
 

Today 55.318.1

Coding TheoryShannon's Converse

Coding Thm Lecture 4 2022 0 7

What can can't we Instructor Prahlad
do

Hamming Bd Harsha
Gilbert Varshamov

Recap from last time

Shannon's Converse Coding Theorem for BSC

Kpeco s ee co I e
IS no f n no

If K S Acp e n a

K E 0,13 So I
D 0,1 0,1 01

I me 0,1
Poe DEA e m 2

s

e Beep

Assume for contradiction that
me o.DK

Por DCEG e my 2
8

e

Consider the space



E B fmeg.IR

f Dm Ege0 I DCyl m

Obs Dis are disjoint

n Do we have lower bd on sizeofeach Dm

By Assumption Fm Pie Elm te ED 2
Sn

e

PeleeDmt EG 2
S

Stx gta yes
Sm yea I ye B EG pre

I BCEG E e n

3W
ELEGY easy 2

can

Pee et Elm eDuns 2
87
2
Can

e
f m

On the other hand

PerfetEG eDm7Sm e Pmay DmrSm
e

Pmax max
ee n g Ecm

Pale



I m ax

defp gnyp pypdcr
pjn

dEp0

dnq.p G e nfinepdcpj.de jdapj

Fm

Dmnsml IIT.ji.at
ÉÉjpj Eggen

it

I 7 I Dml
3 In IDmosal

32 221 2 gegen

2k G n n 28 a log f l

if K no AG 28 clog il

contradiction

Concluding

Shannon vs Hamming



modelling probabilist worst case of errors

Exolicit code Ccodelinteamsgdecodingeplat
probabilist

Return to Hamming model

Rate is Distance tradeoff R us 8

E Cn k d
g

R kin S din Fx
q

typically 2

R s

s

Hamming Bound 19
riff

Rewriting in terms
of

R S

9 t

guyomg
ie Re th old



Recall
Claim Fp eco 2k stolen pn 214

Similarly for large q

Kpelo t t
iqhpl ocnnsVolgCn.pn 919

where
p plog a log plogG

VolG H Ey Cq gj
1 0

Hamming Bd Cin asymptote
sense

Rt ha E a 1 od

R
E

Is Hamming Bd carve

In the other hand given a 8 how do

we construct a code of a large R

as possible



Probabilistically not true exactly but

Greedily Cn class
can be modifiedpset

Treedy Construction Given n d Sn

E 0 s 0,13
while 544 By design

Pick sees arbitrarily
e d

E co x

s s Base

Output e

what is let

At the endof process
BCE d 1 o.ir

19 2 BCE d o

let Vol G d s

let Éenide

Rewriting in terms of
R S



2 s

Lg ie Rt 518 I

7 Rt Hls 1 GV bound

HC 1 Hamming
franshamo
Gilbert Bd is also
achievedby linear codesI0 18

Hamor linear code

probabilist in class

greedy in pset

Prob Const of linear codes

Pick GE 8,1 matrix randomly
he each entry are picked

i id from Berck

E Gel see 91
dim e k

distance g e s a

to a partake
choice Jk

Fix see 0,1 18 non zero x



Ge n uniformly on 0,13 for nonzero x

PalatCGc d

VotedG

RCFnonzero as utca d E 2k uol.gr

If Ks n hep n a 1

in with highprobability a random 6

sit Ken hep n

is the generator matrix of
a G kid

code


