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(57) Abstract: The present invention is directed toward a parity check encoder for low density parity check (LDPC) codes and to an
encoding method. In accordance with an embodiment, an encoder for error correction coding comprises: first hardware resources
configured to receive a message bits vector and to compute an intermediate parity bits vector from the message bits vector wherein
the intermediate parity bits vector is computed based on a sub-matrix of a parity check matrix corresponding to the message bits; and
second hardware resources contigured to compute a parity bits vector from the intermediate parity bits vector, wherein the second
hardware resources are configured to compute parity bits for multiple different codes, and wherein portions of the hardware re-
sources that are configured to compute the parity bits for a particular one of the codes are commonly shared with portions of the
hardware resources that are configured to compute the parity bits for another particular one of the codes. Thus, the same encoder
hardware can perform encoding for different block lengths and/or code rates using reduced storage and hardware complexity require -
ments.
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ENCODING OF LOW-DENSITY PARITY CHECK FOR DIFFERENT
LOW-DENSITY PARITY CHECK (LDPC) CODES
SHARING COMMON HARDWARE RESOURCES

Background of the Inventioh

[0001] The present invention relates to the field of error correction coding and
decodiﬁg. More particularly, the present invention relates to Low Density Parity Check
(LDPC) codes and to an LDPC encoder. |
[0002] The process of transmitting digital data can introduce errors into the data. Asa
result, the received data can be different from the transmitted data. Such errors are
typically caused by noise that is present in the transmission channel. The amount of
errors is generally related to the transmission signal strength in relation to the amount of
noise present. Error correction coding is a technique by which redundancy is inserted
into the data prior to transmission. Upon reception, this redundancy is used in an attempt
to correct errors that were introduced during the transmission process.
[0003] Block coding is a type of error correction coding in which the digital data to be
transmitted is broken into messages of fixed size. Prior to transmission, each message is
encoded into a codeword (also referred to as a "block") by an encoder. Redundancy,
referred to as parity data, is inserted during the encoding process so thaf the codewords
are made larger than the messages. Each codeword includes both message bits and parity
bits. Assume that the codewords each consist of » bits. Only certain patterns of n bits are
valid codewords; the remaining patterns are invalid. The codewords are then transmitted,
which may cause the codewords to become corrupted. Upon reception, a decoder
attempts to infer the original messages from the received, and pbssibly corrupted,
codewords. |
[0004] A generator matrix can be used during the encoding process to encode the
messages into valid codewords. Upon reception, a parity check matrix can be used
during the decoding pfocess to generate an error vector, where the error vector indicates
the presence of errors in the received codeword.
[0005] A linear block error correction code is one in which any linear combination of
valid codewords is also a Qalid codeword. Low Density Parity Check (LDPC) codes are
a subcategory of linear block error correction codes characterized by a sparse parity

check matrix. This means that the parity check matrix consists mainly of 0's and a
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relatively small number of 1's. LDPC codes were first introduced in the 1960's but have
more recéntly received increased attention. This is due at least in part to inherent
parallelism in decoding which makes LDPC codes suitable for hardware implementation
and due to flexibility in designing LDPC codes, which allows LDPC codes to be used in
a variety of applications. A number of telecommunications standards use a set of LDPC
codes having a variety of block lengths and code rates. The code rate can be defined as
the portion of non-redundant data contained in éach block.

[0006] The generator matrix for LDPC codes is generally not sparse. This means that
the encoding process for an LDPC code can have high complexity. In an effort to reduce
encoding coinplexity, some encoding schemes use the parity check matrix to éompute the
codewords during the encoding process. This is possible because the parity check matrix
is related to the generator matrix in that the parity check matrix for each particular LDPC
code can be derived from the generator matrix for that code. The parity check matrix can
be partitioned into sub-matrices. The parity bits for each codeword can be computed
from the message bits using the sub-matrices.

[0007] Some LDPC encoders employ backward substitution. This approach is used to
avoid inversion of the parity check sub-matrix in an effort to reduce complexity of the
encoding computations. However, parallelization of the backward substitution procedure
introduces high complexity. Also, to implement the backward substitution procedure for
LDPC codes having different of block lengths and code rates, at least the non-zero
elements for multiple sub-matrices need to be‘ stored (i.e. one per code length, per code
rate), which requires large memories. In addition to the storage requirements,

implementation of these procedures tends to require complex hardware.

