Data Structur esand Algorithms 1l
Lecture 13:
CompressionMethods

Introduction

Run-lengthencoding
» Variablelength(Huffman)encoding
» SubstitutionalCompression

» Lossycompressiomethods.

The Assignment

» Variousoptionsfor searctpart: Implementa
“more efficient search”’(KMP? Boyer-Moore?)
or aninexactsearch.

» If youdon't understané@nalgorithm,dont
implementt (evenif you canfind bitsin
notes/tetbook).

» Exercisemustbedemonstratetly lab session
week5 - but only needdo tick off abasic
versionof search+ compressionGet“ticked
off” week4 if possible.

Notes/Clarifications

Lecture3: (Seetextbookhandoutor additional
info)

w Slide6: “first index k” would becleareras
“largestindex k™ (“first” referedto the process
of sliding forwardthe pattern- you consider
large valuesof k beforesmall).

» Slide6: shouldbe:

while((i<strlen(sl)) & (j<strlen(s2)
if(s2[j]==s1[i] || j<O0)
{i++; j++}
else j=next[j];
if(j==strlen(s2))

cout << "found at " << i-j;

» Apologiesfor ary time wasted.
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File Compression

Conpr essi on

File -oemmmmmmmiiii i o > Smaller fli

Expansi on
€.g.,zip/unzip;compress/uncompress

Motivation:

» Reducdile spaceneedede.g.,for videoclips)

» Reducdimeto copy files over network (e.g.,
WWW)

CDROMswould only hold afew second®f video
if compressiomethoddNOT used.




File Compression

Most methodsxploit either:

» Repeategbatterndn files, e.qg.,
101010101010101@rey colour?)
thedogandthecat(repeatedthe”).

Similar successie framesin video.

» Frequeng information:e.g.,

“e” occursfrequently sobetterhave shortcode
to storeit.

CompressionRatio

How muchsmallerwill compresseéile be?

Dependn how muchrepetitionin inputfile;
generallymostusefulfor graphiciles, produced
usingsomedrawving tool, wherelarge areaf
uniform “colour”.

But notethatfor binaryfiles, musttake into account
sizeof integersvs sizeof bits:

1111000011111000 4453
2 bytes 4 bytes (at least!)

Run-length Encoding

Simplestfile compressiomethodsimply looksfor
“runs” of repeateatharacterse.g.,

aaaaaaabbbbbbbbbcccc
andreplaceswith count+ relevantcharacter:
7a8b4c

For binaryfiles dont evenneedto specifythe
characterassumdiles alwaysstartwith a zero.

111111110000111111
codedas0846

Easyto code;simpleloop readsin singlecharacter
andincrementsounteruntil differentcharacter
readin.

Variable Length Encoding (Huffman
encoding)

Basedon principlethat:

» Somecharacteraremorecommonthanothers.

» Sousespecialshortcodesfor them.

» Normally 1 byterequiredfor eachcharacter
(usingASCII codes) Variablelengthencoding
findscodedfor commoncharactergessthanl
byte,but codedor rarecharactersnorethanl
byte.

= [n binary ASCII codefor 'e’ is01100101.
But asit's socommoncanwe justuseasingle
bit? or 2 bitse.g.,1 or 01.

» How canwe find anoptimalsetof codeggiven
informationon how frequentlydifferent
charactersccur




Variable Length Encoding

Ratherthan8 bits of eachchat now charswill have
variablelength,e.g.:

z: 16 bits
e: 2 bits

But how canwe tell whereonecharacteendsand
anothebggins?

1011001000
Is that:

10 fol l owed by 11001000
1011 fol | owed by 001000

or what?

Huffman Encoding

Huffmanencodings methodof constructing
optimalcodetreegivenfrequeny informationon
characters.

Build treefrom bottomup.

w Startby creatingleaf nodescorrespondingo
all thecharactersScoreof nodeis numberof
occurencesf thatcharacter

» Repeat:

— Combinetwo nodeswith lowestscore,
creatingparentnodewith thesetwo asits
children.

— Scoreof this nodeis sumof scoresf
children.

Until all nodescombinedandhave singleroot.
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Variable length encoding

Avoid this problemby ensuringhatyou never have
two codessuchthatonecodestartswith another
code(e.g.,1010and10).

Canfind suitablesetof codesfrom abinarytree:

Codegreadoff by taking0/1 value,dependingn
whethereft or right handbranch,asdescendree.

T=00(ie, left, left) E=1H=010A=011
Decodingeasy:Descendeft/right branchaccording
to whethemext bit is 0 or 1; whenatleafbranch

outputcharacteandreturnto root.
e.g.,000101?

Huffman Encoding

Example:
41

M\l 0 1

A5 B:6 E:12 C:8 D:10

Rarecharacterg\ andB getshortercodeshan
commoncharacters.

» Resultof all thisis codingschemenhere
commoncharacterfiave shortcodes.

» Goodfor text files (20-30%reduction).
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Substitutional Compression

» Findsrepeatedequences, notjustruns.
e.g.,the catandthe dog.

» Replacedaterseqeuncewith areferenceo
earlierone.Either:

— Storecharactesequences adictionary
Replacesequenceavith adictionaryindex.

— Keepgrackof (say)lastN bytesin string,
andreplacesepeatedegeuncevith
referencébackto lastoccurence.

» Methodusedwidely for text files; gzip, zip etc
useit. May get50%compression.
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LossyCompression

» All methodslofararelossless- canrestore
exactcopy of original.

» Forimages/videdossy methodsareOK, where
somefine detaillost:

— JPEG:Lossycompressioffior images.

— MPEG:Videocompression.

» Lossycompressiombviously uselesgor text
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Substitutional Compression

Dictionarymethodusedtrick to decidewhatto put
in dictionary avoiding storingevery possible
sequence:

Gothroughanexampletext file (say d[]), character
by character:

» atcharacter, find largestk suchthatsequence
d[i]..d[i+k-1] is alreadyin thedictionary (k=0
if d[i] notin it).

» Add this charactesequencéo thedictionary

d="‘the_thin_chin’

dictionary itens added:

t h e _ th hi i n _c ¢ hin.

(_ = space)

Resultis thatlong commonstringsareaddedjong
rareonesarent.
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JPEG
Roughly:
» Transformimageto obtainspatial frequencies

(similarto fouriertransformused).

» High spatialfrequencies- fine detail. Sothrow
themaway.

» Now if restoreimageby doingreverse
transform fine detaillost.. but maybeinvisible
to humaneye.

» Canvary degreeof lossiness dependingpn
quality/compressionriteria.

» Canreducesizeby factorof 5 without
perceptibldossin quality.
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MPEG: Video Compression
Roughly:
» UsesJPEGcompressiofior frame.

» Looksatdifferences betweerframesrather
thanrecordingevery one(successie frames
will bevery similar).
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Summary
Have lookedat:
» Run-length
» Variablelength
» Substitutional

» Lossy(image/video)
Useinformationon:

» Repetition(e.g.,run-length substitutional,
MPEG)

» Frequeng (Variablelength)

Methodsareoftencombined.
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