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Today we are going to give a brief
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introduction to low density parity check codes.



(Refer Slide Time 00:19)

Lecture #13: Low density parity check codes

So we will start off with
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@ Introduction

a very basic definition of what do we mean by a low density parity check
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matrix, what do we mean by low density and then
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Qutline of the lecture

@ Introduction
@ Tanner graphs

we will show how we can write the parity check matrix using a bipartite graph
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which is known as Tanner graph.
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Qutline of the lecture

@ Introduction
@ Tanner graphs
@ Construction of regular LDPC codes

Then we will talk about what is a regular L. D P C code and we will give some few
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@ Introduction
@ Tanner graphs
@ Construction of regular LDPC codes

@ Gallager's construction
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@ Introduction

@ Tanner graphs
@ Construction of regular LDPC codes

@ Gallager's construction
a MacKay's construction

simple constructions of regular L. D P C code. Then we will
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@ Introduction
@ Tanner graphs
@ Construction of regular LDPC codes

@ Gallager's construction
@ MacKay's construction

@ |rregular LDPC codes

talk about irregular L D P C code

(Refer Slide Time 00:57)
o 1850 repslaaae s
7o/ Tommea ¢ [ 2 EeEEDONE00 B s

Introduction

[

©

Tanner graphs
Construction of regular LDPC codes

@ Gallager's construction
@ MacKay's construction

©

©

Irregular LDPC codes
@ Random construction of irregular LDPC codes

and then again we will give some very simple construction of irregular L. D P C codes.
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@ The density of a source of random bits is the expected fraction of 1
bits.

So what do we mean by low density? So we will first define what do we mean by density. So

a density of a source is basically the expected number of 1s in the source. Now when is it a
low density?
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@ The density of a source of random bits is the expected fraction of 1
bits.

@ A source is sparse if its density is less than 0.5.

Now a source is low density or sparse if the density of 1 is less than point 5.



(Refer Slide Time 01:31)
d 190 & 4 o ]

o Toommma o & EEEEDOEE D W s 12

@ The density of a source of random bits is the expected fraction of 1
bits.

@ A source is sparse if its density is less than 0.5.

@ A vector v is very sparse if its density vanishes as its length
increases.

And we say the vector is very low density or it is low density if the density vanishes as the
length of the vector increases. In other words number of 1s are fixed even if we increase the

length of the vector. In that case the density will vanish as length increases.
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@ The density of a source of random bits is the expected fraction of 1
bits.

@ A source is sparse if its density is less than 0.5.
@ A vector v is very sparse if its density vanishes as its length
increases.

@ The overlap between two vectors is the number of 1's in common
between them.

We will also define a term which is called an overlap. So if you have two n tuples, we call an
overlap between 2 vectors as the number of positions in which the 1s are common. So for
example, if you have a vector, let us call it v 0 whichis 100 1 1 0 1 and you have a vector v

1 whichis 1010110, then we can see
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@ The density of a source of random bits is the expected fraction of 1
bits.

@ A source is sparse if its density is less than 0.5.

@ A vector v is very sparse if its density vanishes as its length
increases.

@ The overlap between two vectors is the number of 1's in commen
between them. Vo= 1000101

Y= 1 lerka

there is an overlap here in 1 location, 2 location, so there is an overlap of 2-. So what is a low
density parity check code? As the name suggests, a low density parity check code are
specified by a parity check matrix which is of low density. And what do we mean by low
density? So the number of 1s in this parity check is very small, is less than a half. Soan L D P

C codes are specified by a parity check matrix which consist of mostly 0's and very few 1s.
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@ Low-density parity-check (LDPC) codes are codes specified by a
parity check matrix H containing mostly 0's and only a small
number of 1's.

@ A regular (n. w.. w,) LDPC code is a code of blocklength n with a
m = n parity check matrix where each column contains a small fixed
number, w. = 3, of 1's and each row contains a small fixed number,
w, > w,, of 1's,

Now what is a regular L D P C code? A regular L D P C code is defined by these 3
parameters. This is the code length, this is number of 1s in the columns of parity check matrix

so regular L. D P C code has same number of 1s



(Refer Slide Time 03:39)

=

in each of the columns in parity check matrix and that number

(Refer Slide Time 03:44)
dheimniepesdaccaanfy
Fa ’ToomEsacl e MENNRDORECC M s o

@ Low-density parity-check (LDPC) codes are codes specified by a
parity check matrix H containing mostly 0's and only a small
number of l’s.b

@ A regular (.#‘ we. w;) LDPC code is a code of blocklength n with a
m = n parity check matrix where each column contains a small fixed
number, w,. = 3, of 1's and each row contains a small fixed number,

wr = we, of 1's.

is given by w subscript c. Similarly w subscript r gives us the number of 1s in
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each of the row in parity check matrix. Again for a regular L. D P C code,

(Refer Slide Time 04:01)
dlBa®gi¢essuaaaany
§a  Tommua ol roNENNBEOREC0 W swwm

Low-density parity ch

@ Low-density parity-check (LDPC) codes are codes specified by a
parity check matrix H containing mostly 0's and only a small
number of 1's.

@ A regular 13. wt w,) LDPC code is a code of blocklength n with a
m x n parity check matrix where each column contains a small fixed
number, w. = 3, of 1's and each row contains a small fixed number,
wr = we, of 1's,

the number of 1s in each row is same. So a regular L. D P C code is specified by this block
length m and number of 1s in each of the columns and number of 1s in each of the rows. So
we can describe it by a low density parity check matrix of m cross n where each column has a
fixed number of 1s and that is w 3 ¢ and that has to be greater than 3. This has to do with
distance properties of L D P C codes and each row has w r number of 1s. w r is greater than

equal to w c. In other words, now
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Low-density parity ch

@ Low-density parity-check (LDPC) codes are codes specified by a
parity check matrix H containing mostly 0's and only a small
number of 1's.

o A regular (n, w., w,) LDPC code is a code of blocklength n with a
m = n parity check matrix where each column contains a small fixed
number, w. > 3, of 1's and each row contains a small fixed number,
Wr = We, of 1's.

@ In other words,

@ Each parity check constraint involves w, codebits, and each codebit
is involved in w. constraints.

what do the rows in the parity check matrix specify? Now if there
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are w r 1s in rows of the parity check matrix, it specifies that w r bits are participating in a
parity check equation and in all the parity check equations the same number of bits are

participating. And what
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Low-density parity

@ Low-density parity-check (LDPC) codes are codes specified by a
parity check matrix H containing mostly 0's and only a small
number of 1's.

@ A regular (n, w.. w,) LDPC code is a code of blocklength n with a
m = n parity check matrix where each column contains a small fixed
number, w. = 3, of 1's and each row contains a small fixed number,
W, = W, of 1's.

@ In other words,

a Each parity check constraint involves w, codebits, and each codebit
is involved in w, constraints.

is the implications of w ¢ 1s in each column? It means each bit appears in w sub c parity
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check equations. So each bit participates in w c parity check equations. So that's what I am

saying
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Low-density parity check codes

@ Low-density parity-check (LDPC) codes are codes specified by a
parity check matrix H containing mostly 0's and only a small
number of 1's.

@ A regular (n, we, w;) LDPC code is a code of blocklength n with a
m = n parity check matrix where each column contains a small fixed
number, w, = 3, of 1's and each row contains a small fixed number,
W, = W, of 1's.

@ In other words,

@ Each parity check constraint involves w; codebits, and each codebit
is involved in w. constraints.

here. So each parity check constraint in an regular L. D P C code will have w r code bits and

each code bit appears in w ¢ parity check constraints.
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Low-density parity check codes

@ Low-density parity-check (LDPC) codes are codes specified by a
parity check matrix H containing mostly 0's and only a small
number of 1's.

@ A regular (n, w., w,) LDPC code is a code of blocklength n with a
m = n parity check matrix where each column contains a small fixed
number, w. = 3, of 1's and each row contains a small fixed number,
wy = we, of 1's.

@ In other words,

@ Each parity check constraint involves w, codebits, and each codebit
is involved in w. constraints.
@ Low-density implies that w. << m and w, << n.

Now typically the number of 1s because it is a low density parity check matrix so numbers of

1s are much less than the dimension of these matrix and w r is also much less than n.
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@ Low-density parity-check (LDPC) codes are codes specified by a
parity check matrix H containing mostly 0's and only a small
number of 1's.

o A regular (n. w.. w,) LDPC code is a code of blocklength n with a
m x n parity check matrix where each column contains a small fixed
number, w. = 3, of 1's and each row contains a small fixed number,
wy = we, of 1's.

@ In other words,

@ Each parity check constraint involves w, codebits, and each codebit
is invelved in w. constraints.

@ Low-density implies that we << mand w; << n

@ MNumber of ones in the parity check matrix H = w. - n = w, - m.

