
Error correcting codes (Ecc)

we focus on binary Eec . Let n be the length of the encoding
.

n

codeword : Lee Celal) be the set of all possible encodings .
i. e

.

.
correct encodings before corruptions .

Example : 3- repetition code C={ 000
,
Ill }

input length . I

output length : 3

Example : parity check code C=f 0000 ,
0011

, 01011,0, } ⇐input length : 3 1001 ,
1010

, 1100
( input size)

output length : 4 ICI = 2

Hamming Distance
: for two vectors u

,
v E { 0113

"

dcu ,u) = dmcu.ir ) = * of coordinates where u and u differ .

Example : If 1010.1010 , 1011100-07=2 .

Property : dcu , v) 30 FU , V

dlu ,v ) = dcv , u) tu , v

dcu , v ) t dcyw) 3 dcu , w) V-u.hu .

Minimum distance of an ECC
.

For a code C ,
the min

.

distance of C is defined as :

f

abusing notation
,
we use C for both the code and

the set of codewords
.

d(c) = min d( u
,
v ) ← Hamming distance

.
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Example : C=3 - repetition code d (c) =3
.

c. = parity check code d(C) =3 .



Theorem : A code C can detect up to s errors if

DCC) > Stl .

A code C can correct up to t errors if

dcc) > 2e -11
.
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Proof . Suppose a codeword CEC is sent
.

S or fewer errors occur
,

the received encoding r satisfies

d(a ,r)ESLd(C) , so r cannot be a codeword
.

For error correction
,
consider a ball Bk -

t)
of radius t around each codeword c

.

These balls are disjoint because I r ,
r

' where

r E B(c. t) and r
'
C- Bcc

'

, -4 .

We handled , Edler) t dlr ,
r
'
) t dlr

'

,
c'
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Zttl E dcc.cl) I

d(c. r ) E t ,

dcc ' , r
' ) et r# r !

c.cc?.rt4.ccie,d
Application :

3 - repetition code has dcc>=3 and

it can detect up to 2 errors

can correct up to 1 error .

parity check code has DCC)=2 and

it can detect up to 1 error
.