Summary of the Invention

[0008] The present invention is directed toward a parity check encoder fovrblow density
error correction codes and to an encoding method. In accordance with an embodiment,
an encoder for error correction coding comprises: first hardware resources configured to
receive a message bits vector and to compute an intermediate parity bits vector from the
message bits vector wherein the intermediate parity bits vector is computed based on a

sub-matrix of a parity check matrix; and second hardware resources configured to
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compute a parity bits vector from the intermediate parity bits vector, wherein the second
hardware resources are configured to compute parity bits for multiple different codes, and
wherein portions of the hardware resources that are configured to compute the parity bits
for a particular one of the codes are commonly shared with portions of the hardware
resources that are configured to compute the parity bits for-another particular one of the
codes. ,

[0009] In accordance with a further embodiment, a method of encoding an error
correction code comprises: computing an intermediate parify bits vector from a message
bits vector using a sub-matrix of a parity check matrix; and computing a parity bits vector
from the intermediate parity bits vector using fixed hardware resources that are
configured to compute parity bits for multiple different codes and wherein portions of the
hardware resources that are configured to compute the parity bits for a particular one of
the codes are commonly shared with portions of the hardware resources that are

configured to compute the parity bits for another particular one of the codes.

Brief Description of the Drawings

[0010] The present invention is described with respect to particular exemplary
embodiments thereof and reference is accordingly made to the drawings in which:
[0011] Figure 1 illustrates a communication system in which embodiments of the
present invention can be implemented; ‘

[0012] Figure 2 illustrates a parity check encoder in accordance with an embodiment of
the present invention; |

[0013] Figure 3 illustrates partitionfng of a parity check matrix in accordance with an
embodiment of the present invention;

[0014] Figure 4 illustrates a method of combuting parity check bits in accordance with
an embodinient of the present invention;

[0015] Figure 5 illustrates the inverse of the transpose of a parity check sub-matrix for
a particular error correction code in accordance with an embodiment of the present

invention;
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[0016]  Figure 6 illustrates the inverse of the transpose of a parity check sub-matrix for
an alternative error correction code in accordance with an embodiment of the present
invention;

[0017] Figure 7 illustrates XOR hardware resources that are shared among different
error correction codes in accordance with an embodiment of the present invention;
[0018] Figure § illustrates an exemplary hardware implementation for generating the
intermediate parity bits vector in accordance with an embodiment of the present
invention; _
[0019] Figure 9 illustrates an exemplary hardware implementation for generating the
parity bits vector in accordance with an embodiment of the present invention;

[0020] Figure 10 illustrates exemplafy hardware implementations for generating a
parity bit for each of four error correction codes to which hardware resource sharing in
accordance with embodiments of the present invention can be applied;

[0021] Figure 11 illustrates an exemplary hardware implementation in which hardware
resources are shared among four different error correction codes in accordance with an
embodiment of the present invention; and

[0022] Figure 12 illustrates an exemplary hardware implementation in which hardware
resources are shared among different parity bits of different error correction codes in

accordance with an embodiment of the present invention.

Detailed Description of a Preferred Embodiment of the Invention

[0023] The present invention exploits particular features of a set of error correction
codes in order to reduce storage and hardware complexity requirements of an encoder.
Embodiments of the present invention allow the same encoder hardware to perform
encoding for different block lengths and code rates. Thus, hardware resources-of the
encoder can be shared among the different block lengths and code rates supported by the
encoder. Embodiments of the present invention are useful for encoding low density
parity check (LDPC) codes.r

[0024] Figure 1 illustrates a communication system 100 in which embodiments of the
present invention can be implemented. As shown in Figure 1, digital data 102 to be

transmitted is input to a transmitter 104. The transmitter 104 can include an encoder 106
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and a modulator 108. The encoder 106 performs error correction coding on the data, for
example, by breaking the data 102 into messages of fixed size and encoding the messages
into codewords. Redundancy, in the form of parity bits, is inserted during the encoding
process so that the codewords are made larger than the messages.

