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(57) ABSTRACT 

An approach for generating a structured Low Density Parity 
Check (LDPC) codes is provided. Structure of the LDPC 
codes is provided by restricting a certain part of the parity 
check matrix to be lower triangular, hence enabling a very 
Simple encoding method that does not require the generator 
matrix of the code. The approach can also exploit the 
unequal error protecting capability of LDPC codes on trans 
mitted bits to provide extra error protection to more Vulner 
able bits of high order modulation constellations (Such as 
8-PSK (Phase Shift Keying)). Additionally, an efficient 
decoding Scheme is described where both bit nodes and 
check nodes are partitioned into groups. The edge values 
asSociated with each of the group can be placed together in 
memory Simultaneously for bit nodes groups and check 
nodes groups. This architecture allows the multiple edges to 
be fetched from memory at a single clock cycle. A method 
of designing the parity check matrix that ensures the fetch 
ing of all the adjacent edges for a group of bit nodes or check 
nodes in a few clock cycles is described. The above 
approach is particularly applicable to bandwidth constrained 
communication Systems requiring high data rates. 

LDPC 
DECODER 
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METHOD AND SYSTEM FOR GENERATING LOW 
DENSITY PARTY CHECK CODES 

RELATED APPLICATIONS 

0001. This application is related to, and claims the benefit 
of the earlier filing date under 35 U.S.C. S 119(e) of, U.S. 
Provisional Patent Application (Serial No. 60/398,760) filed 
Jul. 26, 2002 (Attorney Docket: PD-202101), entitled “Code 
Design and Implementation Improvements for Low Density 
Parity Check Codes,” U.S. Provisional Patent Application 
(Serial No. 60/403,812) filed Aug. 15, 2002 (Attorney 
Docket: PD-202105), entitled “Power and Bandwidth Effi 
cient Modulation and Coding Scheme for Direct Broadcast 
Satellite and Broadcast Satellite Communications.” U.S. 
Provisional Patent Application (Serial No. 60/421.505), filed 
Oct. 25, 2002 (Attorney Docket: PD-202101), entitled 
“Method and System for Generating Low Density Parity 
Check Codes,” U.S. Provisional Patent Application (Serial 
No. 60/421,999), filed Oct. 29, 2002 (Attorney Docket: 
PD-202105), entitled “Satellite Communication System Uti 
lizing Low Density Parity Check Codes” and U.S. Provi 
sional Patent Application (Serial No. 60/423,710), filed Nov. 
4, 2002 (Attorney Docket: PD-202101), entitled “Code 
Design and Implementation Improvements for Low Density 
Parity Check Codes'; the entireties of which are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to communication 
Systems, and more particularly to coded Systems. 

BACKGROUND OF THE INVENTION 

0.003 Communication systems employ coding to ensure 
reliable communication acroSS noisy communication chan 
nels. These communication channels exhibit a fixed capacity 
that can be expressed in terms of bits per Symbol at certain 
Signal to noise ratio (SNR), defining a theoretical upper limit 
(known as the Shannon limit). As a result, coding design has 
aimed to achieve rates approaching this Shannon limit. One 
Such class of codes that approach the Shannon limit is Low 
Density Parity Check (LDPC) codes. 
0004 Traditionally, LDPC codes have not been widely 
deployed because of a number of drawbacks. One drawback 
is that the LDPC encoding technique is highly complex. 
Encoding an LDPC code using its generator matrix would 
require Storing a very large, non-sparse matrix. Additionally, 
LDPC codes require large blocks to be effective; conse 
quently, even though parity check matrices of LDPC codes 
are sparse, Storing these matrices is problematic. From an 
implementation perspective, Storage is an important reason 
why LDPC codes have not become widespread in practice. 
A key challenge in LDPC code implementation has been 
how to achieve the connection network between Several 
processing engines (nodes) in the decoder. 
0005. Therefore, there is a need for a LDPC communi 
cation System that employs Simple encoding and decoding 
processes. There is also a need for using LDPC codes 
efficiently to Support high data rates, without introducing 
greater complexity. There is also a need to improve perfor 
mance of LDPC encoders and decoders. There is a also need 
to minimize Storage requirements for implementing LDPC 
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coding. There is a further need for a Scheme that Simplifies 
the communication between processing nodes in the LDPC 
decoder. 

SUMMARY OF THE INVENTION 

0006 These and other needs are addressed by the present 
invention, wherein an approach for generating a structured 
Low Density Parity Check (LDPC) codes is provided. 
Structure of the LDPC codes is provided by restricting 
portion part of the parity check matrix to be lower triangular 
and/or Satisfying other requirements Such that the commu 
nication between processing nodes of the decoder becomes 
very simple. Also, the approach can advantageously exploit 
the unequal error protecting capability of LDPC codes on 
transmitted bits to provide extra error protection to more 
vulnerable bits of high order modulation constellations (such 
as 8-PSK (Phase Shift Keying)). Additionally, the parity 
check matrix can be algorithmically generated using pre 
Stored constants and bitwise operations. 
0007 According to one aspect of an embodiment of the 
present invention, a method for generating low density 
parity check (LDPC) codes is provided. The method 
includes transforming a received input message into a LDPC 
codeword using only a parity check matrix of the LDPC 
codes without using a generator matrix of the LDPC codes, 
and outputting the LDPC codeword. 
0008 According to another aspect of an embodiment of 
the present invention, a method for Supporting encoding of 
linear block codes is provided. The method includes map 
ping higher order Signal constellation bits to bit nodes of a 
parity check matrix corresponding to the linear block codes. 
Vulnerable bits of the Signal constellation are mapped to the 
bit nodes with at least three edges. 
0009. According to another aspect of an embodiment of 
the present invention, a method for Supporting encoding of 
linear block codes is disclosed. The method includes map 
ping higher order Signal constellation bits to bit nodes of a 
parity check matrix corresponding to the linear block code. 
The Vulnerable bits of the Signal constellation are mapped to 
the bit nodes with number of edges no less than that of more 
reliable bits. 

