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Trapping Set Error Correction through
Adaptive Informed Dynamic Scheduling Decoding of LDPC Codes
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Abstract—Recent studies indicate that sequential scheduling of
iterative decoding of low-density parity-check codes can provide
improved code performance in comparison with the conventional
flooding in terms of decoding success rate and convergence speed.
In particular, a class of sequential scheduling schemes known
as informed dynamic scheduling (IDS) has shown to outperform
other sequential scheduling schemes from its capability to correct
trapping set errors. In this letter, we present an adaptive IDS
scheme which combines and outperforms previously proposed
sequential scheduling schemes.

Index Terms- LDPC codes, informed dynamic scheduling,
trapping sets.
I. I NTRODUCTION

L

OW-DENSITY parity-check (LDPC) codes are generally
decoded by the iterative belief propagation (BP) algorithm which offers low complexity without much sacrifice
in performance relative to the maximum-likelihood decoding.
Many versions of the BP algorithm currently exist, and recent
studies [1], [2], [3] and references therein have shown that sequential scheduling schemes of BP decoding can improve code
performance compared to the conventional parallel scheduling
scheme or flooding. Specifically, it was shown that sequential
scheduling can yield better asymptotic word-error-rate (WER)
performance than and require half as many number of iterations to converge as its parallel counterpart [9], [12]. Examples
of sequential scheduling schemes include layered belief propagation (LBP) [6], residual belief propagation (RBP) [1], nodewise residual belief propagation (NWRBP) [1] and informed
variable-to-check residual belief propagation (IVC-RBP) [5]
among others. Sequential scheduling schemes can broadly be
categorized according to the rule with which the messages
are updated. In the deterministic scheduling scheme, which
includes LBP, the order of message updates is predetermined,
whereas in the informed dynamic scheduling (IDS) scheme,
which includes RBP, NWRBP and IVC-RBP, the order of
message updates dynamically changes depending on the state
of the decoding process.
IDS schemes have shown to be effective at correcting some
of trapping set errors which contribute to the error floor
behavior over the additive white Gaussian noise (AWGN)
channel. We note that trapping set errors are those that
cannot be corrected by flooding or sequential deterministic
scheduling schemes. While many of IDS schemes have shown
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to outperform other sequential scheduling schemes for this
reason, it has also been observed that IDS schemes may incur
some non-trapping set errors that other schemes are able to
correct. For this matter, Casado et al. [2], [3] have proposed
a mixed scheduling scheme in which LBP is first processed
to take care of non-trapping set errors while NWRBP is later
processed to solve trapping set errors that often occur at higher
signal-to-noise ratios (SNRs).
In this letter, we present an improved mixed scheduling
scheme based on the decoding structure proposed in [2]
through adopting the techniques used in [7] and [8]. Specifically, we present an adaptive informed dynamic scheduling
scheme in which the scheduling scheme changes adaptively
according to the state of the decoding process in order to
improve code performance. It will be demonstrated that our
proposed scheme outperforms previously presented scheduling
schemes at every decoding iteration for a wide range of SNRs.
II. I NFORMED DYNAMIC S CHEDULING D ECODING
In an IDS decoding, the notion of residual [4] is utilized to
schedule the order of message updates in which the message
with the largest residual is updated first. Here, the residual of
a message is defined as the difference in the message between
after and before its update. This results in only the most
unreliable parts of the graph being updated at a time leading
to faster decoding convergence and correction of trapping set
errors [1], [3]. RBP and NWRBP are the main realizations
of IDS, and they have shown to perform extremely well
for a small and mid-to-large number of decoding iterations,
respectively.
Let V and C represent the sets of variable and check nodes,
respectively, and let N (x) denote the set of neighbors of
x. The residuals of all messages are first initialized to 0.
Then in RBP, all the variable-to-check node messages mxc ,
x ∈ V, c ∈ C, are sent and only the check-to-variable node
message mc x with the largest residual for some x and c
is sent. After sending this check-to-variable node message, its
corresponding residual is reset to 0 and only the residuals of
variable-to-check node messages mx c where c ∈ N (x )\c
change which means that only these mx c ’s are updated. Then
all mcx ’s are calculated for c ∈ N (x )\c and x ∈ N (c)\x ,
and the message corresponding to the largest residual among
all the check-to-variable nodes is sent. This process is repeated
in RBP decoding and the difference with NWRBP decoding
lies only in the generation of check-to-variable node messages
where the messages mc x , x ∈ N (c ), are all sent simultaneously in NWRBP if the message mc x has the largest
residual for some x ∈ V and c ∈ C. In other words, for the
check node associated with the largest check-to-variable node
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residual, all of its check-to-variable node messages are updated
simultaneouly in NWRBP. NWRBP is clearly a less greedy
version of RBP, and it has the property of not converging
as quickly as but having better, with respect to decoding
iterations, asymptotic performance than RBP. In particular,
it has been shown that RBP and NWRBP outperform any
other known iterative decoding scheme in which the order of
message updates is predetermined such as flooding or LBP for
a small and mid-to-large number of iterations, respectively.
IDS decoding has its weakness, however, especially for
short length codes, which is its inability to correct some
of non-trapping set errors that a deterministic scheduling
decoding such as flooding or LBP may correct. This weakness
results from its greedy structure concentrating in updating
only parts of the graph at a time. To mitigate this problem,
a mixed scheduling scheme in which the decoding process
begins with a deterministic scheduling scheme to correct nontrapping set errors and later switches to a dynamic scheduling
one was proposed in [2]. This mixed scheduling scheme bases
its efficacy on the fact that the most problematic trapping
sets have a small number of unsatisfied check nodes [11]
which often occurs later in the decoding iterations. LBP
and NWRBP were used as the deterministic and dynamic
scheduling schemes in [2], respectively, and a predetermined
number of unsatisfied check nodes was used as the threshold
measure for the switch of the two scheduling schemes.
III. P ROPOSED M IXED S CHEDULING D ECODING
The mixed scheduling scheme of [2] seems to be an ideal
decoding structure in the sense that both non-trapping and
trapping set errors are being corrected. Our goal is to improve
this scheme by noting that it does not perform very well
for a small number of decoding iterations and the switch
condition from LBP to NWRBP does not adapt well to
different decoding environments. The reason for the former
note results from the characteristics of LBP and that for the
latter results from the fact that the number of unsatisfied check
nodes can vary nontrivially for different environments such as
iteration numbers and SNRs.
To this end, an attempt to resolve the latter problem has
been proposed in [8] with success using a weighted loglikelihood ratio (LLR) value for the switch condition. Specifically, it turned out that a local maximum of the sum of
|LLR(i)|/deg(i) over all variable nodes (i s) is a much easier
quantity to compute and provide better code performance
than the “minimum” value of unsatisfied check nodes in the
duration of decoding for the switch condition where deg(i)
denotes the degree of variable node i. Since smaller value
of unsatisfied check nodes for the switch threshold generally
yields better code performance than otherwise, it seems that
the described weighted sum of LLR values as the switch
criterion cannot be improved drastically. In [8], the second
local maximum of the weighted LLR sum was used to obtain
performance that was superior to any other known iterative
decoding algorithm.
So now the former problem remains to be solved. To this
end, since RBP provides the best known decoding performance in the early iterations by propagating messages only to

