



































































































































Symbol Codes C 5
Last week Shannon's sourcecodingtheorem HCM is optimal lossycomps
optimal average lossless compressionrate 7largeblock size complicated

today'Igedi Losslesscompression one symbolat a time with
HCX C LE HAITI whee averagelengthofcodewordperSymbol

NOTATION S USN nonemptystringsover S
NII

IH length ofstring west

Symbol code Ct A a oa5 for alphabet A

extended code

Cit dat oast Gtk xp QQ C xp

Cl is called uniquelydecodableCUD if
w wi w w Fwiw EAT

CI is called a prefix code if no codeword Bpretixot any other

Any prefix code BUD

Exempted PG G's 44 Qs G6 reverseddes
Tt 42 O OO O 0

entropy B 14 10 01 I 01
C 48 110 LO 00 011

HCP 4.75 D 48 111 Ll Il 111

prefixcode if Gs
UD r Efg

ya
averagelength 1.75 2 1.25 1.75

defined as
LCCipt LCCIXFEPCAECQKD E eccicxtffosodnibinh.EE

XECA






































































































































prefix codes binarytrees es 95
BqgLeafs labeled by XE do

path to leaf codeword QQ
what constraint is imposedby UD prefixness

Kraft McMillan inequality If is UD then

2 I ophinac codes should saturatethis complete Code
XECA

If Lets 2 A and Imax maxxQKGB Then
NSymbols N lmax

SN 2 lGTGi N E 2 l Lcodewordsof length l

p x i ku t w lmax 0 to
exp AN
growth 2 N lmax C I SEI

p a
lineargrowth

Kraft's converse Cf 2
l E L then F prefix code with these lengths

p
If i Construct as follows Thus prefixcodesare as

good as any UD code IfOrder the lengths

lex Elka E were A Lxi xu S
For K412 Choose e E QB S th NONEof the QQ ut
is prefix This is possible since
bitstrings of length Axe that have such prefix

E'zecxu lexi go zecxul ecxil z.eck7 z
eCxi

i I

zeku eel zecxu 4






































































































































How short can UD codes be weed one more tool

Gibbs inequalityi Let RQ prob distributions Then

PCAlog Z HCP E iff F On

Ef LHSRHS IP G log IRAlog use Jensen El

dI LEG P Z HCP for every UD Code informationcontent

And equality holds it f lCQCx log p Fx

Rf Define
orca 27594 where 2 KQED Edt

Es HCP PCx log Lcd P t log LCE p Il
t tiff F Oz it f SE l

we can easily achieve this

Eisaceofgoodcodesi Fprefixcodes with Lcd f EH tf

PI Deane LG togp ie roundequalityconditionfromabout

2 l I 2 PG prefixcode exists byKraft'sconverse

EPG eat IPG gp c I H t l El

NB This code is ingeneral 600Toptimal E.g
x RA EG QQ
A 3 2 00
B s 2 01 Lcd 14 2 but H Loge 1.585
C 43 2 0

Optimal prefix andtherefore UD cooddeess Can be acweled as follows



Hekffmariscodingdgorithmi

tepui probabilitydebt P on A
Output binary fee correspondingto prefix codeCI with minimal LCC P

algoi Start withforest of A isolated leaves
while more than one tree merge two treeswithsmallest probabilitie

Exemple x PG Ckx
A 0 00

is
010

I O l 1

HCP 2.28 LCCp 2.3

Summary
SourceCodingTheorem forPrefixCodes Let be the optimal UD prefixCode
for X n P Ces Huffman's Then H E LCQ X E H t I

i
Ges H H ok if A large but terriblewhencompressingbits should be

a Hock
Remedy Look at blocks and use AEP

4 Changingsymbols local correlations QU
very
likely


