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ABSTRACT

Implementation efficient reliability ratio based weighted bit flipping (IRRWBF) decoder for Low
density parity check (LDPC) codes provide an excellent trade-off between resource utilization and
error correction performance. In this paper, we present a modification in the existing IRRWBF
decoding algorithm. It is shown that the time consumption of iterative process can be made
independent of code length. The vector implementation using single instruction multiple data
(SIMD) technology is presented to achieve high throughput. Based on the specifications provided
in IEEE 802.16e wireless standard, the software based implementation of proposed and original
decoding scheme achieves 1200% speed improvement.
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1. INTRODUCTION

Low Density Parity Check (LDPC) codes
[1] have shown efficient trade-off between
error-correcting performance and decoding
complexity by employing bit-flipping based
decoding methods [2] - [3]. The IRRWBF
[4] algorithm, has especially shown to reduce
decoding complexity with error correcting
performance superior to other bit flipping
algorithms. In IRRWBF decoding, the final
aim in each of the iteration is to identify and
flip the most unreliable bit associated with
largest error term. These bits with highest
error value can however be pre-estimated
with sufficient accuracy during the first
iteration, and the calculation of error bits can
be avoided in further iterations. The hard

decision bit to be modified can be
obtained from the pre-estimated data set and
then flipped  accordingly.  Since, the
calculation of error term and finding the bit
with highest error value is not done after first
iteration, the decoding time and resources are
significantly reduced. To demonstrate the
effectiveness of the proposed scheme,
decoding performance and time was
measured on single instruction multiple data
(SIMD) architecture based mobile
environment. The simulation result shows
that the achievable reduction in decoding
time was proportional to code length and
number of iterations. The summary of
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symbols used in this paper is given in Table
1.

Table 1. Symbols used in the manuscript
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Symbol Description
Hy i row, 7 cobunm of parity check matrix H.m = (V-K)
i Number of decoding iterations
N code length
K information length
I rt bit received from the channel
o Hard decision of 7y
Nim) The set of variable nodes that participate in y® check node
M) The set of check nodes in which #® variable node participate
T Column weight
LI Row weight
o Coderate (=NK)(=1-]I;/T)

2. MODIFICATION IN IRRWBF

The IRRWBF algorithm separates the
decoding  process into  four  steps:
mitialization, check node, variable node, and
decision steps [4]. For the i" iteration, the
number of computations in initialization,
check node, variable node, and decision steps
are mW,, mW,, NW,, and N respectively. As
¢ = (1 — WJ/W,), it can be shown that for i
>> 1, the total number of computations is
approximately equal to Ni[(2W. + 1)]. This
shows that the total number of decoding
computations is linearly dependent on N and
iteration number i.
2.1 Code length independent decision step

Consider the sorting of all the error terms
in the first teration. Let the sorted list of E,
be given as e,, where o gives the location of
the n'™ value of E, value in the sorted list
(en,1 > en2 > e3> ...
decision step of the first iteration, the

> e,.n). Hence, in the

argument n of e,; is associated with the
largest error term. Considering regular LDPC
codes, after flipping the bit associated with
en1, W, number of s, elements wil be
changed in the second iteration during the
check node step. With each W, element of s,,,
W, number of E, elements will be changed in
variable node. Hence, n total W.W, numbers
of E, elements are changed. By flipping the
most unreliable bit in previous iterations the
contribution of an unreliable bit for the
changed E, value is reduced and it is safe to
assume that E,(" iteration) < E, (" - 1
iteration) for these changed W.W, values. In
the previous iteration, as the number
corresponding to e,; has already been
flipped, e, is no longer the maximum value
and the next value in the sorted list must be
considered. Hence, if e, is not amongst one
of the W.W, values of E, which have been
changed in second iteration, the z, bit
associated with e,, is also associated with
the largest error ter m for the second
iteration. In case e, is amongst one of the
values that has been modified in the present
iteration, then it’s current value will be
smaller and the next element in the sorted list
must be considered for further iterations.