Number of 1s we can count it column wise, there are n columns and there are w c 1s in each
column, that number should be equal to number of rows multiplied by number of 1s in each

row.
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Low-density parity check

@ Low-density parity-check (LDPC) codes are codes specified by a
parity check matrix H containing mostly 0's and only a small
number of 1's.

@ A regular (n, we, w,) LOPC code is a code of blocklength n with a
m * n parity check matrix where each column contains a small fixed
number, w. > 3, of 1's and each row contains a small fixed number,
w, = w,, of 1's,

@ In other words,

@ Each parity check constraint involves w, codebits, and each codebit
is involved in w. constraints.

@ Low-density implies that we << m and w, << n.

@ Number of ones in the parity check matrix H = w. - n = w, - m.

am>n—k = R=k/n>1-(w/w), and thus w. < w;,.

And number of parity check equations is at least equal to n minus k. So the rate is at least 1
minus w ¢ by w r. Sometimes we do have some redundant parity check equations in the L D P

C parity check matrix.
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Example of a regular low density code matrix; n = 20, w, = 3,
w,=4

This is one example of the low density parity check code. You can see in this matrix most of
the entries are zeroes, these are all zeroes, these are zeroes, you can see most of the entries in
this matrix are Os very few are 1's.And you can see that each row, let's look at row number 1;

row number 1 has 4 1s.
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Regular low-density parity check code
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Example of a regular low density code matrix; n = 20, w, = 3,
w, =4

Row number 2 has 4 1's. You can check any row. You can check, let's say this row.
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Example of a regular low density code matrix; n = 20, w, = 3,

= 4

Wi

This has 1, 2, 3, 4. There are 4. So each row of
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20, we =3,
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Wi

Example of a regular low density code matrix; n

this low density parity check matrix has 4 number of 1s. So w r in this case is 4. And each

column, let's take column 1, there is a 1 here, there is a 1 here and there is a 1 here. So

column weight is 3. You can check any
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Example of a regular low density code matrix; n = 20, w, = 3,

Yoooeldpecs|docan

1 1

W —>cccceessdpcns

1 1

Regular low-den
Regular low-den

column. Look at this column. 1 here, 1 here and 1 here, column weight is 3. Take this
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column.

3.

Example of a regular low density code matrix; n = 20, w,

there is a 1 here and there is a 1 here. So the column weight is

There is a 1 here,
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Example of a regular low density code matrix; n = 20, w.
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Regular low-den

o

3. Sow cis 3, nis 20 you can see, there is 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20. So the block size is 20. And this is full rank. So the rate here is 1 minus 3 by 4

(Refer Slide Time 08:39)

which is arate 1 4

_

S
e

we = 3,

|

s n=20,

Example of a regular low density code matrix

code. So this is an example of low density parity check



code. You can see the fraction of 1s is much smaller than
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Example of a regular low density code matrix; n

1
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number of 0's. Now
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Tanner Graphs

@ A bipartite graph is one in which the nodes can be partitioned into
two classes, and no edge can connect nodes from the same class.
@ A Tanner graph for an LDPC code is an bipartite graph such that:

we represent this

(Refer Slide Time 08:58)

parity check matrix using a bipartite graph and this bipartite graph representation of parity

check matrix of a linear block code is known as Tanner graph named after
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@ A bipartite graph is one in which the nodes can be partitioned into
two classes, and no edge can connect nodes from the same class.

@ A Tanner graph for an LDPC code is an bipartite graph such that:

Michael Tanner. So what is a bipartite graph? In a bipartite graph the nodes can be partitioned
into 2 classes. Now what are those 2 classes? What is the property? That no edge can connect

nodes from the same class. So when we partition the nodes of this graph in 2

(Refer Slide Time 09:37)

classes there is 2 connection between nodes within a class. So if you want to reach another
node within a class you at least have to have traversed twice, Ok. So a bipartite graph is one

where I can separate out the nodes into 2 classes such that
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@ A bipartite graph is one in which the nodes can be partitioned into
two classes, and no edge can connect nodes from the same class
@ A Tanner graph for an LDPC code is an bipartite graph such that:

there is no edge connecting nodes in the same class. Now we can draw a bipartite graph for
an L D P C code parity check matrix. So a Tanner graph and that's basically known as Tanner

graph; so Tanner graph on an L. D P C code is a bi partite graph
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@ A bipartite graph is one in which the nodes can be partitioned into
two classes, and no edge can connect nodes from the same class.
@ A Tanner graph for an LDPC code is an bipartite graph such that:

@ One class of nodes is the “variable nodes” corresponding to n bits in
the codeword.

which has the property that there are 2 sets of class of nodes. One class of nodes which we

call variable nodes, they represent the n bits of the
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codeword. And the other class
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Tanner Graphs

@ A bipartite graph is one in which the nodes can be partitioned into
two classes, and no edge can connect nodes from the same class.
@ A Tanner graph for an LDPC code is an bipartite graph such that:
@ One class of nodes is the “variable nodes” corresponding to n bits in
the codeword.
@ Second class of nodes is “check nodes” corresponding to m parity
check equations.

is what is known as check nodes, they represent these m parity check equations.
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@ A bipartite graph is one in which the nodes can be partitioned into
two classes, and no edge can connect nodes from the same class.
@ A Tanner graph for an LDPC code is an bipartite graph such that:
@ One class of nodes is the “variable nodes” corresponding to n bits in
the codeword.
@ Second class of nodes is "check nodes” corresponding to m parity
check equations.
@ An edge connects a variable node to the check node if and only if
that particular bit is included in the parity check equation.

And how do we connect an edge? An edge connects a variable node to the check node if and

only if that particular bit participates in the parity check equation. So let us

(Refer Slide Time 11:07)
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@ Example of a regular low density code matrix; n = 12, w. = 3,
w, =6

1 o

CETTTS

—oBE =

e
®

@ o
1 1 [

take an example to illustrate how we can draw a Tanner graph of an L D P-C code. So this is
an L D P C code, block n is 12, number of 1's in each column you can see 1, 2, 3 that w c is 3.
And number of 1's in each row is 6. You can check.1, 2, 3, 4, 5, 6. Each rows has six 1s. Each
column has three 1s. Now how do we draw the Tanner graph of this? So as I have said there

are 2 class of nodes.
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One class of nodes for the variable nodes.
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@ Example of a regular low density code matrix; n = 12, w, = 3,
s

sodokly
omoo =)
—oEe -
Pppr——
-—a -
mGome-|
a=a=o=)
Gem=oB
-1
O n——oo
e |

And how many variable nodes we have? We have 12 variable nodes. So let us just draw 12
variable nodes; 1, this 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12. Let's just label them. Let's just label
themas O, 1, 2, 3,4,5,6,7,8,9, 10 and 11.
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@ Example of a regular low density code matrix; n = 12, w, = 3,

w, =0

ma)

=
G=oo==)
—ooo ==y
P pp——
e
~eomoe|
——

@ © ® ® ® e © ®® O O©®d

And then you have how many parity check equations? 1, 2, 3, 4, 5, 6. So we will have the
next set of nodes, will be for parity check equations. And they are 6 of them, 4, 5, 6 Ok. Let's
just label these bits. That will be easier for, thisis 0, 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, Ok.
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@ Example of a regular low density code matrix; n = 12, w. = 3,
Wy = — =

BmDEm—y —
~ooe=—)

~oo=o~| 9

@ O ® & e © O ® 6 6o

Now let's and similarly label these parity check equations. This is let's say O th parity check

equation, 1, 2, 3, 4, 5.
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@ Example of a regular low density code matrix; n = 12, w, = 3,

w,=6

=

[=}
a0 o @ [
1 10 0 0 0 @ o 1 1
[ I © ¥ I 1 L
1 6 o o 1 1 1 o 1 3
1 1 o 1 1 1 o o o "
8 1t 1 o o6 1 1 t o (=

B = L Y B 0

Vo
+
LA LA |

A
st -

Ly

Omoo=-) —
~oee ==y g

@ © ® ® ® e © ©®® O O©®

So let's look at this one, this Oth parity check equation. Now which are the bits that are
participating in the parity check constraint? Bit number 0, so we will draw an edge from bit
number 0 to this parity check constraint, bit number 1 that's this, bit number 2 that's this, bit

number 5 that's this, bit number 6, that is this. Bit number 10, Ok. So this is my

(Refer Slide Time 14:05)
n -~ Q ¥ L J‘\ \ ..; Il\ \-IT.:
o/ ’TommM MO o[- comuUENBEEENEC 0 W smwwms

@ Example of a regular low density code matrix; n =12, w, = 3,

w, =206

\
Oy -

*
meoe=-

> g

a0 o 0 [
1 [ o 0 o 1
o o a i i i
1 1 1 o 1
1 [ R 1 6 60 o
8 1 1 o @6 1 1 t o

1
]

first parity check constraint. Let us look at now this one. Which are the bits participating? Bit
number 0, bit number 0, bit number 1, bit number 1, bit number 2, so there is an edge from
bit number 2 to this parity check constraint; bit number 3, that's this, bit number 4 that is this,

and then you have bit number 11. So you have this one,
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@ Example of a regular low density code matrix; n = 12, w, = 3,

w, =260
bl - 4

Yo
moee -y g

—_—

LY
cobonk
B=Oo - -

Ok. Now look at this parity check constraint. Now which are the bits that are participating?

