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(57) Abstract: A decoder and method for iteratively
decoding of low- density parity check codes (LDPC)
includes, in a code graph, performing (102) check node
decoding by determining messages from check nodes to
variable nodes. In the code graph, variable node decoding
is performed (104) by determining messages from the
variable nodes to the check nodes. The variable node
decoding is independent from degree information regarding
the variable nodes. Decoded results are output (114).
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EFfFICIENT LOW COMPLEXITY HIGH THROUGHPUT LDPC DECODING METHOD

AND OPTIMIZATION

RELATED APPLICATION INFORMATION

[0001] This application claims priority to provisional
application serial number 60/974,512 filed on September 24,

2007, incorporated herein by reference.

BACKGROUND

Technical Field
[0002] The present invention relates to decoding systems and
methods and more particularly to low-density parity-check
codes which employ less information but provide improved

performance.

Description of the Related Art
[0003] With capacity approaching decoding performance, low-
density parity-check codes (LDPC) have drawn significant
interest in many industries for the transmission of digital
information, including cellular systems, digital recording

systems, etc. While turbo codes have been adopted in 3G

cellular standards, LDPC codes have been included in the IEEE

802.16 standard and also considered for potential application

beyond 3G cellular standards, e.g., in 4G systems. Beside
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cellular systems, LDPC is also considered in digital video
broadcasting (DVB) systems.

[0004] wWhen applied to different systems, the requirements for
decoding complexity and decoding throughput for LDPC codes are
different. Soft decoding provides capacity approaching
performance but has related high decoding complexity. The
binary message-passing decoding {(or Hard decoding), although
it incurs some performance loss, has very low-complexity and
high decoding throughput. Existing binary decoding algorithms
include a majority decoding algorithm {i.e., time-invariant

decoding, e.g., Majority Based (MB) decoding), and switch type

decoding (e.g., Gallager decoding algorithm B (GB)) (time-
variant decoding). These existing binary decoding methods
require the degree information of variable nodes. To make the

degree information available to the decoder, much additional
complexity is introduced on a circuit implementation of the
LDPC decoder.

[0005] Therefore, a need exists for a new binary message-
passing LDPC coding that does not need degree information and

provides the same or better performance than existing systems.

(]
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SUMMARY

[0006] A decoder and method for iteratively decoding of low-
density parity check codes (LDPC) includes, in a code graph,
performing check node decoding by determining messages from
check nodes to variable nodes. In the code graph, variable
node decoding is performed by determining messages from the
variable nodes to the check nodes. The variable node decoding
is independent from degree information regarding the variable
nodes. Decoded recsults are output.

[0007] A decoder for low-density parity check codes

(LDPC) includes a check node decoder configured to determine
messages from check nodes to variable nodes in a code graph,
and a variable node decoder configured to determine messages
from the variable nodes to the check nodes. The variable node
decoder decodes variable nodes independently from degree
information of the variable nodes.

[0008] These and other features and advantages will become
apparent from the following detailed description of
illustrative embodiments thereof, which is to be read in

connection with the accompanying drawings.
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BRIEF DESCRIPTION OF DRAWINGS

[0009] The disclosure will provide details in the following
description of preferred embodiments with reference to the
following figures wherein:

{0010] FIG. 1 is a block/flow diagram showing an illustrative
iterative decoding system/method in accordance with the
present principles;

[0011] FIG. 2 is a semi-log graph of bit erxror rate (BER)
performance versus probability (P,) for time-invariant
decoding for irregular {(irr.) LDPC codes with low error-floor
(LF), regular (9,15) MB code is shown for comparison in
accordance with the present principles;

[0012] FIG. 3 is a semi-log graph of bit error rate (BER)
performance versus probability (P¢) for time-variant decoding
for optimized irregqular (irr.) LDPC codes with varying code
rates (R = 0.4, 0.5, and 0.6) in accordance with the present
principles; and

[0013] FIG. 4 is a block diagram showing a LDPC decoder in

accordance with one illustrative embodiment.
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DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS

[0014] In accordance with the present principles, a new binary
message-passing low-density parity-check code (LDPC) coding
method with low-complexity and high decoding throughput is
provided, which facilitates a circuit implementation of a
decoder. With existing binary message-passing decoding
methods, the complexity of circuit implementation is much
higher than expected due to degree information required for
the decoder. The present embodiments provide a novel deceding
principle, which does not need degree information. Therefore,
both computational complexity and circuit implementation
complexity are very low.