3. PROPOSED BIT
ALGORITHM

Based on the discussion in the previous
section, the proposed bit flipping algorithm
can be summarized as shown in Table II.

FLIPPING
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Tahle ], Proposed bit flipping algorithm
Steps Procedure

Step 1 Parform Initialization, Chack nods, and Variablz nodz computations same as
original IRRWEF decoding for first iteration.

Stap 2 Sorting: Sort all the values of E, in a data setg, ;.

Hep 3 1= Currant iteration numbar;
Iterative j=1indzx of the larzest error tarm in the sorted list=1 for j=1;
Decision:

L= sat of check nodes updated in previous iterations. [y is 2 null set.
4 =5zt of chack nodzs axpectzd to bz updated in present itsration.
while | 2 maximum iteration or syndroms = do
ifj=1 then
Flip the bit zrwhere fis the arsument of g,
LUy = 8at of chack nodes that are updated after flipping z:
J=itl;
Updste IV, check bits (Updats syndroma).
else if = 1 then
while U and 4, ar2 not disjoint do
j=j+1; Compute 4;
end while;
Uo=ds
Flip the bit zywhere fis the arsument of g,
Update IV, check bits (Update syndroma).
end if;
end while;

Using a fast sorting algorithm like MSD-
radix sort it is possible to sort N number of d
digits each, in Nd cycles. Hence, if E, is
represented with d digits, its sorting will take
Nd cycles. The number of operations
requred to  construct A;; can be
approximated by number of elements in i,
1e. WcWr. To find if Al,(x-l) and AZJ are
disjoint sets, we need (WcWr)2 comparisons
in the worst case. Since, A;.1) Is already
available from previous iterations, its re-
computation is not required. Finally, after
flipping zr where f is the argument of esj, W,
check bits are updated. Hence, the minimum
number of operations in each of the iteration
= Number of operations required to
construct A;;, (W.W,) + Number of
operations required to check if A;;.1) and A
are disjoint sets (WCWr)2 + Number of
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operations required to update check bits (W)
=(WW,) (WW, + 1)+ W,
2.1 Reducing number of data comparison

As described previously, the updated E,
values are associated with W, check nodes.
Hence, for any given iteration A the set of
variable nodes updated in previous iteration,
V-1), are associated with a set of W, check
nodes given by Uq.1). Similarly, error bits
expected to be updated, A;j, are associated
with a set of W, check nodes given by U;-. If
the set of U (5.1) check nodes connected to V.
1) variable nodes are different from the U;
check nodes connected to A;; variable nodes,
sets V.1 and A;; will also be disjoint. Hence,
the sufficient condition to verify if V1) and
A;j are disjomt sets is to check if sets U1y
and U; are disjoint. In this case, the number
of operations required to construct U;: may
be considered same as the number of
elements in it, which is W.. To find if U,y
and U;- are disjoint sets, we need (Wc)2
comparisons in worst case. Since, the U1y 1s
already  available  from the  previous
iterations, its re-computation is not required.
Hence, the minimum number of operations
n each of the iteration =~ Number of
operations required to construct Az, (W.) +
Number of operations required to check if
Aoy and Ay are disjoint sets (W, +
Number of operations required to update
check bits (W) = (W,) (W+ 2).
4. SIMULATION ENVIRONMENT AND
RESULTS

The proposed algorithm was firstly
implemented in C and then coded using
MMX intrinsic functions to run on Intel® /
Marvell®  PXA320 (806MHz) CPU.
Comparison was made for various code
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lengths (576, 1440 and 2304, code rate of
1/2) and iterations (5, 10, 30, 50 100) i
specificd in 802.16e standard [5]. For 107
decoding time comparison, 10000 samples of

