



































































































































Empression adsymbol CodesC 5

want to compress data sourcemodeledby RV X with town distribution P

by using Symbol codes whichcompress one symbol at a time
one or morebits WANT

X oust I F X
compressor decompressor
encoder decoder

NOTATION Ste USN nonemptystringsover S
NII

I length ofstring west
let's define thingsproperly

ymb de Cf A a 0,13 for alphabet A ACH howwecompressX

averagelength when encoding X'NP
what we war

LCC P LC x7 E l QQ'D Z PG KQED tominimize
XECA

extended code
how weCft Ht Seo ist Cx xp QQ QQ encodestrings

Tweimportssesel codes Cl is called
uniquelydecodableCUD if can unambiguously

w D t w fCitTw Hw wiest decodestrings8

prefixGee code if Codeword Bprefix of anyother

PG G's C C C

seines.t FEE
FACT HCP 4.75

Any prefix code is UD Pughcode I 5 Ekg Ey
averagelength 1.75 2 1.25 1.75






































































































































prefix codes binarytrees e.g 95

y

44
40 IgLeafs labeled by XE do

path to leaf codeword QQ

what constraints are these on the lengthof codewords

Kraft McMillan inequality If is UD then

2
l

I ophinac codes should saturatethis complete Code

XEA

If Lets 2 A and Imma max ICCA Then
x x

µsymbols NEmmax

z
eeccitcxixnD.eep.SN I E 22 e cosmtiieFsedthfn.IEbits

growth X r kN b l max
its i f i

HN
E 2e by UDC N lemma D S El El

lineargrowth

Kraft's converse Let l Z I for xed be integers S th 2
l

1

Then F prefix code with LCC ex for all xe A
D

If i Construct as follows Thus prefixcodesare as
algorithm but notveryefficient good as any UDCode I

Order the numbers

lx E lez E Clee od Lxi Xu S

For K4121 choose EdoBette S th NONEof theCtCa ht

is prefix This is possible since
bitstrings of length exe that have one of these as prefix

K l

E zexu lxi zlxk.fyzlxiazlxu.dz
et

bitstringsoflengthExu
withprefix i bitstrings2l h

of lengthbae El






































































































































But whatdoes this mean for theaverageLength Need one more tool

Gibbs inequalityi Let RQ prob distributions Then

PCAlog Z HCP E iff F On

Ef LHSRHS IP G log IPCAlog use Jensen El

LEG P Z HCP for every UD Code informationcontent

Equalityholds Elf HQGD log 1 Ctx
PI Define

orca 2759k where 2 ecclGD Eaff
McMillan

ESHCP PCx log Lcd P t log LCE P El
p Tlcd t logsiff F Oz it f SE I

Exhigoodcodesi 7prefixcodes with Lcd X CH tf III is

PI Define ex Flog 1 72 I round up equalingcondition from above

2 ex Ep p byKraft'sconverse tree exists a

prefix code d with lCGCxD ex

LEXG IP G ex LIRA gp c 1 Halt l CT
X

NB This code is ingeneral 600Toptimal E.g
x RA LG QQ

H X A is z oo but we can

f gd B s 2 01 LUX 2 Clearly do better
goC 43 2 O

o

To find an optimal prefix and therefore UD code can use thefollowingalso i



Hekffmariscodingdgorithmi

Input probabilitydebt P on A

output binary fee correspondingto prefix coded with minimal LCI P
a

algae Start withforest of A isolated leaves
while more than one tree merge two treeswithsmallestprobabilitie

Eixample X PG HCP 2.28 Ckx
A 0.25 00 LCCP
B 0.25 2.3

Ii
to

D 010
E i 011

Summary

SourceCodingTheorem forPrefixCodes Let be the optimal UD prefixCode

for X n P Ces Huffman's Then H E LCQ X H tf

P
Probtern completely useless when X is e g a bit Ff ok if HCH large
Solution Compress of N symbols at a time

A large
e g alphabetofletters

ie build code on AN for
jointdistributionof Xu XN

n N
N Xw X xn

110
Reset If Xp Xp P then the optimalprefixcodesatisfies

Hep E t X E Hcp t
N

0 as N ooo

HCP is optimal asymptotic average rate of compression of 1113 Source

Rfi HCX Xiu N HCP by the ex class El
localcorrelations

The HDassumption is not realistic but a goodstartingpoint
QU

Changing distribution



Two bits of terminology to remember i

compression source coding

Coverage rate of compression
erase bits used to compressmessageof length N

N

NOTATION R for rate E foraverage rate