[0015] wWith new decoding methods applied to both time-invariant
and time variant decoding methods, optimized irregular LDPC
codes perform exactly the same or better than the code from
existing decoding methods. This means the present decoding
methods do not lose anything compared with the existing
methods, and yet gain based on low-complexity for the circuit
implementation. In addition, an estimation method is provided
to estimate an extrinsic error probability for time-variant
decoding. This issue has been overlooked in the prior art.
[0016] Binary message-passing decoding, i.e., hard decoding is
provided that has extremely low-complexity, which is achieved

with little performance loss as compared with soft decoding.
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This makes the decoding methods in accordance with the present
principles more attractive to many systems that demand high
decoding throughputs.

[0017] A novel message-passing decoding method for low-density
parity-check codes with low-complexity and high decoding
throughput does not need the degree information of the wvariable
nodes and can be applied to both time-invariant and time-variant
decoding methods. For time-variant decoding, a method is
presented to estimate the extrinsic error probability. =EXIT
chart analysis and code optimization for new decoding method in
both time-invariant and time-variant decoding scenarios were
performed. For time-invariant decoding, the optimized codes
exhibit a high error floor in a high SNR region. A code
design method achieves low error floor by introducing
additional constraints. For time-variant decoding, we show that
the code optimization can be simplified with only several
switching points in the constraints. The analysis and numerical
results show that the present methods provide the same
performance as the existing methods for both time-invariant and
time-variant decoding while the new method achieves much lower
complexity for circuit implementations.

[0018] Embodiments described herein may be entirely hardware,
entirely software or including both hardware and software

elements. In a preferred embodiment, the present invention is
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implemented in hardware but may include software, which
includes but is not limited to firmware, resident software,
microcode, etc.

[0019] Embodiments may include a computer program product
accessible from a computer-usable or computer-readable medium
providing program code for use by or in connection with a
computer or any instruction execution system. A computer-
usable or computer readable medium may include any apparatus
that stores, communicates, propagates, or transports the
program for use by or in connection with the instruction
execution system, apparatus, or device. The medium can be
magnetic, optical, electronic, electromagnetic, infrared, or
semiconductor system (or apparatus or device) or a propagation
medium. The medium may include a computer-readable medium
such as a semiconductor or solid state memory, magnetic tape,
a removable computer diskette, a random access memory (RAM), a
read-only memory (ROM), a rigid magnetic disk and an optical
disk, etec.

[0020] Due to relative large block-length usually considered
for LDPC codes, maximum likelihood (ML) decoding methods, e.g.,
syndrome decoding, cannot be applied for decoding LDPC codes.
Therefore, suboptimal decoding methods, i.e., iterative
message-passing decoding methods, are considered as the

applicable decoding methods. Based on bipartite or Tanner graph
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representations of LDPC codes, the iterative message-passing
method performs the repetition decoding at variable nodes and
single parity-check (SPC) decoding at check nodes iteratively.
The extrinsic messages from the decoding at the variable nodes
and check nodes are exchanged along edges in a code graph.

[0021] There are three categories of message-passing decoding
methods, namely, soft decoding, hard decoding, and mixed
decoding methods. With soft decoding methods, the decoder
performs the iterative decoding by exchanging the soit
extrinsic information between the variable nodes and check
nodes. Such decoding methods, for example, sum-product decoding,
provide better error correction performance but have high
decoding complexity. Hard decoding, e.g., majority decoding,
exchanges the binary extrinsic message in the decoder. BSuch
decoding methods have some performance loss compared with soft
decoding methods, but are attractive for high throughput
performance and low-complexity.

