
CPS 100, Spring 2009 11.1 

Review: Why Compression 
! ! Save on storage, why is this a good idea? 

!   

! ! Save on data transmission, how and why? 

!   
! ! What is information, how is it compressible? 

! Exploit redundancy, without that, hard to compress 

! ! Represent information: code (Morse cf. Huffman) 

! Dots and dashes v. 0Õs and 1Õs, how to construct code? 

CPS 100, Spring 2009 11.2 

Typoglycemia : Wikipedia (orphan)  
! !  In a puiltacibon  of New Scnieitst  you could ramdinose  all 

the letetrs , keipeng  the first two and last two the same, and 
reibadailty  would hadrly  be aftcfeed. My ansaylis  did not 
come to much beucase the thoery  at the time was for shape 
and senqeuce retigcionon . Saberi's work sugsegts we may 
have some pofrweul  palrlael  prsooscers at work.The  resaon 
for this is suerly  that idnetiyfing  coentnt  by paarllel  
prseocsing speeds up regnicoiton . We only need the first 
and last two letetrs  to spot chganes in meniang . 

Graham Rawlinson, PhD thesis 1976 

! ! Scrmabling, an anagram of scrambling, is the verb for 
rearranging the letters in a word, but leaving the first and 
last letters as is. 
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Huffman Coding 
! ! D.A Huffman in early 1950Õs 
! ! Before compressing data, analyze the input stream 

! ! Represent data using variable length codes 

! ! Variable length codes, but each is a Prefix  code 
! Each letter is assigned a codeword 

! Codeword for a given letter is produced by traversing 
the Huffman tree 

! Property : No codeword produced is the prefix of another 

! Letters appearing frequently have short encoding, while 
those that appear rarely have longer ones 

! ! Huffman coding is optimal per-character coding method 
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Coding/Compression/Concepts 
! ! We can use a fixed-length encoding, e.g., ASCII or 3-bits/per 

! What is minimum number of bits to represent N values? 

! Repercussion for representing genomic data (a, c ,g, t)? 

!   

! ! We can use a variable-length encoding, e.g., Huffman 

! How do we decide on lengths? How do we decode? 

! Values for Morse code encodings, why? 

!   
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Mary Shaw 
! ! Software engineering and 

software architecture 
! Tools for constructing 

large software systems 
! Development is a small 

piece of total cost, 
maintenance is larger, 
depends on well-designed 
and developed techniques 

! ! Interested in computer 
science, programming, 
curricula, and canoeing, 
health-care costs 

! ! ACM Fellow, Alan Perlis 
Professor of Compsci at CMU 
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Huffman coding: go go gophers 

! ! choose two smallest weights 
! combine nodes + weights 
! Repeat 
! Priority queue? 

! ! Encoding uses tree: 
! 0 left/1 right 
! How many bits? 

        ASCII         3 bits   Huffman 
g  103 1100111  000   ?? 
o  111 1101111  001   ?? 
p  112 1110000  010 
h  104 1101000  011 
e  101 1100101  100 
r  114 1110010  101 
s  115 1110011  110 
sp. 32 1000000   111  
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Huffman coding: go go gophers 

! ! Encoding uses tree/trie: 
! 0 left/1 right 
! How many bits? 37!! 
! Savings? Worth it? 

        ASCII         3 bits   Huffman 
g  103 1100111  000   00 
o  111 1101111  001   01 
p  112 1110000  010   1100  
h  104 1101000  011   1101  
e  101 1100101  100   1110  
r  114 1110010  101   1111  
s  115 1110011  110   101  
sp. 32 1000000   111   101  
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Building a Huffman tree 
! ! Begin with a forest of single-node trees/tries (leaves) 

! Each node/tree/leaf is weighted with character count 

! Node stores two values: character and count 

! There are n nodes in forest, n is size of alphabet? 

! ! Repeat until there is only one node left: root of tree 

! Remove two minimally weighted trees from forest 

! Create new tree with minimal trees as children, 
¥!New tree root's weight: sum of children (character ignored) 

! ! Does this process terminate? How do we get minimal trees? 

