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Huffman Code
Normally all the characters stored in a computer use a fixed size – for instance an 8-bit byte is
common. However, as the histogram problem illustrated, some characters are much more
common than others. If common characters (like E) are encoded with fewer bits, and
uncommon characters (like Z) with more bits, then the average number of bits per character
may be significantly fewer than 8. This is the insight behind Huffman codes, where the length of
the code for a character is inversely proportional to the character's frequency.

A Huffman code is created by making and then traversing a binary tree. The leaves of the tree
hold individual characters and their count (or frequency); the interior nodes all have to subtrees,
and an internal node simply records the sum of the counts of its two children. The code for each
character is generated by performing a pre-order traversal of the tree; each left traversal
appends a 0 to the code being constructed; each right traversal appends a 1. When a leaf node
is encountered, the code constructed to that point is assigned to the letter. See the Huffman
binary tree below:

As you can see by looking at the leaf nodes, the letter counts in the document from which the
tree was constructed are A=25, B=11, C=10, D=8, E=40, and F=6. Note also that each of the
internal nodes counts are simply the sums of the two subtree counts. Finally, the Huffman
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internal nodes counts are simply the sums of the two subtree counts. Finally, the Huffman
codes for the letters are: A=10, B=1111, C=1110, D=1101, E=0, and F=1100. Assuming the
data stored or transmitted with this code has the same frequency distribution as that used to
create the tree, the average number of bits per character is:

(40*1 + 25*2 + 35*4) / 100 = 2.3

which is a 24% savings over a fixed code that associates 3 bits with each character. The only
thing left to do is show how to create the tree.

Creating a Huffman Code Tree

First we need to represent a tree node; using the diagram above, it's apparent that we need
space for a character, a count, and two tree node pointers for the left and right subtrees. Once
we have this structure we can write a utility function to make a tree node give a character,
count, and the links to be used for the left and right subtrees (leaf nodes have NULL pointers for
the subtrees).

The tree is created by first creating a leaf node for each character to be encoded and inserting
this into a list sorted by count. Below is such a list for the 6 characters used above:

Next we remove the first two trees from the list, create a new tree node with the smaller count to
the left and the larger count to the right, and then reinsert this new tree into the sorted list. The
following diagrams show the state of the list after the first three such extractions, tree node
creations, and reinsertions:
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When the list has been pared down to the point where there is only one element left, then that
element is the root of the Huffman tree:
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The Project
Your task is to build up a table of letter frequency counts, just as in the histogram problem, but
then create the Huffman coding tree and determine the Huffman code for each of the letters.
The code will be printed as a sequence of 0 and 1 characters at the end. The following files are
for your use and can be downloaded from the following zip file:  Project1.2 Files.zip
 problem_1.2.c

The skeleton main program that creates the tree, traverses the tree to generate the
Huffman code, and prints codes for the 26 letters.

HuffmanTree.h
The interface to the HuffmanTree module. This defines what a tree node structure
contains, as well as the interface to a function to create a new tree node from two
existing links (perhaps NULL), a character, and a count of occurrences.

HuffmanTree.c
Skeleton implementation of the tree construction function declared in HuffmanTree.h

OrderedList.h
The interface to the module that keeps an ordered list of Huffman tree nodes (ordered by
the frequency count). Insertions always keep the list in sorted order; removals always
remove and return the first tree node in the list (with the smallest count); size simply says
how many nodes remain in the list. Note: However you maintain the size, it must initially
be 0, must increase by 1 on each insertion, and must decrease by 1 on each removal.

OrderedList.c
Skeleton implementation of the ordered list module. Note that the structure used for the
nodes in the list is declared here because the list nodes (as opposed to the Huffman tree
nodes) are invisible outside this module.

Makefile
A Makefile to build compile and link your program as huffman.exe

README.txt
A brief description of the provided files.

http://www.se.rit.edu/~se350/projects/Project1/1.2/Project1.2%20Files.zip
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SelectedInput.txt / SelectedOutput.txt / DickensInput.txt / DickensOutput.txt
Two sets of sample input and output files for testing.

The source files contain comments that both describe the data structures and functions and
provide guidance as to how to proceed with implementation. From this you should be able to
construct a program to determine the Huffman code for the 26 letters based upon an input
document.


