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Comparison of Constructions of Irregular Gallager Codes
David J. C. MacKay, Simon T. Wilson. Associate Member. IEEE. and Mauhew C. Davey

Abstract— The low-density parity check codes whose perfor-
mance is closest to the Shannon limit are “Gallager codes”
based on irregular graphs. We compare alternative methods for
constructing these graphs and present two results. First, we find
a “super-Poisson™ construction which gives a small improvement
in empirical performance over a random construction. Second,
whereas Gallager codes normally take V° time to encode, we
investigate constructions of regular and irregular Gallager codes
that allow more rapid encoding and have smaller memory re-
quirements in the encoder. We find that these *‘fast encoding”
Gallager codes have equally good performance.

Index Terms—Channel coding, error correction coding, Gauss-
ian channels, graph theory, iterative probabilistic decoding, ran-
dom codes.

I. INTRODUCTION

ALLAGER codes [3]. [4] are low-density parity check
Gcodes constructed at random subject to constraints on the
weight of cach row and ol each column. The original regular
Gallager codes have very sparse random parity check matrices
with uniform weight ¢ per column and ¢, per row. (We will
also use the term “regular™ for codes that have nearly uniform
weight columns and rows—for example, codes which have
some weight 2 columns and some weight 3 columns.) These
codes are asymptotically good and can be practically decoded
with Gallager's sum—product algorithm giving near Shannon
limit performance when large block lengths are used [6]—[8].
Regular Gallager codes have also been found to be competitive
codes for short block-length code-division multiple-access
(CDMA) applications [10].

Recent advances in the performance of Gallager codes
are summarized in Fig. 1. The rightmost curve shows the
performance of a regular binary Gallager code with rate 1/4.
The best known binary Gallager codes are irregular codes
whose parity check matrices have nonuniform weight per
column [5]; the performance of one such code is shown by
the second curve from the right. The best known Gallager
codes of all are Gallager codes defined over finite tields ¢ F(q)
[1]. [2]. The remaining two solid curves in Fig. | show the
performance of a regular Gallager code over G'I°(16) |2]| and
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Fig. 1. Empirical results tor Gaussian channel. rate 1/4 left—right: irregular
LDPC. G'F(8) blocklength 24000 bits: JPL Turbo. blocklength 65 536 bits:
regular LDPC. GG F(16). blocklength 24448 bits: irrcgular L.DPC. G F(2),
blocklength 64 000 bits: regular LDPC. G £'(2), blocklength 40000 bits.
(Reproduced from [1].)

an irregular code over (F(8) with bit-error probability of
10~% at £,/Ng = —0.05 dB |1]. In comparing this code with
the rate 1/4 wrbo-code shown by the dotted line. the following
points should be noted. 1) The transmitted blocklength of the
irregular Gallager code is only 24 000 bits, whereas that of the
turbo-code is 65 536 bits. 2) The errors made by the Gallager
codes were all detected errors, whereas turbo-codes make
undetected errors at high signal-to-noise ratio. This difference
is not caused by a difference in the decoding algorithm: both
codes are decoded by the sum—product algorithm [9]. Turbo-
codes make undetected errors because they have low-weight
codewords. For Gallager codes, the rate of occurrence of
undetected errors is exg >cause they have good
distance properties Npinimum distanc g
the blocklength) n all our experime
codes of block Kngth ;_.realer lhdl&ﬂOO and cJumn welght at
least 3. undete errors have n&¥er occurred!

The excelle Qerformance ofagegular Gdlgg r codes is the
motivation for paper. in wW§ch we explo ays of further
enhancing thesf codes. X <,

The irregularycodes of y, Mitzenr
and Spielman | 5] Mave parity check malr\:& /ith both nonuni-
form weight per row agd nonuniform weighit per column. It has
not yet been established of these nonuniformities
are desirable. In our experience with codes for noisy channels,
performance is more sensitive to the distribution of column
weights. In this paper, we concentrate on irregular codes with
the weight per row as uniform as possible.

We can define an irregular Gallager code in two steps.
First, we select a profile that describes the desired number

of columne of each weioht and the decired numhber of rows of
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