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Abstract—Simulating the error performance of low-density
parity-check (LDPC) codes usually takes a lot of computation
time. Inexpensive graphics processing units (GPUs) have recently
been used to accelerate the decoding process by allowing the
smaller and identical tasks to be performed in a highly parallel
manner. In this paper, we propose decoding a number of LDPC
codes at the same time using GPUs. We show that the decoding
speed is improved with our proposed method.

Index Terms—Error-correction code, GPU computing, LDPC
code.

I. INTRODUCTION

Low-density parity-check (LDPC) codes are a kind of error-
correction code with excellent error performance [1], [2]. The
decoding algorithm, which involves the iterative updating of
bit-node-to-check-node (B2C) messages and check-node-to-
bit-node (C2B) messages, is relatively complex [3], [4]. In
particular, when a large number of codewords need to be
decoded, a CPU requires much time to complete the decoding
process. Sometimes a few weeks are needed to evaluate the
error performance of a LDPC code with an extremely low
error rate [5], [6].

Computer Unified Device Architecture (CUDA) [7] is a
computing architecture that makes use of Graphic Processing
Units (GPUs) [8] to perform computations in a highly parallel
manner. In the updating of B2C (or C2B) messages, the
messages are independent of one another. Hence we can divide
the updating process into many smaller and identical tasks.
Moreover, we can ensure that such tasks can be carried out in
parallel and are highly suitable to be implemented by using
CUDA. In [9], such a CUDA program that decodes LDPC
codes using GPUs has been designed. In the program, the
message updating processes are accomplished efficiently in
parallel by the hundreds of cores in a GPU. The program,
moreover, has been found to run much faster than a corre-
sponding decoder program run in a CPU. The drawback of
the program is that it decodes only one LDPC codeword at a
time.

In this paper, we design a CUDA program which decodes
multiple LDPC codewords at the same time. Instead of com-
puting the smaller tasks in parallel for the same codeword,
we compute the same task for different codewords in parallel.
By decoding a large number of codewords simultaneously, we
aim to improve the decoding speed by fully utilize all the
resources available. We organize the paper as follows. To make
the paper self-contained, we briefly review the LDPC codes

ISBN 978-89-5519—162-2

1002

BN

o o o ro
OO kR O
o R, oo
_ O O oW
_ = o o
(= =1
(==Y N
_0 O
W= O

Fig. 1. A parity-check matrix with a maximum row weight of 3 and a
maximum column weight of 2. BN: bit node; CN: check node.

and the decoding algorithm in Section II. In Section III, we
describe the details of our proposed program architecture. In
Section IV, we present our simulation results.

II. REVIEW OF LDPC CODES

Each LDPC code is associated with a parity-check matrix
(PCM) usually denoted by H. In H, most of the entries
are zeros and the number of entries with ones is linearly
proportional to the number of columns. Figure 1 shows an
example of a PCM with a maximum row weight of 3 and
a maximum column weight of 2. In addition, each column
corresponds to a bit node and each row corresponds to a
check node. Each non-zero element in H further indicates
that the corresponding bit node and check node are connected.
Consequently, associated with the non-zero element are a B2C
message and a C2B message used in the iterative decoding
algorithm [9], [10].

In the decoding algorithm, messages are first received from
the channel. We assume that an additive white Gaussian noise
channel is used. Supposing there are N bit nodes (equals the
number of columns in H), N channel messages, denoted by
Ai (i =1,...,N), are therefore received for each codeword.
The B2C messages in the ¢th column are then all initialized
to \;, ie., ¢;; = A\; where ¢;; denotes the B2C message from
bit node 7 to check node j. Assume that there are M check
nodes. In each iteration, the following steps are performed.
(For details of the algorithm, please refer to [9], [10].)

1) Checknode j (j =1,2,..., M), based on all the incom-
ing B2C messages ¢;; ( = 1,2,...), computes/updates
the C2B message (denoted by r;;) to bit node ¢ (i =
1,2,...).

2) Bitnode: (i =1,2,..., N),based on the incoming C2B
messages 7j; (j = 1,2, ...) and the channel message \;,
computes/updates the B2C message ¢;; to check node j

G=1,2,..).
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Fig. 3. Domain conversion matrices cogespondlng to the PCM in Fig. 1. Fig. 4.  Alignment of (a) B2C messages and (b) C2B messages for K
(a) Check-node-domain-to-bit-node-domain (CND-to-BND); (b) bit-node- . dewords.

domain-to-check-node-domain (BND-to-CND).

3) Bitnode: (i =1,2,..., N),based on the incoming C2B
messages 7;; (j = 1,2,...) and the channel message
i, decodes its bit value. Then the decoded codeword
is checked against its validity. If the decoded codeword
is a valid codeword, the decoding process terminates;
otherwise, the next iteration begins. The iteration also

stops when the number of iterations exceeds a preset
maximum number.

III. PROPOSED CUDA PROGRAM
A. Memory allocation

In our proposed CUDA program, we decode K codewords
at the same time using K separate threads. In order to access
the data from the memory efficiently, we have to align the
messages in such a way that coalesced read/write can be
performed. In Fig. 2, we show the arrangement of the channel
messages for the K codewords in the memory. We can see that
such an arrangement can facilitate the use of coalesced read.
Note that there are N channel messages for each codeword.

