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Abstract: We explore in this paper some issues
concerning the parallel hardware implementation of
LDPC codes. We propose a LDPC matrix construc-
tion that is well suited to parallel decoding, that we
called Hardware-Constrained LDPC codes (HC-LDPC).
Although this construction is highly constrained, we
show by simulations that there is no loss of perfor-
mance compared to a pseudo-random parity matrix.

1. Introduction

Today, LDPC codes are being considered for various
communication applications such as multiuser trans-
mission, DAB/DVB, wireline ADSL transmission as
proposed to the ITU SG15/Q4 commitee, and data
storage. This rises the interest in designing efficient
hardware implementation of LDPC codes.
Some hardware implementations of LDPC decoders
have been presented in the literature. One can iden-
tify among them typically two different architectural
approaches. Fully parallel implementations [1] are
the most efficient in terms of decoding time. These
solutions are based on the hardware realization of
each message passing functions in the form of a sig-
nificant number of processors in parallel. A com-
pletely defined interconnection network implements
the pseudo-random connectivity of the code. A sec-
ond kind of decoder architectures based on partly
parallel realizations have also been studied [2], [3].
The main advantage of such architectures is a signif-
icant reduction of routing overhead thereby allowing
longer codeword lengths. Graph topology is here re-
alized throught interleavers that behave as address
generators [3]. All these partly parallel architectures
are designed for regular codes a only a restricted set
of parameters can be modified.
We have proposed in [4] a partly parallel architec-
tural model suitable for regular as well as irregular
codes. This model is scalable and allows a wide range
of codes to be implemented, thereby solving the code
length versus decoding time tradeoff.
In this paper, we introduce a family of LDPC codes
whose parity check matrix H is constructed follow-
ing some constraints that are required for the par-
allelization of the LDPC decoder. This family of
codes is called Hardware-Constrained LDPC codes
(HC-LDPC). In section 2 we will recall some nota-
tions and point out the hardware issues in the de-
coding process. In section 3, we describe our matrix
construction and we will show that beside the con-

straints on the matrix construction, this family has
the same performance as completely pseudo-random
LDPC codes. Finally, we give some irregular HC-
LDPC codes optimized with Density Evolution, that
exhibit threshold performance close to Shannon Limit
(less than 0.2dB).

2. Hardware Constraints for Belief Prop-
agation LDPC Decoding

Let H denote the (M×N) parity check matrix, where
N denotes the codeword length and M the number of
parity checks (if R is the code rate, M = (1−R)N).
A LDPC code may also be represented by its fac-
tor graph which is a bipartite graph with two kinds
of nodes: data nodes representing the codeword bits
and function nodes representing the parity checks [5].
The nth data node and the kth check node are con-
nected by an edge if and only if Hk,n is equal to
1. In the factor graph representation, the bit nodes
and the check nodes are separated by a random in-
terleaver π that should not create length 2 cycles (a
length 2 cycle appears if a data node and a check
node are connected by two edges). The size of the
interleaver is the number Ne of edges in the graph, or
equivalently the number of ones in the parity check
matrix.

An irregular LDPC code is defined by two polynomi-
als: λ(x) =

∑tcmax
i=2 λix

i−1 and ρ(x) =
∑trmax
j=2 ρjx

j−1

where λi is the fraction of edges which are connected
to a degree i data node and ρj is the fraction of edges
which are connected to a degree j check node. tcmax
and trmax represent the maximal data and check nodes
connection degrees.

The Belief Propagation decoder is an iterative algo-
rithm that updates probability messages along the
edges of the LDPC factor graph. If we transmit
the LDPC codes over a binary input Gaussian out-
put channel, the decoder is fed with the channel
likelihood ratios, given by u0(n) = 2yn/σ

2, where
σ2 is the noise variance and yn is the channel out-
put. A Belief Propagation iteration consists in the
calculation of messages un from bit to check nodes
(called data pass) and the calculation of messages vn
from check to bit nodes (called check pass) which are
stored in separate memories U and V .
In a parallel implementation of Belief Propagation,
Np Processing Units (PU) access the memories for
updates during the decoding process. Because all
the messages are contained in memories U and V , the
two processing steps are equivalent to reading from



(and writing to) specific memory locations. More
precisely, during the data pass, the PUs will access
the memory locations in the natural order (1 to Ne),
and during the check pass the memory locations are
accessed in a random-interleaved order (π(1) to π(Ne)).
We also split the memories U and V into Np parti-
tions and the interleaver is responsible for realizing
inter-partition communications by indicating to the
processing units the partition where the current mes-
sage resides. The Architecture is depicted on figure
1.
The parallelization of the architecture is efficient if:

• it reduces the decoding time by a factor of (at
least) Np.

• the structure is scalable in a way that the global
processing units area is multiplied by Np with-
out significantly increasing interleaver and data
memories.

• the parallel implementation does not affect (or
slightly affects) the code performance.