This is 5. So that's here. 6, that's this one. 7, that's this one. 9 that is this one. Then 10, that is

this one and then 11, that is this one,
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@ Example of a regular low density code matrix; n = 12, w. = 3,
W = i e

~see=m\

I

-

o 1

- 1

o 0

i #1 0
1

; ]

Ok. Similarly for parity check constraint, bit number 0 is participating so you have edge from
here to here; bit number 3 is participating so there's an edge from here to here. Bit number 7
is participating so there is a edge from here to here, bit number 8 is participating so there is an
edge from here, bit number 9 is participating so there is an edge from here to here and bit

number 11 is participating so there is edge from here to here.
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@ Example of a regular low density code matrix; n = 12, w. = 3,

0 1 2% & 5 { 7 g 3 B I

- = - " =

2 & 1 & 8 1 3 0 ® @& i @ O —
sl 1 1 1 i o L L Q9 o ') i 1-

> @ @ 0 0 0 L 1¢ 1# 0 ls le L =

sl 0 o 1# ] o o 1+ 1 1# o e F —
o 1 o 1 1 o 1 1 1 o o o 4"

o a 1 o 1 1 o o 1 1 1 o 5-

And similarly we can do for this, I will just do it. This is 1, 3, 4, 6, 7, 8, that's it. And this

finally this parity check constraint, bit number 2,
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@ Example of a regular low density code matrix; n = 12, w, = 3,

Wy =

0 1 23 &5 & 7 g 3 p o

- o - - -

s 1 1L & % ¥ 1 © © ©o 1 O O =

-1 1 1 1 1 o © @ O @ 0 1 . —
" o a o o o l= 1# 1+ 0 le 1 L e

<+ 0 [} e @ o [ e 1F 1 0 L N

a 1 8 1} B ol X 1 Tt o a0 0 b -

@ & 1 @& 1 1 ©8 0 i 1 io0 o —

bit number 4, bit number 5, bit number 8, bit number 9, bit number 10.
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@ Example of a regular low density code matrix; n = 12, w, = 3,

w,=6

O I L% £ 8 ¢ 7T g 3 B N
- - - - -
1 1 1 ] ] 1 1 ] L] o i a O w—
% ¥ 1 B r oo p o " & & 1 hp—

o G 8 0 0 0 ke 1¥ 1#F 0 le le B o——
sl 0 o 1# o o o 1 1 1 o e 3 b - -
['] 1 ] 1 1 o 1 1 1 o L] [ ds
o a 1 o 1 1 L] a 1 1 1 o 5‘ —

So this is the Tanner graph representation
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of this low density parity check code,
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@ Example of a regular low density code matrix; n = 12, w, = 3,

w,=6

g 1 L 3 § & 7 8 9 @ 1

- = - - - -

2l 3¢ 1 6 0 3 L 0 0 6 1 0 O =
#1 1 1 I 1 0 0 @& 0 0 0 i R e—

R ¢ 0 0 0 0 le 1# 1* 0 le ls L L

sle 0 0 L& 0 0 0 le WP L 0 e 3 —_—
] 1 ] 1 1 o 1 1 1 1] 0 o A o
a @ 1 8 1 1 © @® 1 1 1 5 —

Ok. Now
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@ A cycle of length / in a Tanner graph is a path comprised of | edges
from a node back to the same node.

let us define what do we mean by cycle in this Tanner graph. So cycle is-defined as a path
consisting of length 1 which will start from a node and come back to the same node. So what
is a cycle? So it is a path, cycle of length 1 is, starts from a particular node and comes back to
same node. So let's look at this, let's say this node. So if you start from this node, this edge 1,

2,34, 5, 6 so this is a cycle of length 6. Now note



(Refer Slide Time 17:24)
d ieQ ! Qe aasd

o 7ToommMMA |- comEENBEEENEC0 W swwom

@ A cycle of length / in a Tanner graph is a path comprised of | edges
from a node back to the same node.
plidmslole Ua bl Lo e s,

that it is a bipartite graph so it will only have even length cycles because there is no

connection between nodes of the same class
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@ A cycle of length [ in a Tanner graph is a path comprised of | edges
from a node back to the same node.

@ Example: The bipartite graph has a cycle of length six.

as I said in this particular example this has cycle 6, 1, 2, 3 4, 5, 6. And this can be viewed

from
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Hl11 000000
[-6-6-0f] 11000
H oflFoofloo 110
0010010101

0001001011

the parity check matrix alsoso 1, 2,34, 5,6
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0000
1 000

0010010101

(

001001011

Ok.
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@ The length of smallest cycle in the graph is known as its girth.

Now we will define what is known as girth. Girth is the length of the smallest cycle in this
graph. So girth is defined as the length of the smallest cycle in this graph. In this particular

example,
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11000000
Jt1o000
H o} loo1 10

0010010101
0001001011

the smallest cycle is 6. You can see there is no cycle of length 2 or 4.
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@ The length of smallest cycle in the graph is known as its girth.
_—

e
—_—
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@ The length of smallest cycle in the graph is known as its girth.

@ When decoding LDPC codes using sum-product algorithm, the
number of independent iterations of the algorithm is proportional to
the girth of its associated Tanner graph.

= 0 .

un

Now when we are decoding L. D P C codes we would like
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Tanner Graphs

@ The length of smallest cycle in the graph is known as its girth.

@ When decoding LDPC codes using sum-product algorithm, the
number of independent iterations of the algorithm is proportional to
the girth of its associated Tanner graph.

I N~ R«

independent iterations that we can get is proportional to the girth of the corresponding Tanner

graph
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@ The length of smallest cycle in the graph is known as its girth.

@ When decoding LDPC codes using sum-product algorithm, the
number of independent iterations of the algorithm is proportional to
the girth of its associated Tanner graph.

[ | [ o

@ The girth of this Tanner graph is six.

of the L D P C code.
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Gallager’s construction for regular (n, w,, w,) code

@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

Now that we have defined what is a regular L D P C code, let's talk about how we

construct these

can
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L D P C codes. So we will first start with random construction of L D P C codes given by

Gallager.
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onstruction for regular (n. w., w,) code

@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

So if 1 is the block length and m is the number of parity check equations
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Gallager's construction for regular (n, w,, w,) code

@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

@ Construct a m x n matrix with w,. 1's per column and w, 1's per
row. (An (n, w., w,) code)

and if you are asked to design a regular L D P C code with w ¢ 1s per column and w r 1s per

row you can follow this procedure.
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@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

@ Construct a m * n matrix with w. 1's per column and w;, 1's per
row. (An (n, w., w,) code)

@ Divide a m % n matrix into w. m/w. x n sub-matrices, each
containing a single 1 in each column.

So divide m cross n matrix which is your parity check matrix. You divide them into w ¢ m by
w ¢ into n sub matrices such that in each of the sub matrices your column will only have a

single 1.



(Refer Slide Time 19:53)
g %0 rewyaqaaand
70 /ToomNa cl "wANENEOONEC0 W swom o

Gallager's construction for regular (n, w,, w;) code

@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

@ Construct a m x n matrix with w. 1's per column and w, 1's per
row. (An (n, we, w,) code)

@ Divide a m x n matrix into w. m/w, x n sub-matrices, each
containing a single 1 in each column.

@ The first of these sub-matrices contains all 1's in descending order,
i.e. the i'th row contains 1's in columns (i — 1) - w, + 1 to 7 - w,.

Next you start writing; so in each of the sub matrices, what you do is you write once in the
descending order. So the ith row will have 1s from location i minus 1 w r plus 1 to i into w r.

So what you do is, I will just illustrate
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Gallager's construction for regular (n, w,, w,) code

@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

@ Construct a m % n matrix with w. 1's per column and w;, 1's per
row. (An (7, we, w,) code)

@ Divide a m x n matrix into w, m/w, x n sub-matrices, each
containing a single 1 in each column.

