
Trees (Chapter 9) 

A Tree is a non-linear structure defined by the concept that each node in the tree, 

other than the first node or root node, has exactly one parent 

For trees, the operations are dependent upon the type of tree and it’s use 

In order to discuss trees, we must first have a common vocabulary 

We have already introduced a couple of terms:  

 node which refers to a location in the tree where an element is stored, and  

 root which refers to the node at the base of the tree or the one node in the tree 

that does not have a parent 

 Each node of the tree points to the nodes that are directly beneath it in the tree 

 These nodes are referred to as its children 

 A child of a child is then called a grandchild, a child of a grandchild called a 

great-grandchild 

 A node that does not have at least one child is called a leaf 

 A node that is not the root and has at least one child is called an internal node 

  



 

 Any node below another node and on a path from that node is called a 

descendant of that node  

 Any node above another node on a connecting path from the root to that node is 

called an ancestor of that node 

 All children of the same node are called siblings 

 A tree that limits each node to no more than n children is called an n-ary tree  

  



Each node of the tree is at a specific level or depth within the tree 

The level of a node is the length of the path from the root to the node 

This pathlength is determined by counting the number of links that must be 

followed to get from the root to the node 

The root is considered to be level 0, the children of the root are at level 1, the 

grandchildren of the root are at level 2, and so on. 

 

The height or order of a tree is the length of the longest path from the root to a leaf  

Thus the height or order of the tree in the next slide is 3 

The path from the root (A) to leaf (F) is of length 3 

The path from the root (A) to leaf (C) is of length 1 



 

  



A tree is considered to be balanced if all of the leaves of the tree are at roughly the 

same depth 

While the use of the term “roughly” may not be intellectually satisfying, the actual 

definition is dependent upon the algorithm being used 

Some algorithms define balanced as all of the leaves being at level h or h-1 where 

h is the height of the tree  and where h = logNn for an N-ary tree. 

 

 

  



The concept of a complete tree is related to the balance of a tree 

A tree is considered complete if it is balanced and all of the leaves at level h are on 

the left side of the tree 

While a seemingly arbitrary concept, as we will discuss in later chapters, this 

definition has implications for how the tree is stored in certain implementations 

Tree a and c on the next slide are complete while tree b is not 

 

 

 

  



Implementing Trees with Arrays 

 

For certain types of trees, specifically binary trees, a computational strategy can be 

used for storing a tree using an array  

For any element stored in position n of the array, that elements left child will be 

stored in position ((2*n) + 1) and that elements right child will be stored in position 

(2*(n+1)) 

 

 

 

Space is wasted for “sparse” trees. 

  



 

There are four basic algorithms for traversing a tree: 

 Preorder traversal 

 Inorder traversal 

 Postorder traversal 

 Levelorder traversal 

  



• Preorder traversal is accomplished by visiting each node, followed by its 

children, starting with the root 

• Given the complete binary tree on the next slide, a preorder traversal would 

produce the order: A  B  D  E  C 

 

 

 

 
 

Stated in pseudocode, the algorithm for a preorder traversal of a binary tree is: 

 

Visit node 

Traverse(left child) 

Traverse(right child) 

 

 

  



Inorder traversal is accomplished by visiting the left child of the node, then the 

node, then any remaining child nodes starting with the root 

 

An inorder traversal of the previous tree produces the order: D  B  E  A  C 

 

 
 

Stated in pseudocode, the algorithm for an inorder traversal of a binary tree is: 

 

Traverse(left child) 

Visit node 

Traverse(right child) 

  



Postorder traversal is accomplished by visiting the children, then the node starting 

with the root 

 

Given the same tree, a postorder traversal produces the following order:  

D  E  B  C  A 

 

 

 
 

Stated in pseudocode, the algorithm for a postorder traversal of a binary tree is: 

 

Traverse(left child) 

Traverse(right child)  

Visit node 

  



Levelorder traversal is accomplished by visiting all of the nodes at each level, one 

level at at time, starting with the root 

 

Given the same tree, a levelorder traversal produces the order:A  B  C  D  E 

 

 
 

  



Stated in pseudocode, the algorithm for a level order traversal of a binary tree is: 

 

 
  



Implementing trees with linked nodes 

public class BTNode<E> { 

   private E data; 

   private BTNode<E> left, right;    

   public E getData( )   { 

      return data; 

   } 

    

   public BTNode<E> getLeft( )  {     return left; }  

    

   public E getLeftmostData( )   { 

      if (left == null) 

         return data; 

      else 

         return left.getLeftmostData( ); 

   } 

 

   public BTNode<E> getRight( )   { return right;   }  

 

   public E getRightmostData( )   { 

      if (left == null) 

         return data; 

      else 

         return left.getRightmostData( ); 

   } 

    

   public boolean isLeaf( )   {      return (left == null) && (right == null);    }                                                

 

 public void setData(E newData)      { data = newData; }                                                                

    

   public void setLeft(BTNode<E> newLeft)   {  left = newLeft;   } 

     

   public void setRight(BTNode<E> newRight)   {  right = newRight;  }   

 

 

  

  



public void inorderPrint( )   { 

      if (left != null) 

         left.inorderPrint( ); 

      System.out.println(data); 

      if (right != null) 

         right.inorderPrint( ); 

   }   

 

   public void preorderPrint( )   { 

      System.out.println(data); 

      if (left != null) 

         left.preorderPrint( ); 

      if (right != null) 

         right.preorderPrint( ); 

   }  

    

   public void postorderPrint( )   { 

      if (left != null) 

         left.postorderPrint( ); 

      if (right != null) 

         right.postorderPrint( ); 

      System.out.println(data); 

   }    

  



 

 

  



 

  



 

  



 

  



 

  



 

  



  



Binary Search Trees 

 

A binary search tree is a binary tree with the added property that for each node, the 

left child is less than the parent is less than or equal to the right child 

 

 
  



Removing elements from a binary search tree requires 

• Finding the element to be removed 

• If that element is not a leaf, then replace it with its inorder successor 

• Return the removed element 

 

 
  



 
 

Worst Case: O(n) 

Average Case: O(lgn) 

  



Method add(): finds the proper location for the given element and adds it there as a 

leaf. 

 

public void addElement (E element)  { 

    BTNode <E> temp = new BTNode <E> (element); 

    Comparable<E> comparableElement = (Comparable<E>) element; 

       if (isEmpty()) 

     root = temp; 

    else  { // not empty 

         BinaryTreeNode<T> current = root; 

         boolean added = false; 

         while (!added)   { 

            if (comparableElement.compareTo(current.element) < 0)    { 

               if (current.left == null)  { 

                  current.left = temp; 

                  added = true; 

               }  

               else 

                  current = current.left; 

            } 

            else { 

               if (current.right == null) { 

                  current.right = temp; 

                  added = true; 

               }  

               else 

                  current = current.right; 

            } 

         } // while 

      } // else not empty 

      count++; 

   } 

  



Weiss: 

 

 

 
  



 
  



 
 

 

 

 
 



 

 
  



 
 

 


