International Journal of Advanced Technology in Engineering and Science www.ijates.com
Volume No.02, Issue No. 12, December 2014 ISSN (online): 2348 — 7550

COMPARISON OF SIMPLIFIED GRADIENT
DESCENT ALGORITHMS FOR DECODING LDPC
CODES

Boorle Ashok Kumar!, G Y. Padma Sree?

PG Scholar, Al-Ameer College Of Engineering & Information Technology,
Anandapuram, Visakhapatnam, (India)
?Assistant Professor, Dept of ECE, Al-Ameer College Of Engineering & Infarmation Technology,
Anandapuram, Visakhapatnam, (India)

ABSTRACT

In this paper it is shown that multi GDBF algorithm exhibits muchéfaster convergence as compared to the
single GDBF algorithm. The multi GDBF algorithm require less itérations when compared to the single GDBF
algorithm for the search point to closely approach the local maximum pgint taking into considération the
gradient descent bit flipping (GDBF) algorithms exhibiting“better decoding performance<than known BF
algorithms. A novel class of bit-flipping (BF) algorithi-fox, decoding low-density parity:check (LDPC) codes is
presented. The behaviour of the proposed algorithms can be explained fromithe view paint of optimization of the
objective function. The GDBF algorithm with escapesprocess performancevery,well compare with known BF
algorithms, such as weighted BF (WBF) algorithms, Aynatural relationship™ between weighted bit-flipping
(WBF) decoding and message-passing decoding is explored.aThis understanding can help us develop a dual
WBF decoding algorithm from one type of message-passing“decoeding algorithm and vice versa. The GDBF
algorithms can be regarded as ammaximization process of the @bject function using the bit-flipping gradient
descent method (i.e., bit-flipping, dynamicSpwhich minimizes the energy. The dynamics of the decoder is
naturally derived by differentiating the enérgy-functieng”and the gradient descent formulation introduces an

energy landscape of the state-space 'of the BF-decoder.
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I INTRODUCTION

The gradient descent bit flipping (GDBF) algorithms for decoding low-density parity-check (LDPC) codes [1]
shows better decoding performance than known BF algorithms, such as weighted BF (WBF) algorithm [2], the
modified weighted BF (MWBF) algorithm [3] and other BF variants [4], [5], [6], have been proposed. The first
BF algorithm was developed by Gallager [1]. In decoding process of Gallager’s algorithm, some reliable bits (in
a binary quantized received word) corresponding to unsatisfied parity checks are flipped for each iteration. The
successors of Gallager’s algorithm, namely, find reliable bits and then flip them. In general, the bit error rate
(BER) performance of the BF algorithm is inferior to that of the sum-product algorithm or the min-sum
algorithm, in general, the BF algorithm enables the design of a much simpler decoder, which is easier to
implement. Thus, bridging the performance gap between BF decoding and belief propagation (BP) decoding is
an important technical challenge. In this, a novel class of BF algorithm for decoding LDPC codes is proposed.
The proposed algorithms, which are referred to as gradient descent bit flipping (GDBF) algorithms, can be

regarded as bit flipping gradient descent algorithms. These algorithms are naturally derived from a simple
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gradient descent formulation. The behaviour of the proposed algorithms can be explained from the viewpoint of
the optimization of a non-linear objective function. Multi-bits flipping GD-BF algorithm gives much fast
convergence. At the expense of error correcting performance, bit flipping methods allow for significantly less
complex decoding because they flip one or more bits at a time based on some objective function. A simple bit
flipping technique can be described as follows. Let y be the soft-decision received vector and x be the binary
hard decision of the vector y, then the syndrome, s, is defined as

s=xH¥
where, H is a M x N parity check matrix and s = (Sy, Sy, . . ., Sm) represents the M individual parity checks. Bit
flipping looks at the parity checks each received bit is involved in, if the total number @f check failures the bit is
involved in exceeds some threshold, the sign of the received bit is inverted to forman“updated received vector.
The next iteration of the algorithm will re-calculate the syndrome vector usingthe updated hard-decision vector.
This process is repeated until all checks are error free or the number of iterationsieaches.seme presetthreshold.
There are many variants to the basic bit flipping algorithm most nétably the Weighted Bit Flipping\ (WBF)
algorithm, which in formulating a count of failed checks adds a weighting factor based on the magnitude of the
received sample. The Modified weighted BF (MWBF) algorithm introduces)an additionalNscalinggfactor, -f(x),
for the soft-decision values in improved error correcting performanee. Recently, Wadayama formulated a new
way of calculating the decision metric based on the gradient descent formulation. The Gradient Descent Bit
Flipping (GDBF) algorithms outperform the WBF,and MWBF algorithms in _error carrecting ability and more
significantly in the number of average iterations needed,for successful decoding.he BF (bit flipping) decoding
algorithm is discussed in [7]. It is described clearly abeut the weighted bit flipping (WBF), modified weighted
bit flipping (MWBF) algorithm and gradient descent bit flippingy(GDBF) algorithm.

