



































































































































t yCodingtheoremC 9 Co

Recall Capacity of channelQCykl
Cl Q hpygg ICKY computed for PW PGQCylx

e.g Cf l H Ef tfs for binarysymmetricchannel Ff
The noisycodingtheorem States The capacity is the optimal rate at which
he can communicateTeliablyusing Q Lef's State this more precisely

N N

Ts e I i decode 5 040
in 0 decoded
Ii i NS g y N message

message codeword receivedstring

NYK block code xn 42 M AH where M

Decoder 0 AYN I Il 17
convenient to indicatefailure Cbd Testy

distributionof decodedmessage atersending Si

PCSb Pr 5 51 f s LQG Ix GD QCynlg.snGD
ynSth 7

Figures of merit 044 5 Componentsof G

rate R bitsperchannel use

average prob of block error for uniform EL l MS
r 17

PB Pr 2 PCBIss Similarly for generalPCs
8 1 Its

maximal probability of Glock error i
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How are these related

dearly PBM Z PB

Conversely Define Cw Kt code by lending theMz 2kt Codewords
with largest Pr IS s expurgation

newD PBM E 22pig R R fu
PI otherwise original code had codewordswith Pr 481 D 2pB

PB Pr Isis E 2ps pig El

enoughtoshowfor
for piginsteadofPBR

Shannon's noisycodingtheorem Let QCyk channel and 028 1 I
If RCC Q 7No VNINO FCKdu code decoder with JZR
Thursday

and PBMES

Intuition Choose random codewords XNG PG day
typical channel outputs
in total 2N H not soccer

JIPiff typicalyn

fortypical codewo.d zNHC.TK
brick 0000000

2NH ZWICKY also not so clear
Canchoose 12NHoax With little overlap
do this for PCH that achieves capacity Cfnoisytypewrite8

Let's make this precise

Jointlytypical set for PQ y
S th xNETµg Px yNETµeCPyy

Jn IP
G t

and GNyN ETµeCPxy
es log HCMIEC






































































































































Preperlies

For all Cx4yN EJµe 2
NCHC HE pc Y E NCH 4

bydefinition 2
NCHC TE

p qyn 2
NCHCxy E

Jµ E E ZNCH b
E

Ceoenholds for TµcCRxyD

If XYYN pay Xi Hi corelded
Pr ITN C Jive b l as N boo

a PHY

Pd Pr N TN Joe Pr 4The OR ok
C Pr 4The t t and each term 0

If IN PG TN Ry independent Fi indeneGomti

Pr FN eJµe E 2 NCIK X 3D
independence

c

LHS pGN7PCyN yµe 2
NCHCH E

2
NCHC's E

GYM we
2
NCICXX SE 4

OnThursday we will use this to prove the noisycodingtheorem






































































































































Proof of NoisyCodingTheorem Part i Fix 0L SLI Mx

equaltocapacityfor suitablePCH

Enough to prove t R L ICKY and largeNi FCNKI block code Sth
Kyo Z R and PB 8 canalways upgrade to PBM

via expurgatorGeeabove



TURI
key idea Generate 17 2 Codewords at random

Xia XiuChi Xian Xuan P
xNu Hcm

a random CN K code with 7 R

Decodei

guy
5 it exactly one 5 s th CXNCS y'T E me

I otherwise Typical set decoder

How welldoes this work WARNING
Enough to show that EEpps 0 for large N C multiplesoirees

of randomness o
average over over randomsourcemessage channeloutputrandomchoice average

of code Alikdepends on randoncody

Indeed if true on average for randomcodesthen 3codes w thisproperty

EEpis Rr 15 D
S withrespecttochannelANDcode

Recall NG YN a ITN When is Ss

Two options

µ
4441

CxNcs Yu Me
If we choose E SeeffSandPr 0 by so that RCICX.tl 3

KWCH TN EINE for some sets TNR Nett

NCICXX 34 zNCRyf ICX.TK SEEPr E ss 2 E 0

Together Pr Fss S s 0 for each so also TEEPBI a 0 4


