



































































































































Empressionadsyncodes 5

Consider data sourcemodeledby RV X Assume he Koo distributionPx
E.g X could be a letter and weassume PG PengishCx

How well can we compress Today we consider symbol codes which compress
one symbol letter sourcemessagel at a time

WANT

Its cons Fiji xx
come

GOAL Show that lossless compression one symbolat a time can achieve
HEX E LLC HE l Lee LL average lengthofcodeword

I atworstone more bit thanentropy

NOTATION St OSN nonemptystringsover S
021

A length ofstringwest

Symbolcode Q A a 0115 for alphabet A Aca howwecompressX

averagelength LCCP LCEX IPG law Efl Cia
want to minimize xed

extended code It at o ist atCx xp QQ C x
howwe encodestrings

twoimp tdassest codes G is called
uniquelydecodable ID if can unambiguously

W W D w Q wi Hwwe eat decodestrings8

prefix free code if a codeword Cx isprefix or anyother






































































































































x PG G's 94 Qs do

FACT of93
entropy

qty p go go go
reverse

HCP1.75Any prefix code is UD

I fish Is 2 1.25 1.75
UD E É EE

Prefix codes binarytrees
YAleafs labeled by XE do

path to leaf codeword de Éfg Ig
What constraints are there on the lengthof codewords

Kraft McMillan inequality IfG is UD then

I 2 I I I t ophinac codes should saturatethis complete code

XE d

Rf Let S 2 194
and lmao my ACCA Then

Nsymbols Imax
so z ecIIYsttsfs e.EEgdtggebexp

mama I s It

s

IS
Kraft's converse Let ex I for xed be integers s th I 2

k 1

Then Fprefixcode C with l ACA ex for all xe A

Thus prefixcodesare as
If Construct as follows good asany UD code l

algorithm butnotveryefficient

Order the numbers

lx E ly t were A Lxi xze






































































































































For k 112 choose QQe E oBett s th NONEof the Gla In
is prefix This is possible since
bitstrings of length exe that have one of these

aspects

24k z lxigezlxnfzlxEIIIIE.se
withprefixCail 2lxh to Ese

But whatdoesthis mean for theaveragelength Need one more tool

Gibbs inequality Let P Q prob distributions Then

PCAlog I HCP if P Q
x

Rt LHSRHS EPH log IPGlog use Jensen El

Aboud Lca P Z H P for every UD code informationcontent

Equalityholds itf l QQ log p
Rf Define

G 2 edgy
so

i where 2 144
KELI

EB HCP
qIPCx log Lcd P IOSS LCE P I

tiffPay the logs iff SE

EIotgoodcodes.ttprefixcodes with Lcd X Hati 971dm is
Pf Define lx fog p 771 round up equalitycondition fromabove

Iz lx I pay
byKraft'sconverse tree exists a
prefixcode 9 withLCCA lx

LEXC IPG ex IPO pet t 1 Hatt I









































































































































