



































































































































Arithmetic Coding

Lengeage modet oftengivenby conditional probability distributions
Pkn Xii xn c for A 44 i NTH equivalentw jointdistribution
Pkn PG pcxzlxdpcxz.laxD PCxnlxn
see last lecturenotes c exercise class

Anthmeling
Input XNECAN to compress
Else
Q O R c p y nP4l4

xn

For n 42 N f
4920Cumulateprob

RE EEE is
While REE or Q Z I i lowercumulativeprob

b O REE EgRyki xn
Q 2

write b
R 212 b
Q 2Q b

p R Q

write Hog El bits of binary expansion of Q

Pgerate HKN
auera Tv for large N

Questions If not i Let'schange seasto






































































































































Ioint Entropies START HERE

Joint distribution PCay Hay
marginaldistributions PK Pac HCN HCT

H HEY Z HEY Tff Xi independent HULT
Conditional distributions PCyk PCxly

H X x EPCyk logpc similarly HCX'H y
y

conditional entropy

Hal X EP HNK x

HCYIX s 0 O iff F f for some function f
PI 0 iff HCYlX 0 Vx Iff Tx Fy PGH 4 El

P Jwith

HCYK HEY HK Paso
HCHY

Ef HCYIX PCAPGH logp Hex
HCT

pay p HEH HEH LT taxing ICED Hoax

HECK EHLY iff X'if independent
Pfi ear to HCXYIEHCX.ltHCT E D

O tf0 HCYIX p HCNfaffs Cfp Haff tfsp a f ya
f D f f

k 1 a 1 HC faffs
0 if 0 OR L

tf independent of p l if f Iz
ex N coinflips of biased coin until 1st heads DH

4 HHAUT 1 if 1st outcome is heads NH this
0 otherwise CN 1






































































































































HCN HCNX HCA t HCNIX
T HEH t p Haul X D tp HCNlX oX fav Hapfps 0 since he

HCN

HCN
HCLpltps

if l

P

Mutual information

ICX X H Htc H Y HCA HEXLY HK HECK

I Y 20 O Iff X'IT independent
reformulations offacts for

ICKY 2 Hey HEY HAKI HECK fromabove

ICKY DCPyHQ y whee Quay PG PG
EX CLASS

Recall Relativeentropy
O log0 0

DKK DCP Z P 65 E

DCP1104 00 5 0 Tx ceca 0 D PG O

Gibbs inequality DCPHQ 20 O iff P Q

Communicating over NoisyChannels 9

Sien ysource encoder 2 noisychannel 2 decode
Cecill mathematical designthese

model

CDiscelememory channel QCyk cord probabilitydisk
where XEAµ inputalphabet YEAY output alphabet

1 f
e.g Binarysymmetric channel O Iff O Q0107 0011 1 f

old friend I Ife l o I f












































































































Binary asymmetricchannel go
00 Q 0107 1 QQ o 0

from HU1 to l QColl f Q ill l f

Binary erasure Channel 0 tf O QCielo IN f
8 I QColo Q 1117 1 f

l t l Q Ilo Q ol 1 0

A Lois clopLal Is

Noisytypewriter A A QCHAI QCBIA A

E E QCBIDHQCCIBTQCAID.FI
D D
E E i

F F Q It QCAIFI QCEIF

How well can we communicate over each of them

If he allow r at all 6 any y could comefrom either X

If 4 0 Can comefrom oryx GSending 0 all the time is not information

tf y 1 can come from either x Zeo error conman
0 encode 9,1 decode

A B'C IEXCLAST
DcE F to L

If we allow error Can use Bayes theorem to infer most likely x

PCxly Q Gla PG

QCyl Pce assuming camefromsome ensemble

For reliable communication consider bleeding
N N

ray ns Le i decode s
a Tale
Ii f'S N W N

X Y WINI 8 5
codeword receivedstring withhighprobability




