ITEC224 – Binary Trees (2)
(Most of the following comes from the Textbook entitled “Data Structures & Algorithms in Java” written by Robert Lafore)
Binary Search Tree (BST) - continued 

[BST operations]
· find: p378

· insert (or add): always add new leaf. p380

· traverse

· min and max in tree (or subtree)

· delete

· find, insert, traverse, min and max in tree: please refer the previous lecture

[Delete operation in details]

· Deleting a node is the most complicated common operation required for binary search trees.
· There are three possible cases when you delete a node.

1. The node to be deleted is a leaf (had no children). ( easy

2. The node to be deleted has one child.
( easy

3. The node to be deleted has two children. ( quite complicated

Case 1: The node to be deleted is a leaf (had no children).
· [How?] Change the appropriate child field in the node’s parent to point to null.
· Java will automatically collect the garbage.
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Case 2: The node to be deleted has one child.

· [How?] Connect its parent directly to its child. In other words, change the appropriate reference in the parent (leftChild or rightChild) to point to the deleted node’s child.

Case 3: The node to be deleted has two children.
· [Definition] Inorder successor: For each node, the node with the next-highest key is called its inorder successor, or simply its successor.

· [How to delete?] Replace the node to be deleted with its inorder successor and then delete it. ( fig 8.16 in page 394

· Finding the successor: fig 8.17 in page 395

// returns node with nest-highest value after delNode

// goes to right child, then right child’s left descendants.

// refer the three fundamental classes 

// in the following [Java code of BST operations] section.

private Node getSuccessor(Node delNode)

{


Node successorParent = delNode;


Node successor = delNode;


Node current = delNode.rightChild;
// go to right child


while (current != null)

{


successorParent = successor;


successor = current;


current = current.leftChild;
//go to left child

}// end while

if(successor != delNode.rightChild)
//if successor is not right child

{


successorParent.leftChild = successor.rightChild;


successor.rightChild = delNode.rightChild;

} // end if

return successor;

} // end of getSuccessor();

· Successor can be the right child of the delNode: fig 8.18 in page 396

· Deletion: fig 8.19 in page 399

1. Unplug current from the rightChild field of its parent (or leftChild field if appropriate), and set this filed to point to successor.

2. Unplug current’s left child from current, and plug it into the leftChild field of successor.

· Successor can be a left descendant of the right child of delNode

· Deletion: fig 8.20 in page 400

1. Plug the right child of successor into the leftChild field of the successor’s parent.

2. Plug the right child of the node to be deleted into the rightChild field of successor.

3. Unplug current from the rightChild field of its parent, and set this field to point to successor.

4. Unplug current’s left child from current, and plug it into the leftChild field of successor.

[The efficiency of Binary Trees]
Suppose that the number of nodes in a binary tree is N. In other words, the problem size is initially N. Then, whenever a comparison has been done, the problem size which is needed to be considered becomes a half of the previous problem size.

Problem size





N

After 1 comparison





N/2

After 2 comparison





N/22
After 3 comparison





N/23
After 4 comparison




…

After L comparison



N/2L

A comparison will be continued until our problem size becomes 1. Since the time complexity of this algorithm is equivalent of the number of comparison, we can find out the time complexity by calculating the number L in terms of N.
Thus, 
N/2L = 1

N = 2L
log N = log 2L
 
( Base 2 Logarithm
log N = L * log 2 
( log22 = 1

L = log N

( O(log N)

[Tree Represented as Arrays]

· the node array[index]’s 

· left child = array[2*index + 1]

· right child = array[2*index + 2]

· parent = array[(index -1) /2]

· fig 8.21 in page 404
[Duplicate Keys]
· Possible – insert() method in the following tree.java will insert a duplicate key as the right child of its twin. However, it is recommended to forbid duplicate keys.
[Java code of BST operations]
Three fundamental classes in the following codes

1. The Node class

(option 1)


class Node

{


public
int 
iData;
//data used as key value


public 
double 
fData; //other data


public 
Node 
leftChild;
//this node’s left child


public 
Node 
rightChild;
//this node’s right child


public void displayNode()


{



// see the details in the following code named tree.java

} // end of displayNode()


} //end of Node class
(option 2)


class Node


{



public
Person
p1;

// reference to person object



public
Node 
leftChild;
// this node’s left child



public Node 
rightChild;
// this node’s right child


} //end of Node class

class Person


{



public int
iData;



public float
fData;


} // end of person class
2. The Tree class
class Tree

{


private Node root;


public
void find(int key)
// the only data field in Tree class


{

// see the details in the following code named tree.java

} // end of find()


public void insert(int id, double dd)


{


// see the details in the following code named tree.java

} // end of insert()


public void delete(int id)


{

// see the details in the following code named tree.java

} // end of delete()


// various other methods can be placed here

}// end of Tree class

3. The TreeApp class 
class TreeApp

{


public static void main(String[] args)


{



Tree theTree = new Tree();



theTree.insert(50, 1.5);



theTree.insert(25, 1.7);



theTree.insert(75, 1.9);



Node found = theTree.find(25);
// find node with key 25



if (cound != null)




System.out.println(“Found the node with key 25”);



else




System.out.println(“Could not find node with key 25”);




// the following code named tree.java includes a primitive user interface 
// so you can decide from the keyboard whether you want to insert, find,
// delete, or perform other operations.


