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Abstract

We propose a new powerful scalable generic parallel and
modular architecture well suited to LDPC code decoding.
This architecture template has been instantiated in the case
of the 802.16e WiMax standard. The proposed design is
Sfully compliant with all the code classes defined by the stan-
dard. It has been validated through an implementation on
a Xilinx Virtex5 FPGA component. A four or six-module
FPGA design yields a throughput ranging from 10 to 30
Mbit/s by means of 20 iterations at a clock frequency of 160
MHz which mostly satisfies communication throughput in
the case of the WiMax Mobile communication.

1 Introduction

Low density parity-check (LDPC) are linear block codes.
They have recently been included as error correcting codes
in several new communication standards. A codeword of
an (n, k) LDPC code must satisfy m = n — k parity check
equations on its n codeword bits. The whole set of (n — k)
equations can be depicted by means of a bipartite graph,
composed of two kinds of nodes: bit nodes (BN), represent-
ing the bits of the codeword and check nodes (CN), rep-
resenting the parity check equations. It can also be repre-
sented by a sparse parity check matrix H of size m-by-n,
where n is the length of the code and m is the number of
parity-check bits in the code, specifying the parity-check
constraints of the bits in the codewords.

Even if the upcoming WiFi, WiMax and DVB-S2 stan-
dards adopt architecture-aware LDPC codes [5], the de-
coder realization is still a real challenge because of their
huge data processing, and also their storage and network
interconnection requirements. The hardware realization of
an LDPC decoder is determined by many strongly interre-
lated parameters, leading to a large design space and various
implementations [1, 4, 6, 2].

In this paper, we propose a new powerful scalable
generic parallel and modular architecture well suited to
LDPC code decoding. The size of the architecture in the
case of a given standard and a given throughput is estab-
lished during the space exploration process thanks to our
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optimization system based on a constraints programming
approach.

2 Proposed Architecture

The architecture is illustrated in figure 1. It is made
up of several processing modules communicating through
an optimized interconnection structure. Each processing
module includes two processing units (called bit node and
check node), and a set of memory banks. The size of the
architecture— number of modules, number of interconnec-
tion buses, size and number of memory banks— is both com-
munication standard and throughput dependent.
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Figure 1. Organization of the parallel generic

architecture.

Our approach consists in clustering nodes of the whole
set of C'N nodes (respectively BN nodes) into independent
sets called C'S (respectively BS) according to the features
of the parity check matrix H. All nodes of a given C'S or
BS set are processed in the same computation unit called
a module. All the nodes of the set are then processed se-
quentially. According to the degree of parallelism of the
architecture (number of modules), nodes of different C'S
sets (respectively B\S) can be processed in parallel on differ-
ent modules. Each module has its own local memory used
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for storing the exchanged messages between check nodes
and bit nodes during the computation process (correspond-
ing to the edges of the bipartite graph). Each local memory
is composed of several memory banks allowing parallel ac-
cesses to be performed. The basic idea is that all compo-
nents of a message can be accessed simultaneously. Each
module is able to process check nodes as well as bit nodes.
In the case of check node processing, the data comes from
their local memories. The local memories of the module
contain all the messages coming from the related BS. Af-
ter the processing accomplished in the module, results are
stored in the same local memories. In the case of bit node
processing, the data can come from local or non-local mem-
ories according to the corresponding parity matrix. In the
case of non-local memory, a data transfer through the inter-
connection structure is performed.

3 Case Study

Table 1 summarizes the results of the architecture ex-
ploration phase which allows different configurations of the
architecture to be compared. For each code ratio of the
WiMax LDPC standard [3], the table gives, for a given
number of modules, an optimal solution in terms of C'N
set quantity per module, bus quantity of the interconnection
structure, scenario quantity required for the computation of
the BN sets and memory size required to store the mes-
sages during the decoding.

Code || Modules | Sets per | Buses | Scenarii | Memory size
module (6-bit word)
3 4 8 8 2592
12 4 3 10 6 2880
6 2 22 4 6336
[23A] 4 [ 2 [T 10 [ 6 ] 1920 ]
[ 253B ] 4 | 2 [ 11 ] 6 | 2112 |
[ 34 [ 3 [ 2 T 15 1 8 [ 2160
5/6 2 4 20 12 1920
4 1 20 6 1920

Table 1. Optimal solutions for WiMAX ratios.

Table 1 shows that a parallel architecture composed of
4 modules connected to a 20-bus interconnection structure
is able to support all the WiMax code. Each module is in
charge of at most three C'S sets. It includes a local memory
organized into 20 banks of 3 x 96 words.

PM FFs Memory Slice LUT | Max Frequency
18kb block MHz
[ 4 [ 10K (14%) | 92 [ 19K (27%) | 192 |

Table 2. Implementation results of the IP on a

Xilinx Virtex5 110LXT.

A synthesizable generic VHDL IP core, fully compliant
with the 802.16e standard, has been developed. It covers all
the modes and ratios defined in the standard. Our generic IP
core allows to switch from one ratio to another on-the-fly.

The core has been synthesized with Xilinx XST on a Virtex5
LX110T target. Table 2 gives the implementation results of
the IP for a four processing module (PM) configuration.

Table 3 gives some results obtained in the case of dif-
ferent configurations: 1, 4 and 6 processing modules. The
system performances are expressed by: the number of cy-
cles required for the execution of one algorithm iteration
and the throughput of the IP in Mbit/sec (output payload
stream rate after redundancy suppression) for 20 iterations
and a 160 MHz system clock.

PM ratio ratio ratio ratio ratio ratio
12 2/3A | 2/3B 3/4A | 3/4B 5/6

1 cycles/block | 884 788 788 740 740 692

Throughput | 2.6 3.94 3.94 4.74 4.74 5.27

4 cycle/block 236 212 212 212 212 188

Throughput 10.4 15.8 15.8 19.2 19.2 21.6

6 cycle/block 164 164 164 140 140 140

Throughput 14.84 | 19.78 | 19.78 | 26.34 | 26.34 | 29.26

Table 3. Performance results of the LDPC de-
coder.

4 Summary

We have presented a new powerful scalable generic par-
allel and modular LDPC architecture. An IP core fully com-
pliant with all the modes of the 802.16e WiMax standard
has been developed and synthesized on a Xilinx Virtex5.
A four or six-module FPGA design yields a throughput
ranging from 10 to 30 Mbit/s at a clock frequency of 160
MHz. This frequency range is compatible with the through-
put requirements of the WiMax mobile standard. Future
work will consist in applying the principles of this scalable
generic parallel architecture to other communication stan-
dards such as the 802.11n standard. It will also include fur-
ther optimizations.
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