0010. According to another aspect of an embodiment of 
the present invention, a method for generating low density 
parity check (LDPC) codes is provided. The method 
includes transforming a received input message into a LDPC 
codeword using only a parity check matrix of the LDPC 
codes without using a generator matrix of the LDPC codes. 
The method also includes applying an outer code to the 
LDPC codeword, and outputting the LDPC codeword with 
the applied outer code. 
0011. According to another aspect of an embodiment of 
the present invention, a method for generating low density 
parity check (LDPC) code is disclosed. The method includes 
placing contents of edges for a group of bit nodes next to one 
another in memory. The method also includes simulta 
neously placing contents of edges for a group of check nodes 
next to one another in the memory. 
0012. According to another aspect of an embodiment of 
the present invention, a System for generating low density 
parity check (LDPC) codes is disclosed. The system 
includes means for transforming a received input message 
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into a LDPC codeword using only a parity check matrix of 
the LDPC codes without using a generator matrix of the 
LDPC codes. The system also includes means for outputting 
the LDPC codeword. 

0013. According to yet another aspect of an embodiment 
of the present invention, a method for processing low 
density parity check (LDPC) codes is disclosed. The method 
includes decoding via a LDPC decoder received LDPC 
codes. The method also includes iteratively regenerating 
signal constellation bit metrics into the LDPC decoder after 
every or several LDPC decoder iterations. 
0.014 Still other aspects, features, and advantages of the 
present invention are readily apparent from the following 
detailed description, Simply by illustrating a number of 
particular embodiments and implementations, including the 
best mode contemplated for carrying out the present inven 
tion. The present invention is also capable of other and 
different embodiments, and its Several details can be modi 
fied in various obvious respects, all without departing from 
the Spirit and Scope of the present invention. Accordingly, 
the drawing and description are to be regarded as illustrative 
in nature, and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 The present invention is illustrated by way of 
example, and not by way of limitation, in the figures of the 
accompanying drawings and in which like reference numer 
als refer to Similar elements and in which: 

0016 FIG. 1 is a diagram of a communications System 
configured to utilize Low Density Parity Check (LDPC) 
codes, according to an embodiment of the present invention; 
0017 FIG. 2 is a diagram of an exemplary transmitter in 
the system of FIG. 1; 
0.018 FIG. 3 is a diagram of an exemplary receiver in the 
system of FIG. 1; 
0.019 FIG. 4 is a diagram of a sparse parity check matrix, 
in accordance with an embodiment of the present invention; 
0020 FIG. 5 is a diagram of a bipartite graph of an LDPC 
code of the matrix of FIG. 4; 
0021 FIG. 6 is a diagram of a sub-matrix of a sparse 
parity check matrix, wherein the Sub-matrix contains parity 
check values restricted to the lower triangular region, 
according to an embodiment of the present invention; 
0022 FIG. 7 is a graph showing performance between 
codes utilizing unrestricted parity check matrix (H matrix) 
versus restricted H matrix having a sub-matrix as in FIG. 6; 
0023 FIGS. 8A and 8B are, respectively, a diagram of a 
non-Gray 8-PSK modulation scheme, and a Gray 8-PSK 
modulation, each of which can be used in the system of FIG. 
1; 
0024 FIG. 9 is a graph showing performance between 
codes utilizing Gray labeling verSuS non-Gray labeling, 
0025 FIG. 10 is a flow chart of the operation of the 
LDPC decoder using non-Gray mapping, according to an 
embodiment of the present invention; 
0026 FIG. 11 is a flow chart of the operation of the 
LDPC decoder of FIG. 3 using Gray mapping, according to 
an embodiment of the present invention; 
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0027 FIGS. 12A-12C are diagrams of the interactions 
between the check nodes and the bit nodes in a decoding 
process, according to an embodiment of the present inven 
tion; 
0028 FIGS. 13 A-13C are graphs showing simulation 
results of LDPC codes generated in accordance with various 
embodiments of the present invention; 
0029 FIGS. 14A and 14B are diagrams of the top edge 
and bottom edge, respectively, of memory organized to 
Support Structured access as to realize randomneSS in LDPC 
coding, according to an embodiment of the present inven 
tion; and 
0030 FIG. 15 is a diagram of a computer system that can 
perform the processes of encoding and decoding of LDPC 
codes, in accordance with embodiments of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0031. A system, method, and Software for efficiently 
generating structured Low Density Parity Check (LDPC) 
codes are described. In the following description, for the 
purposes of explanation, numerous specific details are Set 
forth in order to provide a thorough understanding of the 
present invention. It is apparent, however, to one skilled in 
the art that the present invention may be practiced without 
these Specific details or with an equivalent arrangement. In 
other instances, well-known Structures and devices are 
shown in block diagram form in order to avoid unnecessarily 
obscuring the present invention. 
0032 FIG. 1 is a diagram of a communications system 
configured to utilize Low Density Parity Check (LDPC) 
codes, according to an embodiment of the present invention. 
A digital communications System 100 includes a transmitter 
101 that generates Signal waveforms acroSS a communica 
tion channel 103 to a receiver 105. In this discrete commu 
nications system 100, the transmitter 101 has a message 
Source that produces a discrete Set of possible messages, 
each of the possible messages has a corresponding Signal 
waveform. These Signal waveforms are attenuated, or oth 
erwise altered, by communications channel 103. To combat 
the noise channel 103, LDPC codes are utilized. 
0033. The LDPC codes that are generated by the trans 
mitter 101 enables high speed implementation without 
incurring any performance loss. These structured LDPC 
codes output from the transmitter 101 avoid assignment of 
a Small number of check nodes to the bit nodes already 
vulnerable to channel errors by virtue of the modulation 
scheme (e.g., 8-PSK). 
0034. Such LDPC codes have a parallelizable decoding 
algorithm (unlike turbo codes), which advantageously 
involves simple operations Such as addition, comparison and 
table look-up. Moreover, carefully designed LDPC codes do 
not exhibit any sign of error floor. 
0035. According to one embodiment of the present inven 
tion, the transmitter 101 generates, using a relatively simple 
encoding technique, LDPC codes based on parity check 
matrices (which facilitate efficient memory access during 
decoding) to communicate with the receiver 105. The trans 
mitter 101 employs LDPC codes that can outperform con 
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catenated turbo--RS (Reed-Solomon) codes, provided the 
block length is Sufficiently large. 
0.036 FIG. 2 is a diagram of an exemplary transmitter in 
the system of FIG.1. A transmitter 200 is equipped with an 
LDPC encoder 203 that accepts input from an information 
Source 201 and outputs coded Stream of higher redundancy 
suitable for error correction processing at the receiver 105. 
The information Source 201 generates k Signals from a 
discrete alphabet, X. LDPC codes are specified with parity 
check matrices. On the other hand, encoding LDPC codes 
require, in general, Specifying the generator matrices. Even 
though it is possible to obtain generator matrices from parity 
check matrices using Gaussian elimination, the resulting 
matrix is no longer sparse and Storing a large generator 
matrix can be complex. 
0037 Encoder 203 generates signals from alphabet Y to 
a modulator 205 using a simple encoding technique that 
makes use of only the parity check matrix by imposing 
Structure onto the parity check matrix. Specifically, a restric 
tion is placed on the parity check matrix by constraining 
certain portion of the matrix to be triangular. The construc 
tion of Such a parity check matrix is described more fully 
below in FIG. 6. Such a restriction results in negligible 
performance loSS, and therefore, constitutes an attractive 
trade-off. 