@ The first of these sub-matrices contains all 1's in descending order,
i.e. the i'th row contains 1's in columns (i — 1) - w, +1 to i-w,

@ The other sub-matrices are merely column permutations of the first
sub-matrix.

basically,
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Gallager's construction for regular (n, w,, w,) code

i o
6 0o o0 o 1 1 1 1 6 o o o o oo [}
6 0o 0 0 a6 o o 1 1 1 1 o o o0 o o o 0
6 06 0 0 o o o 6 0 © 6 0 1 1 1 1 [ o 0
0 0 0 o e 0 0 0 0 0 9 0 0 0 0 0 1 1 1 1
i 9 0 0 I [ [1] i o 0 0 i 4 o0 0 0 0 0 0
o 1 o o o 1 [} o 0 1 o 0 B o o 0 I o o 0
o o 1l 0 o0 1 0o 0 © @ 0 [} 3 o 0o 0 | [
6 0 0 i @B 0 o 6 o 0 i [ o 0 i @ @ @ i o
00 0 0 a0 0o i 60 @ i 000 i @@ [} i
1 o 0 o [] 1 [ g 0 0 0 [ @ © © 0 @0 1 o 0
o i o 0 e @ 1 0 0 0 1 @ o 0 0 i @ 0 o 0
o 0 i [ e 0 0 i 6 0 @ 0 i o o 4 o @ i o
o6 o0 o 1 o o o o 1 o o 0 [} 1 o 0 1 o o 0
[ 1 oo oo 1 [ oo 1 00 © o 1

Example of a regular low density code matrix; n = 20, w, = 3,
w,=4

so what you do is first you have a m cross n matrix. Now this was a rate half code, remember

rate 1 by 4 code remember
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Gallager's construction for regular (n, w,, w,) code

1 1 1 1 e & 0 0o 0 © @ 0 @ o o 0 @ @8 o 0
@6 o o 0 i 1 1 i @ 0 @ @0 @ @ © @ @ @ o @
6 @ o 0 @ 0 0 o 1 1 | i @ @ @ o @ @ o @
6 o 0 0 @ 6 o a6 0 0 @ 0 1 1 1 1 [ [}
o 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
i g 0 0 i [ ] [1] i 4 o 0 ] 4 o 4 0 0 G 0
o 1 o 0 o 1 o o o 1 [ o o o0 0 1 o o o
o 0 1 [] o 0 1 6 0o © o 0 o 1 o 0 o 1 o 0
o 0 o0 1 o o [ 1 [ o 0 1 0 o 8 1 o
000 ® 6o _®© 1 0o o | 000 1 00 [1] 1
] 0 0 0D ] 1 [ o 0 0 0 1 ¢ 0 0 0 © 1 o 0
L] i o o o0 1 o 0 D 1 ] 6 o 0 1 [ o0
o 0 i o @ o © i 6 o o 0 1 [ } [ i o
o 0 o 1 e @ o o 1 I o 1 o 0 1 0 o o
000 0 i oo 00 1 [ oo 1 [ o [} 1

Example of a regular low density code matrix; n = 20, w. = 3,

r =4
m“ﬁ.\'\ R-‘.’Jl— i
%-

w C is 3 wris 4, so this is 15 cross 20 matrix.
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Gallager's construction for regular (n, w,, w,) code

B T T @ @ @ @ o 0 6 & 0 0 0 T 0 0 0
6 o 0 o [ 1 o © © © 0 © O L T
6 o o © o o6 ©6 O 1 1 1 t 8 © © © o @ 0 @0
6 o e © & 6 ©6 O 6 ©o 8 06 1 r » 1 & & 0 @O
¢ 9 0 0 9 O © © 0 0 © 0 0 0 0 0 1 1 11
T o6 0 ¢© T & &8 © I & o © I ©®© © ¢ @8 @& 0§ @&
9 ¥ © o © 1 © © © I © © O © © © 1 © 0 @
¢ © 1 © @ @ 1 © © ©o ®© © © i © © © I 0 ©
¢ © ¢ 1 & © @© © o © 1 & © O i1 4 @ & I O
o o o [] o o ] i ) 0 [ i o L] L] i [ @ o i
i ¢ 9 0 ©® L ® o o @ 0 & @& © 0 0 @ 1 0 &
o i o o o o i o o 0 i o o L] [} i o o o o
o o i o o o o i o 0 o o i [} [} a [ o i o
¢ © o 31 & 6 © © 1 ©o © ©6 O 1 © © 1 6 0 O
660 o 1 6 ©o_©o © 1 ©_©_©o © 1 ©0_ ©_ o8 0o 1

Example of a regular low density code matrix; n = 20, w, = 3,

4
ke g=L — 5420
p A2

Now what you do is you divide this 15 cross 20 matrix into three 5 cross 20 matrices, sub

matrices, right. That was the

(Refer Slide Time 20:49)
B o o e &8 & ® \ﬁ
7o Toomma of BODEEO0 M smmom 2

Gallager's construction for regular (n,

1 ] ] 1 @ 0 0 o 0 © @ 0 B o o0 0 @ @0 7 0
6 o o @ i [ i i @6 0o @ 0 @ @ @ @ @ @ o @
6 @& @ @ @ @& @ o i 1 L i @B @ @ 0 @ @ o @
6 0 0 0 @ 6 o a6 & o @ 0 1 i 1 1 [ o @
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i 6 o 0 I [ ] 1] i o o 0 i 4 0 4 0 0 G 0
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o 0 0 1 8 o o 0 0 B 1 [ o0 1 0 o @ 1 o
0o o o o o @ 1 00 © 1 000 1 00 1] 1
T @ 0 0D [] 1 [ @ 0 0 0 1 o 0 o6 0 0 1 o 0
o 1 6 0o o 0 1 6 o0 © 1 [ B 0 0 1 [ o0
U] 1 0 o L] o 1 o 0 o o 1 L] o a o o 1 o
o o o 1 e o o o 1 o o @ o 1 o 0 1 o o 0
[ I i oo [} 1 [ oo S I | [} 1

Example of a regular low density code matrix; n = 20, w. =3
wr =4

ke R=1 — I5x20
A r2

first step.
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Gallager's construction for regular (n, w,, w,) code

@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

@ Construct a m x n matrix with w. 1's per column and w, 1's per
row. (An (n, we, w,) code)

@ Divide a m x n matrix into w. m/w. % n sub-matrices, each
containing a single 1 in each column.

@ The first of these sub-matrices contains all 1's in descending order,
i.e. the i'th row contains 1's in columns (i — 1) - w, + 1 to 7 - w,.

@ The other sub-matrices are merely column permutations of the first
sub-matrix.

Divide an m cross n matrix into w ¢ m by w c into n sub matrices. So once you divide, so this

is one 5 cross 20 sub matrix. This is another 5 cross 20 sub matrix.
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Gallager's construction for regular (n, w,, w,) code

I 1 1 1 © 0 © © o © @ © 0 @ 0 o @ 0 0 0
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Example of a regular low density code matrix; n = 20, w, = 3,
wr, = 4

roe R=1 — IEx20
A A2

This is another 5 cross 20 sub matrix.
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Gallager's construction for regular (n, w,, w,) code
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Example of a regular low density code matrix; n = 20, w, = 3,
w, =4

ok Rwi—_ — I5%20
2

And each of these sub matrices should have only 1s and what you do, you start writing 1s in
the descending, so you write, start writing 1 here from location 0, now w r in this case is 4, so
in the Oth row you start from column 0 to 3, next row you start writing from 4 to 7, like that

you start writing 1s. So that's what I have written here.
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Gallager's construction for regular (n, w,, w;) code

@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

@ Construct a m x n matrix with we. 1's per column and w, 1's per
row. (An (n, we, w,) code)

@ Divide a m % n matrix into w; m/w, % n sub-matrices, each
containing a single 1 in each column.

@ The first of these sub-matrices contains all 1's in descending order,
i.e. the i'th row contains 1's in columns (i — 1) - w, + 1 to i - w,.

@ The other sub-matrices are merely column permutations of the first
sub-matrix.

That first of these sub matrices contains all 1s in the descending order such that ith row

contains 1s from location i minus 1 into w r plus 1 to i times w . So
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Gallager's construction for regular (n, w,, w,) code

@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

@ Construct a m x n matrix with w. 1's per column and w, 1's per
row. (An (n, we, w,) code)

@ Divide a m x n matrix into w. m/w,. x n sub-matrices, each
containing a single 1 in each column.

@ The first of these sub-matrices contains all 1's in descending order,
i.e. the i'th row contains 1's in columns (i — 1) - w, + 1 to /- w,.

e

once you have constructed this sub matrix,
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Example of a regular low density code matrix; n = 20, w, = 3,

4
ok R#i—_ — I5%20
2 |5 p2®le

this 5 cross 20 sub matrix by putting 1s like this in descending, like this. Once you have

constructed this, rest all are 0Os. Now note that each of the columns here have one 1s.
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And what about, you can check any column of these sub matrix. It has only one 1. And note
what is the row weight. Now each of the row here has w r which is four number of 1s. You
can check this is four 1s. You can check here, this is four 1s here; these are the four 1s here.