[0025] The modulator 108 can then prepare the codewords for transmission by
modulating one or more carrier signals in accordance with the codewords. As an
example, the modulation can be performed in accordance with orthogonal frequency

' diviéion multiplexing (OFDM). Each modulated and encoded signal can then be
transmitted via a communication channel 110. The channel 110 can be, for example, a
wireless communication channel which can be, for example, part of a wireless local area
network (WLAN). ‘

[0026] A receiver 112 receives the transmitted signal from the channel 110. The
receiver 112 can include a demodulator 114 and a decoder 116. The demodulator 114
demodulates the received signal to reconstruct the codewords. The codewords can then
be decoded by the decoder 116 in order to reconstruct the original data 102. While the
decoder 116 can correct certain errors introduced by the communication process, the data
118 output from the decoder 112 can differ from the original data 102 due to uncorrected
errors that remain. '

[0027] Figure 2 illustrates a parity check encoder 200 in accordance with an
embodiment of the present invention. The parity check encoder 200 can be included in
the encoder 106 of Figure 1. The parity check encoder 200 receives an information bits
vector s. The information bits vector s contains message bits. The parity check encodér
200 uses the message bits to produce a parity bits vector p. The parity bits vector p
contains parity bits that correspond to the message bits input to the encoder 200. The
encoder 106 of Figure 1 may perform functions that are in addition to that of the parity
check encoder 200. For example, the encoder 106 may perform padding in which bits are
added to the message bits prior to computing the parity check bits. The encoder 106 may
perform puncturing and repeating after computing the parity check bits. The padding,
puncturing and repeating can be, for example, perfdrmed in accordance with IEEE '.

802.11n/ac standards. Portions of the encoder 106, including the parity check encoder
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200, can be implemented in hardware using field programmable gate arrays (FPGAs),
application specific integrated circuits (ASICs) or other types of circuitry.
[0028] The parity bits of a codeword in accordance with LDPC encoding can be
defined by the following Equation (1): '
- | p=sHLGEDL

[0029] where s is the information bits vector, p is the parity bits vector, H T and HY are
the transposed H; and Hy, which are two sub-matrices of the parity check matrix H of the
code. |
[0030] Thus, the parity check matrix H can be partitioned into two sub-matrices H,
and H>, which are transposed to form the matrices H T and HI. Figure 3 illustrates
partitioning of a parity check matrix H into two sub-matrices H; and H in accordance
with an embodiment of the presént invention.
[0031] A two-step encoding algorithm can be used to implement Equation (1),
according to Equations (2) and (3): |

Py = s.H], @)

p=p.EDT, @)
[0032] -where p; is an intermediate parity bits vector and (H 73~1 is the inversion of
sub-matrix H3. ’
[0033] Figure 4 illustrates a method 400 of computing parity bits in accordance with an
embodiment of the present invention. The method 400 can be performed by the parity
check encoder 200 of Figure 2. In a step 402, an intermediate parity bits vector p; is
computed. The intermediate parity bits vector py can be computed in step 302 in
accordance with Equation (2) above. In a step 404, the parity bits vector p is computed.
The parity bits vector p can be computed in accordance with Equation (3) above.
[0034] The steps 402 and-404 comprise the multiplication of a row-vector by two
unique matrices. For the case of binary codes, the parity check matrices are binary also.
Therefore, Equations (2) and (3) can be implemented in a GF(2) (i.e. a Galois field of two
elements) and their computational complexity is proportional to the total number of ones

in both matrices H] and (HZ)™%. The sub-matrix H7 is sparse; while due to the inversion

operation, the inverted matrix (Hz) ™" is generally quite dense.
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[0035] For the case that H is Quasi-Cyclic (QC), composed of z x z circulant sub-
matrices and z x z zero sub-matrices, the resulted inverted matrix (H)tis also
co'mposed of z % z circulant sub-matrices and z x z zero sub-matrices; however, it is
denser than the HJ matrix. The density of H7 is low because it is a sub-matrix of H,
which is sparse. Therefore, the computation of Equation (3) is more involved than that of
Equation (2). _

[0036] In a system that supports several codes of different block lengths and/or
different code rates, the different codes can have common parts among the columns of
their parity check matrices. In this case, it has been found that the (H Y~ sub-matrices
can have common parts among their columns also. Particularly, in the case the following
two features are met by the structure of the parity check matrices, namely,

[0037] all of the parity check matrices are binary and QC, and
[0038] the H3 sub-matrices have dual-diagonal structure,

[0039] then it has been observed that the overlap among the columns of the (H7)™*
sub-matrices is proportional to the overlap among the corresponding H I sub-matrices.
Codes having these two features are referred to as supported codes.