0.038 Modulator 205 maps the encoded messages from 
encoder 203 to signal waveforms that are transmitted to a 
transmit antenna 207, which emits these waveforms over the 
communication channel 103. Accordingly, the encoded mes 
sages are modulated and distributed to a transmit antenna 
207. The transmissions from the transmit antenna 207 propa 
gate to a receiver, as discussed below. 
0.039 FIG. 3 is a diagram of an exemplary receiver in the 
system of FIG. 1. At the receiving side, a receiver 300 
includes a demodulator 301 that performs demodulation of 
received signals from transmitter 200. These signals are 
received at a receive antenna 303 for demodulation. After 
demodulation, the received signals are forwarded to a 
decoder 305, which attempts to reconstruct the original 
Source messages by generating messages, X, in conjunction 
with a bit metric generator 307. With non-Gray mapping, the 
bit metric generator 307 exchanges probability information 
with the decoder 305 back and forth (iteratively) during the 
decoding process, which is detailed in FIG. 10. Alterna 
tively, if Gray mapping is used (according to one embodi 
ment of the present invention), one pass of the bit metric 
generator is Sufficient, in which further attempts of bit metric 
generation after each LDPC decoder iteration are likely to 
yield limited performance improvement; this approach is 
more fully described with respect to FIG. 11. To appreciate 
the advantages offered by the present invention, it is instruc 
tive to examine how LDPC codes are generated, as dis 
cussed in FIG. 4. 

0040 FIG. 4 is a diagram of a sparse parity check matrix, 
in accordance with an embodiment of the present invention. 
LDPC codes are long, linear block codes with sparse parity 
check matrix Hen. Typically the block length, n, ranges 
from thousands to tens of thousands of bits. For example, a 
parity check matrix for an LDPC code of length n=8 and rate 
% is shown in FIG. 4. The same code can be equivalently 
represented by the bipartite graph, per FIG. 5. 
0041 FIG. 5 is a diagram of a bipartite graph of an LDPC 
code of the matrix of FIG. 4. Parity check equations imply 
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that for each check node, the sum (over GF (Galois 
Field)(2)) of all adjacent bit nodes is equal to Zero. AS Seen 
in the figure, bit nodes occupy the left Side of the graph and 
are associated with one or more check nodes, according to 
a predetermined relationship. For example, corresponding to 
check node m, the following expression exists n+n+n+ 
ns=0 with respect to the bit nodes. 
0042. Returning the receiver 303, the LDPC decoder 305 
is considered a message passing decoder, whereby the 
decoder 305 aims to find the values of bit nodes. To 
accomplish this task, bit nodes and check nodes iteratively 
communicate with each other. The nature of this communi 
cation is described below. 

0043. From check nodes to bit nodes, each check node 
provides to an adjacent bit node an estimate (“opinion') 
regarding the value of that bit node based on the information 
coming from other adjacent bit nodes. For instance, in the 
above example if the Sum of n, ns and ns "looks like' 0 to 
m, then m would indicate to n, that the value of n, is 
believed to be 0 (since n+n+ns+ns=0); otherwise m 
indicate to n that the value of n is believed to be 1. 
Additionally, for Soft decision decoding, a reliability mea 
Sure is added. 

