



































































































































Arithmetic Coding Summary from L7

Lengeagemodei oftengivenby conditional probability distributions

Pkn Xii xn c for A 44 iNTH equivalentw jointdistribution
n

n
n 1PG Rx pcxzlxdpcxz.laxD PCx Ix

see last lecturenotes c exercise class

Anthmeling
Input XNECAN to compress
AISE
9 O r e p y nP4l4

xn D

For n 42 N f
4920Cumulateprob

r g t p kn
a p'Ian i is

While r Etz or 9 Z I i lowercumulativeprob

b 9 if ret
y
nP4lxi xn D

write b
it 9

r Zr b

g 29 b

p r a

write Hog El bits of binary expansion ofP

verge race
HKN

A Tu for large N






































































































































IointEntropies 8

Joint distribution Play Hy
marginaldistributions PK PG HEY HEY

HEX HEY HEY ift Xi independent thy
Conditional distributions PCylx Play
HEY Xx IPGlx logpix similarly HCNNy

Conditional entropy

HEY IN PCD HEYLXX

HEY X O 0 iff Y fCX for some function f
Pf 0 iff HEY Xx O DX Iff Ux Fy PCH I I

HEYN HEY HK YES
HAM

Rf HEY X PEI PAK IOSPIN HO
HoXY

Play logpÉ HX HH El Hexing IED Hex

HEHE HEY Iff X Y independent PI ear to HEY
HCA HE 8 E

Chain rule HETZ IX HEIN HCZIXY

PI RHS HEX HEX t HCXYZ H XY LHS I

HEY x p HCI fiff Kp H Eff I f

LIE fIfÉ Haff s
o if 0 OR f l

independent of p
I if ft

ex N coinflips of biased coin until 1st heads
HCN Trick x

l if 1stoutcome isheads Nt

Cu D ETFHO otherwise






































































































































I
HCN HCN X HEAT HCNIX

P
FCN IEEE P.EEEjDtctel.tIYIoFHCNHCdPitp

p

Mutual information

ICKY Ha HEY HEXYL HEX HEXLY HEH HEH

Ix Y 20 0 iff X'if independent
reformulations offacts for

ICKY E HEY HEY HEX HEX fromabove

ICKY DCPxyllaxy where QQ y PG PC
EXCLASS

Recall Relativeentropy I etc let's discuss

DCPHQ IPG log e Too

DCPHQ LOO Tx OW O D PCA O

Gibbs inequality DCP110 20 0 Ift P Q

Communicating over NoisyChannels 9

given
source encoder noisychannel decode t

wewill mathematical designthese

CD emenorylesschannel Qcy x cord probabilitydist

where tedx inputalphabet ye by outputalphabet

e.g Binarysymmetricchannel 0 00 Q 0 0 0011 l f

Cow old friend I I Q 110 Q011 f












































































































Binary asymmetricChannel q
00 Q 0107 1 QQ o 0

from HU1 to l QColl f Q ill l f

Binary erasure Channel Oto 0 QCHOI QAIM f
5 I QColo Q 1117 1 f

l t l Q Ilo Q 0 1 0

A Lois A flat Is

Noisytypewriter A A QCAIAtQCB.LA A

E E QCBIDHQCCIBTQCAID.FI
D D
E E

i

F F Q It QCAIFI QCE 1

How well can we communicateover each ofthem

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

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

tf y 1 can comefrom either x Zeo error conman
0 encode f decode

A B'C IEXCLAST
DcE F to L

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

PCxly
Q PG

assuming X camefromsome asemble
QCylE PCI Lecture I 2

For reliable communication consider bleeding
N N
519 27 n WANT S 5s Le i decode s

M 2 withhighprobability
ch N W N

X Y Eg for S uniform
codeword receivedstring



Rate R g bits perchannel use e.g R loft for III code
the largerthebetter

Capacity of a channel Qcy lx is defined as

QQ max ICKY
PCA

for Play PG QGlx

Next week we will discuss Shannon's NoisyCodingTheorem
Which States that QQ is the optimal rate at which he can
communicate reliably via the channel Q ylx

e.g for thebinarysymmetricchannet

ICKY HH HEY X

HH HCL 59 8 ÉÉ9
Kept

Max HH I since PCF OF p tf CHF if p te
p

if f o or flCca mpax
ICKY l HAfi tf's lyfefine

Intuitive8


