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Level

• Level (or depth) is a measure of the distance of the path from the root to that node

• defined recursively

• if node n is the root, it’s level is 1

• else, it’s level is 1 + the level of it’s parent
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BST

if the tree is empty
	 return null (no match)
else if the target matches the root node’s data
	 return the data (a match)
else if the target is less than the root node’s data
	 return the result of left subtree search
else
	 return the result of the right subtree search
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• The average performance of operations on the BST is O(lg n)

• includes searching and inserting

• This is not the case with binary search on an array

• you would have to reorganize the array O(n) time
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Completeness

• A complete binary tree is one where the only level that is not full is the last level (i.e. h-1 is not full)

A complete binary tree of height 4
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Completion

• all nodes at level h-2 and above have 2 children

• When a node at level h-1 has children, all nodes to the left of it have two children

• If a node at level h-1 has one child, it is a left child
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• “A binary tree with N internal nodes has N+1 external nodes.”
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Links

• “A binary tree with N internal nodes has 2N links: N-1 links to internal nodes and N+1 links to external nodes.”
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Performance

• “The level of a node in a tree is one higher than the level of its parent (with the root at level 0).   The height of a 
tree is the maximum of the levels of the tree’s nodes.   The path length of a tree is the sum of the levels of all 
the tree’s nodes.   The internal path length of a binary tree is the sum of the levels of all the tree’s internal 
nodes.  The external path length of a binary tree is the sum of all the tree’s external nodes.”
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Height

• “The height of a binary tree with N internal nodes is at least lg N and at most N - 1.”
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• http://java.sun.com/j2se/1.5.0/docs/api/java/util/TreeSet.html
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• More complicated if we have 2 children at the node to be removed

• How do we decide which node to pull up?

• We need to keep the properties of the binary tree

• node pulled up must be greater than everything in the left subtree and less than everything in the right 
subtree
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Index Generator

• Could be used to generate an index for a book or paper

• but we’ll see a better way to do this later...
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