For more details about the decoding algorithm and
the hardware solution we propose, please refer to [4].
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Figure 1: Multiple processing units with local mem-
ories (U and V ). Accesses are routed along a com-
munication network configured by an arbiter.

A set of necessary conditions must be fullfiled to en-
sure no simultaneous access to the same sub-memory.
Actually, the Np PUs should read in the same mem-
ory location during the same clock cycle, but in dif-
ferents sub-memories (Uk or Vk). All PUs should
write in the same memory location during the same
clock cycle as well. In order to verify those condi-
tions, the parity matrix H of the LDPC code must
follow some specific constraints. We have called the
resulting family of codes Hardware Constrained LDPC
(HC-LDPC) codes, and we describe this constrained
construction in details in the next Section.

3. Hardware Constrained Parity Check
Matrix Construction

The construction of a parity matrix H that is suit-
able to a fully parallel decoding algorithm requires
two steps. First, we build a highly structured block-
diagonal rectangular matrix, and then we exchange
the positions of a fraction of ones in a special man-
ner. We will restrict our presentation of the ma-
trix construction for LDPC codes that are regular
in their check node connection degree ρ(x) = xtr−1.
The reason is that there exists good such codes and

that it reduces greatly their hardware implementa-
tion. However, our matrix construction could be ap-
plied with slight modifications to completely irregu-
lar LDPC codes.

Lets start with a highly structured block-diagonal
rectangular matrixHd = diag[Htc(1), Htc(2), . . .Htc(Np)]
which follows the following constraints:

(C1) each submatrix Htc(k) has a unique connection
degree, both data-wise and check-wise. The
check node degree of all submatrices is tr while
the data node degree of matrix Htc(k) is de-
noted tc(k),

(C2) each submatrix Htc(k) has the same number of
ones, or equivalently the same number of edges
in the graph,

(C3) each submatrix pseudo-random structure lead
to the same interleaver πk = πk′ ∀(k, k′).

We have depicted on figure 2 the block-diagonal ma-
trix Hd for an irregular LDPC code with Np = 4.
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Figure 2: Structure of the initial block matrix for
Np = 4 PU. The code has the following irregularity:
(λ(x) = 1
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We wish to associate to each submatrix Htc(k) a com-
ponent memory (Uk, Vk) representing the messages
along the edges present in the submatrix Htc(k). The
constraint C2 ensures that the memories (Uk, Vk) ∀k
have the same size. During the data pass, a pro-
cessing unit PUk works only with its local memory
(Uk, Vk). Constraint C1 is used in order to simplify
the structure of a single processing unit - which is
especially important when Np of them are imple-
mented. When C1 is verified, a processing unit PUk
calculates messages from nodes with exactely the
same degrees, which allows to reduce signantifically
the architecture complexity.
The size of each partition Htc(k) is fixed by the con-
straints C1 and C2 and is given by

(N(k),M(k)) =

(
M ∗ tr

Np ∗ tc(k)
,
M

Np

)

This means that the number of rows for each par-
tition is the same while the number of columns de-
pends on the degree of the partition. This is due
to the fact that we considered LDPC codes that are



regular on their check node degrees.
Of course, the constraints C2 and C1 are restric-
tive, because the coefficients of the LDPC irregular-
ity λ(x) have to be proportional to 1/Np, reducing
considerably the set of potential irregularities. Note
that theoretically, we could achieve any code rate
and any unconstrained irregularity by increasing the
number of PUs to infinity. However, hardware con-
strained irregularities exhibit thresholds very close
to the Shannon limit, even with a moderate number
of processors.
The constraint C3 is not restrictive with respect to
the irregularity, but involves a very special constrained
matrix contruction. Actually, we cannot build the
Np blocks of the matrix H separately. The ma-
trix construction reduces then to the random choice
of Ne/Np edges corresponding to the common in-
terleaver π of each block Htc(k). The construction
of the common interleaver is not obvious because it
must not create any length-2 cycle in each and every
partition. Though, we found that a pseudo-random
construction of the interleaver with no length-2 cy-
cles constraint succeeds 25% of the time for a number
of PUs up to Np = 10, which is sufficient for our con-
cern.

At this point, the matrix Hd depicts a concatena-
tion of Np disjoint graphs. The second step of the
HC-LDPC matrix construction consists in moving a
fraction of ones from the diagonal blocks in order to
connect these graphs with inter-partition edges. The
way we move the edges is the key point of the parallel
processing. Let us denote by (πk(n), k) the one cor-
responding to the nth entry in the interleaver within
the partition Htc(k). Recall that πk(n) = πk′(n) be-
cause all partitions share the same interleaver. We
proceed the following manner: we pick at random a
one in the first block (π1(n), 1), then we move this
one on the same line to the column of another parti-
tion Htc(k) containing (πk(n), k). The moved one is
now denoted (π1(n), k), which means that when the
1st PU calculates the messages on the nth edge, it
reads and writes the values in the kth memories Uk
and Vk. We must then also move the one (πk(n), k)
to another partition so that the kth PU does not try
to access the kth memory during the same time than
the 1st PU. In the case of regular LDPC codes, the
initial submatrices have the same size and the same
topology, which means that we move a (πk(n), k) one
to same column, but in a different partition. For ir-
regular codes, this is not the case because the size of
each partition differs, and the column indices where
we move the ones are therefore differents.

