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Computations and Explorations Ch. 9 #3
Construct a Huffman code for the symbols with ASCII codes given the frequency of their occurrence in representative input.

Brief Overview:

To construct a Huffman code, you must cycle through the file first tallying up how many times you see each character.  You then treat each of the characters as a node in a tree and connect the nodes from the bottom up.  You connect the two lowest frequency nodes.  This creates another node that is placed in the set of nodes.  The two that were just connected are taken out.  You repeat this process until there is one node left in the set.  This node is the root node of the tree.  You then assign bit values to each node.  To do this you start at the root node.  Its left node gets a value of 0.  Its right node gets a value of 1.  You recursively do this to the entire tree until all nodes have bit values.  You then cycle through the file again reading in one character at a time.  You write that characters bit value out to a file and keep going until you run out of characters.  You then have to save the frequency table somehow also.
To decode, you take the saved frequency table and reconstruct the tree from it.  You then read in a bit at a time from the compressed file.  If you read a 0, you traverse to the left node below the current node.  If you read a 1, you traverse to the right node below the current node.  If this node is a character, you output it to a file.  If this node is just a connecter, you keep reading in bits until you get a character or the file ends.
External Programs Used to Solve the Problem:

Eclipse IDE – A development environment produced by IBM and freely available from http://www.eclipse.org.
BitOutputStream / BitInputStream – A class used to input and output bits.  Java only supports IO of bytes natively.  You have to extend ByteArrayinputStream to make something that inputs and outputs bits.  This isn’t relevant to the discrete math part of the project, so I downloaded a free implementation of the web.  http://www.cs.wisc.edu/~smethegj/imageprocessor/
Analysis:
This problem is under the Tree chapter.  I’ve never had to construct a tree from the ground up before.  I’ve always constructed them from the root down.  This was a challenging concept to master correctly at first.
I’m not sure if it was intended by this question, but I learned a valuable lesson about sorting sets and comparability of objects.  When building the table from the frequencies, ties sometimes occur.  So you have to find a way to order the set if the frequencies are the same.  It seems obvious that you should use the ASCII code of the character, but this doesn’t always help.  Sometimes you have to nodes that are connecting other nodes and have the same frequency.  These nodes don’t have a character representation.  They are both null.  In this case, you have to rely on sorting the nodes the same way each time before you begin connecting nodes and follow the same algorithm so that it will create the same tree each time.  

The attached graph of Initial Size vs. Compressed Sizes suggests a linear relationship.  The graph of Initial Size vs. Encoding time suggests that the encoding process is an exponential process as implemented here.  This makes sense since you have to read through the file twice.

Using an object orient programming language like Java produced some efficiency hassles.  When calculating the frequencies you can either read through the file twice keeping track of the number of unique characters somewhere and then allocating enough space to hold that many characters and their frequencies, or you can use a custom data structure.  I originally used a Map, but Maps only take objects, which is horribly inefficient.  I originally thought this would compensate for having to only read the file once, but this is not so.  Integer objects are immutable, which means once you make them, you can’t change the value of them.  You have to create a new one to change it.  So each character I found, I had to make a new Integer object.  Instead I decided to make a HuffmanCharacter class that contained a character and an integer that told the frequency.  This worked well because it allowed me to make methods that could modify an integer primitive.  
In order to not have to search through the set of characters each time to see if the character was there, I chose to just make an ArrayList of all 256 ASCII characters.  This is small compared to the memory in modern machines and saves a lot of computing power.  Now if you find a character with ASCII value 54, you get the 54th element of the array and increment its frequency.  

The decoder would randomly crash on certain text files.  I soon ran some tests and realized that not all text files contain only ASCII characters.  It took me a long time to figure this out.  Some file contain characters like the u character with the squiggle above it.  These are not ASCII characters and are not under the scope of this problem.  Any file with these characters produces an error.
Originally when encoding files, I would save the list of bits before writing them out to memory.  The list of bits became entirely too long and an Out of Memory error would occur for small 20K text files.  I then changed the algorithm to write the bits as they were figured out.  This is much much more efficient.