0044) From bit nodes to check nodes, each bit node relays 
to an adjacent check node an estimate about its own value 
based on the feedback coming from its other adjacent check 
nodes. In the above example n has only two adjacent check 
nodes m and m. If the feedback coming from m to n, 
indicates that the value of n is probably 0, then n would 
notify m that an estimate of nS own value is 0. For the case 
in which the bit node has more than two adjacent check 
nodes, the bit node performs a majority vote (Soft decision) 
on the feedback coming from its other adjacent check nodes 
before reporting that decision to the check node it commu 
nicates. The above process is repeated until all bit nodes are 
considered to be correct (i.e., all parity check equations are 
Satisfied) or until a predetermined maximum number of 
iterations is reached, whereby a decoding failure is declared. 
004.5 FIG. 6 is a diagram of a sub-matrix of a sparse 
parity check matrix, wherein the Sub-matrix contains parity 
check values restricted to the lower triangular region, 
according to an embodiment of the present invention. AS 
described previously, the encoder 203 (of FIG. 2) can 
employ a simple encoding technique by restricting the 
values of the lower triangular area of the parity check 
matrix. According to an embodiment of the present inven 
tion, the restriction imposed on the parity check matrix is of 
the form: 

0047 Any information block i=(ii, . . . , i.) is 
encoded to a codeword c=(ioi1,i-1 pop1, ... p. 1) using 
Hc"=0, and recursively solving for parity bits; for example, 

where B is lower triangular. 

aoio+aoui + . . . +aok 1 is 1+po-09 Solve po 
a 1oio+a11 it ... +a1k-ik-1+biopot-p1=0 FP Solve p1 

0048) 
0049 FIG. 7 is a graph showing performance between 
codes utilizing unrestricted parity check matrix (H matrix) 
versus restricted H matrix of FIG. 6. The graph shows the 
performance comparison between two LDPC codes: one 

and similarly for p2, p.s., . . . p-1. 
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with a general parity check matrix and the other with a parity 
check matrix restricted to be lower triangular to Simplify 
encoding. The modulation Scheme, for this simulation, is 
8-PSK. The performance loss is within 0.1 dB. Therefore, 
the performance loSS is negligible based on the restriction of 
the lower triangular H matrices, while the gain in Simplicity 
of the encoding technique is significant. Accordingly, any 
parity check matrix that is equivalent to a lower triangular or 
upper triangular under row and/or column permutation can 
be utilized for the same purpose. 
0050 FIGS. 8A and 8B are, respectively, a diagram of a 
non-Gray 8-PSK modulation scheme, and a Gray 8-PSK 
modulation, each of which can be used in the system of FIG. 
1. The non-Gray 8-PSK scheme of FIG. 8A can be utilized 
in the receiver of FIG. 3 to provide a system that requires 
very low Frame Erasure Rate (FER). This requirement can 
also be satisfied by using a Gray 8-PSK Scheme, as shown 
in FIG. 8B, in conjunction with an outer code, such as Bose, 
Chaudhuri, and Hocquenghem (BCH), Hamming, or Reed 
Solomon (RS) code. 
0051) Alternatively, the Gray 8-PSK scheme of FIG. 8B 
can be implemented with an outer code. Under this Scheme, 
there is no need to iterate between the LDPC decoder 305 
(FIG. 3) and the bit metric generator 307, which may 
employ 8-PSK modulation. In the absence of an outer code, 
the LDPC decoder 305 using Gray labeling exhibit an earlier 
error floor, as shown in FIG. 9 below. 

0.052 FIG. 9 is a graph showing performance between 
codes utilizing Gray labeling versus non-Gray labeling of 
FIGS. 8A and 8B. The error floor stems from the fact that 
assuming correct feedback from LDPC decoder 305, regen 
eration of 8-PSK bit metrics is more accurate with non-Gray 
labeling since the two 8-PSK symbols with known two bits 
are further apart with non-Gray labeling. This can be equiva 
lently Seen as operating at higher Signal-to-Noise Ratio 
(SNR). Therefore, even though error asymptotes of the same 
LDPC code using Gray or non-Gray labeling have the same 
slope (i.e., parallel to each other), the one with non-Gray 
labeling passes through lower FER at any SNR. 

0053) On the other hand, for systems that do not require 
very low FER, Gray labeling without any iteration between 
LDPC decoder 305 and 8-PSKbit metric generator 307 may 
be more suitable because re-generating 8-PSK bit metrics 
before every LDPC decoder iteration causes additional 
complexity. Moreover, when Gray labeling is used, re 
generating 8-PSK bit metrics before every LDPC decoder 
iteration yields only very slight performance improvement. 
AS mentioned previously, Gray labeling without iteration 
may be used for systems that require very low FER, pro 
Vided an outer code is implemented. 
0.054 The choice between Gray labeling and non-Gray 
labeling depends also on the characteristics of the LDPC 
code. Typically, the higher bit or check node degrees, the 
better it is for Gray labeling, because for higher node 
degrees, the initial feedback from LDPC decoder 305 to 
8-PSK (or similar higher order modulation) bit metric gen 
erator 307 deteriorates more with non-Gray labeling. 

0055 When 8-PSK (or similar higher order) modulation 
is utilized with a binary decoder, it is recognized that the 
three (or more) bits of a symbol are not received “equally 
noisy”. For example with Gray 8-PSK labeling, the third bit 
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of a Symbol is considered more noisy to the decoder than the 
other two bits. Therefore, the LDPC code design does not 
assign a Small number of edges to those bit nodes repre 
sented by “more noisy' third bits of 8-PSK symbol so that 
those bits are not penalized twice. 
0056 FIG. 10 is a flow chart of the operation of the 
LDPC decoder using non-Gray mapping, according to an 
embodiment of the present invention. Under this approach, 
the LDPC decoder and bit metric generator iterate one after 
the other. In this example, 8-PSK modulation is utilized; 
however, the Same principles apply to other higher modu 
lation Schemes as well. Under this Scenario, it is assumed 
that the demodulator 301 outputs a distance vector, d, 
denoting the distances between received noisy Symbol 
points and 8-PSK symbol points to the bit metric generator 
307, whereby the vector components are as follows: 

E. ... 2 . Y2 l ;- d = - {(r. - Sir) + (ry - Siy)} i = 0, 1,...7. No 

0057 The 8-PSK bit metric generator 307 communicates 
with the LDPC decoder 305 to exchange a priori probability 
information and a posteriori probability information, which 
respectively are represented as u, and a. That is, the vectors 
u and a respectively represent a priori and a posteriori 
probabilities of log likelihood ratios of coded bits. 
0.058. The 8-PSK bit metric generator 307 generates the 
a priori likelihood ratios for each group of three bits as 
follows. First, extrinsic information on coded bits is 
obtained: 

0059) Next, 8-PSK symbol probabilities, p, i=0,1,...,7, 
are determined. 