the less reliable nodes first, a natural approach is to process
RBP first and then switch over to the mixed scheduling of LBP
and NWRBP. For this matter, consider the decoding scheme
proposed in [7] where RBP and NWRBP are processed in a
sequence providing performance that is superior or equal, at
every iteration, to either of the two schemes processed alone.
An implication of this result is that errors, including possibly
trapping set errors, that RBP and NWRBP are capable of
correcting do not coincide. Moreover, if the switch from RBP
to NWRBP is made appropriately, processing RBP first does
not deteriorate the code’s asymptotic performance. We will
exploit this implication and extend it to the mixed scheduling
of LBP and NWRBP schemes of [8]. Thus, in our proposed
decoding algorithm, three scheduling schemes, RBP, LBP
and NWRBP, will be processed in a sequence where the
switch from LBP and NWRBP has already been described.
The switch from RBP to LBP should be made when the
advantage of RBP in the early iterations has tapered off which
is just before the convergence of its WER. To this end, in
[7] it was observed that Sl , the number of neighbors of
the set of unsatisfied check nodes after decoding iteration
l, converges slightly faster than the WER of RBP decoding,
and the condition for its convergence detection was provided.
We will use this condition, described below, as the switch
criterion from RBP to LBP in our mixed scheduling scheme.
The overall scheme is then, by construction, expected to
provide performance that is better than or equal to other
known scheduling schemes for all decoding iterations. Since
the scheduling schemes change adaptively through exploiting
the advantageous properties of the respective schemes, we will
call our scheme adaptive informed dynamic scheduling. We
note that additional computational cost incurred in our scheme
relative to RBP or NWRBP, whose complexity is essentially
equal to that of the flooding scheme [10], is linear in the length
of the code as mentioned in [7] and [8]. A pseudo-code of our
proposed algorithm is as follows:
Algorithm 1 Adaptive Informed Dynamic Scheduling
1: Begin with RBP and switch to LBP if
Sl−1
Sl
Sl−2 ≥ Sl−1 is satisfied twice for l ≥ 4, or a predetermined number of iterations is reached whichever comes
earlier.
2: From LBP, switch to NWRBP if
n

|LLR(i)|
deg(i) hits the second local maximum, or a predei=1

termined number of iterations is reached whichever comes
earlier. (n is the number of variable nodes.)

IV. R ESULTS
In this section, we present simulation results of flooding,
RBP, NWRBP, two-staged mixed scheduling of [2] (2SLBP+NWRBP), and our proposed scheduling scheme (3SRLN) for a rate- 21 , length 500 code generated from the
progressive-edge growth algorithm with an optimized degree
distribution used over the AWGN channel. Fig. 1 shows the
WER curves for the five schemes with respect to SNRs after
70 decoding iterations. For the 2S-LBP+NWRBP scheme, the
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our proposed scheme and NWRBP is slightly larger than that
of IVC-RBP and NWRBP.
Fig. 2 shows the performance curves with respect to decoding iterations at 2.8dB. The figure shows that our proposed
scheme performs better than or equal to all other scheduling
schemes for all decoding iterations. In particular, note that
our proposed scheme performs increasingly better as iteration
progresses which results from correcting more trapping set errors without incurring many non-trapping set errors relative to
other scheduling schemes. For example, we mention that our
proposed scheme outperforms the mixed scheduling scheme
of [8] for all decoding iterations precisely for this reason. We
also mention that the undetected WER of our proposed scheme
was sufficiently lower than the (detected) WER shown in the
two figures for the range of SNRs and iterations considered.
Fig. 1. WER performance of flooding, RBP, NWRBP, LBP+NWRBP and
RLN algorithms for N = 500, R = 12 code after 70 iterations.

V. C ONCLUSION
In this letter, an adaptive informed dynamic scheduling consisting of three sequential scheduling schemes that can correct
both non-trapping and trapping set errors was presented. It was
shown that the presented scheme provides performance that is
superior to that of other known iterative decoding algorithms
at every decoding iteration observed.
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