} // end of main()

} // end of TreeApp

4. Now, here is tree.java
////////////////////////////////////////////////////////////////////

// tree.java

// demonstrates binary tree

// to run this program: C>java TreeApp

import java.io.*;

import java.util.*;               // for Stack class

////////////////////////////////////////////////////////////////////
class Node

   {

   public int iData;              // data item (key)

   public double dData;           // data item

   public Node leftChild;         // this node's left child

   public Node rightChild;        // this node's right child

   public void displayNode()      // display ourself

      {

      System.out.print('{');

      System.out.print(iData);

      System.out.print(", ");

      System.out.print(dData);

      System.out.print("} ");

      }

   }  // end class Node

////////////////////////////////////////////////////////////////

class Tree

   {

   private Node root;             // first node of tree

// -------------------------------------------------------------

   public Tree()                  // constructor

      { root = null; }            // no nodes in tree yet

// -------------------------------------------------------------

   public Node find(int key)      // find node with given key

      {                           // (assumes non-empty tree)

      Node current = root;               // start at root

      while(current.iData != key)        // while no match,

         {

         if(key < current.iData)         // go left?

            current = current.leftChild;

         else                            // or go right?

            current = current.rightChild;

         if(current == null)             // if no child,

            return null;                 // didn't find it

         }

      return current;                    // found it

      }  // end find()

// -------------------------------------------------------------

   public void insert(int id, double dd)

      {

      Node newNode = new Node();    // make new node

      newNode.iData = id;           // insert data

      newNode.dData = dd;

      if(root==null)                // no node in root

         root = newNode;

      else                          // root occupied

         {

         Node current = root;       // start at root

         Node parent;

         while(true)                // (exits internally)

            {

            parent = current;

            if(id < current.iData)  // go left?

               {

               current = current.leftChild;

               if(current == null)  // if end of the line,

                  {                 // insert on left

                  parent.leftChild = newNode;

                  return;

                  }

               }  // end if go left

            else                    // or go right?

               {

               current = current.rightChild;

               if(current == null)  // if end of the line

                  {                 // insert on right

                  parent.rightChild = newNode;

                  return;

                  }

               }  // end else go right

            }  // end while

         }  // end else not root

      }  // end insert()

// -------------------------------------------------------------

   public boolean delete(int key) // delete node with given key

      {                           // (assumes non-empty list)

      Node current = root;

      Node parent = root;

      boolean isLeftChild = true;

      while(current.iData != key)        // search for node

         {

         parent = current;

         if(key < current.iData)         // go left?

            {

            isLeftChild = true;

            current = current.leftChild;

            }

         else                            // or go right?

            {

            isLeftChild = false;

            current = current.rightChild;

            }

         if(current == null)             // end of the line,

            return false;                // didn't find it

         }  // end while

      // found node to delete

      // if no children, simply delete it

      if(current.leftChild==null &&

                                   current.rightChild==null)

         {

         if(current == root)             // if root,

            root = null;                 // tree is empty

         else if(isLeftChild)

            parent.leftChild = null;     // disconnect

         else                            // from parent

            parent.rightChild = null;

         }

      // if no right child, replace with left subtree

      else if(current.rightChild==null)

         if(current == root)

            root = current.leftChild;

         else if(isLeftChild)

            parent.leftChild = current.leftChild;

         else

            parent.rightChild = current.leftChild;

      // if no left child, replace with right subtree

      else if(current.leftChild==null)

         if(current == root)

            root = current.rightChild;

         else if(isLeftChild)

            parent.leftChild = current.rightChild;

         else

            parent.rightChild = current.rightChild;

      else  // two children, so replace with inorder successor

         {

         // get successor of node to delete (current)

         Node successor = getSuccessor(current);

         // connect parent of current to successor instead

         if(current == root)

            root = successor;

         else if(isLeftChild)

            parent.leftChild = successor;

         else

            parent.rightChild = successor;

         // connect successor to current's left child

         successor.leftChild = current.leftChild;

         }  // end else two children

      // (successor cannot have a left child)

      return true;                                // success

      }  // end delete()

// -------------------------------------------------------------

   // returns node with next-highest value after delNode

   // goes to right child, then right child's left descendents

   private Node getSuccessor(Node delNode)

      {

      Node successorParent = delNode;

      Node successor = delNode;

      Node current = delNode.rightChild;   // go to right child

      while(current != null)               // until no more

         {                                 // left children,

         successorParent = successor;

         successor = current;

         current = current.leftChild;      // go to left child

         }

                                           // if successor not

      if(successor != delNode.rightChild)  // right child,

         {                                 // make connections

         successorParent.leftChild = successor.rightChild;

         successor.rightChild = delNode.rightChild;

         }

      return successor;