0060) * y=-f(0,e) j=0,1,2 where f(a,b)=max(a,b)+ 
LUT (a,b) with LUT1=e) 

0061 Next, the bit metric generator 307 determines a 
priori log likelihood ratios of the coded bits as input to 
LDPC decoder 305, as follows: 

0062. It is noted that the function f(...) with more than two 
variables can be evaluated recursively; e.g. f(a,b,c)=f(f(a, 
b),c). 
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0063) The operation of the LDPC decoder 305 utilizing 
non-Gray mapping is now described. In step 1001, the 
LDPC decoder 305 initializes log likelihood ratios of coded 
bits, V, before the first iteration according to the following 
(and as shown in FIG. 12A): V =u, n=0,1,...,N-1, 
i=1,2,..., deg(bit node n) Here, v, - denotes the message 
that goes from bit node n to its adjacent check node ki, u, 
denotes the demodulator output for the bit n and N is the 
codeword size. 

0064. In step 1003, a check node, k, is updated, whereby 
the input v yields the output w. As seen in FIG. 12B, the 
incoming messages to the check node k from its d adjacent 
bit nodes are denoted by V, V, -k, . . . , V-k. The goal 1. 2 de 

is to compute the outgoing messages from the check node k 
back to d adjacent bit nodes. These messages are denoted by 
Wk-n-Wik -n, - - - Wk->ns where Wing(V, -kV, k, • • • 9 

, v, k). The function g( 5 is defined as 

0065 where LUT-1+e")-ln(1+e). Similar 
to function f, function g with more than two variables can 
be evaluated recursively. 

0066) Next, the decoder 305, per step 1205, outputs a 
posteriori probability information (FIG. 12C), such that: 

a, = u + X w. 
i 

0067 Per step 1007, it is determined whether all the 
parity check equations are Satisfied. If these parity check 
equations are not satisfied, then the decoder 305, as in Step 
1009, re-derives 8-PSK bit metrics and channel input ul. 
Next, the bit node is updated, as in step 1011. As shown in 
FIG. 13C, the incoming messages to the bit node n from its 
d adjacent check nodes are denoted by Wi-n, Wen, . . . . 
wen The outgoing messages from the bit node n are 
computed back to d adjacent check nodes; Such messages 
are denoted by V w , V, -, and computed as 
follows: 

V, k = u + y wk-n 
iti 

0068. In step 1013, the decoder 305 outputs the hard 
decision (in the case that all parity check equations are 
Satisfied): 

0, a > 0 T 
?n = Stop if Ha' = 0 

1, a < 0 

0069. The above approach is appropriate when non-Gray 
labeling is utilized. However, when Gray labeling is imple 
mented, the process of FIG. 11 is executed. 
0070 FIG. 11 is a flow chart of the operation of the 
LDPC decoder of FIG. 3 using Gray mapping, according to 
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an embodiment of the present invention. When Gray label 
ing is used, bit metrics are advantageously generated only 
once before the LDPC decoder, as re-generating bit metrics 
after every LDPC decoder iteration may yield nominal 
performance improvement. As with steps 1001 and 1003 of 
FIG. 10, initialization of the log likelihood ratios of coded 
bits, V, are performed, and the check node is updated, per 
steps 1101 and 1103. Next, the bit node n is updated, as in 
step 1105. Thereafter, the decoder outputs the a posteriori 
probability information (step 1107). In step 1109, a deter 
mination is made whether all of the parity check equations 
are Satisfied; if So, the decoder outputs the hard decision 
(step 1111). Otherwise, steps 1103-1107 are repeated. 
0071 FIGS. 13 A-13C are graphs showing simulation 
results of LDPC codes generated in accordance with various 
embodiments of the present invention. In particular, FIGS. 
13A-13C show the performance of LDPC codes with higher 
order modulation and code rates of 3/4 (QPSK, 1.485 
bits/symbol), 2/3 (8-PSK, 1.980 bits/symbol), and 5/6 
(8-PSK, 2.474 bits/symbol). 
0072. Two general approaches exist to realize the inter 
connections between check nodes and bit nodes: (1) a fully 
parallel approach, and (2) a partially parallel approach. In 
fully parallel architecture, all of the nodes and their inter 
connections are physically implemented. The advantage of 
this architecture is Speed. 
0073. The fully parallel architecture, however, may 
involve greater complexity in realizing all of the nodes and 
their connections. Therefore with fully parallel architecture, 
a Smaller block size may be required to reduce the com 
plexity. In that case, for the same clock frequency, a pro 
portional reduction in throughput and Some degradation in 
FER versus Es/No performance may result. 
0074 The second approach to implementing LDPC 
codes is to physically realize only a Subset of the total 
number of the nodes and use only these limited number of 
“physical” nodes to process all of the “functional' nodes of 
the code. Even though the LDPC decoder operations can be 
made extremely simple and can be performed in parallel, the 
further challenge in the design is how the communication is 
established between “randomly’ distributed bit nodes and 
check nodes. The decoder 305, of FIG. 3, according to one 
embodiment of the present invention, addresses this problem 
by accessing memory in a structured way, as to realize a 
Seemingly random code. This approach is explained with 
respect to FIGS. 14A and 14B. 
0075 FIGS. 14A and 14B are diagrams of the top edge 
and bottom edge, respectively, of memory organized to 
Support Structured access as to realize randomneSS in LDPC 
coding, according to an embodiment of the present inven 
tion. Structured access can be achieved without compromis 
ing the performance of a truly random code by focusing on 
the generation of the parity check matrix. In general, a parity 
check matrix can be specified by the connections of the 
check nodes with the bit nodes. For example, the bit nodes 
are divided into groups of 392 (392 is provided for the 
purposes of illustration). Additionally, assuming the check 
nodes connected to the first bit node of degree 3, for 
instance, are numbered as a, b and c, then the check nodes 
connected to the Second bit node are numbered as a+p, b+p 
and c-p, the check nodes connected to the third bit node are 
numbered as a+2p, b+2p and c--2p etc. For the next group of 
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392 bit nodes, the check nodes connected to the first bit node 
are different from a, b, c So that with a Suitable choice of p, 
all the check nodes have the same degree. A random Search 
is performed over the free constants Such that the resulting 
LDPC code is cycle-4 and cycle-6 free. 

