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Abstract

Recently, Open Computing Language (OpenCL) has been proposed to provide a

framework that supports heterogeneous computing platforms. By using an OpenCL framework,

digital communication systems can support various protocols in a unified computing environment

to achieve both high portability and high performance. This article introduces a parallel software
decoder of Low Density Parity Check (LDPC) codes for China Multimedia Mobile Broadcasting
(CMMB) on a heterogeneous platform. Each step of LDPC decoding has different parallelization

characteristics. In this paper, steps suitable for task-level parallelization are executed on the

CPU, and steps suitable for data—level parallelization are processed by the GPU. To improve the

performance of the proposed OpenCL kernels for LDPC decoding operations, explicit thread

scheduling, loop-unrolling, and effective data transfer techniques are applied. The proposed LDPC

decoder achieves high performance by using heterogeneous multi—core processors on a unified

computing framework.
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Table 1. CMMB LDPC coding configuration

Code . Row Column
Information | Length . .
Rate weight weight
K N
R We W,
1/2 4,608 bits | 9,216 bits 6 3
3/4 6,912 bits | 9,216 bits 12 3

1. Parallel check node operation

1 0 0 1 1 0 1 0

0 0 1 0 0 1 1 1
H-matrix =

1 1 1 0 4] 1 0 0

0 1 0 1 1 0 0 1

2. Parallel bit node operation
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Fig. 4 Parallel LDPC decoder
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Table 3. Average LDPC decoding time per frame

. OpenCL Design
Design Design 2
SNR 1 (OpenMP) (GPU Kernel 64 Thread)
© Basic Proposed
Design Design

Decoding Time Per Frame (CMMB 1/2, Frame: 100,000, ms)
1 29.39 7.34 3.95 1.81
1.5 12.19 4.92 1.64 0.81
2 7.86 2.41 0.93 0.54
2.5 5.77 1.44 0.78 0.44
3 3.07 0.98 0.72 0.30
3.5 2.35 0.70 0.67 0.26
4 1.73 0.61 0.52 0.23

Decoding Time Per Frame (CMMB 3/4, Frame: 100,000, ms)
2.5 102.06 28.92 12.43 5.79
3 32.82 11.35 4.32 1.64
3.5 28.15 9.63 3.81 1.27
4 18.68 8.73 3.22 1.01
4.5 15.72 5.82 2.15 0.88
5 12.04 4.25 1.71 0.64
5.5 10.51 3.74 1.62 0.54

¥ 4. AA LDPC E3 A A7k vlaL
Table 4. Processing time of LDPC decoding

CPU CPU+ GPU
C OpenMP OpenMP OpenCL
(A) (B) + CUDA(C) (D)
Decoding Time (CMMB 1/2, Frame 100,000, SNR: 1, sec)
Time 319.25 104.73 37.20 30.76
Speedup | 10.38 3.40 1.21 -
Decoding Time (CMMB 3/4, Frame 100,000, SNR: 2.5, sec)
Time 1063.1 314.42 100.9 77.96
Speedup | 13.64 4.03 1.29 -
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