != null)
            {
                Console.WriteLine("Media id: {0} \nTitle: {1} \nCategory: {2} \nGenre: {3}", node.Id, item.Title, item.Category, item.Genre);
                Console.WriteLine("----------------------------");
            }
            return false;
        }
    }
    class MediaSearcher : INodeVisitor
    {
        private string _textMatch;
        private MediaItem _foundItem;
        private Graph _db;
        public MediaSearcher(Graph DB)
        {
            _foundItem = null;
            _db = DB;
            
        }

        public MediaItem FoundItem
        {
            get { return _foundItem; }
        }

        public bool VisitNode(INodeItem node)
        {
            MediaItem item = node as MediaItem;
            if (item != null)
            {
                if (item.Title == _textMatch)
                {
                    _foundItem = item;
                    return true;
                }
            }
            return false;
        }

        public void GetSearchWord()
        {
            Console.WriteLine("Enter search:");
            _textMatch = Console.ReadLine();
        }

        public void ShowRelatedMedia()
        {
            Console.WriteLine("Related Movies: ");
            MediaVisitor nodeVisitor = new MediaVisitor();
            _db.VisitNodes(_foundItem.Id, nodeVisitor, 2);
            {
                
                foreach (MediaItem item in nodeVisitor.VisitedItems)
                {
                    
                    Console.WriteLine("Related Movie:", item.Title);
                }

            }

        }
    }
class MediaRegistrator
    {
        
        public MediaRegistrator(Graph DB)
        {
            CreateMediaAtStart(DB);
        }

        

        public void CreateMedia(Graph DB, string id, string title, string category, string genre)
        {
            DB.AddNode(new MediaItem(id,title,category,genre));
        }

        private void CreateMediaAtStart(Graph DB)
        {
            DB.AddNode(new MediaItem("A", "The Mountain 2", "Movie", "Action"));
            DB.AddNode(new MediaItem("B", "The Dark Knight", "Movie", "Action"));
            DB.AddNode(new MediaItem("C", "Inception", "Movie", "Action"));
            DB.AddEdge("A", "B", EdgeDirection.Undirected);
            DB.AddEdge("A", "C", EdgeDirection.Undirected);
            DB.AddEdge("B", "C", EdgeDirection.Undirected);


            DB.AddNode(new MediaItem("D", "Life Is Beautiful", "Movie", "Comedy"));
            DB.AddNode(new MediaItem("E", "Untouchable", "Movie", "Comedy"));
            DB.AddNode(new MediaItem("F", "Back to the Future", "Movie", "Comedy"));
            DB.AddEdge("D", "E", EdgeDirection.Undirected);
            DB.AddEdge("E", "F", EdgeDirection.Undirected);
            DB.AddEdge("D", "F", EdgeDirection.Undirected);
            DB.AddEdge("C", "D", EdgeDirection.Undirected);


            DB.AddNode(new MediaItem("G", "Game of Thrones", "TV Show", "Fantasy"));
            DB.AddNode(new MediaItem("H", "Avatar: The Last Airbender", "TV Show", "Fantasy"));
            DB.AddNode(new MediaItem("I", "Rick and Morty", "TV Show", "Comedy"));
            DB.AddEdge("G", "H", EdgeDirection.Undirected);
            DB.AddEdge("D", "I", EdgeDirection.Undirected);
            DB.AddEdge("E", "I", EdgeDirection.Undirected);
            DB.AddEdge("F", "I", EdgeDirection.Undirected);
        }



    }
class MediaItem :INodeItem
    {
        public MediaItem(string id, string title, string category, string genre)
        {
            Id = id;
            Title = title;
            Category = category;
            Genre = genre;
        }

        public string Id { get; private set; }
        
        public string Title { get; private set; }
        public string Category { get; private set; }
        public string Genre { get; set; }
    }
interface INodeVisitor
    {
        bool VisitNode(INodeItem node);
    }
interface INodeItem
    {
        string Id { get; }
    }
public enum EdgeDirection { Undirected, Directed };

    class Graph
    {
        private List<Node> _nodes;
        private Dictionary<string, Node> _adjacenyList;

        public Graph()
        {
            _nodes = new List<Node>();
            _adjacenyList = new Dictionary<string, Node>();
        }

        private Node TopGraphNode { get { return _nodes[0]; } }

        public void AddNode(INodeItem item)
        {
            AddNode(new Node(item));
        }

        private void AddNode(Node node)
        {
            _nodes.Add(node);
            _adjacenyList.Add(node.Id, node);
        }

        private Node GetNodeFromId(string id)
        {
            return _adjacenyList[id];
        }

        public void AddEdge(string nodeId1, string nodeId2, EdgeDirection direction = EdgeDirection.Directed)
        {
            Node node1 = GetNodeFromId(nodeId1);
            Node node2 = GetNodeFromId(nodeId2);

            node1.AddEdge(node2);

            // Edge can be travelled in either direction
            // i.e. is not directed, so also add
            // edge from node 2 to node 1.
            if (direction == EdgeDirection.Undirected)
            {
                node2.AddEdge(node1);
            }
        }

        public string DisplayGraph()
        {
            StringBuilder sb = new StringBuilder();
            foreach (Node node in _nodes)
            {
                sb.Append(node.Id).Append(" -> ");
                if (node.NeighbourCount > 0)
                {
                    sb.Append(node.DisplayNeighbours()).Append("\r\n");
                }
                else
                {
                    sb.Append("None").Append("\r\n");
                }
            }
            return sb.ToString();
        }

        public bool VisitNodes(INodeVisitor visitor, int searchLevels = int.MaxValue)
        {
            return VisitNodes(TopGraphNode, visitor, searchLevels);
        }

        public bool VisitNodes(int startNodeId, INodeVisitor visitor, int searchLevels = int.MaxValue)
        {
            return VisitNodes(GetNodeFromId(startNodeId.ToString()), visitor, searchLevels);
        }

        public bool VisitNodes(string startNodeId, INodeVisitor visitor, int searchLevels = int.MaxValue)
        {
            return VisitNodes(GetNodeFromId(startNodeId), visitor, searchLevels);
        }

        private bool VisitNodes(Node startNode, INodeVisitor visitor, int searchLevels)
        {
            Queue<Node> queue = new Queue<Node>();
            Node nextNode;

            // Mark all the nodes as unvisited before we start
            // search.
            AllNodeUnvisited();

            // Start with the top most node in the graph i.e. first node added
            queue.Enqueue(startNode);

            while (queue.Count > 0)
            {
                nextNode = queue.Dequeue();
                nextNode.Visited = true;      // We have now visited this node

                // Search neighbours of current node if we want
                // to descend another search level of the graph.
                if (searchLevels > 0)
                {
                    nextNode.VisitNodeNeighbours(queue);
                    searchLevels--;
                }

                if (visitor.VisitNode(nextNode.Item) == true)
                {
                    return true;
                }
            }
            return false;
        }

        private void AllNodeUnvisited()
        {
            // Initially all nodes in the graph are marked unvisited.
            foreach (Node node in _nodes)
            {
                node.Visited = false;
            }
        }
    }
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