I1. GRADIENT DESCENT BE,ALGORITHM

In general, although the multi BF algorithm exhibits faster convergence than the single BF algorithm, the multi
BF algorithm suffers from the oscillationfbehaviour<of a decoder state, which is not easy to control. The frame
work of the single BE,algorithm is summarized as follows:

Step 1 »For j € [1.1]. Iet x; 1= sign{yj}, where sign(x) £ +1ifx < 0.

Othriise sign () 2 — 106t (. 20X g e v e JXy).

Step 2 : It the,parameter equation l_I]-EN.:i:,xj = +1 holds for all i [1,m], output X, and then exit.

Step 3 : Find'the flip position given by £:=argmingc1; »1 Ax(x) and then flip the symbol : x,:=-x,. The

function Ay(X) is referred.to as an inversion function.

Step 4 : If the number of iterations is less than the maximum number of iterations L.y, then return to Step 2;
otherwise output x and exit.

Both the BF algorithms reviewed in the reference [7] and the GDBF algorithm flip only one bit for each
iteration. In terms of the numerical optimization, in these algorithms, a search point moves toward a local
maximum with a very small step (i.e., 1 bit flip) in order to avoid oscillation around the local maximum (See
Fig.1(A)). However, the small step size leads to slower convergence to a local maximum. The multi bit flipping
algorithm is expected to converge faster than the single bit flipping algorithm because of its larger step size. If

the search point is close to a local maximum, a fixed large step is not suitable for finding a (nearby) local

671|Page




International Journal of Advanced Technology in Engineering and Science www.ijates.com
Volume No.02, Issue No. 12, December 2014 ISSN (online): 2348 — 7550
maximum point and leads to oscillation in a multi-bit flipping BF algorithm (Fig.1(B)). It is necessary to adjust

the step size dynamically from a large step size to a small step size in an optimization process (Fig.1(C)).

Locad maximum
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(A) Single flipping (B) Muttiple flipping (C) Muitipie flipping
{fixed) (dynamic)

Fig.1. (A) converging but slow, (B) not converging but fast, (C) conv
The objective function can adjust the step size (i.e., number of flipping bits). BF algorithm is a

GDBF algorithm that incorporates the multi-bit flipping concept. The inver i F algorithm
(single BF algorithm) AL™" (x) is defined as

(60)r ~
":";;GD (x) 2 e +Ei EM(K) HjEN[[] Xj 1)

bit mode), else execute

Sub-step 3-2 (single bit mode).

m captures an untransmitted codeword when decoding failure occurs.
Since the i tion of a search point is so small, a small perturbation of a captured search
the search point to escape from an undesirable local maximum. Such a
perturbation proce expected to improve the BER performance of BF algorithms. to multi bit mode with
an appropriate threshold to a trapped search point arrived at a non codeword local maximum is the simplest way
for adding perturbation in the escape process. In general, the escape process reduces the object function value.
After the escape process, the search point again begins to climb a hill, which may be different from that of the
trapped search point.

Here, we modify the multi GDBF algorithm with the reference of GDBF algorithm [7].
I11. PROCESS OF ESCAPE FROM A LOCAL MAXIMUM

A decoding failure occurs when a search point is captured by a local maximum, which is not a transmitted

codeword. Since the weight of the final position of a search point is so small, a small perturbation of a captured
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search point appears to be helpful for the search point to escape from an undesirable local maximum. Such a
perturbation process can be expected to improve the BER performance of BF algorithms. One of the simplest
ways to add a perturbation to a trapped search point is to forcibly switch the flip mode from the single-bit mode
to the multi-bit mode with an appropriate threshold when the search point arrives at a non codeword local
maximum. This additional process is referred to as the escape process. In general, the escape process reduces
the object function value, i.e., the search point moves downward in the energy landscape. After the escape
process, the search point again begins to climb a hill, which may be different from that of the trapped search
point. Here, we modify the multi GDBF algorithm by incorporating two thresholds: #1 and £2. The threshold £1
is the threshold constant used in the multi-bit mode at the beginning of the decoding process. After several

iterations, the multi-bit mode is changed to the single-bit mode, and the search pai en eventually arrive

at the non codeword local maximum. In such a case, the decoder changes to the multi-bit mode (i.e., # = 0) with
threshold £2. Thus, the threshold &2 can be regarded as the threshold for down

back to #1. The above process continues until the parity condition helds or the iterations
becomes Zzzax. Figure 2 illustrates the concept of the esc
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Fig.3. Objective function values in GDBF processes as a function of the number of iteration (single GDBF
v.s. multi GDBF)
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Figure 5 shows the BER curve for such a

DBF algorithm with escape process performance very well compared with

n we learned from this result is that fine control an flipping schedule is

performance than k BF algorithms, such as the weighted BF algorithm and the modified weighted BF

algorithm for severallLDPC codes.
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