














































































































 
 
 
 
 
 
 
 
 
 

IssyCompression The Source Coding teem 4

Today we fix the numberof bits but allow small error probability lossy

WANTXIII I l Praxis
come

How to achieve

Take set SEA with Pr X4 ES x PG 8 0 8 46
Then we can compress into d Flog 87 bits a 44 000 00

b Yy 001 01
with error probability 8 How C 44 010 10

Simply defined bysending all xe todistinct d 36 011
e 464 100

bitstrings For x4 pickarbitrary or fail f 464 lol
aya

8 IDefine 8 essential bit consent by

Hs X HSCP min log Pr X S ESS T2

THX 7 is minimal bits required to compress X witherror 8

D

HEX is ingeneralquitemessy If It
HA

it notified

Amazingly it simplifiesdramatically
if he compressblocksofsymbols or t t

Shannon's SourceCodingTheorem Let Xi Xuxa P and 0 841

Lim HSI Xo Hep
D memoryless
information source

Nega Y
optimalCompressionrate for optimal asymptote
block sie N anderrorprobes compressionraef t independent of S f
ie VSE al E O FNoto no ti Hop E e



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

If RDHCP Foo VNZNo Ho I HSUN

CAN compress at rate R G into CERN bits Hcp Eze
largerN Tt

If RLHCP Foo TN No
CANNOTcompress at rate R of qD8

Preetet theoding theorem

NOTATION X N X Xu Qi xn for stringsoflength N

Typist Tye xNeA log pc HCP EES
xueAE int n log.pe HCP7lEE

Rroperties
z
N HCP E s pC N E 2

NCHCP E
by definition

THE E z
NCHCP E

PI IZPRCXNETN.ee yEqyPgCxN Z Tme.z
NCHCPHE

4

Pr NEI Tn e E 9 0 where o Var logp
PI Lef Lk logp eJ and p E LuJ HCXu HCP Then

N

Lte Prdtu 2 Lu pl e YEAH 4

Asymptotic Equipartition Property AEP
is P T
For large N typical probabilities are 2

N HCP E

Proof of the theosemi Let SECOD and E 0 bearbitrary

PrCXNETw.ae l Eez's l S if N largeenough

HS X bS uT HCP e E for large N



want to prove that
H Z HCP E for W Large

If not i F sets Sµ for N ooo S th

PrCXNESN 2 t s and Sws 2N
HCP E

D I S E PrCXNESN Pr XNESNnTµqz t Pr XNESNTyga
C Pr XN E SurTu ee t Pr XN Tn Gz O Boo

EFFF.tk Tf
E z NER o

12 Tue is usually NOT thesmallest set Sn w PrCXNESn Il S
but Smallenough and easy to handle as N ooo IEXCLASST

How to use this in practice

SCENARIOi want to compress IIDCmemoryless data Source P
we knee P but NOT whichstringwill beemitted

FIX block size N
index elementparameter E O

T o
a way to order the typical set 1TN's

µe lCOMPRESSOR input A stringXN X Xu

If xD Tnf i FALL DECOMPRESSOR i

Determine index p of
N in Tµ e Inputi Abinarystring s

Interprets as integer pReturn p in binary
Return p th element of TNE

This is a toy compression protocol A
AEP

Error probability Pr XNETN e 10 0 as N ooo

Rafe R
bits required to represent p

N
f AEP O

log THE I
HCP EtN N



Variations

How to make it Lossless

When x Tv e senduncompressed

using N Flog Axlbits ÉÉÉÉ prefixcode

flag bit

average rate EE t teeth Hefted
REFINE Tlog Ax

no HCP E for large N agreeswithsymbol
codediscussion

How to also make it UNIVERSAL AID but we do Not know P

For simplicity assume A 20113 ie data source of bits

FIX block size N
a way to add the sets
B Nile xn with K ones and N K Zeros

COMPRESSOR Input A bitstring X
N X XN DECOMPRESSOR

compute k ones in xn clear i

Determine index p of X in BCN k Kida Bau le canbe the
Return K and p in binary e.gizzie

smaller than oil

ITAI Ist Bevin ti bits Notused in protocol only
f in the analysis

Average rate R Assume that Xi Xn P Then
depends on P butonlyusedinanalysis

XNE Tye Iced Ben k ETNE Back E TN e
typicalityonlydepends on
Zerosandones in XN



Thus we can argue as above

e
bits required to represent k t bits required to represent p

N

KENI log Back

T N
0 so Use to obtain the following bond

Iron can ignore prcxnetuey.bgIT PrCxNETn c 109terms
a l

HCP E for Cage µ
2 Hcp c

0 as before

HILLProgram this protocol compress the donkey

Discussion Manydisadvantages
Hae to look at entire xD to compress Can we compress by lookingat
a few symbols at a time

Assume HD distribution what if Pohang Or if we HE U
have local correlations If R

Thursday Ev