[0040] Figure 5 illustrates a parity check sub-matrix for a particular LDPC error
correction code having a block length of 648 and a rate of 5/6. Figure 6 illustrates a
parity check sub-matrix for a second LDPC error correction code having a block length
of 648 and a rate of 1/2. Figures 5 and 6 show where the marked rows of the (H nt
sub-matrix for the ﬁirst code are encountered at the (H%) ™ sub-matrix of the second
code. _ | . .

[0041] Refefring again to Figure 4, step 402 can be implemented with hardware, such
as field programmable gate arrays (FPGAs), application specific integrated circuits '
(ASICs) or other types of circuitry that performs vector matrix multiplication.

[0042] Step 404 can bé implemented in hardware using XOR-gate trees. In this case,
the common parts among the (H3)™* sub-matrices of the supported codes correspond to
common parts among the trees of XOR gates that implement the encoding of these codes.
This is a sub-expressions problem and is exploited by the invention to share hardware
resources, resulting to reduction of the encoder hardware requirements. Therefore, step

404 is performed using shared XOR resources. Such XOR resources can be implemented

7
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as field programmable gate arrays (FPGAs), application specific integrated circuits
(ASICs) or other types of circuitry. _

[0043] Figure 7 illustrates XOR hardware resources 700 that are shared among
different error correction codes in accordance with an embodiment of the present
invention. The XOR hardware resources that generate each parity bit include an array of
XOR logic gates 702 and one or more multiplexers 704. As shown in Figure 7, the bits
from the intermediate parity bits vector pi, are applied to inputs of the array of XOR logic
gates 702. Outputs of the XOR logic gates 702 are coupled to inputs of a multiplexer
704. A select input to the multiplexer 704 controls which of the inputs of the multiplexer
704 is routed to the output of the multiplexer 704 to thereby form the corresponding
parity bit. The select input value corresponds to the particular one of the multiple codes
that the encoder is currently implementing.

[0044] | For purposes of illustration, the hardware resources 700 are shown in simplified
form for single parity bit. The particular arrangement of the XOR logic gates 702 and
multiplexers 704 will depend upon each of the block lengths and code rates to be
implemented by the encoder as well as the particular locations of the ones and zeros in
the parity check sub-matrices for each such code. Common sub-expression solving
techniques can be used to generate the particular arrangement of the hardware resources
700. The common sub-expression solving techniques can be performed using the
corresponding (H3)™ sub-matrices of the supported codes. Once the particular
arrangement of the hardware resources is determined, the arrangement can be fixed.

Only the parity values applied as inputs and the select inputs to the multiplexers need to
be changed so that the hardware resources are capable of encoding a different code
having a different block length and/or a different rate.

[0045] The common parts of the columns of the XOR trees that implement Equation
(3), for the case of multiple supported codes by a communication system, are commonly
shared during encoding each of these codes, resulting in an overall reduction of the
encoder hardware requirements. This contributes to non-negligible decrease of the
complexity and area of the encoder architecture. Specifically, embodiments of the

present invention may support encoding in accordance with IEEE standard 802.11, and
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thus the multiple supported codes may include LDPC codes with block lengths selected
from 648, 1296, and 1944 bits and with code rates selected from 1/2,2/3, 3/4 and 5/6.

