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Encoding – Standard Procedure

In general, LDPC codes can be treated just as any other block code when it
comes to encoding

Generator matrix G must be orthogonal to H , i.e. G ·HT = 0

If H =
�
P

T
In�k

�
then G = (Ik P )

Using Gauss-Jordan elimination, H can be converted to H̃ =
�
P

T
In�k

�

with P
T an (n� k)⇥ k binary matrix and In�k the identity matrix of size

(n� k)⇥ (n� k)

The codeword then is x = uG

Problems with Standard Encoding

Obtaining G is a complex process

G will most likely not be sparse as P
T will most likely not be sparse, thus

the encoding complexity and the storage requirements will be O
�
n2

�
.
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Encoding – (Almost) Time Linear

Instead of finding a generator matrix G for parity check matrix H an LDPC
code can be encoded using full-rank H directly

H must be transformed into approximate upper triangular form

Using only row and column permutations, we obtain H
0 from H with

H
0 =

✓
A B T

C D E

◆

where T is a lower triangular matrix of size (m� g)⇥ (m� g), B is of size
(m� g)⇥ g, and A is of size (m� g)⇥ k (if H 0 is full rank)

g is the number of rows left in C, D and E and is called gap of the
approximate representation

The smaller g, the lower the encoding complexity!

If the permutation operations are well chosen, we have g ⌧ m
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Encoding – (Almost) Time Linear (2)

Starting from H
0, we can use Gauss-Jordan elimination to clear E

This is equivalent to the multiplication
✓

Im�g 0
�ET

�1
Ig

◆
H

0

which results in

fH =

✓
Im�g 0

�ET
�1

Ig

◆✓
A B T

C D E

◆
=

✓
A B T

eC eD 0

◆

with

eC = �ET
�1

A+C

and

eD = �ET
�1

B +D
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Encoding – (Almost) Time Linear (3)

Finally, the codeword x is divided into 3 parts

x = (u p1 p2)

where u is the k-bit message, p1 holds the first g parity bits and p2 the
remaining n� k � g parity bits

p1 is then obtained from

p
T
1 = � eD�1 eCu

T

Using back-substitution, p2 can be calculated as

p
T
2 = �T

�1
�
Au

T +Bp
T
1

�
= �T

�1
⇣
A�B eD�1 eC

⌘
u
T

Note that for (matrix) operations over F2, “+” and “�” are equivalent!
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Encoding
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Encoding
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Encoding - (Almost) Time Linear – Complexity

Although at first glance, the procedure seems complex, it has some
complexity advantages

Many of the intermediate terms needed in the computation are sparse and
can be precomputed and stored

It can be shown that the total complexity is O(n+ g2), which means that
when g is very small, it can be neglected and the complexity approaches
O(n)

eD�1 is dense but only of size g ⇥ g (g small!) and can be precomputed with
cost O(g3) and stored inside the device

We illustrate the procedure by a small toy example
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Encoding – (Almost) Time Linear – Example

We are given the matrix H

H will be transformed to H
0 by

swapping 2nd and 3rd row as well as
6th and 10th column

H
0=

0

BBBB@

1 1 0 1 1 0 0 1 0 0
0 0 0 1 0 1 0 1 1 0
0 1 1 0 1 0 1 0 0 1
1 1 0 0 0 0 1 0 1 1
0 0 1 0 0 1 0 1 0 1

1

CCCCA

H=

0

BBBB@

1 1 0 1 1 0 0 1 0 0
0 1 1 0 1 1 1 0 0 0
0 0 0 1 0 0 0 1 1 1
1 1 0 0 0 1 1 0 1 0
0 0 1 0 0 1 0 1 0 1

1

CCCCA

fH=

0

BBBB@

1 1 0 1 1 0 0 1 0 0
0 0 0 1 0 1 0 1 1 0
0 1 1 0 1 0 1 0 0 1
0 1 1 0 0 1 0 0 0 0
1 0 0 1 0 1 1 0 0 0

1

CCCCA
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Encoding – (Almost) Time Linear – Example (2)

We want to encode u = (1 1 0 0 1) to x = (u p1 p2)
p1 can be calculated by

p
T
1 = eD�1 eCu

T =

✓
1 0
1 1

◆✓
0 1 1 0 0
1 0 0 1 0

◆

0

BBBB@

1
1
0
0
1

1

CCCCA
=

✓
1
0

◆

and p2 by

p
T
2 = T

�1
⇣
Au

T +Bp
T
1

⌘

=

0

@
1 0 0
1 1 0
0 0 1

1

A

2

66664

0

@
1 1 0 1 1
0 0 0 1 0
0 1 1 0 1

1

A

0

BBBB@

1
1
0
0
1

1

CCCCA
+

0

@
0 0
1 0
0 1

1

A
✓

1
0

◆

3

77775
=

0

@
1
0
0

1

A
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Encoding

Example:1 Example of encoding

Example:2 Example of constructing a parity-check matrix and
encoding

1File: Encode_LDPC.m
2File: Example_Encoding_and_Constructing.m
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