[0022] Mixed decoding, e.g., gear-shift decoding, reduces the
computational complexity of soft decoding without incurring
the performance loss by dynamically switching the soft decoding
and the binary decoding during the decoding iterations.
Although the computational complexity is reduced, the

implementation complexity in the circuit level is increased due
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to complex control units for the decoding switches and more
decoding processing units for several types of decoders.

[0023] Referring mow to the drawings in which like numerals
represent the same or similar elements and initially to FIG.
1, a new binary message-passing decoding principle is
described, which focuses on binary message-passing hard decoding
for LDPC codes.

[0024] We consider an irregular LDPC code with N variable nodes
and M check nodes. We treat the (dy, d.) regular LDPC codes as
the special cases of irregular codes. Assume that the channel
ig binary symmetric channel (BSC) and the output is mapped to
[+1, —1}. Denote ucs,v,j : Vvse,j, and u, as the extrinsic
message outputs from a check node to a variable node, an
extrinsic message output from a variable node passed along the
jth edge to a check node, and a channel message from the nth
variable node, respectively. Define v, as a set of edges that
are connected to the nth variable node, and U, as a set of
edges that are connected to the mth check node. Note that any
channel can be treated as BSC =ince we can always perform a
hard decision from the channel output or the equalizer output
before performing the LDPC decoding.

[0025] For regular codes, we have the cardinalities of v, énd Ux
given by |vs] =dwn =1, .,N and |Uy] = de, m=1,., M,

respectively.



WO 2009/042249 PCT/US2008/057780

[0026] The decoding output from the lth iteration (denoted by
script 1 in the equations) is given by:
[0027] In block 102, check node decoding is performed in

accordance with the following equation:

§ ) .
1 f!-l-l!, Iz = H :t'!'U—}-‘C':j . /’1’ E ZI{J” . m = J_: . .;-\ _[‘
[0028] Felim i

[0029] For all existing binary message-passing decoding
methods, the decoder has to obtain the threshold values based
on degree information of the variable node. Degree is the
weight of a coded bit (i.e., variable node) or a parity-check
constraint (i.e., check node). When the code is represented
by a code graph, the degree of a node (either a variable node
or a check node) is the number of edges connected to this
node. The degree values of the nodes in the code graph are
the degree information.

[0030] However, when implementing the decoder at the circuit
level, the degree information of the variable nodes is usually
not available for processing unit in the LDPC decoder, or to
implement such decoding methods, the degree information for
the variable nodes has to be stored in a circuit and retrieved
by a processing unit. The implementation complexity of the
LDPC decoder is then increased. Since the advantage of LDPC
hard decoding is low-complexity, the requirement of degree

information will weaken the advantages of the hard decoding.

10
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[0031] In block 104, variable node decoding is performed
without the need for degree information in accordance with the
following:

[0032] In block 106, we first obtain the cost m, , which is the

; (¢ ;
m.ﬁ_) = — Z 1, W pjlin. ke V.

i insic i FE Vi Ak
discrepancy of extrinsic inputs: S

Then, we obtain the decoding principle or rule for variable.

nedes in block 108:

T
i) —u, ifm,” > d.

p—ed T
Uy, othoerwise.

[0033] where d is a flipping threshold for
the decoding of variable nodes. Majority vote may be applied
to the decoding of the variable nodes. Otherwise, channel
input is sent as the extrinsic output.

[0034] One variation of obtaining the cost my is given by:

For j eV, j &k

m}_,” ++. ire'?

:
iy 7 i

3 IO L4
ll__.‘ if uli

iy, ot = Mo

The cost may be obtained using other
methods as well.

