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Abstract:- In this paper Hard Decision and Soft Decision decoding techniques for Quasi-Cyclic-Low Density Parity Check (QC-LDPC) code and
Low Density Parity Check (LDPC) code is introduced. QC-LDPC code is proposed to reduce the complexity of the Low Density Parity Check code
while obtaining the similar performance. The decoding processes of these codes are easy to simplify and implement. The algorithms used for
decoding techniques implemented on MATLAB for simulation results. LDPC & QC-LDPC codes can use the same decoding algorithms using the
parity check matrix. The decoding techniques is conducted by different algorithms such as Bit Flipping (BF) is example of the Hard decision
decoding techniques and Belief Propagation (BP) Log, Belief Propagation (BP) Probabilistic (PROB), Belief Propagation (BP) Log Simple is
example of the Soft decision decoding techniques.
Keywords:-“Low Density Parity Check Code”, “Quasi-Cyclic Low Density Parity Check code”, “Bit Error Rate”, “SNR”, “Decoding techniques”.

I.

INTRODUCTION

Gallager first proposed LDPC codes in his PHD thesis 1962 [1], [2]. LDPC codes were carry out to achieved near the Shannon’s limit
but at that time almost for thirty years the work done by Gallager was ignored until D.Mackay reintroduced these codes in 1996 [3].
Low density parity check codes are linear block codes using Generator Matrix G in an encoder and Parity Check Matrix H in a
decoder. Tanner Graph is the bipartite graph introduced to graphically represent these codes[12]. They also help to describe decoding
algorithm.
QC-LDPC codes are codes in which rows or columns in a sub matrix have similar and cyclic connections. The construction of QCLDPC code is done by shifting identity sub-matrices. Numbers of cyclic shifts of columns in the identity sub-matrices are represented
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in a matrix which gives compact representation of H matrix [5], [6]. When designing a QC-LDPC code the parity check matrix H
should have some properties that optimize the behavior of the belief propagation based decoder. QC-LDPC codes, based on circulant
permutation matrices. If the weight w of circulant is equal to 1, then the circulant is called permutation matrix. The generator of the
circulant is characterized by the first row on the first column of the same circulant.
II.

DECODING TECHNIQUES

The decoding techniques used in this paper are Sum Product Algorithm (SPA) and Bit Flipping (BF) algorithm [14]. Sum product
algorithm also called belief propagation. Bit flipping algorithm is also called iterative decoding. LDPC & QC-LDPC codes can use the
same decoding algorithm using the parity check matrix.
Iterative Decoding:-There are different iterative decoding algorithms having two derivations. Iterative Decoding algorithms based on
their alphabet are generally classified as in hard decision and soft-decision decoding algorithms. There are various algorithms to deal
with decoding of LDPC and QC-LDPC codes [15]. They are classified according to their complexities to get decoded for different
codes. Detail explanation of hard and soft decision decoding algorithms with example.

Fig 1: Types of decoding techniques

Hard Decision Decoding
In this hard decoding scheme [3] the check nodes finds the bit in error by checking the parity which may be even or odd and the
messages from variable nodes are transmitted to check nodes, check node checks the parity of the data stream received from variable
nodes connected to it. And then if number of 1’s received at check nodes satisfies the required parity, then it sends the same data back
to message nodes, else it adjusts each bit in the received data stream to satisfy the required parity and then transmits the new message
back to message nodes. The bit flipping algorithm is an example of hard decision decoding [11], [13]. The Bit flipping decoder is
going to be immediately terminated, whenever a valid code word has been found. By checking if all the parity check equations are
satisfied then process get terminated.
BIT FLIPPING:Bit flipping is based on a hard decision in the start for each bit received [7]. A binary hard decision about the each received bit is made
by detector and passed to another decoder. In bit flipping the message is passed from the nodes of the tanner graph of the code.
Messages are sent by each bit nodes to every check node. The message will be either 0 or 1, the each bit. Bit Flipping has three steps.
Here study in detail example of Bit flipping algorithm.

© 2015, IJCSMC All Rights Reserved

183

Er. Sonia et al, International Journal of Computer Science and Mobile Computing, Vol.4 Issue.9, September- 2015, pg. 182-191

Below example shows this process step by step [4]. The three steps are explained in detail:H=[

]

Step1:- Initialization
A value is assigned to each bit. After this all information is sent to the connected check nodes.


Check nodes 3, 4 and 6 are connected to the bit node 1.



Check nodes 1, 5 and 6 are connected to the bit node 2.



Check nodes 2, 3 and 5 are connected to the bit node 3.



Check nodes 1, 2 and 4 are connected to the bit node 4.

