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Quantized message passing decoders
Classification of errors

Motivation

Outstanding performance of LDPC codes can be achieved by
using Message Passing (MP) decoders

To reduce implementation complexity, the messages in a
practical message passing decoder are quantized

Quantization scheme: Qa.b
a→ integer part, b → fractional part
one additional bit for sign of message → total of a + b + 1
bits used for quantization

Question: How does the quantization choice affect the
performance?
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Classification of errors

Noise in the channel → error in decoding:

(c,d) absorbing set errors
Non-absorbing set errors
Non-converging errors
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Classification of errors

Noise in the channel → error in decoding:

(c,d) absorbing set errors
Non-absorbing set errors
Non-converging errors

                                                                                    Absorbing set 

A (c,d) absorbing set 
includes c number of 
variable nodes and d 
number of unsatisfied 
checks. In addition, 
each variable node is 
connected to more 
satisfied checks than 
unsatisfied checks. 

L. Dolecek, et al., “Analysis of absorbing sets and fully absorbing sets of
array-based LDPC codes,” IEEE Trans. Info. Theory, 2010.
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Classification of errors

Noise in the channel → error in decoding:

(c,d) absorbing set errors
Non-absorbing set errors
Non-converging errors
The decoder oscillates between different objects and does not
converge to a certain object.
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FER vs. SNR analysis
Error profile analysis
Absorbing regions

Description of the simulations

Extensive amount of simulations on the UCLA’s Hoffman2
Cluster

Simulations for different codes with:

Blocklengths in the range of 841 to 4489
Variable node degrees 4 and 5

Overall, over six months of simulations
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FER vs. SNR analysis

B. Amiri and L. Dolecek, “Experimental study on the impact of quantization on
the performance of array-based LDPC codes”, available at
http://www.loris.ee.ucla.edu.

 

Fractional part Integer part 

𝑄𝑎. 𝑏 

Three different scenarios:
1 Vary b for constant a

For a ≥ 4, b does not impact the performance
For a ∈ {2, 3}, smaller b performed better than larger b

2 Vary a for constant b

Increasing the value of a, improves the performance.
As a gets large, the performance improvement diminishes

3 Vary both a and b for constant a + b
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Vary both a and b for constant a + b

Comparable performance for sufficiently large a

Example:

3.5 4 4.5 5 5.5
10 10

10 8

10 6

10 4

10 2

100

SNR

FE
R

\B
ER

FER/BER vs. SNR,
 N=2209,

 variable node degree=4,
 rate=0.9162,

 a+b=6,
 200 iterations

 

 

BER, Q3.3
FER, Q3.3
FER, Q4.2
BER, Q4.2
BER, Q5.1
FER, Q5.1
FER, Q6.0
BER, Q6.0

Question: Same error profile?
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Array-based codes

A class of LDPC codes with the following parity-check matrix form:

Hp,γ =


I I I ... I

I σ σ2 ... σ(p−1)

I σ2 σ4 ... σ2(p − 1)
...

...
...

. . .
...

I σ(γ−1) σ2(γ−1) ... σ(p−1)(γ−1)

 ,

where σ is a p × p circulant matrix.

code length N = P2

variable node degree = γ

code rate R = 1− (γp−γ+1
p2 )
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Error profile

Error profile specifies the frequency of each error type

It is well-known that error profile depends on choice of the
code

Does error profile depend on the quantization choice of the
decoder?

If so, this may help us improve the design of the decoder
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N= 2209, Column-weight = 4, R= 0.9162

The error profile is substantially different for different choices
of parameter a

Q3.3
Q4.2

Q5.1
Q6.0
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# of errors= 170
# of errors= 161
# of errors= 156
# of errors= 170

Non absorbing
errors Non converging

errors

SNR=5.6dB
FER~10e 6 10e 7
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Absorbing regions

The set of all noise realizations which the decoder D decodes
as a (c, d) absorbing set is called a (c , d) absorbing region
of D

 