[0035] One important property of above decoding method is that
unlike the existing methods, the cost my does not need degree
information of the variable nodes, neither does the flipping
threshold d. A mapping between a threshold value (w) in the
existing MB decoding for bit f£lipping, and the flipping
threshold d in the present decoding method is possible, or the

11
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flipping threshold d may be set as a function of the degrees
of variable nodes. 1In a preferred embodiment, d is constant
or uniform for all variable nodes to provide low-complexity.
[0036] Because the cost my; is the discrepancy of the extrinsic
inputs, the degree information is not needed for a given d.
This is applicable to time-variant (variable d) and time-
invariant (fixed d) decoding methods. With this property, the
complexity is significantly reduced for a circuit
implementation of the decoder. For example, by reducing the
number of inputs to a decoder design, which would have to be
provided for each decoded channel the complexity of the
decoder design, ig significantly reduced.

[0037] In block 110, the present principles can be applied to
irregular codes with time-invariant decoding and time-variant
decoding. When applied to irregular codes, the flipping
threshold d is applied uniformly for all variable nodes. 1In
time-invariant decoding, d does not change during the
decoding. In time-variant, we change d** uniformly at the l1th
decoding iteration.

[0038] In block 112, estimation of extrinsic error probability

(1 as the probability of

for decoding is performed. Denote Pg
unsatisfied check nodes at the 1th decoding iteration. The

estimated extrinsic error probability for the LDPC codes with

regular profiles for the check nodes is given by

12
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719 = 5 (1- (- 2P0)%).
[0039] 2 '

[0040] For the codes with irregular check nodes, the
estimations of extrinsic error probability with first order

and second order approximations are given respectively, by:

[0041]
‘f)(” —~ ]:){("l}
ZJ‘ Aii’
- S i — (5 6:0) — AP it~ 1)
257 i = 1)
i o Al - 1
= % ;J.“:}J 1— 1_‘1-[)’{!)2_;{1_:‘.}(-.} 5 )
25 /i~ 1) (%, i)
: = apPio [1 + P 4 2(]1‘”)""1}"’],
[0042

[0043] where

1 b= ZJ' Al — 1)

(0044]  ifil (%, 69)°

[0045] The estimation with the second order performs well in
the time-variant decoding.

[0046] Blocks 102-112 are part of an iterative decoding method
and are performed, as needed, in an iterative process.
Therefore, the decoder iteratively performs check decoding and
variable node decoding. The iterative decoding stops if the
maximum number of iterations is reached, or all parity checks
are satisfied.

[0047] In block 116, code optimization may optionally be

performed. The code optimization is not a part of the

13
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decoder. The code optimization finds a best code profile (of
a group of codes, so called code ensemble) with the best
performance given a certain decoding method.

[0048] The ensemble of irregular LDPC codes can be specified by

2y . Dy .
two polynomials A(x)=) Ax" and p(x)=> px’", where 1, is the
=

=
fraction of edges in the bipartite graph that are connectead

to variable nodes of degree j, p; is the fraction of edges

that are connected to check nodes of degree j, Dy and Dy denote
the maximal degree of variable nodes and check nodes,
respectively. Equivalently, the degree profiles can also be

specified from the node perspective, i.e., two polynomials of

the same form where Rj ig the fraction of wvariable nodes of

degree j, and p; is the fraction of check nodes

of degree j.

[0049] Time-invariant decoding: For time-invariant decoding, we
simply apply the same threshold value d for all the wvariable
nodes with different degree. For time-variant decoding we
change d? gimilar to bj”’. Again, we apply the same at to
21l variable nodes in the nth iteration. Denote pp as the

initial error probability from the channel.

14
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[0050) The irregular code optimization for time-invariant

decoding with the present decoding principle is summarized as

follows:
[0051]
llli’lX{ Aoy o D} Pn
iy,
5.t Z '\jh.;;"-nl(j-hi)/‘ij(i') <, oy 12d < (Do — 1)
j‘—_'Dmln
TR
anc .R:=1——z;u!£i.
N
[0052] PIFRY

[0053] where Dpin denotes the minimal degree of variable nodes
and check nodes and h?’ is the output extrinsic exror
probability for degree-j variable nodes after one decoding
iteration with extrinsic probability x with the flipping
threshold (j+d) /2.