[0046] As an illustrative example, assume the case of a code wherein the parity check

10 110
0 1 0 1 1.

i1 0 1 0 0 1
[0047] Matrix His partitioned into two sub-matrices H = '[HilH 2], where

matrix is

Ll )

1 0 1 1 1 0
Hy=}0 1 1|andH,= |0 1 1].
1 0 1 0 0 1
[0048] Since the transposed H is
1 0 1
BHi=lo 1 0
1 1 1

the elements of the intermediate parity vector p; = [p1(1) 24 (2) »,(3)] (given by
Equation (2)) are computed by the following expressions

p(1) = 5, @53,

p1(2) = 5, @55,

p1(3) = 5,53,

‘where s = [5; 5, 53] is the message vector and & denotes the exclusive or (XOR)
operation. |
[0049] A possible hardware implementation of the above equations is depicted in
Figure 8 and is obtained by mapping each XOR operation to a two-input XOR gate.
Thus, Figure 8 illustrates an exemplary hardware implementation for generating the
intermediate parity bits vector p;. It will be apparent that further logic-level
optimizations are possible.
[0050] Returning to the foregoing example, we show how Equation (3) can be
implemented in hardware. Initially, the transposed H; is inverted in the Galois field
GF(2) to give
1 0 0
(HD = [1 1 o]

1 1 1
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* and subsequently the row-vector by matrix product of Equation (3) is evaluated to give
the elements of the parity vector »

p(1) = p(1) ®P,(2) ® 7, (3),

p(2) = p,(2) ®p:(3),

p(3) = p,(3).
[0051] The corresponding hardware implementation is depicted in Figure 9. Thus,
Figure 9 illustrates an exemplary hardware implementation for generating the parity bits
vector in accordance with Equation (3).
[0052] As an example of resource sharing, consider an architecture that supports four

codes, namely A, B, C and D. Let the first parity bit »,(1), j = 4, B, C, D of each code be

computed according to
Cpa(D) = (D B py(2),
25 (1) = 2,(1) @ p1(2) B, (3),
pe(D=p, () ®p,(2)Bp,3) w0, (1) B 1, (5),
2p(1) = 2, (1) B p, (2) 1, (3) 11 (5) B p:(6) Bpy(7) .
[0053] In this example, the first column of each of the inverted transposed parity check

sub-matrices, corresponding to each code can be

-1-

_1‘ 1

1 1
D= g EF®=|0
0 0

Lo g

‘1- .-1-

1 1

] 1 . 1
HDAM = 1] EDY=|o
1 1

0 1

1o SCA

where common rows can be identified as described herein. Using the design method
described herein, four circuits, one for each code, are obtained and shown in Figure 10.
Figure 10 illustrates exemplary hardware implementations for generating a parity bit as in

Equation (3) for each of four different error correction codes.

10



WO 2015/039759 _ PCT/EP2014/002544

[0054] The hardware implementation of Figure 10 requires twelve (12) XOR gates.
The present invention reduces hardware by reusing partial results. We initially identify
common sub-expressions in the equations that derive the parity bit values. In this |
example, we notice that the value of p, (1) can be reused per se in the computation of
pg (1) allowing us to write |

pa()= 14 (1) ® p,(2),

pp (1) = pa (D @ p,(3).
[0055] Furthermore by defining g = p5 (1) & p,(5) the comp‘utation of p- (1) and
pp (1) is written as

pc(1)= g @p(4),

Pp(1) = g @1, (6) ®ps(7),
where p (n) denotes the n-th parity bit for the case of code X.
[0056] A possible hardware implementation of the modified equations that use
common subexpression sharing is depicted in Figure 11. In this example it can be seen
that only six (6) two-input XOR gates are required, compared to the twelve (12) gates
required in Figure 10. Thus, Figure 11 illustrates an exemplary hardware implementation
in which hardware resources are shared among four different error correction codes. The
circuit of Figure 11 can produce a parity bit for a code of choice at each instance.
[0057] In the examples above, the parity bits are generated by separate XOR trees. In
some embodiments, the XOR gates may also be shared among different parity bits. It is
possible to share XOR gatés among different trees that compute parity bits for the same
or a different supported code, as illustrated in the following example.

[0058] Let the third parity bit for code B be pg (3) and the sixth parity bit for code C be

P (6). Furthermore, assume that the particular parity bits are computed as

p5(3) =p,(1) ® p4(3) and

pc(6)=p; (1)@ py(3) ®p,(6) = s (3) @ . (6).
[0059] Notice that the first expression above is reused in the second expression.
Figure 12 indicates the corresponding hardware portion sharing. More particularly,
Figure 12 illustrates an exemplary hardware implementation in which hardware resources

are shared among different parity bits of different error correction codes. '

8
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[0060] In case that hardware is shared among XOR trees for different patity bits and/or
codes correspondmg logic is required to select the approprlate output b1t for each case, as
shown in Flgure 12. In case the codes are of dlfferent length some selectxon logic can be
 omitted. Thus, in the example above, if code B has only three parmes “the selection logic

for the sixth parlty bit can be omitted.