      }

// -------------------------------------------------------------

   public void traverse(int traverseType)

      {

      switch(traverseType)

         {

         case 1: System.out.print("\nPreorder traversal: ");

                 preOrder(root);

                 break;

         case 2: System.out.print("\nInorder traversal:  ");

                 inOrder(root);

                 break;

         case 3: System.out.print("\nPostorder traversal: ");

                 postOrder(root);

                 break;

         }

      System.out.println();

      }

// -------------------------------------------------------------

   private void preOrder(Node localRoot)

      {

      if(localRoot != null)

         {

         System.out.print(localRoot.iData + " ");

         preOrder(localRoot.leftChild);

         preOrder(localRoot.rightChild);

         }

      }

// -------------------------------------------------------------

   private void inOrder(Node localRoot)

      {

      if(localRoot != null)

         {

         inOrder(localRoot.leftChild);

         System.out.print(localRoot.iData + " ");

         inOrder(localRoot.rightChild);

         }

      }

// -------------------------------------------------------------

   private void postOrder(Node localRoot)

      {

      if(localRoot != null)

         {

         postOrder(localRoot.leftChild);

         postOrder(localRoot.rightChild);

         System.out.print(localRoot.iData + " ");

         }

      }

// -------------------------------------------------------------

   public void displayTree()

      {

      Stack globalStack = new Stack();

      globalStack.push(root);

      int nBlanks = 32;

      boolean isRowEmpty = false;

      System.out.println(

      "......................................................");

      while(isRowEmpty==false)

         {

         Stack localStack = new Stack();

         isRowEmpty = true;

         for(int j=0; j<nBlanks; j++)

            System.out.print(' ');

         while(globalStack.isEmpty()==false)

            {

            Node temp = (Node)globalStack.pop();

            if(temp != null)

               {

               System.out.print(temp.iData);

               localStack.push(temp.leftChild);

               localStack.push(temp.rightChild);

               if(temp.leftChild != null ||

                                   temp.rightChild != null)

                  isRowEmpty = false;

               }

            else

               {

               System.out.print("--");

               localStack.push(null);

               localStack.push(null);

               }

            for(int j=0; j<nBlanks*2-2; j++)

               System.out.print(' ');

            }  // end while globalStack not empty

         System.out.println();

         nBlanks /= 2;

         while(localStack.isEmpty()==false)

            globalStack.push( localStack.pop() );

         }  // end while isRowEmpty is false

      System.out.println(

      "......................................................");

      }  // end displayTree()

// -------------------------------------------------------------

   }  // end class Tree

////////////////////////////////////////////////////////////////

class TreeApp

   {

   public static void main(String[] args) throws IOException

      {

      int value;

      Tree theTree = new Tree();

      theTree.insert(50, 1.5);

      theTree.insert(25, 1.2);

      theTree.insert(75, 1.7);

      theTree.insert(12, 1.5);

      theTree.insert(37, 1.2);

      theTree.insert(43, 1.7);

      theTree.insert(30, 1.5);

      theTree.insert(33, 1.2);

      theTree.insert(87, 1.7);

      theTree.insert(93, 1.5);

      theTree.insert(97, 1.5);

      while(true)

         {

         System.out.print("Enter first letter of show, ");

         System.out.print("insert, find, delete, or traverse: ");

         int choice = getChar();

         switch(choice)

            {

            case 's':

               theTree.displayTree();

               break;

            case 'i':

               System.out.print("Enter value to insert: ");

               value = getInt();

               theTree.insert(value, value + 0.9);

               break;

            case 'f':

               System.out.print("Enter value to find: ");

               value = getInt();

               Node found = theTree.find(value);

               if(found != null)

                  {

                  System.out.print("Found: ");

                  found.displayNode();

                  System.out.print("\n");

                  }

               else

                  System.out.print("Could not find ");

                  System.out.print(value + '\n');

               break;

            case 'd':

               System.out.print("Enter value to delete: ");

               value = getInt();

               boolean didDelete = theTree.delete(value);

               if(didDelete)

                  System.out.print("Deleted " + value + '\n');

               else

                  System.out.print("Could not delete ");

                  System.out.print(value + '\n');

               break;

            case 't':

               System.out.print("Enter type 1, 2 or 3: ");

               value = getInt();

               theTree.traverse(value);

               break;

            default:

               System.out.print("Invalid entry\n");

            }  // end switch

         }  // end while

      }  // end main()

// -------------------------------------------------------------

   public static String getString() throws IOException

      {

      InputStreamReader isr = new InputStreamReader(System.in);

      BufferedReader br = new BufferedReader(isr);

      String s = br.readLine();

      return s;

      }

// -------------------------------------------------------------

   public static char getChar() throws IOException

      {

      String s = getString();

      return s.charAt(0);

      }

//-------------------------------------------------------------

   public static int getInt() throws IOException

      {

      String s = getString();

      return Integer.parseInt(s);

      }

// -------------------------------------------------------------

   }  // end class TreeApp

////////////////////////////////////////////////////////////////
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