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Abstract—In this project, design of a high throughput low-density parity-check (LDPC) decoder
using overlapped message passing scheduling algorithm is presented. Regular hierarchical
quasi-cyclic (H-QC) LDPC code is used in this design to provide good coding performance at
long code length. The two-level regular H-QC LDPC code matrix structure is exploited to
parallelize the row and column decoding operations. Our scheduling algorithm re-arranges these
operations across iteration boundaries to avoid memory access conflicts. The memory
requirement is reduced by half compared to pipelined decoders without scheduling. A (12288,
6144) LDPC decoder implemented in FPGA achieves 298 Mbps throughput performance.

Keywords—Ilow-density parity-check codes, partially-parallel decoding, two-phase message
passing, hardware utilization efficiency, quasi-cyclic codes
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The 2007 IEEE ISCAS (IEEE International Symposium on Circuits and System) is held in
New Orleans, Louisiana for 27 May - 30 May, 2007. The conference is held at the Hilton Hotel in
New Orleans.

For the first day, | attend some lectures about coding for communications. The first paper
presents “a novel high-speed low-complexity pipelined degree-computationless modified Euclidean
algorithm architecture for RS decoder”. The proposed RS decoder operates at 660 MHz and has a
throughput of 5.3 Gb/s. The proposed architecture requires approximately 15% fewer gate counts
and simple control logic than architectures based on the popular modified Euclidean algorithm.

The second paper presents implementation of turbo decoder of product code on FPGA device.
Based on an innovative architecture which enables the memory blocks between all half-iterations to
be removed and clocked at only 37.5 MHz. The Turbo decoder processes input data at 600Mb/s.

Another paper presents “Low-Latency Memory-Efficient 150 Mbps Turbo FEC Encoder and
Decoder”. The performance enhancement is achieved by combining radix-16 encoding with a
time-shared conflict—avoidance memory access structure in the encoder, and by employing an
optimized sub-bank parallel decoding architecture in the iterative decoder.

Next paper presents an efficient message passing architecture for high throughput LDPC
decoder. The min-sum algorithm is reformatted to facilitate significant reduction of routing
complexity and memory usage. Its simulation result shows that it has only 0.25dB performance loss
from the floating-point SPA.

The second day, my student presents one paper in this conference. The paper from our lab is
titled “High Throughput H-QC LDPC Decoder”. This paper presents an overlapped messaging



passing scheduling algorithm which can give 100% hardware utilization efficiency and double the
throughput. A (12288, 6144) hierarchical quasi-cyclic (H-QC) LDPC decoder implemented in
FPGA achieves 298 Mbps.

A paper titled “Multi-Rate Layered Decoder Architecture for Block LDPC Code of the IEEE
802.11n Wireless Standard”. The proposed architecture utilizes the value-reuse property of offset
min-sum, block-serial scheduling of computations and turbo decoding message passing algorithm.
Data-forwarding and out-of-order processing are used to deal with the irregularity of the codes. It
can save 55% memory usage, reduce 50% routers and increase of throughput by 2X.

Next paper titled “FPGA implementation of LDPC decoders based on joint row-column
decoding algorithm”. The proposed algorithm improves the performance in both the waterfall
region and error floor region by combining row processing with column processing.
Implementation results into FPGA device indicate that the proposed algorithm reduces the hardware
costs by 30% and increases the decoding speed by a factor of four.

Another paper titled “Towards a GBit/s programmable decoder for LDPC convolutoinal
codes”. It proposed a novel low-complexity programmable decoder architecture with throughput in
the range of 1 GBit/s at moderate system clock frequencies.

Final paper about LDPC in this conference is “Performance of quantized min-sum decoding
algorithms for irregular LDPC codes”. This paper proposes a method to improve the performance of
the conventional normalized of offset min-sum decoding algorithm when it is approximated with
finite precision for hardware implementations. The proposed method applies down-scaling factors
to intrinsic information which has effects on increasing the reliability of extrinsic information at
variable nodes and compensating the quantization errors caused by finite precision.
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Overall, there are lots of communication lectures which give me interesting experiences. |
attended several keynote speeches and paper presentations each day during the conference. In
addition, | guided and helped my student to present one paper from our lab. This conference is a
good experience for me. | think it’s a productive and successful gathering.