[0061] The foregoing detailed description of the present mventlon is provxded for the
purpose of illustration and i is not mtended to be exhaustive or to 11m1t the invention to the

embodiments disclosed. Accordingly, the scope of the present mventlon is defined by the

appended claims.

12
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Claims

What is claimed is:

1. A method of encoding an error correction code, comprising steps of:

| computing an intermediate parity bits vector from a message bits vector using a
sub-matrix of a parity check fnatrix; and

computing a parity bits vector from the intermediate parity bits vector using fixed

hardware resources that are configured to compute parity bits for multiple different cédes
and wherein portions of the hardware resources that are configured to compute the parity
bits for a particular one of the codes are commonly shared with portions of the hardware
resources that are configured to compute the parity bits for another particular one of the

codes.

2. The method according to claim 1, further comprising determining an arrangement

for the hardware resources using common sub-expression solving techniques.

3. The method according to claim 1, wherein the parity check matrix is partitioned

and transposed to form the sub-matrix.

4, The method according to claim 1, wherein the sub-matrix used for said computing
the intermediate parity bits vector comprises a first sub-matrix of the parity check matrix
and wherein the common sub-expression solving techniques are performed using an

inversion of a second sub-matrix of the parity check matrix.

5. The method according to claim 1, wherein the parity check matrix is partitioned

and transposed to form the second sub-matrix.

6. The method according to claim 1, wherein hardware resources are shared among

different parity bits of different error correction codes.

13
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7. The method according to claim 1, wherein the hardware resources comprise an
array of logic XOR gates. ‘
- 8. The method according to claim 7, wherein the commonly shared portions of the

hardware resources comprise commonly shared XOR logic gates.

0. The method according to claim 7, wherein the hardware resources comprise

multip.lexers, one for each of the parity bits of the parity bits vector.

10.  The method according to claim 1, wherein the multiple different codes differ in at

least their block lengths or code rates.

11.  The method according to claim 1, generating a codeword in accordance with an

error correction code from the parity bits vector and the message bits vector.

12.  The method according to claim 11, wherein the error correction code is a low

density parity check (LDPC) code.

13.  An encoder for error correction coding, comprising:

first hardware resources configured to receive a message bits vector and to
compute an intermediate parity bits vector from the message bits vector wherein the
intermediate parity bits vector is computed based on a sub-matrix of a parity check
matrix; and

second hardware resburces configured to compute a parity bits vector from the
intermediate parity bits vector, wherein the second hardware resources are configured to
compute parity bits for multiple different codes and wherein portions of the hardware
resources that are configured to compute the parity bits for a pdrticular one of the codes
are commonly shared with portions of the hardware resources that are configured to

compute the parity bits for another particular one of the codes.

14
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14.  The encoder according to claim 13, wherein an arrangement for the hardware

resources is determined from a common sub-expression solution.

15.  The encoder according to claim 13, wherein the parity check matrix is partitioned

and transposed to form the sub-matrix.

16.  The encoder according to claim 13, wherein the sub-matrix comprises a first sub-
matrix of the parity check matrix and wherein the common sub-expression solution is

based on an inversion of a second sub-matrix of the parity check matrix.

17.  The encoder according to claim 13, wherein the parity check matrix is partitioned

and transposed to form the second sub-matrix.

18.  The encoder according to claim 13, wherein poﬁioﬁs of the hardware resources

are shared among different parity bits of different error correction codes.

19. The encoder according to claim 13, wherein the second hardware resources

comprise an array of logic XOR gates.

20.  The encoder according to claim 19, wherein the commonly shared portions of the

second hardware resources comprise commonly shared XOR logic gates.

21.  The encoder according to claim 19, wherein the second hardware resources

comprise multiplexers, one for each of the parity bits of the parity bits vector.