You can check these, these are four 1s. So what you have created is you have created
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Example of a regular low density code matrix; n = 20, w, = 3,
w, =4

e Rﬁ‘@ —_— 15420
> [l

a sub matrix which has column weight
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1 and row weight w r. Now next
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Example of a regular low density code matrix; n = 20, w, = 3,

Wy =

4
ke ilf*‘% —_— I5%20
2 |5 p2®(e

to get w ¢ column weight what do I need? I need to design a similar sub matrix here which
will have one 1 in each of the column and w r 1s in each row. Now how do I get this sub

matrix and this sub matrix? So what I can do is I can do column
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permutation. So for example I can move
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Example of a regular low density code matrix; n = 20, w, = 3,
— 4 — ——— 3§
) bt A

this column here, I can move this column here, I can do column permutation. Now when I do
column permutation I do not change the weight of the column. It is still 1. And I do not

change
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the weight of the rows. It is still 4. So
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Example of a regular low density code matrix; n = 20, w, = 3,
wWe =

4
P A Rf-«_l\- — I5%20
e

by doing column permutation I will get this sub matrix which will again have one 1 in each

column and four 1s in each row.
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The same thing I will do
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Example of a regular low density code matrix; n = 20, w, = 3
) w, =4
o e
e R = %... ———— | 5 * 2 0

for each sub matrix. I will again do column permutation of this matrix and I will get this sub
matrix. So the subsequent sub matrices are obtained by doing column permutation and by
doing column permutation I am not disturbing the weight, the row weight or the column
weight. The column weight of this sub matrix is still 1; the row weight is still 4. Now once I

do this then I am able to design these three 5 cross 20 sub matrices each of them have
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column weight 1. So overall column
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Example of a regular low density code matrix; n = 20, w, = 3,
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weight will be 3 and overall row weight is still 4. So I am able to design a low density parity

check matrix which has three 1s in each column and four 1s in each row.
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Gallager's construction for regular (n, w,, w;) code

@ Let, n be the transmitted block-length of an information sequence of
length k. m is the number of parity check equations.

@ Construct a m x n matrix with w,. 1's per column and w, 1's per
row. (An (n, we, w,) code)

@ Divide a m % n matrix into w. m/w, x n sub-matrices, each
containing a single 1 in each column.

@ The first of these sub-matrices contains all 1's in descending order,
i.e. the i'th row contains 1's in columns (i — 1) - w, + 1 to i - w,.

@ The other sub-matrices are merely column permutations of the first
sub-matrix.

So that's what I said that other sub matrices are merely column permutations of the first sub

matrix. So this is
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Example of a regular low density code matrix; n = 20, w. = 3,
wr =4

ke Rv%{_ — IE %20
> [

Gallager's construction of a regular L. D P C code which has w ¢ 1s in each column and w r 1s

in each row.
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MacKay's construction

@ An m by n matrix (m rows, n columns) is created at random with
weight per column w,, and weight per row w;, and overlap between
any two columns no greater than 1.

Reference:

@ "Good Error-Correcting Codes Based on Very Sparse Matrices” by David J. C.
MacKay in IEEE Transactions on Information Theory, pp. 399-431, Mar. 1999,

Now we will talk about simple constructions based on permutation matrix, these were given
by MacKay, you can read this paper Good Error-Correcting Codes on Very Sparse Matrices
by David MacKay which appeared in I triple E transactions on Information Theory in May
1999, so one way of designing a m cross n matrix which has w ¢ column weight and w r
column weight is you can randomly put 1s ensuring these criteria are satisfied and also you

want to ensure that overlap between 2 rows

(Refer Slide Time 26:16)

of this parity check matrix is not more than 1. Otherwise you will have cycles 4
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y S construction

@ An m by n matrix (m rows, n columns) is created at random with
weight per column w,, and weight per row w,, and overlap between
any two columns no greater than 1.

@ Another way of constructing regular LDPC codes is to build the
parity check matrix from non-overlapping random permutation
matrices.

Reference:

@ "Good Error-Correcting Codes Based on Very Sparse Matrices” by David J. C.
MacKay in IEEE Transactions on Information Theory, pp. 399-431, Mar. 1999,

in your L D P C code. Now next what we are going to talk about is how we can use

permutation matrix to

(Refer Slide Time 26:38)

design our L D P C codes? So that's what [ am going to show
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MacKay's construction

@ An m by n matrix (m rows, n columns) is created at random with
weight per column w., and weight per row w,, and overlap between
any two columns no greater than 1.

@ Another way of constructing regular LDPC codes is to build the
parity check matrix from non-overlapping random permutation
matrices.

St
Reference:

@ "Good Error-Correcting Codes Based on Very Sparse Matrices” by David 1. C.
MacKay in IEEE Transactions on Information Theory, pp. 399-431, Mar. 1999,

in the next few slides. So let's define
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Construction of low density parity check codes

@ A permutation matrix is just the identity matrix with its row
re-ordered, e.g.

00010
10000
P=|0014¢ 0
000001
01000

what a permutation matrix, so a
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permutation matrix is an identity matrix which is row reordered. So
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@ A permutation matrix is just the identity matrix with its row
re-ordered, e.g.

i)

|
(=== =]
(=M= =]
[= =R el
(= - - -
(=== =]

this is an example of 5 cross 5 permutation matrix.
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Construction of low density parity check codes

@ A permutation matrix is just the identity matrix with its row
re-ordered, e.g.

o

|
cCoo o
~Foo oo
co~oo
(= = I = = By )
o000

545

You can see each row has one 1 and each column, each row has only one 1, and each column

has a single 1. And this is just an identity matrix with row reordered. Now we could also use
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Construction of low density parity check codes

@ A permutation matrix is just the identity matrix with its row
re-ordered, e.g.

001 0
1. & 090
P=100100
000001
01000

@ A circulant matrix is defined by the property that each row is a
cyclic shift of the previous row to the right by one position.

-

0100 1]
1 0 0 0
C=|01010
&1 01
1001 0|

a circulant matrix to design our L D P C codes. Now what is a circulant matrix? So a circulant
matrix has a property that each row is just a circular shift of previous row. So for example
you take this example, this first row is 0 1 0 0 1, now this 0 comes here, this 1 comes here,
this 0 comes here, this 0 comes here and this 1 comes here. So that's your second row. The
third row, this 0, 1 comes here. This 0 comes here, 1 comes here, this 0 comes here and this 0
comes here. Similarly here this 0 comes here, this 0 comes here, 1 comes here, 0 comes here,
and 1 comes here. And likewise this 1 comes here, this 0 comes here, this 0 comes here, 1

here, 0 here, so you can see
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Construction of low density parity check codes

@ A permutation matrix is just the identity matrix with its row
re-ordered, e.g.

[=N = ==]

0
0
1
0

)

|
[=R=T =]
(=10 =1 =
o oo

01000

@ A circulant matrix is defined by the property that each row is a
cyclic shift of the previous row to the right by one position.

each row is a circular shift of the previous row. So we will now show how, we will randomly
construct these permutation matrix. This is just an identity matrix which is row reordered.

Now we will show how we can construct our L D P C codes using this permutation matrix.
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Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

| Column Weight | Fraction of columns | Row weight | Fraction |

L 1 6 T 1 1]

3 1 1

So the first example that we are going to consider is an example of a regular L D P C code.

Now this regular L. D P C code has column weight 3 so w c is 3 and
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Schematic lllustration of Regular Gallager Codes

N P

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

[ Column Weight | Fraction of columns | Row weight | Fraction
I L (6] 1
We=3

row weight is 6.

(Refer Slide Time 29:03)

a A®0als ek daaaaad
o 7ToomM MO Q- comUENBEEEONEC 0 W swnoms

Ll )

T[]
1[1[1[1]1]1 3 SJ

Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction
JE] 1 [ [ef 1
We =3 Wy =€

So w r is 6. You can see if this is regular L D P C code because all the rows and the columns

have the same weight,
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111111
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3 3]

Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

[ Column Weight [ Fraction of columns | Row weight | Fraction

G | [1] [6] af

We =3 W€

Ok. Now how can we use permutation matrix to design this? So let's take this example. Let's
say you have to design an, so what's the rate here? Rate here is 1 minus w c by w r. So this is

1 minus 3 by 6 so that's rate half. m will
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Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction

[1] [6] a7
We =3 1__W(_ UJ.,-_;.}‘

= -3 _|

SR

be n by 2. So m here would be n by 2. So what we did was, so this is you can think of its n by

2 cross n. So what we did was
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1[1[1[1]1]1] 3 3

ol ] |

Nn

Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction
[1] [6] uf

\.hJ(.23 Wwe L-\JT:-S

we divided this n by 2 cross n matrix into sub matrices
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111 1[1]1 3 3

1011 1[1]1
Bn B

* Schematic Nlustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

[ Column Weight [ Fraction of columns | Row weight | Fraction

| [1] [6] [
We=3 1_.|,1J5 UJT;;é
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in this particular way. So this is, so this one that you see. This is n by 2 cross n by 2 matrix
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

[ Column Weight | Fraction of columns

Row weight | Fraction
: [1] [6] uf
\.AJ(. = 3 1 b Wwle UJT;;é
w clm2 =l
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and this is another n by 2 cross n by 2 matrix. So these are 2 n by 2 cross n by 2 matrices

which are further divided into sub matrices n by 6 by n by 6.
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

[ Column Weight | Fraction of columns | Row weight | Fraction
[1] [ [e] af
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So each of them are your n by 6 by n by 6 matrix.
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Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

[ Column Weight [ Fraction of columns | Row weight | Fraction

[1] [6] By

LhJ(.23 1—-":]5. '«AJT‘.;é
(7 A B e
[ 2

And what does this signifies? This
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction

JElf [1] [6] Y|
We =3 L We We=6
bl e

signifies that this is the notation we are using to denote a permutation
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permutation matrix.
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction
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So this is one random permutation matrix. This is another random permutation matrix where
location of one is different from what was here in this particular matrix. So this is another
random permutation matrix. So these 1s that you see here, these are all random permutation
matrices, Ok. Now note that we need a column weight of 3. Now if we stack, if we stack 3

permutation matrices like this, now each of these permutation matrix has one 1 in its column.