) 107
mput vectors were taken for each LDPC

code. The input samples were pre-stored; the
decoding time does not include initialization
time and the sample generation time; and ~4 TRRWEF, § iterations
101 —w— PWBE, 10 iterati
. . iterations
hence, the results reflect the true decoding - IRRWBF, 10 iterations | -

time of the proposed modification. 107} T 0 erations
-~ IRRWBF, 30 iterations

107 pe

—&— PWBF, 35 iterations

Bit errorrate, (BER)

n

&

41 Speed and BER performance

8

comparison
To measure the effect of sorting and Inplansion cns i 1660 sl wghed i ippng TRRBF) 4] s o LDFC cdes
selective update on the decoding time, the Figure 1 shows the percentage increase in
percentage speed increase can be calculated processing speed with various iteration
as values, i (or N), when the code length, N (or
pmmspged[}p{w_l}mg 1), is varied. Figure 2 shows the bit error rate
Decoding time (RRWEF)

(BER) performance of proposed bit flipping
: : : : : algorithm, and IRRWBF decoding schemes.

V=56  —i= ] ——i=30 For applications where high throughput is

=—YV=113] —&—i=10 —=i=100

—=y=1728 ——i=30

—— /=34

[

10

required, the number of decoding iterations
is kept small. The penalty of avoiding En
calculations in each of the iteration becomes
evident if the number of decoding iterations
are made large for medium to high Eb/No
ratio. Even with some degradation, the BER
performance of the proposed bit flipping
codes are always near to the existing bit

Percentage spesd increase (246
=

flipping algorithms.
4.2 Size and decoding time comparison
The comparison of the proposed system

T e Tesr 2m0s 240 with other —existing systems is shown in

Code length, N (£100) / Treration mmber, § (V=2304) Table 3. Comparison of the decoding time in
Fia |, Percentage increase i procassing spead for vasious LDPC codes specfied in TEEE 301166 with the proposed and existing SIMD based
different number of decoding werations as code length, N {or number of terations, ) 1s varted decoders is presente d [6],[7]. Compan'son
with a hardware-based design is also shown
to illustrate the throughput for a given code
rate and number of iterations [8]. Although,

dedicated-hardware-based  designs  have
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higher throughput; they are inflexible and
often requires a dedicated and sometimes a
bank of parallel aligned memory, used
exclusively for LDPC decoding.  Software
based decoder can operate with variable code
length and rate and has no special memory
requirement. The multi-core architecture can
also achieve reasonably high throughput,
however such designs cannot be employed in
the mobile environment due to size and
power limitations. These comparisons show
that with SIMD processing a software-based

decoder can achieve a smaller decoding time.

m Tahle], Comparison of LDPC decoders
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Code | Code | Decoding
Design Platform length, | rate, | iterations,
Nole o

Decoding

time Throughput

NVIDIA 8500 GTX
[13] | 135GHzOpenGL | 1908 | 89 | 30 Sms
(GLSL)

CELLBE,
Programming
Environment m the 6-
Synergistic Processor

Elements mode] (3.2
GHz)

[14] T U 60.5 Ghus

(0.18um) 212 MEz

2304 ) ,
Hardware 230 | 12 10 379.23 Mhps

SPARC Ultra-
Enterprise workstation
rmming Solars 9 08

(Sun0S 5.9)

[o1 2000 | 12 50 1396.09 ms

SIMD Processor with

128 bit vector floating

point caleulation (300
MHz)

Proposed 23 | 12 30 2475 ms

6. CONCLUSION

1. In this paper, modification in
implementation  efficient  reliability
ratio based weighted bit flipping is
presented.

2. It is shown that by flipping the bits in
a sorted order the calculation of error
terms in each of the iteration can be
avoided.

3. The reduction in computation which
is proportional to code length and
number of iterations is confirmed by
the simulation results.

4. The simulation result also shows that
the significant reduction in decoding
time can be obtained without the loss
of error control capability.

5. The implementation highlights the
ability to implement real-time LDPC

decoders in  energy  sensitive
embedded processor environments
which  already employ  SIMD

multimedia acceleration technologies.
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