
BCH Codes

BCH lodes are binary codes obtained from RS lodes notby code

concatenation but by restricting to subfield subcodes Here the

subfield of IF is precisely 112 and a BCHcodeisobtained as that

layestbinary subcodeofan RS code More precisely recall fromthe

parity check characterization ofRScodesthat when S 1.2.23 2n13

forsome primitive element αEIF

RS n k co a i e Cx cotaxt tone obeys

x 2 can 19 0

HW Show this One usesthe factthat E 0 for 1 q i n

the binary BCH lode BCH n d is
YieldingEE 0 free

and j n

Def 2 For n 2m 1 and a primitive element αEIF

BCH nd Cor G 1 FIE x cot axt Cn X obeys

a 2 c 291 0

notethis

Remark Contrast the definition above with thatofRS n n d

BCH n d is a linearcode with blocklength n and distance at leastd

Whatis its dimension



Lemma4 We have that dim BCH n d n 7 logInte

Proof The d 1 constraints on co in 1 give rise to d 1 login

constraints over 112 not necessarily linearlyindependent Hence we

musthave dim BCH n d n d 1 log nm However we

can identify some linear dependencies among the constraints and

tighten this bound

In particular notethat for JE IF if 8 0 then c 84 0

Toseethis observethat

8 0 2 0

why 2
Cotart cm8 1 E 0 cost9284 E 82 0

CoE
0 why

Hence the number of constraints comesdownbya factorof2

Remark As a consequence notethat

IBCHEnid

FEE
for d constant wehave that lim R BCH nd 1



Further fromthe Hamming bound we havethat for dbeingeven

IBCHEnd 2

w̅ Farey
Hence BCHcodes asymptotically matchthe Hamming bound but

onlyat rates 1



Lecture Decoding RS codes and An Introduction toRM Codes

In thislecture we shall work towards a low complexity algorithm for

deloding RScodes While
any linear

code can be deloded via standard

away decoding whichisalso MAP over the BSC as seen earlier such a

delodig procedure hastime and space complexity thatis exponential inthe

blocklength n Our objective is to come upwith decoders thatwork in

time poly n

Interpolating RS codes from erasures

Recallthat themessage vector in IF ofan RScode is mapped tothepolynomial

f x motm x my x

and then evaluated at points 4 2n

Now supposethat upto t n k d 1 erasures occur in a iodeword ERS n k

Erasure decoding ofRS codes is hence equivalent to interpolating a polynomial

f x from its evaluations atthe uneased locations

FAI Any polynomial of degree K 1 is uniquelydeterminedby itsvalueat
93k points

HI Provethe above fact usingthe fundamental theoremofalgebra


