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A vector space expressed in a basis

( ){ }0:2GF
T =∈= cHc

n
�

… the nullspace of a matrix

Generator matrix (k�n), 
linearly independent rows.

Parity check matrix ((n – k)�n), 

linearly independent rows.

Minimum distance, d

Smallest Hamming distance between different codewords.

Smallest Hamming weight of non-zero codewords.

Smallest number of linearly dependent columns in H.

Length, n, # columns in G or H Dimension, k, # rows in G.

0
T =HG
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ecx +=Received vector: 0
T =cH

Notation:

Sent codeword

One error in position i. 

Error vector

T
xHs =

We know:

Syndrome:

� �
=

=
n

i

iihxs
1

Test that!

�
ihs =

Two errors in positions i � j. � ji hhs +=

Find closest codeword.

⇔

Find smallest set of cols in H

that sum up to the syndrome.

0=

T
eH=TT

eHcH +=( )T
ecH +⋅=

�
=

=
n

i

iihe
1
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Uncoded: Coded:
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: A binary linear code with generator matrix G and parity check matrix H.

Example: � is Hamming [7,4,3]

⇔

�

: Its dual, a bin. linear code with gen. matrix H and parity check matrix G.⊥
�

HG =⊥
GH =⊥ [ ]n,k :� [ ]kn,n −⊥

 :�Note: and,

000 0000000

001 1101001

010 1011010

011 0110011

100 0111100

101 1010101

110 1100110

111 0001111

⊥
Gmm

0

4

4

4

4

4

4

4

=H
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1001011

0101101

0011110
⊥= G
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1111000

0110100

1010010

1100001

=G
⊥= H

4=⊥
d

:⊥
�
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Cyclic code: A linear code where every cyclic shift of a codeword is a codeword. 
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Division Algorithm for Integers (over 2000 years old wisdom) :

Given integers � and �� � � �. Then there exist unique integers �
and �, � � � � � , such that � � �� � � holds.

Division Algorithm for Binary Polynomials (slightly newer wisdom):

Given binary polynomials � � and � � � � � � �. Then there exist 

unique binary polynomials � � and � � , ��� � � � ��� � � , 

such that � � � � � � � � � � holds.

CRC = Cyclic Redundancy Check
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Example:
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