



































































































































Arithmetic Coding 6

Today Streaming compressionalgo for explicit probabilisticmodel
Pkn Kii kn c not necessarilyUD 8
KEY IDEA

I l ll l A LA Bfi S
07 TEETEE a

To communicate message simply send some number in interval Cinbinary
PG large interval lose a few bits needed

Let's talk about numbers and intervals

Binary expansions Any Off I can bewritten as

f O b bzbz t t F t
NOT unique e.g O I 0.011111

avoidsthis

standard binaryexpansion
e.g f of F

for b 1,2
be f if fat

G 3 i I a

otherwise

f 2 f b e.g 55 0 I I 0101

the binaryexpansion E E l Z a E I I e

Binay dyadic intervals Given bitstring b.bz be define
g

generalinterval

e e
R ofform6 EteIcb be 0 bebz be Qb bz bet 2 g

smaller intervals to more bits

Icb be 3 f ED f o b bebee
310 to

IG n I 0 To Ics C ICS or vice versa JOS is prefix of 8 or rice versa 300 Joog
O T






































































































































If f r fer arbitrary interval with midpoint f radius r

T2 Icbc bee where f O b be b flog
PI Icbc be has size 2 l Er Contains f

D Icb be C f r ft r
El

we now use this to construct a simpleprefixcode followingthe above idea

Let P probability distribution on A Laid KabamTwseymabffsethnesome

arbitrarywaylower upper cumu probabilities

x 2 Ry RG Ry QQ t PG
yex y Ex

joint intervals TCA QQ RGD with
midpoint FCx Q tR radius

12
e.g A Gd B

2
PG Es st

Shannon Fano Elias Code
QQ O E

I CHA bi be
Rea E l

where FCA Qb beebee I
e TlogpT7 hog 7 1

Fk T e

l Z 3

this is a prefix code ICC ET Isijoint QQ 01 110

higher into content a more bits

HCP 1 l E LCC P E HCP 122 PCD FCB 08750 3110
0.625

when applied to X
N

aeeraserate
K 4 3 Feat III 5

but no better than Bleek Huffman 0T
Could even uselager
intervals O H






































































































































How to turn this into a steamingcode NotpossibleforHuffman 8
Assume we are given conditional probabilitydistributions

Pkn xn xn c for A 44
language model

typically only depends on last k i charades
u u n a

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

PEW PG pcxzlxdpcxz.laxD PCxµlxM

Eeg ideas e.g
Can compute RQ Recursively 5PCCC
QCxN QQ t PG't QCxnlxN PG 3 payB
RUN QCxN PKN 1 RG kN PCGAI

IEEE Pass

face
k

in terms of Cumulatice Conditionalprobabilities PLA

GenlXii xn c I PCyla Xm At K2

ysxnRC.inxii iXn D IPCylxci xn i
YEAR

Start sending bits as soon as possible

Since intervals becomesmaller smaller more more bits are fixed 8

ethis leads tothe followingalgorithm



Anthmelicoding

Input XNECAN to compress
Else
q O r l p I

For n 421 N

r g t p RG n kn kn i

q g t p QCin Ix xn c

While r EE or 92 i
L in this caseAND

b f if r I
number in Erc9if 92 I starts Lith O bwrite b So can crile b

r Zr b Remove b

a za b Efabsings

p r g

write Hog 7 bits of binary expansion of 9 shiahemon
Eno

Elias

Average race a HfX if compressing X'Nn PG xn

without step algorithm reduces to Coch Shannon Fano Elias

Step does NOT changeoutput but makes it steaming a o

How to decompress IEXCLASSI
What if we don't know languagemodel Learn on thefly Exalts