So
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over all we will get,
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction

3] [1] (6] af
u(‘93 1 Wwle l.lJ-fng
e S
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column weight 3. And
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

[ Column Weight [ Fraction of columns | Row weight | Fraction

[1] [6] f
\.AJ(‘23 1_.I.»J¢ UJT;;G
—_— = =
S

if we stack 6 of them like this, then each row also has one 1 so we will get overall six 1s
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Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction
K| [1] [6] uf
LIJ(. = 3 1 Wwe L-\JT:-S
W cl-2 =l
ki ¢

in each row. So this way we can generate a L D P C code with these parameters, column

weight 3 and
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction

[1] [6] 1 [1]
— 2 '“”*.;‘
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B

row weight 6.
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Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction

KX ] (6] [ GJ
We. |L*JT:T'_]
1_. T = I"l 5_'_
4 =

Now the same thing can be generated using by overlapping of random permutation matrices.
Now what do I mean by overlap of random permutation matrix? So let's say you have a
permutation matrix. And you add another permutation matrix. Now please note you ensure

that



(Refer Slide Time 32:32)

there is no overlaps between 1s in this matrix
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction
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and this matrix. If you add these 2 permutation matrix what will you get? You will get a
matrix which will have two 1s in each row and two 1s in each column. Now if I add another
permutation matrix and I ensure that this, the 1 in this permutation matrix does not overlap
with 1s in this matrix which I got by adding to permutation matrix, then the resultant

permutation matrix that I will get will have
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction

[1] | [e] L

e [wed]
Ty = | = 2 ]
&

=

row weight 3 and column weight also 3. So another way of designing this L D P C code is by
overlapping of random permutation matrices. Please note when I overlap them I have to
ensure that there is no 1s that are getting overlapped. Then only I will be able to retain the
weight. So if I overlap 3 such random permutation matrices and I ensure that there is no
overlap between the 1s between each of these 3 random permutation matrix then what I will

get is a matrix which will have three
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

[ Column Weight | Fraction of columns | Row weight | Fraction

| 1] 6] T 0]
= == Lieat
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1s in each row and three 1s in each column. I can construct another n by 2 by n by 2 matrix,

this one
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction

[1] [6] af
g e
R
which is again by
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction
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overlapping of three different random permutation matrices ensuring that there is no overlap
of 1s; I can get another matrix which will have three 1s in each row and three 1s in each

column and this will ensure that each column of this matrix will have column weight 3 and
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Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction

[1] [6 1 af
1_" % = ITT;_;g - |
[ o
each of the rows of this matrix will have
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction
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row weight 6. So this is another way I can use the permutation matrices to construct my

regular L D P C code.
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Irregular low-density parity check codes

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

Now let's talk about what is an

(Refer Slide Time 35:03)

irregular L D P C code. So irregular L D P C code as opposed to regular L D P C code, the

number of 1s in each column and number of 1s in each row are different. So we
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Irregular low-density parity check codes

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution

will have to specify the degree, the node distribution, the column node distribution as well as

the row node distribution. So for an
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Irregular low-density parity check codes

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

irregular L D P C code, we define the distribution of column nodes as well as row nodes

according to some distribution.
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Irregular low-density parity check codes

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

@ A degree distribution ¥(x) = 3, 7ix'~! is simply a polynomial with
nonnegative real coefficients satisfying v(1) = 1.

So what is a degree distribution? We define the degree distribution by this polynomial which

has the property that gamma 1 is basically 1, so these are the fraction of nodes with degree i.

(Refer Slide Time 35:59)
o - o A=K d e a e a \.ﬁ
/o /TOm M NS ¢ AN ENEONE00 M e

Irregular low-density parity check codes

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

@ A degree distribution v(x) = 3, %:x’~! is simply a polynomial with
nonnegative real coefficients satisfying v(1) = L.

@ An irregular low-density code is a code of block-length N with a
sparse parity check matrix where column distribution A(x) and row
distribution p(x) is respectively given by

Mx) =) Nixt
i=1

x) = ZMX; 2
i>l

where \; and p; denote the fraction of edges incident to variable and
check nodes with degree i, respectively.

Now an irregular L. D P C code we have to specify 2 degree distribution, one is the column

degree distribution; other is the row
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degree distribution. So the column degree distribution we are denoting by lambda x and the

row degree distribution we are denoting by row x. So this is my column degree
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Irregular low-density parity cl

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

@ A degree distribution (x) = 3, vix'~! is simply a polynomial with
nonnegative real coefficients satisfying v(1) = L.

@ An irregular low-density code is a code of block-length N with a
sparse parity check matrix where column distribution A!x! and row

distribution p(x) is respectively given by

plx) = Zp,-xi_L

i=1

where \; and p; denote the fraction of edges incident to variable and
check nodes with degree i, respectively.

distribution, this is my row degree distribution



(Refer Slide Time 36:30)
o [ o b e & 5 oG Q & 4 ‘ﬁ
7o ToOomMEO QA o EERAEEEERECC W s 2

Irregular low-density parity check codes

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

@ A degree distribution (x) = 3, 7x'~! is simply a polynomial with
nonnegative real coefficients satisfying v(1) = 1.

@ An irregular low-density code is a code of block-length N with a
sparse parity check matrix where column distribution A(x) and row
distribution p(x) is respectively given by

plx) = me* -

where \; and p; denote the fraction of edges incident to variable and
check nodes with degree i, respectively.

where lambda i
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@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

@ A degree distribution 7(x) = 3, 7:x'~! is simply a polynomial with
nonnegative real coefficients satisfying v(1) = 1.

@ An irregular low-density code is a code of block-length N with a

sparse parity check matrix where column distribution A(x) and row
distribution p(x) is respectively given by
il 2

px) =3 it

i1

where| \;land p; denote the fraction of edges incident to variable and
checkTiodes with degree i, respectively.

is the fraction of edges incident on the variable node which has degree i and row i
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Irregular low-density parity check codes

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

@ A degree distribution ¥(x) = 3_;:x'~! is simply a polynomial with
nonnegative real coefficients satisfying v(1) = 1.

@ An irregular low-density code is a code of block-length N with a
sparse parity check matrix where column distribution A(x) and row
distribution p(x) is respectively given by

Alx) = ZJ\,x" L
plx) = me* -

where| \; and@:ﬂenote the fraction of edges incident to variable and

checkTiodes With degree i, respectively.
——

is fraction of edges incident to the check node with degree i.

So let's take an example to illustrate this. Let's just see if we use
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Irregular low-density parity check codes

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution

4
@ A degree distribution v(x) = 3", v;x' ! is simply a polynomial with

nonnegative real coefficients satisfying v(1) = L.

same degree notation to represent
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¥ Schematic Nlustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction
K1) [1] (6] uf
1_' TAT{ = | = 1 =, |
& =

this. So the column row representation is defined by lambda x. Now here all
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Irregular low-density parity ck

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

@ A degree distribution 7(x) = 3_;7:x'~! is simply a polynomial with
nonnegative real coefficients satisfying v(1) =

@ An irregular low-density code is a code of block-length N with a
sparse parity check matrix where column distribution A(x) and row

distribution p{x] is respectively glven by

Z,\x

whem@and pil denote the fraction of edEes incident to variable and

check degree i, respectively.

the columns for the regular L. D P C code, all the columns have weight 1, so then
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* Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

[ Column Weight | Fraction of columns | Row weight | Fraction
i El| [1] | (6] By
e G
w s sl
g 3

lambda here is 1 and we will define x raised to power i minus 1 and i degree here is 3. So
degree distribution
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" Schematic Nlustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction
[1] [6] ]
ol e
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for this column for this regular L D P C code will be x square. Similarly the row distribution

here is because all the nodes have row weight 6 so this will be x raised to power 6 minus 1 x

5.
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¥ Schematic lllustration of Regular Gallager Codes

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square.

