



































































































































Lempel Ziv compression C 6

Last time Symbolcodes Cf A 06,15 Kraft'sinequality KEI
HK C LEX C EH c 1 for UD codes achievableby ex ITogp 7
optimal code via Hoffmanalgo

ITodayTCompression acgos that operate on steam ofsymbols can emit
I bittsymbol are asymptoticallyoptimalforHDsources Ra HCA but

are alsoadaptive8
used in GIF very
Similar to 2278 whichis

etZ dingIgoCLZ7 used in ZIP PNG

assume stream ends with specialsymbol d Cfogether withHuffman

phrases 03
while more tocompress
tead Symbolsuntil we obtain phrase phrases splits input intominimal
IT wheeze phrases c A distinct phrases

append IT to phrases
k index of Tin phrases
write Kix in bits
F

use Nog 7 bits in j th step9 44 7 Canskip if X I Caststep

Exemple Let's compress AlB BALBA ALBA A BIABIAL
step 0 I 2 3 4 5 6 7

phrases 0 A B BA B AA BA AD AB AI

Ck CooA B 2 A CHA 448 ChB lid
Compression OO O l 100,00 H O 1000cL 0001 I 0001
bits for le 0 I 2 2 3 3 3

D Ht 14 bits compressed into 20 bits but the principle is sound Fee






































































































































7 Intuition Clear how to decompress

A akgjn.es LefR thecompression rate whee E bits of compression

Average case For 11D source where X NeXi Xiu P

E RTE HCP to Goju HCP

worst case For any stringxN x xp
R E log A Occogio log A

f
TO

means FC o i f E Cgov to

Lw ftx XD and assume LZdecomposes it into c phrases
X N x µ I TETE

T P
disjoint phrases

e Hogg51 flog Al
T

c logCc t c It Tlog AT need to understand

To make progress we need to upper bound c For worst case analysis
we would tr toabound c in terms of N EX s

Wefocus on the Ekage ase so want to relate c to PGN Do

For Simplicityi butarbitrary A

For our fixed ShingXu Consider

The IT I 2 K l PAT E 2 k Classify phrases
accordingto probability

for any phrase PCI Pr has prefix it

org ynhas at most one prefix in 17k if both Ii Tj are prefix
then IT Tj Convice versa PCI E P Ez

N K l
o I 2 PrCY has prefix in 17k Z Z PCI Z 17k Z

ITEthe






































































































































Thus TheE 2kt

How large can PCxu be if we know it has c phrases

P TL ItePGT maximal if 2kt phrases in theCtn

E 2 92 2 yd Cz a c ft bye Ct 2

L
where L is maximal with 2K 2kt 2 EC Note

L
CZ 2

t
Z L E log 2 I logG if G 2

ie N I
c s 2

2
2 24 2

a LZ logG 2

Thus i L

logplant Z K DE LG 2kt't 2

EEE CL 272 4 LG 2kt't z
42 4 t CL t 2L

4 e t 4Xt cClaggcc 2 t 2 Clagg e ZX

C log c G c

Take expectation values and use HEXN N HCP

N HCP Z E c log c GEE

EER3 iutEEeYE
P

E c.cogcJttCTlogttcA7tD.ELIN N

E HCP to EED
How to deal with EE want that o






































































































































E Log EET EE log c 2 HCP G N sincecertainly CEN

so E ET has to Jensen FCA x Logx is convex

grow slower than linear 8 A fact

EET O tog and so we arrive at

EERT E HCP t 00 Wh

hist Assume that fav log fCN t z N for large10

we claim that fCN L ft Diogo Indeed otherwise we have

fCN 2Gt 1 loft for a Subsequence of ooo Nen i

fck logfCN Z Stl 0 log GI 1
3 Gti N l 1050512

Loge
o