[0054] As shown in Table 1, the performance of the optimized
codegs for new decoding method is exactly the same as that for
hybrid MB decoding, even though compared with code design for
existing hybrid MB methods in time-invariant decoding,
additional constraints are needed to be introduced in the
above optimizatiocn.

[0055] We find that the thresholds of designed codes for both
decoding methods are exactly the same for all the code rates,
indicating there is no performance loss. The components of
hybrid MB decoding in optimized codes are given in the fourth

column in Table 1. The optimized d*, Dpin for new decoding

15
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method are given in the f£ifth column of Table 1. It is seen
that all the optimized components for hybrid MB decoding can
be mapped to ;he new decoding, which means that all the
optimized code profiles for hybrid MB decoding can be
implemented with new decoding method. This explains why the
performance of optimized codes is exactly the same for both
decoding methods.

[0056] To achieve a low-error floor, a modified code

optimization is provided and summarized as follows

‘li‘um::

Z ’\'ihgflu.f+<n;f?]("L’) <@ ‘\;f;r; 1 S f :-: (rhmhl - Aj)

J="Ih min

where digia. and dip.x are the
maximum and minimum f£lipping thresholds at the Ith iteration.
[0057] Table 1. Decoding thresholds and degree components of

optimized LDPC codes for time-invariant decoding.

16
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[0058]
Hybrid MB Decoling { Now Decortiug | Hybrid MB Deeoding | New Diecoding
Claker Mot I m [ E:;J] &, Dut
R=0l1, 01.1G003 0.16003 LATBY A B a0y
h=102 [0 12308 (12308 V\BY M BY) 2,3
R=103, (L0011 0L0001 1 1A7pY. Aral 2,3
R=04, Uegas (LG VMBS, MBLABLY 304
R =105 (L5265 0L05265 LMBE M B ALBL) a4
R =10, IRIXKEH] DARITES 1MBY, MELALBE 2,3
R=01, 0,028 (L0234 (B ASBE 3.4
=g, 0NLHIT 001407 1ATRY M BE 0B 4,6
R =19 0,056 000564 FAIBY, MBS MBE) 4.5

[0059] Time-variant decoding: For time-variant decoding, new
decoding method with optimal switching is exactly the same as
optimal GB decoding. The irregular code optimization for
time-variant decoding with the new decoding principle can be

simplified as follows:

max gy, os.bo AP <l Vg <pg.
[0060] {Aspst

[006]1] The decoding of irregular code for time-variant decoding
with optimal switching points is the same as that of GB
decoding. Therefore, the optimized codes also perform the
same as the GB decoding.

[0062] In block 114, the decoder(s) output the decoded results.
Performance results comparisons for the decoders in accordance
with the present principles versus the conventiocnal deceding

scheme of MB are described hereinafter.

17
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[0063] As a point of comparison, MB decoding (time-invariant

decoding) is summarized as follows:

t0)

apr g . . 0
o Initinlization: w’? = wull, ¥ 20

) T M R E Y,
o Check node decoding:

H,[f,],,_.','_ = H L‘fﬂ.,,‘_l. kell, wm=1..A.

gty gl
s Vartohle node decoding:
Ty ﬁ Hi . ”f{ﬂ.p_} = "“"”!l,-j 1= ]"nv.); :’i- ""‘H :_i ”VHI/Q] + W

otherwise.

[0064]

[0065] The GB decoding (time-variant decoding) method is

summarized as follows: The variable node decoding is given by:

— iy

iF Gl = =t d € Vard 2 LH 2 00,

”{L'-H.) —

SN

Ty otherwise,

[0066)

[0067] where wﬁ,ﬂbu/flghﬁ)g[HJm-L denotes the f£lip threshold
in decoding the nth wvariable node at the 1th decoding
iteration.

[0068] Both existing methods for variable decoding require the
degree information of the variable nodes, which increases the
complexity of the circuit implementation.