Column Weight | Fraction of columns | Row weight | Fraction

[1] | _[s] Qaf |

.
L S U
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So that's how we are writing the degree distribution. So again
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Irregular low-density parity check codes

@ For an irregular low-density parity-check code the degrees of each
set of nodes are chosen according to some distribution.

@ A degree distribution ¥(x) = 3_; 7:x' ! is simply a polynomial with
nonnegative real coefficients satisfying v(1) = 1.

@ An irregular low-density code is a code of block-length N with a
sparse parity check matrix where column distribution A(x) and row
distribution p(x) is respectively given by

Ax) =3 Nx !

i=1

px) =3 pix'!
i>1

where| \; and@:ﬂenote the fraction olf edsﬁ incident to variable and

checkTiodes With degree i, respectively.
——

have a look at the degree distribution. This is a fraction of nodes with degree i and these are

fraction of nodes with degree i. This is a row degree distribution; this is the column degree

distribution.
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Irregular Low-density parity check code

= -~ = "
£
1 o L N
\x) = 3x + 5X° + 15x° + 5%
plx) = Fx* + §x5 + §x8

Let us take this example. So we have 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, son is 12, Ok.
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Irregular Low-density parity check code

n is 12. Now what is column degree distribution? So this is basically each node participating

in how
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many parity check equations. Let us look at
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Irregular Low-density parity check code

this node, how many parity check equations it is participating in? 1, 2, 3 so let's just, so there

is, this is participating
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Irregular Low-density parity check code

c |
- - = - - "
A A
o n=12
P R e P
Ax) = 3x + X2 + 5x° + 5x

- L

1 1,5, 1.6
plx) = gx* + gx° + 3x

in 3 parity check equations, what about this? It is participating in 1, 2, 3. So it is also

participating in three. This is participating
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Irregular Low-density parity check code

c
T x * ~ =i A
e . . “
o / n=12
L,
29 d
1 r i TS . (N
Alx} = gx + @t + mx? + g
IS P T I
plx) = 3x° + 32° + 3x

in 1, 2, 3. This is participating in three.
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Irregular Low-density parity check code

This is participating in 1, 2, 3. This is participating in two,
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Irregular Low-density parity check code

3 1

1, 2. So there is one node which is participating in 2.
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Irregular Low-density parity check code

What about this? This is participating in four, 1, 2, 3, 4. So this is one node which is
participating
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Irregular Low-density parity check code
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in four. This is participating in two, 1, 2.
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Irregular Low-density parity check code

3 1l
4 |
- - L -~ == "
. %Y
'., &
A e ok '
oo/ Yt \ X5 X/ ! n=12
SR, !
B oA Do LA
A(x) = gx + 3% + 5% + px

This is participating in three, 1, 2, 3.
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Irregular Low-density parity check code

So this is participating in three, 1, 2, 3.
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Irregular Low-density parity check code

Yo F e MY S W G

'R

AMx) = tx+ 52+ 53+ 5x*
plx) = Fx* + x5 + §x5

It is participating in three, 1, 2, 3.
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Irregular Low-density parity check code

- = = -~ - "
X XS
X Fe .,_' £
i P e [
o / A =2
YoV A e i kS W Sy d n
b B B B
AMx) = gx + 136 + 3% + 5%
S I R T
p(x) = gx* + 3x° + 3x

It is participating in two, 1, 2. And this is participating in 1, 2, 3, 4, 5,
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Ok. So then how many nodes are participating in two parity check constraints, that is three.

So what's the fraction? That is 3 by 12. They are participating in two parity check constraints.

(Refer Slide Time 39:57)
I w50 - - laaaaad
PO TR MA Q- o MENEEEENE 0 MW smmoms

Irregular Low-density parity check code

s
3 Wt
4 |
» . . N P . St
X '-' 3
VX oy
/ <X A% Wy =2
A eSS b WFd s D
1, 7.2 1,3, 1.4 3
A(x) = gx + @t + mx? + gx == 2
W ST T
plx) = 3x° + 3x° + 3x

There are 7 of them which are participating in 3 parity check constraints. So
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Irregular Low-density parity check code
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o, \ \ > ¥ p. el 7 1 =
A e R A Mot T ] n=12
AMx) = x+ 52+ 53 + H5x* %_—* 2
=1,4 41,5 1,6
plx) = gx* + 3x° + gx BB
(X

fraction of them is 7 by 12. Then this is 1 by 12 and this is participating in four. And then
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Irregular Low-density parity check code

L

2
3 W
4 |
g = = L - 5 |
. &
LA M e e S e W e n=12
AMx) = jx+ 52 + 53+ Hx* %_—' 2
=1l,4 1,5 1.6
plx) = gx* + 32 + 3x T
P
L~ %
P

1 by 12, it is participating in five.
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Irregular Low-density parity check code

i

2
3 W
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P~ 3
o N \ SN A p. 1 =
Y o e S e ey D 12
S o O T 3 -
,\(x) Xt X +ExT+ X T')__' 2
1 1,5, 1,6
plx) = 3x* + 3x° + §x° Lo
I2
Al G-
N
e B

So then what is the column distribution? So this, this fraction is 1 by 4 x raised to power 2
minus 1 that is x, plus 7 by 12 x raised to power 3 minus 1 that's x square plus 1 by 12 x

raised to power 4 minus 1, that is three plus 1 by 12 x raised to power 4. So this is the column
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Irregular Low-density parity check code

degree distribution for an L. D P C code which is described by this Tanner graph. Similarly we
can find the row distribution. Let's look at parity check constraints. So let's look at this parity

check constraint. So here, 1, 2, 3, 4, 5 so there are 5 nodes which are participating in this.
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Irregular Low-density parity check code

i

=
5 1 3 Wi
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uw"’ = L
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e A
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Mx) = 3x + 5X° + 5x° + 5x* %_—' 2
1 3y by
plx) = 3x* + 3x° + 310 “r e
- A _J_Jc*_'_x [FX
P =t S 5J__. 4
W
T

What about this one? 1, 2, 3, 4, 5, 6, 7 so there are 7 bits which are participating in this.
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Irregular Low-density parity check code

L

z
5 1 3 W
L ¥ 4 |
7 I P-\ - = -~ r . 5 I
“"u'-/"’ Ts ~
S N
A(x) = ix + 5x° + 5x3 + Hx %_—" 2
1 R
plx) = Fx* + x5 + §x8 4 e e
I 5
3 ] - % r
Lx+rZTAriZ* R L4
= [P
i S -

This one, 1, 2, 3, 4, 5 so there is 5 of them.
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Irregular Low-density parity check code

r
5 1 3 Wn
4 ¥ b 4 |
T | 5 |
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uv.j" Mapad
o, AW x ¥ A i =
"';Wb_.'r"_,.a'\-;/v-_hﬂu'f.l P \-"'L'J\-'JJM/ n=12
AMx) = jx+ 5% + 53 + Hx* %_—' 2
1 1.5, 1.6
plx) = 3x* + 3 + 3x° o 3
3 ) I
- 1 - X I
Lx 42 ap— et
& Jr_n__-x' - 1% r B i—- 4
N B

Then here 1, 2, 3, 4, 5, 6 so there is
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Irregular Low-density parity check code
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5 Il 3 W
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7 | & ]
" - = o
¢ | St
Vs tan =
S N G
2 = 7
AMx) = jx+ 52+ 53+ H5x* = 2
L A ol
plx) = gx* + 3 + 3x i 1143
z 1 - % r R
oo T T
oo A S 5J__. %
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6. Thisoneis 1, 2, 3,4, 5, 6, 7
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Irregular Low-density parity check code

- I
i 3 W
: L ¥ 1 L 4 |
Z i ) I Z P s ] 5 ]
6 | "w”;, ; :"\l‘-""J v‘f{'.'tﬁ"%-’-
S N
AMx) = jx+ 52+ 53+ Hx* %_—" 2
plx) = Fx* + x5 + §xF 4 7 3
% o 3 4 [P g
14_1'*_?1.1"“Ex*117{ ﬁl_
_ILL‘.-&
and thisoneis 1, 2, 3, 4, 5, 6. So
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Irregular Low-density parity check code
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AMx) = jx+ 52+ 53+ Hx* %_—' 2
plx) = Fx* + §x5 + §x5 a T
3 I
2 ] - % | R
Lx+rZTxriz* L4
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e

we can see out of these and what's the total number of parity check equations? These are six,
1,2, 3,4, 5 and 6. So then fraction of parity check equations where five bits are participating

is 2 by 6. And same is the ratio for 6 and 7. So then we can write the row distribution as
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1 by 3 x raised to power 5 minus 1, that's 4 plus 1 by 3 x raised to power 6 minus 1 that is 5

plus 1 by 3 x to power 7 minus 1 that's 6. And that's precisely what I have written
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here, Ok. So to describe an irregular L D P C code we need to describe these 2 degree

distribution, namely the column degree distribution and the row degree distribution.
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Irregular low density parity check codes

Construction of irregular LDPC code
Step 1 : Selecting a profile that describes the desired number of
columns of each weight and the desired number of rows of
each weight.
Step 2 : Construction methed, i.e. algorithm for putting edges
between the vertices in a way that satisfies the constraints.