This implementation supports files that compress to 264 bits as long as there aren’t more than 232 of any character.  I tried to make this work with as large of files as possible.  Not storing the data in temporary variables helped, but it wasn’t enough for my tastes.  I need to know how many bits to read in when reading in the compressed files.  For some reason, the read() function will read past the end of the file.  To do this, I store the value as the first line of the frequency table.  The largest I can make it is a long.  That puts the limit on 264 bits.  Each character’s frequency is stored as an integer, which limits it to 232.
Another problem was the frequency table.  To save bits ( which makes a difference on small files ), I chose a standard and followed it.  Each line after the first contains a character and it’s frequency.  Certain characters, the new line, line feed, and tab change this standard and caused problems.  I had to make exceptions for them by writing out nl instead of the actually new line character.  

Another issue is that the compressor creates two files.  One contains a frequency and one contains the compressed bits.  Normally you would want them to create one file that contains all of this.  This could be done with the use of headers, but I didn’t have time to figure out how to do this.  Since it doesn’t pertain to the discrete math part of the project, I didn’t feel it was necessary.

When you look at the results, you’ll notice that encoding takes much longer than decoding.  This is because when encoding, I use a HuffmanBitList that I wrote to store the bit representation of each node.  This is very bulky.  I should have instead just used an array.  If I was to do the project again, this would be one of the changes I would make.
This project would probably be best done in C instead of Java.  It would be much more efficient.  I enjoyed this project a lot.  I think I did a lot more than I had to because of that.
All text files were found at Project Gutenburg.

Solution & Computer Runtime:
	
	Size
	Compressed Size
	Percent of Original Size
	Encoding Computation Time
	Decoding Computation Time

	Tartuffe
	116,739
	71,890
	61.58%
	3s
	0.2s

	Beowulf
	161,454
	93,980
	58.21%
	6s
	0.2s

	A Tale of Two Cites
	787,707
	450,053
	57.13%
	21s
	0.3s

	Crime and Punishment
	1,176,635
	675,942
	57.45%
	31s
	4s

	Webster’s Unabridged Dictionary
	1,536,408
	936,467
	60.95%
	49s
	3.5s

	War and Peace
	3,282,452
	1,867,144
	56.88%
	81s
	6.5s

	The Bible
	4,959,549
	2,778,289
	56.02%
	106s
	9s

	All the Books Combined
	12,020,944
	6,991,898
	58.16%
	336s
	24s


All Sizes are in bytes unless otherwise noted.
Sample Frequency Table & Huffman Code for Beowulf.txt:
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Sample HuffmanEncoder output for Beowulf.txt:
Beginning Encoding

=Generating Frequency Table

=Creating Tree of Character Frequencies

==Creating Nodes

===Nodes: [[ line feed,4018 ], [ carriage returna,9138 ], [ b,1753 ], [ c,1861 ], [ d,5964 ], [ e,15555 ], [ f,3659 ], [ g,2789 ], [ h,8726 ], [ i,6795 ], [ j,87 ], [ k,910 ], [ l,5636 ], [ m,2616 ], [ n,7382 ], [ o,9252 ], [ p,1299 ], [ q,83 ], [ r,7950 ], [ s,7414 ], [ t,9902 ], [ u,2609 ], [ v,884 ], [ w,3294 ], [ x,120 ], [ y,1891 ], [ z,51 ], [ ~,1 ]]

==Connecting Nodes

===Total Unique Characters in file: 88

===Connecting [ #,1 ] to [ $,1 ]

===Connecting [ <,1 ] to [ >,1 ]

===Connecting [ ~,1 ] to [ null, 2,  ]

===Connecting [ null, 2,  ] to [ =,2 ]

===Connecting [ _,2 ] to [ null, 3,  ]

===Connecting [ Q,3 ] to [ null, 4,  ]

===Connecting [ %,4 ] to [ @,4 ]

===Connecting [ null, 5,  ] to [ /,6 ]

===Connecting [ null, 7,  ] to [ null, 8,  ]

===Connecting [ 8,8 ] to [ 7,9 ]

===Connecting [ null, 11,  ] to [ ?,11 ]

===Connecting [ J,11 ] to [ K,13 ]

===Connecting [ 6,14 ] to [ null, 15,  ]

===Connecting [ 9,15 ] to [ null, 17,  ]

===Connecting [ null, 22,  ] to [ null, 24,  ]

===Connecting [ 5,24 ] to [ null, 29,  ]

===Connecting [ null, 32,  ] to [ (,33 ]

===Connecting [ ),33 ] to [ 4,33 ]

===Connecting [ V,37 ] to [ Y,38 ]

===Connecting [ 0,42 ] to [ 3,43 ]

===Connecting [ null, 46,  ] to [ z,51 ]

===Connecting [ null, 53,  ] to [ null, 65,  ]