The constraint C3 has been satisfied so that the mov-
ing of ones can be done in a circular manner, leading
to an exchange of edges between the partitions. The
choice of the partition exchange could be made at
random, but it is more convenient, from the archi-
tectural point of view, to make a circular shift of
p partitions (p ∈ {0, . . .Np − 1}): a (πk(n), k) one

will move to the partition (k + p)mod(Np) (see fig-
ure 3). This way, an edge is defined and stored as
a memory address corresponding to the interleaver
π output, and a circular shift. A one that stays in
its initial partition or a one that has been moved
are then stored with the same amount of memory.
This means that the number of moved ones has no
impact on the architecture. This issue is explained
with more details in [4].
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Figure 3: Circular shift of ones in the Hardware Con-
strained matrix construction. The columns in which
we move the ones are chosen so that they share the
same interleaver index π(n).

By construction, the resulting matrix H has exactely
the same irregularity profile as Hd, regardless of the
number of moved ones. However, we should study
the impact of the number of moved edges on the
code performance. We have chosen the number of
moved edges to be 100(Np − 1)/Np% of the number
of edges in an initial partition Htc(k), which leads to
(Np − 1)Ne/N

2
p moves. We have based our choice

on the heuristic that a pseudo-random parity matrix
should be as homogeneous as possible. Homogene-
ity is achieved if we fill the remaining Np − 1 empty
blocks of Mp consecutive rows in matrix Hd, that is
by moving (Np− 1)Ne/N

2
p ones. The validity of this

approach has been confirmed by simulations. For
matrices with Np = 10 processing units, we have
compared the performance of several LDPC codes
for various percentages of moved ones. On figures 4-
5, we show the performance for two particular LDPC
codes: the regular (tc = 3, tr = 6) code and an irreg-
ular HC-LDPC code.
First we can remark that the number of moved edges
is not so important for the regular (tc = 3, tr = 6)
code. As for the irregular code, we can see that our
heuristic is pertinent, although we noted that the
performance were roughly the same for all propor-
tions between α = 80% and α = 95%. This has been
confirmed for all the matrices that we simulated. We
can also remark that besides the highly structured
matrix construction that we propose, there is no loss
of performance compared to a completely random
unconstrained LDPC code with the same irregularity
profile. This is important because - with our method
- no loss of performance comes from the paralleliza-
tion of the decoding algorithm while the decoding
time has been divided by Np.
Another important advantage of our parallelization
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Figure 4: Effect of the number of inter-partition
edges. α is the proportion of moved edges. Results
are presented for the Rate R=0.5 (tc = 3, tr = 6)
regular LDPC code.
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Figure 5: Effect of the number of inter-partition
edges. α is the proportion of moved edges. Results
are presented for a Rate R=0.5 HC-LDPC.

method is that the size of the interleaver is then di-
vided by the number of processing units used. We
just need to add a certain amount of memory for
the interconnection network, which is negligible if
we move the ones circularly because we need only to
store the circular shift. This means that the inter-
leaver storage issue is no longer an issue if we imple-
ment a sufficient number of PUs.
It is possible to study the class of HC-LDPC codes
with Density Evolution and optimize the irregularity
and the number of processors in order to find codes
that are very close to the Shannon Limit. In [6], we
give the best HC-LDPC codes with Np = 10 process-
ing units. Because of the lack of space in this paper,
we give only the irregularity of one Rate = 0.5 HC-
LDPC code, which performance are plotted on figure
5. This code has a Threshold that is 0.15dB away
from Shannon Limit.

ρ(x) = x7 λ(x) = 0.2x+ 0.3x2 + 0.2x5 + 0.3x17

Note that with our parallel architecture, it is not
more costly to decode this irregular HC-LDPC code
than the regular (3, 6) code. The irregular code has
a 0.5dB performance gain compared to the regular
(3, 6) code at BER = 1e − 4 for a codeword length
N = 1440 which is far from being negligible.

4. Conclusion

Our Hardware Constrained matrix construction for
parallel implementation is valid both for regular and
irregular LDPC codes. Although this construction
is highly structured, it does not introduce any per-
formance loss compared to a random construction,
as long as a reasonable number of processing units
is implemented. Moreover, this construction allows
a considerable gain in terms of interleaver storage,
since the size of the required memory is divided by
the number of processing units. The only drawback
of our construction is that we cannot manage any
irregularity profile for the LDPC code. However,
the possible irregularities exhibit thresholds that are
not too far away from the Shannon Limit (less than
0.2dB), which seems to be acceptable considering the
advantages of our parallel processing.
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