[0069] Performance results: The optimized codes for decoding
methods in accordance with the present principles in time-
invariant decoding have exactly the same performance as the

existing hybrid MB decoding.

18
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[0070] Table 2: Number of component EXIT functions for code

optimization with time-invariant decoding.

Hybrid MB New
Decoding Decoding
Number of component D) D; — Dpy
p ZJ'"—'D::IEH J [J /—‘] o
EXIT functions
Dy = 30, Dgin = 3 224 28
Dy = 50, Dpin = 3 f24 48

[0071] Advantageously, the number of EXIT functions is
significantly reduced in accordance with the present
principles.

[0072] FIG. 2 is a semi-log graph of bit error rate (BER)
performance versus probability (P,) for time-invariant
decoding for irregular (irr.) LDPC codes with low error-flooxr
(LF) , regular (9,15) MB code is shown for comparison. R is
the code rate. Here in FIG. 2, the code rate R=0.4.

[0073] FIG. 3 is a semi-log graph of bit error rate (BER)
performance versus probability (P,) for time-variant decoding
for optimized irregular (irr.) LDPC codes with varying code
rate R (R=0.4, 0.5, and 0.6) in accordance with the present
principles.

[0074] Referring to FIG. 4, an iterative decoder 200 for low-

density parity check codes (LDPC) is preferably implemented in

19



WO 2009/042249 PCT/US2008/057780

a hardware circuit. The hardware circuit may include software
elements and may be formed on a printed wiring board,
integrated circuit chip or embodied in any other type of
hardware. Decoder 200 includes a check node decoder 202
configured to determine messages from check nodes to variable
nodes in a code graph 207. A variable node decoder 204 is
configured to determine messages f£rom the variable nodes to
the check nodes wherein the variable node decoder decodes
variable nodes independent from degree information of the
variable nodes.

[0075] The variable node decoder 204 includes flipping
thresholds 205 which are not based upon degree information of
the variable nodes as described above with respect to FIG. 1.
The variable node deccder finds a cost mg whichris determined

from a discrepancy between extrinsic inputs of variable nodes.

? f ;
m}._') = — Z u.f, & ejltne k€ Vi

eV, gk
The cost mg may be computed as FEVn g

where uUe,y,; 18 the extrinsic message outputs from a check node

along a jth edge to a variable node, Vvse i, is an extrinsic
message output from a variable node passed along a jth edge to
a check node, u, is a channel message from the nth variable
node, v, is a set of edges that are connected to the nth

variable node, and k is an index of the edges in the code
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graph. In the eguation, for the particular node n, k is the
index of the edges that are connected to node mn, i.e., kev,.

The variable node decoder includes a decoding principle

for variable nodes, e.g.,

I )
ey u, ) =d,

r—tk T
Uy, otherwise, , . .
where vy,c, j, 15 an extrinsic message

output from a variable node passed along a kth edge to a check
node, u, is a channel message from the nth variable node, and
d is a flipping threshold for the decoding of variable nodes.
Other decéding principles or rules may also be employed.

[0076] Having described preferred embodiments of a system and
method for efficient low complexity high throughput LPDC
decoding and optimization (which are intended to be
illustrative and not limiting), it is noted that modifications
énd variations can be made by persons skilled in the art in
light of the above teachings. It is therefore to be
understood that changes may be made in the particular
embodiments disclosed which are within the scope and spirit of
the invention as outlined by the appended claims. Having thus
described aspects of the invention, with the details and
particularity required by the patent laws, what is claimed and
desired protected by Letters Patent is set forth in the

appended claims.
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WHAT IS CLAIMED IS:

1. A method for iterative decoding of low-density parity
check codes (LDPC), comprising:

in a code graph, performing (102) check node decoding by
determining messages from check nodes to variable nodes;

in the code graph, performing (104) wvariable node decoding
by determining messages from the variable nodes to the check
nodes wherein the variable node decoding is independent from
degree information regarding the variable nodes; and

outputting (114) decoded results.