So we can use a random algorithm to construct L D P C code so we first select the profile that
describes the number of rows of each weight and desired number of columns of each weight
and we need to put the mechanism of putting edges between the vertices in such a way that
this constraint is satisfied, that so many number of rows should have so many weight and so

many number of columns should have so many weight.
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Random construction of Irregular LDPC Codes

The edges are placed “completely at random” subject to the profile
constraints. One way of implementing it is shown below.
@ Make a list of all columns in the matrix, with each column appearing
in the list a number of times equal to its weight.

So we can place edges at random subject to profile constraint and one way of constructing it
is as follows. So make a list of all columns in a matrix with each column appearing in the list
number of times which is equal to the, it’s weight. So if, let's say there are 5 columns which

are weight 3. So then you will repeat each of these 5 columns 3 times in this matrix.
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Random construction of Irregular LDPC Codes

The edges are placed “completely at random” subject to the profile
constraints. One way of implementing it is shown below.
@ Make a list of all columns in the matrix, with each column appearing
in the list a number of times equal to its weight.
@ Make a similar list of all rows in the matrix, with each row appearing
in the list a number of times equal to its weight.

Similarly you make a list of all rows in the matrix such that each row is repeated equal to the

its weight and then what you do is you map
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Random construction of Irregular LDPC Codes

The edges are placed “completely at random” subject to the profile
constraints. One way of implementing it is shown below.
@ Make a list of all columns in the matrix, with each column appearing
in the list a number of times equal to its weight.
@ Make a similar list of all rows in the matrix, with each row appearing
in the list a number of times equal to its weight.
@ Map one list onto the other by a random permutation, taking care
not to create duplicate entries.

one list which is the list of columns into the other list which is the list of rows by random
permutation making sure that there is no duplication. You just create a link from the list of
columns to the list of rows and this way you can construct an irregular L. D P C code which

will satisfy the degree distribution
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profile. We can also use random permutation matrices to generate our irregular L D P C code;
again we are going for very simple construction. So we will
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Construction of Irregular LDPC C

Notation: integers “3" and “9" represent the column weights.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1
9 1/12

go with this Mackay's construction, so let's say we would like to design an L D P C code

which has column weight
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Construction of Irregular LDPC Codes

Notation: integers “3" and “9" represent the column weights.

Column Weight | Fraction of columns | Row weight | Fraction

N 11/12 7 1
9 1/12

such that eleven twelfth of the columns have column weight 3 and one twelfth of the columns

has
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Construction of Irregular LDPC Codes

3 ]

- 7

Notation: integers “3" and "9" represent the column weights.

Column Weight | Fraction of columns | Row weight | Fraction

3 11/12 7 1
1/12

column weight 9.So we are interested in, and we are interested in row weight of 7. So we
want each of these rows to weight 7, each of these rows should have weight 7 and we want
that eleven twelfth of the column should have weight 3 and one twelfth of the column should

have weight
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Construction of Irregular LDPC Codes

Wi Yis
@
— T
Notation: integers “3" and “9" represent the column weights.
Column Weight | Fraction of columns | Row weight | Fraction
| &3 11/12 [7 ( 1
1/12

9. So how can we construct this
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

“Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1
9 1/12

using the, construction using random permutation matrices that we have studied. So again I
am splitting up this into, so these are my, this is my rate half code so n by 2 cross n. Each of

them are n by 6 by n by 6 matrices. These are n by 6 by n by 6 matrices. Now note that up to
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Construction of Irregular LDPC Codes

A aBn:
1111 [1
11 11]1PE
Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1
9 1/12

this I am ensuring that
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Construction of Irregular LDPC Codes

1111 ][
10111 1]}
IEIEIEEIEEE

12

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1
9 1/12

each column has weight 3 and each row has weight 5. Now I need
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column weight of 11 by 12
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 i 1
9 1/12

matrices to be 3. So this is already, I have got 5 by 6 columns;
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Construction of Irregular LDPC Codes

KRRl E] Rk

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1
9 1/12

I have got column weight as 3. So then what I can do for the remaining 1 by 6 fraction of
columns I split them into two and what I do is I have column weight here and I further split

them into, so these are all zero matrices, so this you can see, this row will have weight 3,s0

this will ensure
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Construction of Irregular LDPC Codes

3
!
8

111

5]

LEFEE

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1
9 1/12

that 11 by 12 fraction of columns have weight 3 and here you can
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Construction of Irregular LDPC Codes

2
L
111 T1[E
é_
5

ERERE]—

IHEEOEE

- 3 —— : -
Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines

indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1
9 1/12

see this has weight 9, I have added this is weight 2, weight 2, weight 2 thr;lt‘s 6 plus 3, 9, so
this column, this set of columns will have weight 9. And you can check I already had each
row weight up to 5 and now I have, this row has weight 2, so this will be overall weight will
be 7. This has weight 0 plus 2 so this has overall weight is 7. Here the overall row weight is

7. So I am ensuring that the way I split up these matrices, I am ensuring that
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Notation: An integer represents a number of permutation matrices

superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1
9 1/12

each row will have weight 7 where as 11 by 12 fraction of the columns have column weight

3, where as 1 by 12 fraction of the
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Construction of Irregular LDPC Codes

KRR s -
T e
B

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1
9 1/12

columns has weight 9.
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Construction of Irregular LDPC Codes

T
1, T3]
1{1]1]1]2 M

1] 1] 1] 2] 1PH

—— = b |

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction |
3 11/12 7 1
9 1/12

The same thing can be done in multiple ways. This is another construction. You can see here
again I am ensuring that each of the columns have weight 3. So up to this point you have five

sixth of the column
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Notation: An integer represents a number of permutation matrices

superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction |
3 11/12 7 1
9 1/12

have weight 3. Now I need another one by twelfth column which has weight 3. So I can do
that by placing 1s like this. Now I also have to ensure that row weight is 7. So how do I

ensure? I have a 3 here, so I need a weight 4 here. So I do it by 1 and 3. So this is column

weight,
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Construction of Irregular LDPC Codes

51 -

1[1]1 T

1({1{1]1]2 P

lelelab

Notation: An integer represents a number of permutation matrices

superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction |
3 11/12 7 1

9 1/12 S

row weight 7. Here it is 3; this was 0, so this has to have weight of 4. Now again this,
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1[1]1 BRI =7
1[1]1[1] 2P
1?“?11_lT

E . w W v v W ; .
Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines

indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction
3 11/12 7 1

9 1/12 -

what are these 3, 4? These are again obtained by overlapping
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of random permutation matrices. And when we are overlapping, make sure that there is no

overlaps of 1s, Ok.
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Construction of Irregular LDPC Codes

54 '|
1[1]1 BE—=7
1[1][1]1]2H
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. . v Vv v W : ¢
Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines

indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction |
3 11/12 7 1
9 1/12 |

So you can verify that each row here, so 1, 2, 3, 4, 5, 6 so this is 7. This is weight 7. Again
here this is weight 7.
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Construction of Irregular LDPC Codes

54
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Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight | Fraction of columns | Row weight | Fraction |
3 11/12 7 1

9 1/12 =

Each row will have weight 7. So it is the same profile, different construction. This is another
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Construction of Irregular LDPC Codes

1
1{1[1]1]2§
g8 5 N <
Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines

indicate the boundaries of the permutation blocks.

Column Weight  Fraction of columns  Row weight  Fraction |
3 11/12 7 1
9 1/12

construction. Same column weight distribution that 11 by 12 fraction of the bit should have
column weight 3 and 1 by 12 should have column weight 9. And row weight should be 7 and
you can check it. Each of the row here has weight 7 and all of these rows from here to here

have column weight 3 and this has column weight 9; 4, 4 and this will have weight 1.
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Construction of Irregular LDPC Codes

L]
<—T’_1\L
1[1]1] BT
1{1]1[1]2H |
1[1]1] 2] 1]

Notation: An integer represents a number of permutation matrices
superposed on the surrounding square. Horizontal and vertical lines
indicate the boundaries of the permutation blocks.

Column Weight  Fraction of columns  Row weight  Fraction |
3 11/12 Fs 1

9 -—

So we can use random permutation matrix to construct irregular L. D P C codes as well, thank

you.



