


A puzzle: n prisoners wearing hats

Each prisoner given either or Blue hat

Each prisoner can see the color of
‘ I hat of every prisoner infront of him

(but not his own, or of those behind him)

Starting with the last prisoner, ‘ ‘

each prisoner Is allowed to say
either "Red” or “Blue”

They all win if at least n — 1 of the guesses matches their own hat’s colour.

Winning strategy?



A puzzle: n prisoners wearing hats

Each prisoner given either , Green or Blue hat

Each prisoner can see the color of
‘ I hat of every prisoner infront of him

(but not his own, or of those behind him)

Starting with the last prisoner, ‘ ‘

each prisoner Is allowed to say
either “Red”, “Green” or “Blue”

They all win if at least n — 1 of the guesses matches their own hat’s colour.

Winning strategy?
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The origins of barcode - Morse code

Encoding data using . and -

Samuel Morse

AGRL112 — .- —-. -, - == = L



The origins of barcode - universal product code

ASCII

G 39
R 50
L 44

1 17

1 17

33 39 50 44 17 17 18 XX

\checksum

Checksum : used to detect if there
are any errors in reading the barcode

Naive checksum : sum of all numbers
(modulo some number)

Multiple different ways to compute
checksum.The checksum formula of
UPC was optimised for the common

Question: Suggest a
checksum that can detect

_ rearrangement of digits in
errors that occur in barcode readers. a 20-digit number.




The origins of barcode - universal product code

33 39 50 44 17 17 18 XX

\Checksum

Checksum : used to detect if there
are any errors in reading the barcode

Checksum: can only detect a single error,
cannot correct the error

Checksum cannot detect if there are
multiple errors



How to detect/deal with multiple errors?

Stacking multiple barcodes?
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Question: How to detect errors using

[l

{

nhaive checksum + barcode stacking?







Three position squares
One alignment square

Allow QR reader to recognise
the orientation and fix
rotational/distortion errors




Three position squares
One alignment square

Allow QR reader to recognise
the orientation and fix
rotational/distortion errors

Sometime also
used to identify

the QR code
IN an image




Most of the remaining QR code
contains the “actual information”

https://www.cse.iitd.ac.in/~rjaiswal/Teaching/2025/AGRL112/

0010100010111....

v

Error correcting encoding
of 0010100010111....




(N, K, D)-Error Correcting Codes

Encode : {0,1}* — {0,1}V

Decode : {0,1}Y — {0,11%

For any x, y, Encode(x) and Encode(y) differ in at least D positions

We can correct up to (D — 1)/2 errors!



(N, K, D)-Error Correcting Codes

Encode : {0,1.2,...,g — 115 = {0,1,2,...,9 — 1Y

Decode : {0,1,2,...,g — 1 - {0,1,2,...,g9 — IBE

For any x, y, Encode(x) and Encode(y) differ in at least D positions

Question: A simple (X, D) error correcting code?




(N, K, D)-Error Correcting Codes

Applications

Digital communication over the Internet QR Codes
(5G, Bluetooth, WiFi)

Deep space communication CDs, DVDs, Hard Drives and SSDs



(N, K, D)-Error Correcting Codes

Applications

Reed Solomon Codes

Deep space communication

(Voyager, Galileo, Cassini, Hubble Space Telescope)

Image of a galaxy in the Pisces constellation
taken by HST, error corrected using RS codes



(N, K, D)-Error Cor

Applicatio

Reed Solomon Codes

Deep space communication

(Voyager, Galileo, Cassini, Hubble Space Telescope)

The Pale Blue Dot: Image of Earth taken by Voyager 1 from 6 billion km



Reed Solomon Codes

How many lines
passing through a point?




Reed Solomon Codes

Exactly one straight
line between two
distinct points!




Reed Solomon Codes

How many curves of

degree at most two,

passing through two
distinct points?




Reed Solomon Codes

Exactly one curve of degree
at most two, passing through
three distinct points

(x5 , )’3,
(X, , )’2’



Reed Solomon Codes

RS Codes

(N,K,(N— K+ 1)) codes
Optimal !

Encode : ZX% — 7V

Interpret the message as a degree (K — 1) polynomial p

Encoding: (p(()) () . p2) . . p(N=1) )

Even if (N — K) entries are missing, one can recover the polynomial

Even if (N — K)/2) entries are incorrect, one can recover the polynomial !



Conclusion

Error correcting codes: a vibrant research area at the intersection of
computer science, mathematics and electrical engineering

Reed Solomon codes: interpret messages as polynomials,
encoding as polynomial evaluation

Thank You!



