











































































































ShannonEntopyDLataeonpression T94 I E

Lastmonth Formalism toolboxofQCT From now we willdiscuss ITproper
Starting 4Classicaldata compression

PCI p I Rzo probdistribution NOTATION X up for RV X

Shannonentropy of pEPCE Hcp pk log p O log6 0
BASE 2
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log E ift uniform PCHfCaGD E f pataca f
o

concave in p
g.co is coxae If f Strictlyconcave Iff Tayi pGplyso aG acy

Subadditivity monotonicity HWI

today'sgoal ShowthatHCX optimal compression rate for Source

Impression
Consider a data sourcemodeledby a RV Xnp WANT

X ET oseo.be oI

XRaobitoet HoCX7 HoCp7 log x pca 031
can compress into l bits o LZ to

PI Need one bitstringfor eachpossible x ie IdoDll 2Hx pH 031 4

How to do better Two options














































































































toy IMPRESSION LOSSLESSCOMPRESSIONI
PROBLEM

Allowsmallprobability of Usedifferent lengthfordifferent
error Pr x c 8 pay symbols minimizeaverage bits

f EEN O bI 0.98 2002ECA 0 ECB 10
ECB L ECC y 1.0
ECC arbitrary 1
prc X E 8

but typically no significant sawingforsmall 8

Keyidea what if we compressblood of symbols X Xu Xn KE p

IEEE f e
n Fn

5th
pr Xn Z l S

NOTATION X CX Xn X Xn

Det Ch R code for pEPCE Functions
R LnRJE In a 0,14nA and D Long In

s th Pr DCE D XN 5 I 8 for XN p

Z pCx pkn 2 pkn wee pan pCa pCxn
Xn527 DEET xn HEI DCEGn xn

Shannon's SourceCodingTheorem Let 058 1

If R Hcp Fno Fnzno FFCn R S code

If RLHcp Foro trizno FffCh R S code

Thus HCP is eptimatompression rate for anHDSowcecindependentof OC Sci










































































































whyshouldbetrue For typical xn K xie xg n.pk
pkn pCx pkn n Typ MPH 2

nHcp

i.e typicalstrings hacentlogp Hcp sothereshouldbe 2h may
Let'stry to formalize this

Typical set TheCpl ME In I longp
Hcp I E E

Draperies
L TEE It logp

H I c Eg

z n Hcp E s pC n E 2 n HCP E
by definition

TnEl 2 2n HCP E
PI 12Pr Etu e Z ITyet In a

Pr fThe 2
n

O where E Var log p for X n p

PI i Lef Re log1 Then Ry Rr HD with mean p E RD HXie HCP

Pr X 4The Pr Int Rie pl e n I
9

Vare not Chebyshevinequality

02

PS O is theCheah law oflargenumbers to

Asymptotic Equipartition Property AEP

For targe n typical probabilities are 2 n HCP e

Proof of Shannon's theorem p i Choose E R 0 Then

1Tn et 2h
CH E 2h42 E In RJ for n z I

Firjective E Tn e a o BAR w leftinverse D dough True
Extend arbitrarily to 2 n Then



Pr DCE XM XD E Pr EtTn e 2 o

hence E S for n largeenough I

2 This is usuallyNOT thesmallest set Sn w PrCX'VESn Il S
but Smallenough and easy to handle as n ooo

TEX How to use this in practice OUTTAKES

SCENARIOi want to compress IIDCmemoryless data Source p
we keep but NOT whichsamples will beemitted

FIX block size n
parameter E O index string

0
a way to order the typicalset Tn E l

ENCODER input A string xn X Xn Tae l
If xn El Tn e i Return 0 0 Cor fail

DECODERDetermine index k Ot xn in Tn E Input Abinarystring sReturn K in binary Interprets as integer k
Return k thelement of The

Discussion

How to make it LOSSLESS Sendatypical xn uncompressed
n n

average race R
e prcxetn.d.CHCP E th t Pra ein e HIP

a l so
HCP c E for large n

Disadvantagesi

Need to see all of xn before he canstart compressing
ID assumption what if pchanges

what if localcorrelations


