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1. [bookmark: _Toc5388444]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; }
        }

        public int Height
        {
            get { return _height; }
        }

        public virtual void SetWidth(int width)
        {
            _width = width;
        }

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

        
    }

    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;
        }
    }
[bookmark: _GoBack]
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
    {
        protected int _width;
        protected int _height;

        public int Width
        {
            get { return _width; }
        }

        public int Height
        {
            get { return _height; }
        }

        public virtual void SetWidth(int width)
        {
            _width = width;
        }

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

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

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



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

    
    public class AreaCalculator
    {
        public int CalculateArea(IShape shape)
        {
            return shape.area();
        }
    }
2. [bookmark: _Toc5388445]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 node 
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