! Remove minimal trees, hummm ÉÉ 
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How do we create Huffman Tree/Trie? 
! ! Insert weighted values into priority queue 

! What are initial weights? Why? 

!   

! ! Remove minimal nodes, weight by sums, re-insert 
! Total number of nodes?  

  PriorityQueue<TreeNode> pq = new PriorityQueue<TreeNode>(); 
 for(int k=0; k < myCounts.length; k++){ 
       pq.add(new TreeNode(k,freq[k],null,null)); 
 } 
 while (pq.size() > 1){ 
    TreeNode left = pq.remove(); 
    TreeNode right = pq.remove(); 
    pq.add(new TreeNode(0,left.weight+right.weight, 
                        left,right)); 
 } 
 TreeNode root = pq.remove(); 
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Other Huffman Issues 
! ! What do we need to decode? 

! How did we encode? 

! How will we decode? 

! ! How do we know when to stop reading bits? How do we 
write bits? 
! We can write 3 bits, system will write 8, what do we do? 

! PSEUDO_EOF 

! ! What should happen when the file wonÕt compress? 
! Silently compress bigger? Warn user? Alternatives?  

CPS 100, Spring 2009 11.11 

Uncompression  with Huffman 

! ! We need the trie  to uncompress 
! 000100100010011001101111 

! ! As we read a bit, what do we do? 

! Go left on 0, go right on 1 
! When do we stop? What to do? 

! ! How do we get the trie ? 

! How did we get it originally? Store 256 int /counts 

¥!How do we read counts? 
! How do we store a trie ? 20 Questions relevance? 

¥!How do we read a trie ? Leaf indicator? Node values?  
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Huffman Complexities 
! ! How do we measure? Size of input file, size of alphabet 

! Which is typically bigger? 

! ! Accumulating character counts: ______ 
! How can we do this in O(1) time, though not really 

! ! Building the heap/priority queue from counts ____ 
! Initializing heap guaranteed 

! ! Building Huffman tree ____ 
! Why? 

! ! Create table of encodings from tree ____ 
! Why? 

! ! Write tree and compressed file _____ 
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Writing the compressed file 
! ! How do we go from characters to encodings? 

! Build Huffman tree 
! Root-to-leaf path generates encoding 

! ! Need way of writing bits out to file 
! Platform dependent? 
! Complicated to write bits and read in same ordering 

! ! See BitInputStream  and BitOutputStream  classes 
! Depend on each other, bit ordering preserved 

! ! How do we know bits come from compressed file? 
! Store a magic number 

CPS 100, Spring 2009 11.14 

Good Compsci  100 Assignment? 
! ! PQueue for minimal nodes (plain array ok? Why?) 

! Data Structure accounted for 

! ! Count occurrences of every chunk/char 

! Data structure accounted for (map or array, trade-off?) 
! ! Tree traversals for code generation, uncompression  

! One recursive, one not, why and which? 

! ! Deal with bits and chunks rather than ints  and chars 

! The good, the bad, the ugly 

! ! Create a working compression program 
! How would we deploy it? Make it better? 

! ! Benchmark for analysis 

! WhatÕs a corpus? 
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Other methods 
! ! Adaptive Huffman coding 
! ! Lempel-Ziv algorithms 

! Build the coding table on the fly while reading 
document 

! Coding table changes dynamically 
! Protocol between encoder and decoder so that everyone 

is always using the right coding scheme 
! Works well in practice ( compress , gzip , etc.) 

! ! More complicated methods 

! Burrows-Wheeler ( bunzip2 ) 

! PPM statistical methods 
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Robert Tarjan 
! ! Graph algorithms 

! LCA, Connected Components, 
Planarity, persistence 

! Turing Award,1986, with Hopcroft; 
Nevanlinna Prize, 1983; Kanellakis 
Theory/Practice,1999 

! ! Interaction is very important and 
having cooperative spirit. One of the 
greatest joys of being a professor is 
having graduate studentsÉ it/s very 
motivating because youÕve got people 
whose minds are fresh and open and 
eager to learn: Shasha, Out of Their Minds 