22.  The encoder according to claim 13, wherein the multiple different codes differ in

at least their block lengths or code rates.

23.  The encoder according to claim 13, wherein the encoder is configured to generate
a codeword in accordance with an error correction code from the parity bits vector and

the message bits vector.

15
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1 24. The encoder according to claim 23, wherein the error correction code is a low

2 density parity check (LDPC) code.
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AMENDED CLAIMS
received by the International Bureau on 04 February 2015 (04.02.2015)

1. A method of encoding an error correction code, comprising steps of:

computing an intermediate parity bits vector from a message bits vector using
a sub-matrix of a parity check matrix; and

computing a parity bits vector from the intermediate parity bits vector using
fixed hardware resources comprising logic gate trees that are configured to compute
parity bits for multiple different codes and wherein an arrangement for the hardware
resources is determined from a common sub-expression solution such that portions of
the hardware resources that are configured to compute the parity bits for a particular
one of the codes are commonly shared with portions of the hardware resources that

are configured to compute the parity bits for another particular one of the codes.

3. The method according to claim 1, wherein the parity check matrix is

partitioned and transposed to form the sub-matrix.

4. The method according to claim 1, wherein the sub-matrix used for said
computing the intermediate parity bits vector comprises a first sub-matrix of the parity
check matrix and wherein the common sub-expression solution is determined using an

inversion of a second sub-matrix of the parity check matrix.

5. The method according to claim 4, wherein the parity check matrix is

partitioned and transposed to form the second sub-matrix.

6. The method according to claim 1, wherein hardware resources are shared

among different parity bits of the multiple different codes.

7. The method according to claim 1, wherein the hardware resources comprise an
array of logic XOR gates.
8. The method according to claim 7, wherein the commonly shared portions of

the hardware resources comprise commonly shared XOR logic gates.

17
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9. The method according to claim 7, wherein the hardware resources comprise

multiplexers, one for each of the parity bits of the parity bits vector.

10. The method according to claim 1, wherein the multiple different codes differ

in at least their block lengths or code rates.

11. The method according to claim 1, generating a codeword in accordance with

an error correction code from the parity bits vector and the message bits vector.

12. The method according to claim 11, wherein the error correction code is a low

density parity check (LDPC) code.

13. An encoder for error correction coding, comprising:

first hardware resources configured to receive a message bits vector and to
compute an intermediate parity bits vector from the message bits vector wherein the
intermediate parity bits vector is computed based on a sub-matrix of a parity check
matrix; and

second hardware resources configured to compute a parity bits vector from the
intermediate parity bits vector, wherein the second hardware resources comprise logic
gate trees that are configured to compute parity bits for multiple different codes and
wherein an arrangement for the hardware resources is determined from a common
sub-expression solution such that portions of the hardware resources that are
configured to compute the parity bits for a particular one of the codes are commonly
shared with portions of the hardware resources that are configured to compute the

parity bits for another particular one of the codes.

15. The encoder according to claim 13, wherein the parity check matrix is

partitioned and transposed to form the sub-matrix.

16. The encoder according to claim 13, wherein the sub-matrix comprises a first
sub-matrix of the parity check matrix and wherein the common sub-expression

solution is based on an inversion of a second sub-matrix of the parity check matrix.

18
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17. The encoder according to claim 1613, wherein the parity check matrix is

partitioned and transposed to form the second sub-matrix.

18. The encoder according to claim 13, wherein portions of the hardware

resources are shared among different parity bits of the multiple different codes.

19. The encoder according to claim 13, wherein the second hardware resources

comprise an array of logic XOR gates.

20. The encoder according to claim 19, wherein the commonly shared portions of

the second hardware resources comprise commonly shared XOR logic gates.

21. The encoder according to claim 19, wherein the second hardware resources

comprise multiplexers, one for each of the parity bits of the parity bits vector.

22. The encoder according to claim 13, wherein the multiple different codes differ

in at least their block lengths or code rates.

23. The encoder according to claim 13, wherein the encoder is configured to
generate a codeword in accordance with an error correction code from the parity bits

vector and the message bits vector.

24. The encoder according to claim 23, wherein the error correction code is a low

density parity check (LDPC) code.

19
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