



































































































































Arithmetic Coding 6

Last time LZ stream compression adaptive no explicitprobabilisticmodel
asymptotically optimal for HD sources also for ergodic sakes

Today Streaming compressionalgo for explicit probabilisticmodel
PCxµe Ix xn not necessarilyUD 8

Binary expansions Any 02 9 1 Can bewritten as

f O b bzbz t tbf t
Jacoids

this

NOT unique e.g O I 0.011111

standard binaryexpansion
e.g f O of F

for b 1,2
be f if fat

G 3 E KI a

otherwise

f 2 f b e.g 55 0 I I 0 I O l

the binaryexpansion E E l Z a E I I e

Binay dyadic intervals Given bitstring b.bz be deline

E e e
e offend intervalIcb be 0 bebz be 0 bib be 2

Ezek Jefe
E

smaller intervals to more bits Ju
Icb be 3 f ID f O bi bebee 310C to

ICS NICE 0 To ICS C ICS or vice versa foe
s is prefix of 8 or ice versa 3001 Joo

If f r fer arbitrary interval with
0T

midpoint f radius ri
2 Icbc bee where f O b be b flog

e






































































































































PI Icbc be has size 2 EE r contains f
D Icb be C f r ft r El

why useful As warmup let's use this to construct a simple prefix code

Let P probability distribution on A Laid KabamTwseymabffsethnesome

arbitrary waylower upper cumu probabilities
x 2 Ry RG Ry QQ t PG

yex yEx

dgijoin intervals TCA QQ RGD with
midpoint FG Q tRC radius 1 QS A Gd B

2 PG Es St
Shannon Fano Elias Code QQ O

GK bi be RCH E l

where FCA Qb beebee FG I E
e Tlogp 7 Mog 7th l 2 3

QQ 01 110
this is a prefix code ICQ ETCHddijoint
higher intocontent a more bits I

HCP 1 l E LCC P E Hcp z PCD FCB 08750 3 no
0.625

when applied to X
N

eeraserate text 3
Fat III 5

BUT No better than block Huffman I
could even use
lager chieualsWe now discuss how to turn this into Notpossible o U

a steaming code forHuffman

For simplicity AssumeTNX Not necessary see below






































































































































Key ideas e.g
Can compute P Q R recursively 3 Raw

Q I QQ pan QCxn PE pEE j
RG n QQ t Pan 1 RG n

t
bio IEEE oyez

PCB

face
PGM PGM pen RGT QQ PCA
Start sending bits as soon as possible

n n z
Since the intervals become smaller smaller
more more bits are fixed 8

Anthmeling
Input XNECAN to compress
AISE
Q O R l p I
For n 421 N

R Q t p R xn
Q Q t p Q Cin

While Rft or Q E In this case AND
be 9 REITZ number in ERQ
write b starts cith Qb

So can crile b
Rs 212 to Remove b
Q za b Effabsions

p R Q

write Hog 7 bits of binary expansion of Q b shihaemon
Eno

Elias

without step algorithm reduces to Coch Shannon Fano Elias

Step does NOT changeoutput but makes it steamingafoot








































































How to decompress IEXCLASSI

Arithmeticcodinggeneralizes directly to non HD situations0

Assume we are given conditional probability distributions
Pkn Xm xn c for A 44 language model

typically only depends on X nee ti xn c
u u n a

KH HD k 2i digram E 3 trigram no Kgram model

can even learn language model on the fly Exalts
Joint distribution PEW PG PCxzlxdpcxz.laxD PCxµlxM

How to adapt ArithmeticCodingalso2 Onlyneed to adjust step by
R Qt p kn
a a xp Ian i is

where QCxn Xi xn c I PCy la xn

ysxnrcxnlxu.ixn.ispack IIIIIIes
YE xn

average role a HY it compressing X'Nn PG xn