0.076 The above arrangement facilitates memory access 
during check node and bit node processing. The values of the 
edges in the bipartite graph can be stored in a Storage 
medium, Such as random access memory (RAM). It is noted 
that for a truly random LDPC code during check node and 
bit node processing, the values of the edges would need to 
be accessed one by one in a random fashion. However, Such 
an access Scheme would be too slow for a high data rate 
application. The RAM of FIGS. 14A and 14B are organized 
in a manner, whereby a large group of relevant edges in one 
clock cycle; accordingly, these values are placed "together' 
in memory. It is observed that, in actuality, even with a truly 
random code, for a group of check nodes (and respectively 
bit nodes), the relevant edges can be placed next to one 
another in RAM, but then the relevant edges adjacent to a 
group of bit nodes (respectively check nodes) will be 
randomly scattered in RAM. Therefore, the “togetherness,” 
under the present invention, Stems from the design of the 
parity check matrices themselves. That is, the check matrix 
design ensures that the relevant edges for a group of bit 
nodes and check nodes are Simultaneously placed together in 
RAM. 

0.077 As seen in FIGS. 14A and 14B, each box contains 
the value of an edge, which is multiple bits (e.g., 6). Edge 
RAM, according to one embodiment of the present inven 
tion, is divided into two parts: top edge RAM (FIG. 14A) 
and bottom edge RAM (FIG. 14B). Bottom edge RAM 
contains the edges between bit nodes of degree 2, for 
example, and check nodes. Top edge RAM contains the 
edges between bit nodes of degree greater than 2 and check 
nodes. Therefore, for every check node, 2 adjacent edges are 
stored in the bottom RAM, and the rest of the edges are 
stored in the top edge RAM. 

0078 Continuing with the above example, a group of 392 
bit nodes and 392 check nodes are Selected for processing at 
a time. For 392 check node processing, q consecutive rows 
are accessed from the top edge RAM, and 2 consecutive 
rows from the bottom edge RAM. In this instance, q+2 is the 
degree of each check node. For bit node processing, if the 
group of 392 bit nodes has degree 2, their edges are located 
in 2 consecutive rows of the bottom edge RAM. If the bit 
nodes have degree did2, their edges are located in Some d 
rows of the top edge RAM. The address of these drows can 
be stored in non-volatile memory, Such as Read-Only 
Memory (ROM). The edges in one of the rows correspond 
to the first edges of 392 bit nodes, the edges in another row 
correspond to the Second edges of 392 bit nodes, etc. 
Moreover for each row, the column index of the edge that 
belongs to the first bit node in the group of 392 can also be 
stored in ROM. The edges that correspond to the second, 
third, etc. bit nodes follow the Starting column indeX in a 
“wrapped around” fashion. For example, if the "edge in the 
row belongs to the first bit node, then the (i+1)st edge 
belongs to the Second bit node, (i+2)nd edge belongs to the 
third bit node,..., and (i-1)st edge belongs to the 392" bit 
node. 
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0079. With the above organization (shown in FIGS. 14A 
and 14B), Speed of memory access is greatly enhanced 
during LDPC coding. 

0080 FIG. 15 illustrates a computer system 1500 upon 
which an embodiment according to the present invention can 
be implemented. The computer system 1500 includes a bus 
1501 or other communication mechanism for communicat 
ing information, and a processor 1503 coupled to the bus 
1501 for processing information. The computer system 1500 
also includes main memory 1505, Such as a random access 
memory (RAM) or other dynamic Storage device, coupled to 
the bus 1501 for storing information and instructions to be 
executed by the processor 1503. Main memory 1505 can 
also be used for Storing temporary variables or other inter 
mediate information during execution of instructions to be 
executed by the processor 1503. The computer system 1500 
further includes a read only memory (ROM) 1507 or other 
static storage device coupled to the bus 1501 for storing 
static information and instructions for the processor 1503. A 
Storage device 1509, Such as a magnetic disk or optical disk, 
is additionally coupled to the bus 1501 for storing informa 
tion and instructions. 

0081. The computer system 1500 may be coupled via the 
bus 1501 to a display 1511, such as a cathode ray tube 
(CRT), liquid crystal display, active matrix display, or 
plasma display, for displaying information to a computer 
user. An input device 1513, Such as a keyboard including 
alphanumeric and other keys, is coupled to the bus 1501 for 
communicating information and command Selections to the 
processor 1503. Another type of user input device is cursor 
control 1515, Such as a mouse, a trackball, or cursor direc 
tion keys for communicating direction information and 
command selections to the processor 1503 and for control 
ling cursor movement on the display 1511. 

