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Administrivia Course Logistics Discussed in class

Motivation

Digital communication Sending information reliably from sourceto
destination

E.g Several layersofTCP IP stack use error controlcoding Ecc

satellite deepspace communication

Oft used but very succinct picture

source.ME sEncotncodeword alI3Eight Deoden
Estimate

ñJ

i Canbevectorsof
somefixed length

Channelused
multipletimes

Q How to encode decode for combatingnoise but ensuringhigh
communication rate

Secretsharing Collectionof n high profile individuals e.g boardofa
company

CEO has a secret e.g or will tobesharedwith them



such that t sizedgroupcan decode thesecret

but t 1 sized group cannot

Qs How to share secret sothat such a propertyis obeyed

Group testing Pandemic infects a neighbourhood how to test to

efficiently identify infected individuals

Assume infected individuals Total individuals

On Howtodo ign group tests to isolate infected individuals

Storage in recordingmedia Datastored on thecloud is booming

how to ensure reliable recovery of stored dog catphotos

when individual nodes in datacentres fail at regularintervals

e g
AWS Azure modern DNA based datastorage

Is Howto store large quantities ofdata withreliable
recovery

Others too
manyto name all applications Quantum enoe correction

courting errors in streamingdata e.gNetflix cryptography etc

In this course weshall mainly workwith problem setting

An answer to Problem will arise later inthecourse



Formalizing
Problem

some
me
Encotncodeord elil3Birte Decoder Estimate

Thinkoftheseas integers via some mapping

The Encoder

The encoder maps messages me M to a codeword EX for
some finite alphabet X of size g 1 1 Wecallthismapping a
code codebook I X

For simplicity we often work with X 0,13 binary alphabet

The channel

A common channel in communications is the binary AWGN channel
additivwhite Gaussiannoise

EI.FI wherez N o.r

t.it i h



A demodulator declares y 1 ify andy 0 otherwise

HWI Describe the channel between X and T i.e whatis

PfT i n j for i.jefo.it

If you're successfully answered HW you will understand the

motivation behind the channelmodel

some.meMEnco.acodewfrd Effete Deoden
Estimate

ñ

The binary symmetricchannel BSC

711

Errors are bitflips

Examplesofsimple codes decoders In this course weshallmainly work inthe

setting where the bit flip errors t for some1st n

Repetition code

Message C

113
Encoder

a a a
et bithips

y

D
Deloder
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Pick D tobe the majority vote decoder i e

ñ 0 if Eyi 1

1 if Eiji 32
Qn How

many
errors t can be corrected bythis decoder

Code rate R log111 Error correctioncapability

Single parity checkcode

Mff m p m where

p m Parity m

its 1 if Edmi isodd
0 O W

D
m

D ly 7 if ply 0

Error O W

D can detect odd enors

Back to



some.MYEncorecodeford Effete Deoden
Estimate

ñ

The binary symmetricchannel BSC

Say m 1 0,1 and p crossoverprob is given Suppose

C is a repetition code that repeatseachbit mi ieCK of a 3times

Prob that a givenblockis decodedcorrectly

p piapps
5 O

HWG.itwhatis k so that overall prob of enol is at most 10 5
when p 0.1

ii what is the number of repetitia a ofeachbit mi sothat
when k 3 andp 01 we get theoverall prob ofenor tobeatmost 10

Iii Prove that for fixed k p wemust have R 0 to

obtain overall prob of enor 0

The overall goal of coding theory is to efficiently design codes decoders

of high rate and high enor correction capability


