
Intro to Information Technology
Making Huffman Codes
FINDING THE MOST FREQUENTLY OCCURRING SYMBOLS
	Character
	Number of Occurrences

	“ ”
	2

	s
	4

	i
	2

	m
	1

	p
	1

	l
	3

	e
	1

	y
	1

	o
	1

	n
	1

	g
	1


The first step is to collect the set of symbols (letters, space, digits, etc.) that we need to encode.  For example, given the string simple silly songs, the characters we need to represent are:

 
	“  ”
	s
	i
	m
	p
	l
	e
	y
	o
	n
	g


Once we have gathered the characters, we want to count how many times each one occurs in the overall text.  If a character occurs frequently, we want to represent that character with as few bits as possible.  Counting the number of occurrences of each character, we see that we have what you see at right.
 

 

AN INTRODUCTION TO TREES
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Trees as a concept in nature are remarkably useful to those of us who wish to represent hierarchical relationships.  If you think of the tree on the left as something we could simplify to the one on the right, we have such concepts as a single root from which branches come out, branching and branching again as we reach to the sky and end at leaves.
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When we use trees to represent a hierarchy, like the organizational chart at the right, we draw them upside down.  The single source, or root, is at the top; what we call a node is a box on a chart like this, where branching lines connect it to one or more nodes under it.  The technical term for the nodes at the bottom, which have no more nodes under them, are actually leaves.  Or, in the case of the org chart, peons.
MAKING BABY TREES
What does this have to do with Huffman codes?  To come up with a series of Huffman encodings for a collection of symbols, we are going to build a kind of tree called a binary tree because each of the nodes will have at most 2 nodes below it.  We start with a bunch of the tiniest trees possible, where each tree has only one node.  We make a tiny tree for each one of our letters, and we label that node with the weight of that node (namely, the number of occurrences for each symbol):
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COMBINING THE TREES OF LEAST WEIGHT
We want to splice these trees together to eventually have one big tree with everything in it, and the way we do this is to combine the two smallest-weight trees we have.  Since there are more than two trees with the smallest weight, we can pick any two of them.  We’ll chose n and g, but we could have chosen y and o, e and m, etc.

 

Combine these two trees to form a new one, by creating a new root node with the sum of the weights (here 1 + 1 = 2) inside the node and the nodes n and g as children of the new root node.  Now we have this:
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We’ll continue to pick the two trees with the smallest weights and combining them in this fashion until we only have one tree.  Pick the two trees with the smallest weights.  Note that n and g are no longer separate trees.  They are now one tree with the weight 2.  So trees m, p, e, y, and o all have weight 1.  We combine y and o next (but we could have picked any two of the trees with weight 1 to combine).
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We combine e and p next, giving us: 
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Note that we shuffled the trees around slightly to make this easier to visualize.  Now we need to pick the next set of two trees with the smallest weights and combine them.  The tree with m has weight 1 and then we can pick any of the trees with weight 2.  We’ll pick the tree with i, but we could have picked the tree with “ ”, p & e, y & o, or n & g.

 

Again, we move a couple trees around to make this easier to see, giving us:
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We choose two more trees with the smallest weight (2 trees with weight 2) and combine them.  
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We do it again
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And now the trees with the smallest weights are l and i & m.  We combine them.
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Now we swap the position of a couple trees to make it easier to see and then combine the two trees with the smallest weights.  Three trees have weight 4 (s, “ ” & p & e, and y & o & n & g).  We can pick any two of those 3.  We get this now:
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Now we see that the two leftmost trees have the two smallest weights so we combine them:
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Now there are only two trees left, so by default, they must have the two smallest weights.  We combine them to get: 
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INTERPRETING YOUR TREE TO GET THE HUFFMAN CODES
	Character
	Huffman Code

	“ ”
	100

	s
	01

	i
	0010

	m
	0011

	p
	1010

	l
	000

	e
	1011

	y
	1100

	o
	1101

	n
	1110

	g
	1111


Now we can find the codes for each character.  Start at the root and follow the path to a node.  If you go left, put a 0 at the end of the code for the letter.  If you go right, put a 1 at the end.  Follow the path to get to each letter, assembling the code along the way.  Let’s find the code to represent s.  We start at the root (18) and go left to the node with the 10, so we put a 0 at the end.  Then we go right to the s and put a 1 at the end, giving us the code for s, which is 01.   Our codes are shown at right.
 

 

Now note that no code in the table above starts with the code for any other letter.  If we had combined the trees in different orders (but still following the rule of combining the two with the smallest weights at each step), the codes for the characters could be different.  However, the number of bits required to encode our string simple silly songs would be the same.
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