0082) According to one embodiment of the invention, 
generation of LDPC codes is provided by the computer 
system 1500 in response to the processor 1503 executing an 
arrangement of instructions contained in main memory 
1505. Such instructions can be read into main memory 1505 
from another computer-readable medium, Such as the Stor 
age device 1509. Execution of the arrangement of instruc 
tions contained in main memory 1505 causes the processor 
1503 to perform the process steps described herein. One or 
more processors in a multi-processing arrangement may also 
be employed to execute the instructions contained in main 
memory 1505. In alternative embodiments, hard-wired cir 
cuitry may be used in place of or in combination with 
Software instructions to implement the embodiment of the 
present invention. Thus, embodiments of the present inven 
tion are not limited to any Specific combination of hardware 
circuitry and Software. 

0083) The computer system 1500 also includes a com 
munication interface 1517 coupled to bus 1501. The com 
munication interface 1517 provides a two-way data com 
munication coupling to a network link 1519 connected to a 
local network 1521. For example, the communication inter 
face 1517 may be a digital subscriber line (DSL) card or 
modem, an integrated Services digital network (ISDN) card, 
a cable modem, or a telephone modem to provide a data 
communication connection to a corresponding type of tele 
phone line. AS another example, communication interface 
1517 may be a local area network (LAN) card (e.g. for 
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EthernetTM or an Asynchronous Transfer Model (ATM) 
network) to provide a data communication connection to a 
compatible LAN. Wireless links can also be implemented. In 
any Such implementation, communication interface 1517 
Sends and receives electrical, electromagnetic, or optical 
Signals that carry digital data Streams representing various 
types of information. Further, the communication interface 
1517 can include peripheral interface devices, Such as a 
Universal Serial Bus (USB) interface, a PCMCIA (Personal 
Computer Memory Card International ASSociation) inter 
face, etc. 

0084. The network link 1519 typically provides data 
communication through one or more networks to other data 
devices. For example, the network link 1519 may provide a 
connection through local network 1521 to a host computer 
1523, which has connectivity to a network 1525 (e.g. a wide 
area network (WAN) or the global packet data communica 
tion network now commonly referred to as the “Internet”) or 
to data equipment operated by Service provider. The local 
network 1521 and network 1525 both use electrical, elec 
tromagnetic, or optical Signals to convey information and 
instructions. The Signals through the various networks and 
the signals on network link 1519 and through communica 
tion interface 1517, which communicate digital data with 
computer system 1500, are exemplary forms of carrier 
waves bearing the information and instructions. 
0085. The computer system 1500 can send messages and 
receive data, including program code, through the net 
work(s), network link 1519, and communication interface 
1517. In the Internet example, a server (not shown) might 
transmit requested code belonging to an application program 
for implementing an embodiment of the present invention 
through the network 1525, local network 1521 and commu 
nication interface 1517. The processor 1503 may execute the 
transmitted code while being received and/or Store the code 
in storage device 159, or other non-volatile storage for later 
execution. In this manner, computer system 1500 may obtain 
application code in the form of a carrier wave. 

0.086 The term “computer-readable medium' as used 
herein refers to any medium that participates in providing 
instructions to the processor 1503 for execution. Such a 
medium may take many forms, including but not limited to 
non-volatile media, Volatile media, and transmission media. 
Non-volatile media include, for example, optical or mag 
netic disks, such as storage device 1509. Volatile media 
include dynamic memory, such as main memory 1505. 
Transmission media include coaxial cables, copper wire and 
fiber optics, including the wires that comprise bus 1501. 
Transmission media can also take the form of acoustic, 
optical, or electromagnetic waves, Such as those generated 
during radio frequency (RF) and infrared (IR) data commu 
nications. Common forms of computer-readable media 
include, for example, a floppy disk, a flexible disk, hard disk, 
magnetic tape, any other magnetic medium, a CD-ROM, 
CDRW, DVD, any other optical medium, punch cards, paper 
tape, optical mark sheets, any other physical medium with 
patterns of holes or other optically recognizable indicia, a 
RAM, a PROM, and EPROM, a FLASH-EPROM, any other 
memory chip or cartridge, a carrier wave, or any other 
medium from which a computer can read. 
0.087 Various forms of computer-readable media may be 
involved in providing instructions to a processor for execu 
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tion. For example, the instructions for carrying out at least 
part of the present invention may initially be borne on a 
magnetic disk of a remote computer. In Such a Scenario, the 
remote computer loads the instructions into main memory 
and Sends the instructions over a telephone line using a 
modem. A modem of a local computer System receives the 
data on the telephone line and uses an infrared transmitter to 
convert the data to an infrared signal and transmit the 
infrared signal to a portable computing device, Such as a 
personal digital assistance (PDA) and a laptop. An infrared 
detector on the portable computing device receives the 
information and instructions borne by the infrared signal and 
places the data on a bus. The bus conveys the data to main 
memory, from which a processor retrieves and executes the 
instructions. The instructions received by main memory may 
optionally be Stored on Storage device either before or after 
execution by processor. 
0088 Accordingly, the various embodiments of the 
present invention provide an approach for generating Struc 
tured Low Density Parity Check (LDPC) codes, as to 
simplify the encoder and decoder. Structure of the LDPC 
codes is provided by restricting the parity check matrix to be 
lower triangular. Also, the approach can advantageously 
exploit the unequal error protecting capability of LDPC 
codes on transmitted bits to provide extra error protection to 
more vulnerable bits of high order modulation constellations 
(such as 8-PSK (Phase Shift Keying)). Additionally, the 
parity check matrix can be algorithmically generated using 
pre-stored constants and bitwise operations. Efficient decod 
ing of the LDPC can be achieved by storing information 
representing consecutive edges from the check nodes to the 
bit nodes of the parity check matrix in consecutive slots of 
memory. The above approach advantageously yields 
reduced complexity without Sacrificing performance. 
0089. While the present invention has been described in 
connection with a number of embodiments and implemen 
tations, the present invention is not So limited but covers 
various obvious modifications and equivalent arrangements, 
which fall within the purview of the appended claims. 
What is claimed is: 

