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Weight and Stopping Set Distributions of Irregular LDPC Code
Ensembles
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In this thesis, we study the error performance of



low-density parity-check (LDPC) codes employing
maximum likelihood (ML) decoding over a memo-
ryless binary-input symmetric-output channel and
iterative decoding over a binary erasure channel
(BEC).

We deal with three kinds of irregular LDPC code
ensembles, i.e., standard irregular LDPC code en-
sembles, detailedly represented irregular LDPC
code ensembles and two-edge type LDPC code en-
sembles. The first ensemble is defined by a bipar-
tite graph specifying only degree distribution, the
second ensemble by a bipartite graph specifying
joint degree distribution and the third ensemble by
a bipartite graph specifying degree distributions
for each of two types of edges.

The error performance of a code ensemble under
ML decoding is determined by its weight distribu-
tion. For detailedly represented irregular LDPC
code ensembles and two-edge type LDPC code en-
sembles, we have derived the average weight dis-
tributions and their asymptotic exponents. From
the fact that a detailedly represented irregular
LDPC code ensemble constructed properly ap-
pears typically in a standard irregular one, we
have a conjecture that these asymptotic exponents
coincide and we have given a numerical example
which strongly supports the conjecture. We have
also clarified some fundamental characteristics for
the average weight distributions of two-edge type
LDPC code ensembles. Then we have derived up-
per bounds for the average block error probabil-
ities of a standard irregular LDPC code ensem-
ble and a detailedly represented irregular LDPC
code ensemble, and have also proved that the up-
per bounds asymptotically decrease polynomially

with the code length. Compared to the conven-

tional bounds for regular LDPC code ensembles,
our upper bounds can be applied to lower SNR
channels.

In the analysis of error performance for an
LDPC code ensemble under the iterative decod-
ing over a BEC, the stopping set distributions
play important roles. For detailedly represented
irregular LDPC code ensembles and two-edge type
LDPC code ensembles, we have derived the stop-
ping set distributions and their asymptotic expo-
nents, which offer the basic data to derive the av-
erage block error probabilities for these systems.

The thesis consists of six chapters. After an
introduction, in Chapter 2, we introduce the re-
lation between linear codes and bipartite graphs,
and define standard irregular LDPC code ensem-
bles, detailedly represented irregular LDPC code
ensembles, and two instances of two-edge type
LDPC code ensembles. In Chapter 3, we derive
the average weight distributions and their asymp-
totic exponents of a detailedly represented irreg-
ular LDPC code ensembles and two instances of
two-edge type LDPC code ensembles. In Chap-
ter 4, we derive the upper bounds for the average
block error probabilities of a standard irregular
LDPC code ensemble and a detailedly represented
irregular LDPC code ensemble. In Chapter 5, we
derive the average stopping set distributions and
their asymptotic exponents of a detailedly repre-
sented irregular LDPC code ensembles and two
instances of two-edge type LDPC code ensembles.
In Chapter 6, we summarize the contributions of

this thesis.
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