



































































































































Arithmetic Coding 6

Today Streaming compressionalgo forexplicit probabilisticmodel
Pan Lxi kn c notnecessarily ID 8
KEYIDEA

dope Ig g I a labia

To communicate message simply send some number in interval inbinary
PG large interval lose a fewbits needed

Let's talk about numbers and intervals

Binary expansions Any Off I can bewritten as

f O b baby It t big t

NOT unique e.g 0 I 0.011111

Standard binaryexpansion J
avoidsthis

es 5 0.0789 9
for K l 2 E E E 1 5 a

biz 9 if fat
otherwise

f 2 f be e.g I 0 I 1 01 01

E o E 1 23 E 1 5 a
the binaryexpansion

Binary dyadic intervals Givenbitstring biba be define

I bi be fo biba bee O b bz be 2 e off EE
I I

smaller intervals to more bits I
3101310ICbi be f f O b bebeer

ICS n ICS 0 so ICS C ICS or vice versa J os is Refix of 5 or vice versa 300 Joo
OT






































































































































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 intocontent 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
Assume we aregiven conditional probabilitydistributions

Pan leggy for n 42
language model

typically only depends on last k i characters
K l IID K Z digram K 3 trigram no k gram model

Pan PG Pala Pal xx Plant
EET Titsingh

tey ideas es
Can computePiQ R recursively

pay
Paid

Gn QE PCH QGnIM
PETE

fetishist aca

facePen Pen D PG n KN RAN QU
in terms of Cateconditional probabilities

n I n 2Calx in in i EgPCy x i i n
RCA Xie Xa D IPG Xan Xan

Start sending bits as
softfejggiyeico.de

Since intervals becomesmaller smaller more more bits are fixed 8

this leads tothe followingalgorithm



LingAthmeliccod

Input xMEAN to compress
5

g o r l p I

For n 421 N

r g t p Rental in i

g e g t p Que la kn c

While rEtz or 9212 T in this case ANY
b 9 it I number in Cair
write b starts with O b

r Zr b Remove b

9 29 b gang

so can write b

frombinary

P r a
like in

Write flog 7 bits of binary expansion of 9ft Shannon too
Elias

Average rate a HII it compressing XNN Pfi y xn

Without step algorithm reduces toClock Shannon Fono Elias

step does Not changeoutput but makes it steamingafoot

How to decompress EXCLAIM
What if we don't know languagemodel Learn on thefly EXCLAD