1. A method for generating low density parity check 
(LDPC) codes, the method comprising: 

transforming a received input message into a LDPC 
codeword using only a parity check matrix of the 
LDPC codes without using a generator matrix of the 
LDPC codes; and 

outputting the LDPC codeword. 
2. A method according to claim 1, wherein a predeter 

mined triangular portion of the parity check matrix in the 
transforming Step has Zero values, the method further com 
prising: 

Storing values of the parity check matrix to facilitate 
generation of the parity bits associated with the LDPC 
codes. 

3. A method according to claim 1, wherein a predeter 
mined triangular portion of the parity check matrix in the 
transforming Step has Zero values after row or column 
permutation, the method further comprising: 

Storing values of the parity check matrix to facilitate 
generation of the parity bits associated with the LDPC 
codes. 
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4. A method according to claim 1, further comprising: 
modulating the LDPC code according to a modulation 
scheme including one of 8-PSK (Phase Shift Keying), 
16-QAM (Quadrature Amplitude Modulation), and 
QPSK (Quadrature Phase Shift Keying). 

5. A computer-readable medium bearing instructions for 
generating linear block codes, Said instruction, being 
arranged, upon execution, to cause one or more processors 
to perform the method of claim 1. 

6. A method for Supporting encoding of linear block 
codes, the method comprising: 

mapping higher order Signal constellation bits to bit nodes 
of a parity check matrix corresponding to the linear 
block codes, 

wherein Vulnerable bits of the Signal constellation are 
mapped to the bit nodes with at least three edges. 

7. A method according to claims 6, wherein the Signal 
constellation includes one of 8-PSK (Phase Shift Keying), 
16-QAM (Quadrature Amplitude Modulation), and QPSK 
(Quadrature Phase Shift Keying). 

8. A computer-readable medium bearing instructions for 
generating linear block codes, Said instruction, being 
arranged, upon execution, to cause one or more processors 
to perform the method of claim 6. 

9. A method for Supporting encoding of linear block 
codes, the method comprising: 

mapping higher order Signal constellation bits to bit nodes 
of a parity check matrix corresponding to the linear 
block code, 

wherein Vulnerable bits of the Signal constellation are 
mapped to the bit nodes with number of edges no leSS 
than that of more reliable bits. 

10. A method according to claim 9, wherein the Signal 
constellation includes one of 8-PSK (Phase Shift Keying), 
16-QAM (Quadrature Amplitude Modulation), and QPSK 
(Quadrature Phase Shift Keying). 

11. A computer-readable medium bearing instructions for 
generating linear block codes, Said instruction, being 
arranged, upon execution, to cause one or more processors 
to perform the method of claim 9. 

12. A method for generating low density parity check 
(LDPC) codes, the method comprising: 

transforming a received input message into a LDPC 
codeword using only a parity check matrix of the 
LDPC codes without using a generator matrix of the 
LDPC codes; 

applying an Outer code to the LDPC codeword; and 
outputting the LDPC codeword with the applied outer 

code. 
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13. A method according to claim 12, wherein the outer 
code in the applying Step includes one of a Bose, Chaudhuri, 
and Hocquenghem (BCH) code, a Reed-Solomon (RS) code, 
and a Hamming code. 

14. A method for generating low density parity check 
(LDPC) code, the method comprising: 

placing contents of edges for a group of bit nodes next to 
one another in memory; and 

Simultaneously placing contents of edges for a group of 
check nodes next to one another in the memory. 

15. A method according to claim 14, further comprising: 
accessing the memory to retrieve edge values associated 

with a group of bit nodes or a group of check nodes in 
a single clock cycle. 

16. A computer-readable medium bearing instructions for 
generating linear block codes, Said instruction, being 
arranged, upon execution, to cause one or more processors 
to perform the method of claim 14. 

17. A System for generating low density parity check 
(LDPC) codes, the System comprising: 
means for transforming a received input message into a 
LDPC codeword using only a parity check matrix of 
the LDPC codes without using a generator matrix of the 
LDPC codes; and 

means for outputting the LDPC codeword. 
18. A System according to claim 17, wherein a predeter 

mined triangular portion of the parity check matrix has Zero 
values, the System further comprising: 
means for storing values of the parity check matrix to 

facilitate generation of the parity bits associated with 
the LDPC codes. 

19. A System according to claim 17, wherein a predeter 
mined triangular portion of the parity check matrix has Zero 
values after row or column permutation, the System further 
comprising: 
means for Storing values of the parity check matrix to 

facilitate generation of the parity bits associated with 
the LDPC codes. 

20. A System according to claim 17, further comprising: 
modulating the LDPC code according to a modulation 

scheme including one of 8-PSK (Phase Shift Keying), 
16-QAM (Quadrature Amplitude Modulation), and 
QPSK (Quadrature Phase Shift Keying). 

21. A method for processing low density parity check 
(LDPC) codes, the method comprising: 

decoding via a LDPC decoder received LDPC codes; and 
iteratively regenerating Signal constellation bit metrics 

into the LDPC decoder after every or several LDPC 
decoder iterations. 

k k k k k 