2. The method as recited in claim 1, wherein performing
(104) wvariable node decoding includes obtaining f£lipping
threshold values for determining the results which are not

based upon degree information of the variable nodes.

3. The method as recited in claim 1, wherein performing
variable node decoding includes obtaining (106) a cost my,

which is a discrepancy between extrinsgic inputs of variable

nodes.
4., The method as recited in claim 3, wherein the cost my
¢ £
m.f_,) = — E uf_'. ]_ e jlin: B € Vo
JEVy gk

ig determined as where Uc.yv,; 18
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the extrinsic message outputs from a check node along a jth
edge to a variable node, Vs, i, iS5 an extrinsic message output
from a variable node passed along a jth edge to a check node,
U, is a channel message from the nth variable node, v, is a set
of edges that are comnnected to the nth variable node, and k is

an index of edges in a code graph.

5. The method as recited in claim 1, wherein performing
variable node decoding includes providing (108) a decoding

principle for variable nodes.

6. The method as recited in claim 5, wherein providing

(108) a decoding principle for variable nodes includes

_ v ()
i u, ifmy” > d.
He—eh T
Un, otherwise. . .
where Vy,e, j, 18 an extrinsic message

output from a variable node passed along a kth edge to a check
node, u, is a channel message from the nth variable node, and

d is a flipping threshold for the decoding of variable nodes.
7. The method as recited in claim 6, wherein the

flipping threshold is independent of degree information for

variable nodes.
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8. The method as recited in claim &, wherein the
flipping threshold is constant for time-invariant decoding

methods.

9, The method as recited in claim 6, wherein the
flipping threshold is varied in accordance with decoding

iteration for time-variant deceding methods.

10. A decoder for low-density parity check codes (LDPC),
comprising:

a check node decoder (202) configured to determine messages
from check nodes to variable nodes in a code graph (207); and

a variable node decoder (204) configured to determine
messages from the variable nodes to the check nodes wherein the
variable node decoder decodes variable nodes independently from

degree information of the variable nodes.

11. The decoder as recited in c¢laim 10, wherein the
variable node decoder (204) includes flipping thresholds (205)
which are not based upon degree information of the wvariable

nodes.

12. The decoder as recited in claim 10, wherein the

variable node decoder (204) includes a cost me which is

24
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determined from a discrepancy between extrinsic inputs of

variable nodes.

13. The decoder as recited in claim 12, wherein the cost

£) (¢ ,
]I?':E-" == Z u'r..'l‘[:_j U‘ﬂ-t /“ S 1”71.-

JEV, ;.'jv_—'i"

m, 1s computed as where uc,y,; iS

the extrinsic message outputs from a check node along a jth
edgé to a variable node, Vise,j, i858 an extrinsic message output
from a variable node passed along a jth edge to a check node,
Uy is a channel message from the nth variable node, v, is a set
of edges that are connected to the nth variable node, and k is

an index of the edge in the code graph.

1l4. The decoder as recited in claim 10, wherein the
variable node decoder (204) includes a decoding principle for

variable nodes.

15. The deccder as recited in claim 14, wherein the

decoding principle for variable nodes includes

iy e (R} .
e w, 1oy > d
Cr—rk T
Uy, Olerwise, . .

where Vi, j, 18 an extrinsic message

output from a variable node passed along a kth edge to a check

node, u, is a channel message from the nth variable node, and

25



WO 2009/042249 PCT/US2008/057780

d is a flipping threshold {205) for the decoding of variable

nodes .

16. The decoder as recited in claim 15, wherein the
flipping threshold (205) is independent of degree information

for variable nodes.

17. The decoder as récited in claim 15, wherein the
flipping threshold (205) is constant for time-invariant

decoding methods.
18. The decoder as recited in claim 15, wherein the
flipping threshold (205) is varied in accordance with decoding

iteration for time-variant decoding methods.

19. The decoder as recited in claim 10, wherein the

decoder {200) is implemented in a hardware circuit.

26
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