In many cases, the parity-check matrices (PCMs) used are
very large in size. A lot of memory will be required if we are
to store the whole PCM, including the non-zero elements. It
is therefore more efficient to store only the information of the
non-zero elements in the PCM. Here, we compress the PCM
and store it in two different domains — one in the check-node
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Fig. 5. Flow chart of the main program.

domain (CND) and the other in the bit-node domain (BND), as
has been proposed in [9]. In addition, the B2C messages and
the C2B messages are in compressed forms, i.e., in BND and
in CND. Figure 3 further illustrates the conversion matrices
[9] used for converting the B2C messages or C2B messages
from one domain to another. Finally, for K codewords, we
align the B2C messages and the C2B messages as in Fig. 4.
Again, the reason for doing so is to enable the efficient use of
coalesced read/write.
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Platform One

GPU Inno3D GeForce GTS 450 1024MB
Mainboard ASUS P5Q Pro

RAM A-DATA 2GB DDR2 @800 x 2
os Window? Uttimate 32bit

VS Version Microsoft Visual Studio 2008
CUDA tool kit V3.2 32-bit.
CUDA SDK V3.2 32-bit

(@)

Platform Two

CPU ' Intel Core i7 920 @ 2.66GHz
GPU Inno3D GeForce GTX 295 1792MB

Corsair DDR3 @1600 6GB kit (3x2GB)

g

os Window? Enterprise 64bit
VS Version Microsoft Visual Studio 2008
CUDA SDK V3.0 64-bit

(b)

Fig. 6. Hardware and software platforms used in the simulation. (a) Platform
one; (b) platform two.

TABLE I
DETAILS OF THE LDPC CODES USED IN THE SIMULATIONS.

LDPC Code Number of | Number of Max. Max. Row | Number of
Bit Nodes Column

(Bit-

Node)

Weight

1008x504pchk 1008

B. Program flow

Figure 5 shows the flow diagram of the CUDA program.
The program will first read a .PCM file which contains the
details of the parity-check matrix. Based on the information,
the compressed PCMs in the BND and CND are formed.
Moreover, the domain conversion matrices are created. Then
the K codewords, each of length NV, are generated and mixed
with noise. All the aforementioned data are subsequently
loaded into the GPU memory. The CUDA kernel is called
and all K threads are instructed to do the same calculations,
with one thread assigned to decode one codeword.

Referring to Fig. 5, an initial guess on each received
codeword is first made based on the channel messages. If some
decoded codewords (out of the K codewords) are valid, the
corresponding entries in the truth table (of size K') in the GPU
memory will be set to “0”; otherwise, they will be set to “1”.
For codewords that are not valid, they will go through the it-
erative process — C2B message updating (first-half iteration),
C2B messages converted from CND to BND, B2C message
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Fig. 7. Relative simulation time taken to decode a fixed number of
“1000x504pchk” LDPC code. Platform one is used and the number of
codewords K being decoded simultaneously varies from 32 to 8000 in the
proposed approach. The signal-to-noise ratio used is (a) 0.5 dB, (b) 1.2 dB
and (c) 1.5 dB.
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Fig. 8. Relative simulation time taken to decode a fixed number of “Wimax”
LDPC code. Platform two is used and the number of codewords K being
decoded simultaneously varies from 128 to 6400 in the proposed approach.
The signal-to-noise ratio used is SNR = 1.2 dB.

updating (second-half iteration), bit-node decision, and validity
check of decoded codeword. Again, the corresponding entries
in the truth table will be updated (set to “0”) when valid
codewords are decoded. The remaining codewords will then
proceed to the next iteration — B2C messages converted from
BND to CND, C2B message updating (first-half iteration),
C2B messages converted from CND to BND, B2C message
updating (second-half iteration), bit-node decision, and validity
check of decoded codeword. The process continues until all
the codewords have been decoded or when a preset maximum
number of iterations has been executed.

IV. RESULTS AND DISCUSSIONS

We use two different platforms to test our program. The
first one uses a GTS450 GPU while the second one uses a
GTX295 GPU [8]. Details of the two platforms are shown
in Fig. 6. We compare the simulation times of our approach
and the one proposed by Yau et al. [9]. In running the GPU
program proposed by Yau et al., we set the number of threads
per block to be 64 in the decoding process.

First, we simulate the “1000x504pchk” LDPC code which
contains 1008 bit nodes and 504 check nodes. It is a relatively
simple code and we run it on platform one. The signal-to-
noise ratios (SNRs) used are 0.5 dB, 1.2 dB and 1.5 dB. In
our approach, the number of codewords being decoded at the
same time varies from 32 to 8000. The relative simulation
times taken to decode a fixed number of codewords are shown
in Fig. 7. We observe that our proposed approach requires
less time to decode the same number of codewords compared
with the algorithm used by Yau et al. Further, the simulation
time reduces as the number of codewords being decoded
at the same time increases in our proposed approach. The

Next, we simulate the “Wimax” LDPC code [11], [12],
[13]. It has twice the number of edges compared with the
“1000x504pchk” code. In our approach, the number of code-
words being decoded at the same time varies from 128 to
64000. The SNR used is 1.2 dB. This time, we run it using
platform two and we plot the relative simulation times in
Fig. 8. We arrive at the same conclusions as above, i.e., the
simulation time is reduced compared with the method used by
Yau et al. and the time decreases with the number of threads.

V. CONCLUSIONS

This paper proposes a new approach based on GPU to
decode LDPC codes. The proposed approach decodes multiple
codes at the same time and utilizes more resources available in
the GPU. Simulation results have shown that, compared with
the method used by Yau et al. which decodes one codeword at
a time, our proposed approach can improve the time taken to
decode the LDPC codes. Moreover, the speed-up improvement
of our approach becomes more remarkable as the number of
codewords being decoded at the same time increases.
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