===Connecting [ null, 66,  ] to [ *,66 ]

===Connecting [ C,68 ] to [ U,70 ]

===Connecting [ X,70 ] to [ 2,71 ]

===Connecting [ null, 75,  ] to [ P,75 ]

===Connecting [ M,77 ] to [ L,81 ]

===Connecting [ q,83 ] to [ null, 85,  ]

===Connecting [ j,87 ] to [ null, 97,  ]

===Connecting [ R,107 ] to [ 1,113 ]

===Connecting [ null, 118,  ] to [ x,120 ]

===Connecting [ D,128 ] to [ null, 132,  ]

===Connecting [ null, 138,  ] to [ null, 141,  ]

===Connecting [ null, 150,  ] to [ null, 158,  ]

===Connecting [ O,160 ] to [ F,162 ]

===Connecting [ null, 168,  ] to [ A,172 ]

===Connecting [ !,183 ] to [ W,183 ]

===Connecting [ null, 184,  ] to [ N,199 ]

===Connecting [ :,205 ] to [ B,206 ]

===Connecting [ E,212 ] to [ ",218 ]

===Connecting [ null, 220,  ] to [ G,229 ]

===Connecting [ S,235 ] to [ null, 238,  ]

===Connecting [ null, 260,  ] to [ [,267 ]

===Connecting [ ],267 ] to [ null, 279,  ]

===Connecting [ ;,282 ] to [ null, 308,  ]

===Connecting [ null, 322,  ] to [ null, 340,  ]

===Connecting [ null, 366,  ] to [ H,372 ]

===Connecting [ I,381 ] to [ null, 383,  ]

===Connecting [ null, 411,  ] to [ null, 430,  ]

===Connecting [ null, 449,  ] to [ null, 473,  ]

===Connecting [ T,480 ] to [ ',500 ]

===Connecting [ null, 527,  ] to [ null, 546,  ]

===Connecting [ null, 590,  ] to [ null, 662,  ]

===Connecting [ null, 738,  ] to [ null, 764,  ]

===Connecting [ null, 841,  ] to [ v,884 ]

===Connecting [ k,910 ] to [ null, 922,  ]

===Connecting [ null, 980,  ] to [ null, 1073,  ]

===Connecting [ .,1114 ] to [ null, 1252,  ]

===Connecting [ -,1282 ] to [ p,1299 ]

===Connecting [ null, 1502,  ] to [ null, 1725,  ]

===Connecting [ b,1753 ] to [ null, 1832,  ]

===Connecting [ c,1861 ] to [ y,1891 ]

===Connecting [ null, 2053,  ] to [ null, 2366,  ]

===Connecting [ null, 2581,  ] to [ u,2609 ]

===Connecting [ m,2616 ] to [ g,2789 ]

===Connecting [ ,,2869 ] to [ null, 3227,  ]

===Connecting [ w,3294 ] to [ null, 3585,  ]

===Connecting [ f,3659 ] to [ null, 3752,  ]

===Connecting [ line feed,4018 ] to [ carriage return,4018 ]

===Connecting [ null, 4419,  ] to [ null, 5190,  ]

===Connecting [ null, 5405,  ] to [ l,5636 ]

===Connecting [ d,5964 ] to [ null, 6096,  ]

===Connecting [ i,6795 ] to [ null, 6879,  ]

===Connecting [ n,7382 ] to [ null, 7411,  ]

===Connecting [ s,7414 ] to [ r,7950 ]

===Connecting [ null, 8036,  ] to [ h,8726 ]

===Connecting [ a,9138 ] to [ o,9252 ]

===Connecting [ null, 9609,  ] to [ t,9902 ]

===Connecting [ null, 11041,  ] to [ null, 12060,  ]

===Connecting [ null, 13674,  ] to [ null, 14793,  ]

===Connecting [ null, 15364,  ] to [ e,15555 ]

===Connecting [ null, 16762,  ] to [ null, 18390,  ]

===Connecting [ null, 19511,  ] to [ null, 23101,  ]

===Connecting [  ,24304 ] to [ null, 28467,  ]

===Connecting [ null, 30919,  ] to [ null, 35152,  ]

===Connecting [ null, 42612,  ] to [ null, 52771,  ]

===Connecting [ null, 66071,  ] to [ null, 95383,  ]

===Total Characters In file: 161454

=Assigning bit representations to nodes

=Substituting bits for characters and saving

=Saving frequency table

Done Encoding