Check nodes receives bit values send by bit nodes.
Step2:- Parity Update
The parity is calculated from this parity check equation and if the parity check equation has even number of 1`s, the parity will be
satisfied. Check nodes 1 and 3 satisfies the parity check equation but check nodes 2 and 4 does not satisfy the parity check equation.
For example:- Bit 1 will change its value from 1 to 0 if more number of received messages indicate “not satisfied” and the update
information will be send to the check node.
Step3:- Bit Update
Step2 will be repeated again and again this time until all the parity check equations are satisfied. When all the parity check equations
are satisfied, the algorithm will terminate and the final value of the decoded will be 001011.
Below figure 2 shows step by step Bit Flipping in details:[1] Initialization:-

[2] Parity update :-

[3] Bit update:-

[4] Parity update :-

Fig 2: Bit Flipping Algorithm

Soft Decision Decoding
Soft-decision decoding[11],[13] gives enhanced performance in decoding procedure of LDPC and QC-LDPC codes [7] which is based
on the idea of belief propagate. In soft scheme, the messages are the conditional probability that in the given received vector received
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bit is a 0 or a 1. The sum product algorithm is a soft decision decoding message passing algorithm. Priori probabilities for the received
bits is the input probabilities as here they were known in advance before running the LDPC and QC-LDPC decoder. The bit
probabilities returned by the decoder are called the posterior probabilities.
Sum Product Message Passing Algorithm (SPA):The sum-product algorithm is similar to the bit-flipping algorithm [8], but the major difference is that the messages representing each
decision with probabilities in SPA whereas bit-flipping decoding on the received bits given as input, accepts an initial hard decision
and the sum -product algorithm is a soft decision algorithm which accepts the probability of each received bit as input.
For a binary variable X it is easy to find P(x = 1) = 1−P(x = 0)

and so we only need to store one probability value for x. Log

likelihood ratios are used to represent the metrics for a binary variable by a single value [9].
p(X=0)

L(x) =

)

There are step by step explained in detail sum product algorithm:Step1:- Initialization
Communication to every check node j from every bit node I called LLR of the received signal i.e. “ ”. The properties of the
communication channel are hidden in this signal. The channel is AWGN with signal to noise ratio

⁄

.

Step2:- Check to Bit
The communication of the check node with the bit node is the probability for satisfaction of the parity check equation if we assume
that bit =1 expressed in the following equation as LLR.
∏
Where

is the current estimate, available to check j, of the probability that bit is a one. If bit is a zero, The probability that the

parity-check equation is satisfied is thus (

) here it is expressed as a log likelihood ratio,
= LLR (

) = Log (

)………… (2)

And substituting (2) we get
= log (

∏

……………. (3)

∏

where
Mj ,i = LLR (

) = log (

)

Step3:- Codeword Test
Here each bit has access to the input a priori Log Likelihood Ratio, ri, and the LLRs from every connected check nodes. The total Log
Likelihood Ratio of the i-th bits is the sum of these LLRs.
L = LLR (

)=

∑

…………….. (4)

Step4:- Bit to Check
The communication of each bit node I to the connected check node is the calculated Log Likelihood Ratio:L

= LLR (

)=

∑

…………….. (5)

The message is send back to second step after this step, i.e. the control goes back to the second step where the bit node receives the
messages from check node. The belief propagation decoding can be conducted either in the probabilistic or logarithmic domain. This
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will decrease the complexity of the decoding process since a sum is more convenient to implement in hardware. The two decoding
algorithms have almost equal bit error rate performances.
Probabilistic domain Belief Propagation (BP) decoding algorithm:- A posteriori probability

and

for each bit

for an Additive

White Gaussian Noise channel.
(

| )

…………. (a)

Logarithmic BP decoding algorithm is an enhanced version of the probabilistic BP algorithm, introducing logarithmic likelihood ratios
(LLR) which reduce most multiplications to additions.
Logarithmic Domain Belief Propagation decoding algorithm:- In case of probability (PROB) domain sum product algorithm decoder,
mostly multiplication is involved, but in case of log domain decoder multiplication is replaced with addition as log-function is used
instead of normal function, hence complexity of implementation reduces.
It should be clear log-domain sum product algorithm has lower complexity and is more numerically stable than the probability-domain
sum product algorithm.
III.

SIMULATION RESULTS

Simulations have been carried out using MATLAB and the parameters used in the simulation are shown in Table 1. Code generated by
various methods was simulated. We simulate the code error-correcting performance, with the assumption that each code is modulated
by BPSK and transmitted over AWGN channel. The simulation parameters used here are shown in table:
Table 1: Simulation parameter
Simulation Tool used

MATLAB

Iterations

10

Modulation

BPSK

Channel Model

AWGN

Number of rows

30

Number of columns

60

Decoding

BF, BP LOG DOMAIN, BP PROB DOMAIN, BP LOG

Algorithms

SIMPLE

Simulation result for LDPC code using different decoding algorithms:Now simulation results shows below for LDPC code using Bit flipping, Belief propagation logarithmic, Belief propagation
probabilistic, belief propagation log simple.
Figure 3 shows Bit error rate versus
this figure for 0
⁄

⁄

⁄

for LDPC using BF decoding algorithm. For various SNR, bit error rate is calculated. In

bit error rate is 0.4667, for 0.5

bit error rate is 0.2000 and for 2

⁄
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bit error rate is 0.3000, for 1

⁄

bit error rate is 0.3333, for 1.5

bit error rate is 0.3333.
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Fig 3: LDPC, Bit flipping decoding methods

Figure 4 shows Bit error rate versus

⁄

for LDPC code using BP-LOG-SIMPLE decoding algorithm. For various SNR, bit
⁄

error rate is calculated. In this figure for 0
error rate is 0.1333, for 1.5

⁄

bit error rate is 0.2000, for 0.5

bit error rate is 0.1000 and for 2

⁄

⁄

bit error rate is 0.2333, for 1

⁄

bit

bit error rate is 0.0667.