All Zero Codeword 

(6,4) Absorbing set 

(8,2) Absorbing set 

(10,4) Absorbing set 

Non-Absorbing set region 

Non-Converging region 

Q3.3 Q4.2 Q5.1 Q6.0 

All zero codeword’s convergence region 

(6,4) Absorbing region 

(8,2) Absorbing region 

(10,4) Absorbing region 

Non-Absorbing set 

A A A A 
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Series of decoders

Although the performance of the decoders are comparable,
the sets of noise realizations which caused decoding errors are
disjoint for some values of a

Q4.2 and Q5.1 → large overlap

Q4.2 and Q6.0 → mostly disjoint

Reason?
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Errors of Q4.2 

(161 errors) Errors of Q5.1 

Intersection of 

Q4.2 and Q5.1 

(144 error) 

Reason?
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Intersection of 

Q4.2 and Q6.0 

(17 error) 

Errors of Q6.0 

Errors of Q4.2 
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Topological overlap
(6, 4) absorbing set → dominant error under Q4.2
(8, 2) absorbing set → dominant error under Q5.1

 

(6,4) 

Absorbing 

set 

Satisfied check 

nodes 

Bit nodes 

Unsatisfied 

check nodes 

Increasing the number of iterations improves the performance
of Q6.0 since it helps most of the NC errors to converge to a
codeword
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Series of decoders

We propose a decoder consisting of a series of decoders with
partially disjoint errors

All of the received sequences from channel are decoded by
decoder 1
Decoder 2 only decodes those sequences that caused a
decoding error under decoder 1
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Series of decoders

Small fraction of received sequences go through decoder 2

Using Q6.0 as decoder 2 does not increase overall
computational complexity of the overall decoder
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Performance comparison

Using N = 2209 , variable degree= 4 array-based code:

3.5 4 4.5 5 5.5
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100

SNR

FE
R

/B
ER

 

 

FER, Q4.2
BER, Q4.2
FER, Q4.2 >Q6.0(500 iterations)
BER, Q4.2 >Q6.0(500 iterations)
FER, boosting
BER, boosting
FER, backtrackig
BER, backtrackig

S. Zhang and C. Schlegel, “Causes and dynamics of LDPC error floors on AWGN
channels,” in Proc. 49th Allerton Conf., pp.1025-1032, Sep. 2011.

J. Kang, Q. Huang, S. Lin and K. Abdel-Ghaffar, “An iterative decoding
algorithm with backtracking to Lower the error-floors of LDPC codes,” IEEE
Trans. on Comm., vol. 59, no. 1, pp. 64-73, Jan. 2011.

15 / 18



Outline
Background and Motivation

Experimental results
Guidelines for practical decoders

Summary

Series of decoders
Performance of the decoder

Performance comparison

Using N = 2209 , variable degree= 5 array-based code:

3.5 4 4.5 5 5.5
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FER, Q4.2
BER, Q4.2
FER, Q4.2 >Q6.0(500 iterations)
BER, Q4.2 >Q6.0(500 iterations)
FER, boosting
BER, boosting
FER, backtracking
BER, backtracking

S. Zhang and C. Schlegel, “Causes and dynamics of LDPC error floors on AWGN
channels,” in Proc. 49th Allerton Conf., pp.1025-1032, Sep. 2011.

J. Kang, Q. Huang, S. Lin and K. Abdel-Ghaffar, “An iterative decoding
algorithm with backtracking to Lower the error-floors of LDPC codes,” IEEE
Trans. on Comm., vol. 59, no. 1, pp. 64-73, Jan. 2011.
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Summary

We studied the effect of the quantization parameters on the
performance and on the error profile of practical MP decoders

We observed a dependency of the absorbing regions on the
quantization choice

We devised a new decoder as a series of decoders with disjoint
error profiles which performs well compared to recently other
proposed decoders
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Thank you!

18 / 18


	Background and Motivation
	Quantized message passing decoders
	Classification of errors

	Experimental results
	FER vs. SNR analysis
	Error profile analysis
	Absorbing regions

	Guidelines for practical decoders
	Series of decoders
	Performance of the decoder

	Summary