Fig 4: LDPC, BP LOG SIMPLE decoding methods

Figure 5 shows Bit error rate versus

⁄

for LDPC code using Belief Propagation LOG domain decoding algorithm. For various

SNR, bit error rate is calculated. In this figure for 0
bit error rate is 0.1333, for 1.5

⁄

⁄

bit error rate is 0.6000, for 0.5

bit error rate is 0.0333 and for 2
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⁄

bit error rate is 0.2000, for 1

bit error rate is 0.0667.
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Fig 5: LDPC, BP LOG domain decoding methods

Figure 6 shows Bit error rate versus

⁄

for LDPC code using Belief Propagation PROB domain decoding algorithm. For various

SNR, bit error rate is calculated. In this figure for 0
bit error rate is 0.1333, for 1.5

⁄

⁄

bit error rate is 0.6000, for 0.5

bit error rate is 0.0333 and for 2

⁄

⁄

bit error rate is 0.2000, for 1

⁄

bit error rate is 0.0667.

Fig 6: LDPC, BP PROB domain decoding methods

Belief propagation logarithmic algorithm and belief propagation probabilistic algorithm shows same bit error rate for same

⁄

.

Belief propagation logarithmic decoding algorithm simplify in the belief propagation logarithmic simple decoding algorithm.
Simulation result for QC-LDPC code using different decoding algorithms:Now simulation results shows below for QC-LDPC code using Bit flipping (BF), Belief propagation logarithmic (BP-LOG), Belief
propagation probabilistic (BP-PROB), belief propagation log simple.
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⁄

Figure 7 shows Bit error rate versus
is calculated. In this figure for 0
0.2667, for 1.5

⁄

for QC-LDPC code using bit flipping decoding algorithm. For various SNR, bit error rate

⁄

bit error rate is 0.4333, for 0.5

bit error rate is 0.4333 and for 2

⁄

⁄

bit error rate is 0.4000, for 1

⁄

bit error rate is

bit error rate is 0.3000.

Fig 7: QC-LDPC, Bit flipping decoding methods

Figure 8 shows Bit error rate versus

⁄

for QC-LDPC code using Belief Propagation LOG SIMPLE decoding algorithm. For

various SNR, bit error rate is calculated. In this figure for 0
⁄

bit error rate is 0.1667, for 1.5

⁄

⁄

bit error rate is 0.1667, for 0.5

bit error rate is 0.0667 and for 2

⁄

⁄

bit error rate is 0.1333, for 1

bit error rate is 0.0667.

Fig 8: QC-LDPC, BP LOG SIMPLE decoding methods

Figure 9 shows Bit error rate versus

⁄

for QC-LDPC code using Belief Propagation LOG domain decoding algorithm. For

various SNR, bit error rate is calculated. In this figure for 0
⁄

bit error rate is 0.0667, for 1.5

⁄
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bit error rate is 0.5333, for 0.5

bit error rate is 0.0333 and for 2

⁄

⁄

bit error rate is 0.2333, for 1

bit error rate is 0.0333.
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Fig 9: QC-LDPC, BP LOG decoding methods

Figure 10 shows Bit error rate versus

⁄

for QC-LDPC code using Belief Propagation LOG PROB domain decoding algorithm.

For various SNR, bit error rate is calculated. In this figure for 0
for 1

⁄

bit error rate is 0.0667, for 1.5

⁄

⁄

bit error rate is 0.5333, for 0.5

bit error rate is 0.0333 and for 2

⁄

⁄

bit error rate is 0.2333,

bit error rate is 0.0333.

Fig 10: QC-LDPC, BP PROB decoding methods

Belief propagation logarithmic algorithm and belief propagation probabilistic algorithm shows same bit error rate for same

⁄

.

Belief propagation logarithmic decoding algorithm simplify in the belief propagation logarithmic simple decoding algorithm.

IV.

CONCLUSION

The QC-LDPC and LDPC decoding best understood by the sum product algorithm and bit flipping algorithm, showing the QC-LDPC
and LDPC code can be implemented easily. Here QC-LDPC and LDPC is tested on four decoding algorithms. In this paper decoding
techniques explained in detail, when we compare the results of LDPC and QC-LDPC codes we get reduced elapsed time complexity
(sec.) output of QC-LDPC in comparison of LDPC.
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